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Receiver Description

Including Protocol Specification

Abstract

The Receiver Description Including Protocol Specification
describes the firmware features, specifications and
configuration for u-blox 8 / u-blox M8 high performance
positioning modules.

The Receiver Description provides an overview and
conceptual details of the supported features.

The Protocol Specification describes the NMEA and
RTCM protocols as well as the UBX protocol (version 15.
00 up to 19.20, version 20.00 to 20.30, version 22.00 and
version 23.00 to 23.01) and serves as a reference manual.
It includes the Standard Precision GNSS, Time Sync,
Time & Frequency Sync, High Precision GNSS, ADR and
UDR products.
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32.9.5 UBX-AID-INI (OXOB OXOT)ucueiviirieirerriiriee s s s snenes 161
32.10 UBX-CFG (OXOB)..cceiuiieererriiresiesise s s sn s s s s s s e s a e 164
32.10.17 UBX-CFG-ANT (OX0B8 OXT3)..ccuerrerrerererrerrenmrnersesressesesesressesesessessessssessessessesssssssessessensenes 164
32.10.2 UBX-CFG-BATCH (OX08 OX93)..c.ueceeuerrerrerreerserresseseeessessessesessessessesessessessessessssesssssessenes 165
32.10.3 UBX-CFG-CFG (0OX08 OX09).....ccoiiuiiririiiiinirinisiee s 166
32.10.4 UBX-CFG-DAT (OX0B OXOB).....cceeeueerrerrerrenmrnerseseeseeessessessesesessessesesssssessesssssssessessessssssnes 168
32.10.5 UBX-CFG-DGNSS (OX0B OXT70)..cccererrerrerererrerrereenernessessesessessessessssessessessesssnessessessssssnens 170
32.10.6 UBX-CFG-DOSC (OX06 OXB1)...crueciririirriirieiirsisessee s 170
32.10.7 UBX-CFG-ESRC (OX06 OX60).....ccceruirrierereriisiesesese s s ssss s s ssssnssesnes 172
32.10.8 UBX-CFG-GEOFENCE (OX0B6 OXB9).....ccrtrerreeruerrerreneeersesresseseeessesseseesesessesseseesesnesnesnas 174
32.10.9 UBX-CFG-GNSS (OX0B OX3E)....ccrseruerrerreerrerrereeneressessessesessessessesesessessessessssessessesssssenens 175
32.10.10 UBX-CFG-HNR (OX06 OX5C).....ccscirririiiriririeinisiniss s s sssssnssnens 178
32.10.11 UBX-CFG-INF (OX0B OXO2)....cceceruerrereeererresreeeersesseseesese e ssesese e ssessesesssssessesssssnssnens 178
32.10.12 UBX-CFG-ITFM (OXO0B8 OX39).....ciirrirreererrerreseeersesresseessessessesssessessessesessessessessssessessens 180
32.10.13 UBX-CFG-LOGFILTER (OX08 OXA7)....ccoiririiinirinisisiness s 181
32.10.14 UBX-CFG-MSG (OX06 OXO 1) ueriruiriieriresieseeese s s s s 183
32.10.15 UBX-CFG-NAVS5 (OXO0B OX24).....eecerrerrerreernerreneeneeessessessesssessessessssessessessssssessessessessenes 184
32.10.16 UBX-CFG-NAVXS5 (OX0B8 OX23).c.uerrireeeruerrerreneeersessessesesessessesseessessessesssssssssessessessssens 187
32.10.17 UBX-CFG-NMEA (OX06 OXTT)..ccueeeririirirriririnisissss s ssssssse s 194
32.10.18 UBX-CFG-ODO (OX0B OXTE)...cescrirrieeererreseeneeeee e se s e sesne s e sese e 201
32.10.19 UBX-CFG-PM2 (OX0B8 OX3B)...ccceruerrirreererresreeeersesreseesesse s ssesese s seesesss s ssesesnesnesnes 202
32.10.20 UBX-CFG-PMS (OX06 OX8B6)......ccueviruiriiiiiriiiiiiiisisisississsssis s sssnsnens 209
32.10.21 UBX-CFG-PRT (OX0B8 OXO00).....cccrirrirerrrirrissesisese s ssss s s ssse s 210
32.10.22 UBX-CFG-PWR (OX06 OX57)..c.eeceruerrirrenerersesreseenesesressesesessessessssessessessesssessessessssssens 221
32.10.23 UBX-CFG-RATE (OX06 OX08).....ccsivirirrimrieiiisiisisssss s s sssssssssans 221
32.10.24 UBX-CFG-RINV (OX06 OX34)...ciciiririiiriririirersi s s 223
32.10.25 UBX-CFG-RST (OX06 OXO4)....ereiruireeerererreneeeeessessesessese s seesese e e sessesse s ssesesesaens 223
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32.10.26 UBX-CFG-RXM (OX08 OXT 1).cuerererreeruererneeseesseseseessessessessesssessessesseesssssesnessesssessesneens 225
32.10.27 UBX-CFG-SBAS (OX06 OXTB)..cccueuerrerrerreerierresreseeesressessesesessessessesessessessesssessessessssens 226
32.10.28 UBX-CFG-SLAS (OXOB8 OX8D).....csveeeueruerrerreersersessesseessessessessesessessessessssessessessssessessenns 228
32.10.29 UBX-CFG-SMGR (OX06 OXB2)....cccueruererreereersereereessessesseessessessesssssssssessesssssssssessssssessess 229
32.10.30 UBX-CFG-TMODEZ2 (OXO6 OX3D).....ccraeruerrerrerrerresreseesesessessesesessessessssessessessessssessens 232
32.10.31 UBX-CFG-TMODE3 (OXOB8 OX7 1)-euerrereeaeruerrerrereeersessessessssessessessssessessessessssessessessensenes 233
32.10.32 UBX-CFG-TP5 (OX0B6 OX31.)uricteiuiruereriresseresnresse s sesssessessesessssssessssssssssssessssssssssassnnans 235
32.10.33 UBX-CFG-TXSLOT (OX0B OX53)...eeiueruereereerrerereessesseseessessessessesssessessesssssssssessssssssess 239
32.10.34 UBX-CFG-USB (OX06 OXTB)...ccuerueeruerrerrenererresreneeessessessesessessessessssessessessessssessessesseens 240
32,17 UBX-ESF (OXTQ).ceieeuerrereeieeersessesseessessessessssessessessesessessasseessessessessesessessessensesessessensenessessensenens 242
32.11.1 UBX-ESF-INS (OXT10 OXT5)ueiuereereereerrereeneeseesseseessessessesseessessesessssssessessesssssssssesssssessens 242
32.11.2 UBX-ESF-MEAS (OXT0 OXO2)....ceeeeieerueruerieereesseresseessessesesssessessessssssssssssesssssssssssssessessess 243
32.11.3 UBX-ESF-RAW (OXT10 OXO3).ueeiieuererreeruererseeseesseseaseessessesssassessessesssassessessssssessessesssassens 245
32.11.4 UBX-ESF-STATUS (OXTO OXTO)ueieeereerrererneeseesreresneessesseseeseessessesesssessesnesessssssesnesneens 246
32.12 UBX-HNR (OX28)...cecerteerrererrerrrerererseessesessesseessesessessssssesssssessssssssssssessessssssssssssessssnsessssnessanes 249
32.12.17 UBX-HNR-INS (OX28 OX02)...ceesueruerierreerrererieeseessesesseessessesesssessessesssssessessessssssessessssseans 249
32.12.2 UBX-HNR-PVT (OX28 OXO0)-.....ccerserreruererererresreneressessesseessessesseessessessesessesssssessesesnessens 250
32.13 UBX-INF (OXO4)...ueiieeieeeeeeeneessereeseesee s sesseesses e sesseessessesesssesaesaessessssssssassssssessssnsansessessesnsanees 253
32.13.1 UBX-INF-DEBUG (OXO0Z OXO4).....eeeeeeeeseeruererneessessesesseessessessessssssesssssesssssessessssssssssneans 253
32.13.2 UBX-INF-ERROR (OX04 OX00)...ccutieratrreerrererseeseesseseaseessessessesssessesssssessessessssssessesssseans 253
32.13.3 UBX-INF-NOTICE (OXO04 OX02)....ueeieereerrermerirerresseresseessessessessessesesssessessessssssssessesnsessens 254
32.13.4 UBX-INF-TEST (OXOZ OXO3).ueesueeuereereersererseessesseseaseessessesssesssssesssssessessesssssssssssssssessess 254
32.13.5 UBX-INF-WARNING (OX04 OXOT)utreeeseerrerererneesseseseessessesesseessessesessssssessessesssessesneans 255
B2.T4 UBX-LOG (OX2 1) uerterrereeuerrerrerseneesessessesseessessessessesessessessesssessessessensssessessensensesessessensenessessensenees 256
32.14.1 UBX-LOG-BATCH (OX271 OXTL)uiieeieereeriereereereesseseeseessessesseeseessesesseessessessssssssssssessssssess 256
32.14.2 UBX-LOG-CREATE (OX271 OXO7.).ueieteaeereererseereesseseaseessessesseessessessssssssessesssssssssessssssessess 259
32.14.3 UBX-LOG-ERASE (OX271 OX03)...uccteceruerrenrereeerresreseesessessessesesessessesseessessessessssessessessenens 260
32.14.4 UBX-LOG-FINDTIME (OX271 OXOE).....citeerieereereeeeeneeseesseseesee e e sses s sessessessnesessssses 260
32.14.5 UBX-LOG-INFO (OX271 OXO8)...ccceeruereerrererreerserseraesssessessessssssessesesssssssssesesssssssssessssssessess 262
32.14.6 UBX-LOG-RETRIEVEBATCH (OX271 OXTQ)urecteeereeeereerereeneessessesenseessessesesseessesseseans 264
32.14.7 UBX-LOG-RETRIEVEPOSEXTRA (OX271 OXOf)..ceiiiirirereriieseseseesesieseesee s 265
32.14.8 UBX-LOG-RETRIEVEPOS (OX271 OXOD)....ciieeieereereereereeseeeeseessesesseeseessessessesssessessessenss 265
32.14.9 UBX-LOG-RETRIEVESTRING (OX21 OXOd)...cccrrerrerrerererrerreseesenesesreseeesse s ssesesesnens 266
32.14.10 UBX-LOG-RETRIEVE (0X271 OX09).....citiitirierrereenieseeseseeseesseseessessessessesssessessesssessnses 267
32.14.117 UBX-LOG-STRING (OX271 OXO4)....ceeeieerrererneereeserneeseessesessessssssesessssssssesssssssssesesssens 268
32.15 UBX-MGA (OXT ) ueeeeereeruerernerrsersereaseessessessessssssesessessssssessassesssssssassssessssnssnsesssssesnsansessessessanes 269
32.15.1 UBX-MGA-ACK (OXT3 OXBQ)....uereerreereerrererneersessereaneassessesesssessessessesssessessessssssessessesseans 269
32.15.2 UBX-MGA-ANO (OXT3 OX20)..ccuiiirerreerrirereenressessssssse e ssesss s s sessssssesnsssssssssnesnssneas 270
32.15.3 UBX-MGA-BDS (OX13 OX03)..cccuererreereersererneessessessesssessessessessessssssesseesssssessesssssssssesnssnsenes 271
32.15.4 UBX-MGA-DBD (OXT13 OX80).ccuesueruererseersereraeeseessesesneessessessesssessessesssssssssessessssssessesnesnes 275
32.15.5 UBX-MGA-FLASH (OXT13 OX27T.)iuestererueruerrereeerressessesessessessesseessessessessssessessessssessessessenees 276
32.15.6 UBX-MGA-GAL (OX13 OXO2)....eeiuerueruererrrersereeneessesseseessessessesessssssessssssssssssessesssssssssesnes 278
32.15.7 UBX-MGA-GLO (OXT3 OXO0B)....cuerrerreererrerrerreeresresreseeesesressesss e sse e s e ssessessessssesnesaeses 282
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32.15.8 UBX-MGA-GPS (0X13 OX00).....cemrverrereereeeeseseesesssesessssssssesssssessessessessessessessesseesessseneees 285
32.15.9 UBX-MGA-INI (OXT3 OXA0)....vveererrereeeeseeesseeesssessessessesssssessssssesssseesesssssessssessssesessseees 290
32.15.10 UBX-MGA-QZSS (0X13 OXOB5)....rerrererreeeseereseseeesesesesesesesesssesesssessssssssssesssssessessessesens 296
32.16 UBX-MON (OXOA.....evermeeeeeereeeseseessesseesesssesesesesessssessssesssesesssesssssesesssessessesssssesesssessesseesesseesees 300
32.16.17 UBX-MON-BATCH (OXOA OX32)... vvereeeereereeseeessesssneessseessseessessessessessessessesssssessessen 300
32.16.2 UBX-MON-GNSS (OXOA OX28)...cverrveerreerersseeessessessessessesssessesssssssssssssessssssesssssessessessenn 301
32.16.3 UBX-MON-HW2 (OXOA OXOB).....correeeereeerereresesesesesesessessessesseesesssesesssesesssessssssssssessssseen 303
32.16.4 UBX-MON-HW (OXOA OXO9)....vverrreereereersesseeseeseesesseeseessesesssssessessessessessessessessessaesesssne 304
32.16.5 UBX-MON-IO (OXOA OXO2)..cvoerrveereeerresesseessessessessessessessessesssesessssessssesssessessesssssessesseen 305
32.16.6 UBX-MON-MSGPP (OXOA OXOB)......cmereererrerseseerseseessesssesesssessessesssssessessssssssessesssesesssene 306
32.16.7 UBX-MON-PATCH (OXOA OX27)crveeeereersereesseeeesseseessesssesesssessessssessssessssssssessesssesesseenn 306
32.16.8 UBX-MON-RXBUF (OXOA OXO7).eerrrvrereerereeesermeeseseessesessssessseseessessessessessessesssssessssessen 308
32.16.9 UBX-MON-RXR (OXOA OX2T).errvrereeerereeererseesesseessssessssseesssessssessseseessesssssessesssssssssssssns 308
32.16.10 UBX-MON-SMGR (OXOA OX2E).......ereerereerrereerseseessesssesesssessessessessessessssessessesssesesseeen 309
32.16.11 UBX-MON-TXBUF (OXOA OXO8).....erveererrereerrersessesseesesseessosesssesesssesesssesessssesssssessessees 312
32.16.12 UBX-MON-VER (OXOA OXOZ4).....cerverereerreseerseeseeseeseesesssssssssssessessessessessessessassesssesessnen 313
32,17 UBX-NAV (OXOT)eeerrreereeeeeeeeeseseesesessssesesesssessessessessessesesesesssesssssesesssesesssesesssesesssesseseesseseessesens 314
32.17.1 UBX-NAV-AOPSTATUS (OX0T OXBO)...errrveerereeereeerereeeressessessessessessessessessesssssesssesesssenees 314
32.17.2 UBX-NAV-ATT (OXOT OXOB5)rerrrverrereerrereeseseeeseessessessessessessesssesesssesssssenessssesssssessssessenn 315
32.17.3 UBX-NAV-CLOCK (OXOT OX22)....rvvereererseereseesssesesssessssesssssssessessesssssessessesssssessessssees 316
32.17.4 UBX-NAV-DGPS (OX0T OX3L)ervverreeeeeeerseseesesssesesesssessssessosesssessessesssssessessssssssesseseeesees 316
32.17.5 UBX-NAV-DOP (OXOT OXOA).rveerreeerereeseeeresesesessessessessessesseesesssesesssesesssesesssesesssessessssesees 317
32.17.6 UBX-NAV-EOE (OX0T OXBT)evurrrreerereeereeeseseeesessessessessessessesessssessssesesessessessessessessessessen 318
32.17.7 UBX-NAV-GEOFENCE (OXOT OX3Q).eerrvuerreeereeeeseseeseseeesesesesesesesssessesssssessessessesseseeen 318
32.17.8 UBX-NAV-HPPOSECEF (OX0T OXT3)evvuuereeeereeereseseseeesessessessessessessessessessesssssesssesesssnees 319
32.17.9 UBX-NAV-HPPOSLLH (OXOT OXT4)evvereeeerreeeerseeeeeseeseeseessosssesessessseessessessessessesseesessees 320
32.17.10 UBX-NAV-ODO (OXOT OXOO)...errrrveereeeereeeseseeesesseesssseesssssessssessseseesssessesesssssesssseesseseees 321
32.17.117 UBX-NAV-ORB (OXOT OX34A)..errveerreeeereeesseesessesseesesssesesssesesssesessssssssesesssesssssessessessesees 322
32.17.12 UBX-NAV-POSECEF (OXOT OXO1)evvuurveeerereeerereeeseesseseseseseesseseessessessessessesssssessesseesesnes 325
32.17.13 UBX-NAV-POSLLH (OX0T OXO2) ... vverreveereeeeeseeesseesssesesseessssessessessssessesssesessessesseeses 325
32.17.14 UBX-NAV-PVT (OX0T OXO T everreeereeeereeseesesesseseseseesssssesessessessessesssssessesssssssssesessssesens 326
32.17.15 UBX-NAV-RELPOSNED (OXOT OX3C).vverrveerreeereeesersessessessesseesesssssessesssesesssesesssesesenns 329
32.17.16 UBX-NAV-RESETODO (OXOT OXT0urveereeereeeeereeseereesseseeesessessessessessesseesesseesesssesesssnn 331
32.17.17 UBX-NAV-SAT (OX0T OX35)...everereersereeseseeseesssessssssssssssssssssssessssssssessesssssessesssesssssnn 331
32.17.18 UBX-NAV-SBAS (OX0T OXB2).cururveeereeeereeereseeeseeesessessessesseesesssssessessesssssesssesesssesssesseees 333
32.17.19 UBX-NAV-SLAS (OXOT OXA2)..r.rvrerereeerererseessessessessessessssseseessessessessessessesssesssssesesssesesens 334
32.17.20 UBX-NAV-SOL (OX0T OXOB)..errerreererereeeerseesseseessessessesessseseessessessesseesssssesssssessesessseseeees 336
32.17.21 UBX-NAV-STATUS (OXOT OXOB)..ceeriveerereeeeeeesessesesesesesesssesesesessesesssessssssssssesssseenn 337
32.17.22 UBX-NAV-SVINFO (OXOT OX30)....ereerereereeeeereseesessssesssessessessesssesessessesseesesssesesssene 340
32.17.23 UBX-NAV-SVIN (OX0T OX3B)..r.veerreeeeeeeerseeseseessesseesessessessessessessesssssessessssesssesesssesessnns 342
32.17.24 UBX-NAV-TIMEBDS (OXOT OX24).....creveereeeeereeerseeeseseseseseessesssssessessssesssssssssesssesssesens 343
32.17.25 UBX-NAV-TIMEGAL (OXOT OX25).c.curveeerereeereseesesessesessesssseessessesssssssssssssesssssessesees 344
32.17.26 UBX-NAV-TIMEGLO (OXOT OX23).rrveereeeerereeereeeeeseessessessesssssessessessessessessessesssesesesseees 345
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32.17.27 UBX-NAV-TIMEGPS (OXOT OX20.)..eectesuerierreereerernerseesseseeseessessessessesssssessessssssessessesns 346
32.17.28 UBX-NAV-TIMELS (OXOT OX26)...cceeseerrerrererieerrersererseesseseseessessessesssesssssessessssssessesnes 347
32.17.29 UBX-NAV-TIMEUTC (OXOT OX2 1) uesteeeeerrerrereenererseseeseeessessessesesessessessssessessessesssnesnes 349
32.17.30 UBX-NAV-VELECEF (OXOT OXT 1)uetstisererreereerereeneeseessesessee s ssesesseessesmeseeseesnesmenneas 350
32.17.317 UBX-NAV-VELNED (OXOT OXT2)teiteeeraerseereererseeseessesesseessessesesssesssssessssssssessesesseeses 351
32.18 UBX-RXM (OXO2)..cicteeiruererreesrererseaneessesessesssessesesssessessesssssessessesssassessesasassessessessssssessessessanes 352
32.18.1 UBX-RXM-IMES (OX02 OXB T esueerueruererreesseresnessessesesssessessesessssssessessssssssessssssssssnssnnens 352
32.18.2 UBX-RXM-MEASX (OX02 OXTA)..cceeeeereerrererreereessererseessessessesseessessessessssssesssssssssssnesnsenes 355
32.18.3 UBX-RXM-PMREQ (OX02 OXA7T)..ceiiruerrerieesrerrereeseessessesesssessessesseesssssessessssssessessesssessens 356
32.18.4 UBX-RXM-RAWX (OX02 OXT5).cuererirrererererreseeesesse e s seee e sne e s sesesnesnens 358
32.18.5 UBX-RXM-RLM (OX02 OX59)....erceereerrerrerieerrersereeneessesseseessessessesessssssessesssssssssessesssessenes 365
32.18.6 UBX-RXM-RTCM (OX02 OX32)..ceesueruereerrerrererseassessesesssessessessessssssessesssssssssessesssesssssesnes 367
32.18.7 UBX-RXM-SFRBX (OX02 OXT3)..eecteseerrerersersresseserseessessesseassessessessssssessessssssessessessssssenes 368
32.18.8 UBX-RXM-SVSI (OX02 OX20)..ceeiueruereereerrerernressessesressessessessssssessesssssesssssesnsssssssesssssens 369
B2.19 UBX-SEC (OX27 )eeetuesuererreereerserserseassesseasesssassessessssssssssssessssssssssssassessessssssassessessessssssesssssesssassens 371
32.19.1 UBX-SEC-UNIQID (OX27 OXO3)...ueeerreereerrererneesseserseassessesessssssessesssssssssessesssassessesssssenes 371
32.20 UBX-TIM (OXOD) ...veveerueruereeneeneruersessesesessessesseseesessessessasesessessessessssessessensensssessensensesessessensenens 372
32.20.1T UBX-TIM-DOSC (OXOD OXT 1)eceereererrerreersererneeseessessesseessesessessssssesssssssssssessessssssesnssseenes 372
32.20.2 UBX-TIM-FCHG (OXOD OXT6)...cccuererreereerserserseeseessersesseessessessessssssessesssessessessessssssessessesnes 372
32.20.3 UBX-TIM-HOC (OXOD OXT 7 )utecteeuereereesrererseaseessesesseassessesseassassessessssssessessesssessessessesssanses 373
32.20.4 UBX-TIM-SMEAS (OXOD OXT3)ueciirererrrerrererresressesesseessessesesssessesseseesssssesnesssssssnesnes 374
32.20.5 UBX-TIM-SVIN (OXOD OXO04)....eiieruererrerreersererneessessesessesssessesesssssssssesssesssssessessssssessssnes 376
32.20.6 UBX-TIM-TM2 (OXOD OXO3).c.eceuerseraeerrerrerneraeessesessesseassesessesssessessesssassessessssssessessessssssens 377
32.20.7 UBX-TIM-TOS (OXOD OXT2)..ccuisreeruerrerrererersersessesessessessesessessessessssssessessensssssssssesssnssssns 378
32.20.8 UBX-TIM-TP (OXOD OXO7T).ceeraeeruerrererseesserseseeseessessesessssssessesssessssssssssssesssssessessssssessesneas 380
32.20.9 UBX-TIM-VCOCAL (OXOD OXT5).uiiuererreerrererierseessesesseessessesessssssessesessssssessesssssssssesseans 382
32.20.10 UBX-TIM-VRFY (OXOD OXOB)....ccccesereeruerrerrearrererseassessesseaseessessesssassessesesssessessessesssanes 384
32.2T UBX-UPD (OX09) . eiitiiteeeereereesnesieeseesse s sneessessesesssesssssessessssssessessssssssssnsssssssssssnssnsessessesnssnsesses 386
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Preface

1 Document Overview

The Interface Description Including Receiver Description is an important resource for integrating
and configuring u-blox receivers. This document has a modular structure and it is not necessary
to read it from the beginning to the end. There are two main sections: The Receiver Description
and the Interface Description.

The Receiver Description describes the software aspects of system features and configuration of
u-blox receivers. The Receiver Description is structured according to areas of functionality, with
links provided to the corresponding NMEA and UBX messages, which are described in the
Interface Description.

The Interface Description is a reference describing the messages used by the u-blox receiver and
is organized by the specific NMEA, UBX, and RTCM messages.

This document provides general information on u-blox receivers. Some information
might not apply to certain products. Refer to the product Data Sheet and/or Hardware
Integration Manual for possible restrictions or limitations.

2 Firmware and Protocol Versions

The protocol version defines a set of messages that are applicable across various u-blox products.
Each firmware used by a u-blox receiver supports a specific protocol version, which is not
configurable.

The following sections will explain how to decode the shown information to get the firmware and
the protocol version.

2.1 How to Determine the Version and the Location of the Firmware
The u-blox receiver contains a firmware in two different locations:

* Internal ROM

* External Flash memory

The location and the version of the currently running firmware can be found in the boot screen or
in the UBX-MON-VER message.

For firmware supporting Protocol Version 17 and below

¢ Boot screen, Protocol Version 17 and below

e UBX- MON- VER, Protocol Version 17 and bel ow
For firmware supporting Protocol Version from 18 to 23.01
* Boot screen, Protocol Version from 18 to 23.01

e UBX- MON- VER, Protocol Version 18 to 23.01

2.1.1 Decoding the Boot Screen (for Protocol Version 17 and Below)
Boot screen for a u-blox receiver running from ROM:
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Text Console [E=8EEE >
TPI?TIT?? O SGNTXT,01,01,02,u-blox AG - www.u-blox. com®4E -
FTITTIT?? OSGNTHT,01,01,02,HW UBX-MEOxx 00080000 *43

??:77:77 $GNTXT,01,01,02,ROM CORE 2.01 (75331) Oct 29 2013 13:28:17%4A L
PTIPTIT?? O SGNTXT,01,01,02,PROTVER 15.00%01 r
?PI?7:P? SGNTXT,01,01,02,GNSS OTP: GPS GLO, SEL: GPS GLO®G7

PTITTIT? O SGNTHT,01,01,02,ANTSUPERV=AC SD PDOS SR¥3E

TPITTIT?? SGNTHT,01,01,02, ANTSTATUS=DONTKNOW*2D

PTITTIT?? OSGNTHT,01,01,02,LLC FFFFFFFF-FF7F7C3F-FFFFFF96-FFFFFFFF-FFFFFF79%41
TPI?TIT?? O SGNTXT,01,01,02,RF0 dev ok®*04 <
@ X |G |

Boot screen for a u-blox receiver running from Flash:

[E) Text Console o )
07:24:13 S$GNTXT,01,01,02,u-blox AG - www.u-blox. com*4E -
07:24:13 $GNTXT,01,01,02,Hw UBX-MEDxx 00080000 *43

07:24:13 S$GNTXT,01,01,02,EXT CORE 2.01 (7535%0) Oct 29 2013 16:15:41%5C
07:24:13 $GNTXT,01,01,02,ROM BASE 2.01 (75331) Oct 29 2013 13:28:17%44 =
07:24:13 S$GNTXT,01,01,02,PROTVER 15.00%01

07:24:13 $GNTXT,01,01,02,GNSS OTP: GPS GLO, SEL: GPS GLO¥67

07:24:13 $GNTXT,01,01,02,ANTSUPERV=AC SD PDOS SR®3E

07:24:13 $GNTXT,01,01,02,ANTSTATUS=DONTKNOW*2D

07:24:13 S$GNTXT,01,01,02,FIs OxEF4015 (100111) found*13

07:24:13 $GNTXT,01,01,02,LLC FFFFFFFF-FFFFFFED-FFFFFFFF-FFFFFFFF-FFFFFFB9¥%3E
07:24:13 S$GNTXT,01,01,02,RF0 dev ok®*04 i
@ | X | |

o

Not every line is output by every u-blox receiver in the boot screen. This depends on the
product, the firmware location and the firmware version.

Possible lines in the boot screen and their meanings:

Entry

Description

u- bl ox AG - www. u- bl ox. com

Start of the boot screen

HW UBX- MBOxx 00800000

Hardware version of the u-blox receiver (u-blox M8 receiver)

ROM CORE 2.01 (75331)
Cct 29 2013 13:28:17

Firmware version 2.01 running fromROM (revision number)
compilation date/time

EXT CORE 2. 01 (75350)
Cct 29 2013 16:15:41

Firmware version 2.01 running fromFlash (revision number)
compilation date/time

ROM BASE 2. 01 (75331)
Cct 29 2013 13:28:17

Underlying firmware version 2.01 inROM (revision number)
compilation date/time

PROTVER 15. 00

Supported protocol version

G\SS OrP:  GPS GO,
SEL: GPS GLO

Default Major GNSS selection.
Current Major GNSS selection.

ANTSUPERV=AC SD PDoS SR

Configuration of the Antenna supervisor where
AC: Active Antenna Control enabled

SD: Short Circuit Detection enabled

OD: Open Circuit Detection enabled

PDoS: Short Circuit Power Down Logic enabled
SR: Automatic Recovery from Short state

LLC FFFFFFFF- FF7F7C3F-
FFFFFF96- FFFFFFFF- FFFFFF79

Low-level configuration of the u-blox receiver.

FI'S OxEF4015 (100111) found

Flash Information Structure (FIS) file for Flash memory with
JEDEC 0xEF4015 found in the external flash memory. Revision
number of the file is indicated in brackets.

UBX-13003221-R17
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Entry Description
RFO dev ok RF channel O configured correctly.

6 The line containing the CORE indicates which version of the firmware is currently running.
The firmware is running either from ROM (indicated with ROM CORE) or from external
Flash memory (indicated with EXT CORE).

6 The line containing the CORE is called firmware string in the rest of the document.

2.1.2 Decoding the Boot Screen (for Protocol Version from 18 to 23.01)
Boot screen for a u-blox receiver running from ROM:

[ =

Text Console E@

09:06:40 $GNTXT,01,01,02,u-blox AG - www.u-blox.com*4E -
09:06:40 $GNTXT,01,01,02,HW UBX-M8030 00080000%60

09:06:40 $GNTXT,01,01,02,ROM CORE 3.01 (107888)*2B

09:06:40 S$GNTXT,01,01,02,FWVER=5PG 3.01%46

09:06:40 $GNTXT,01,01,02,PROTVER=1E8. 00*11

09:06:40 $GNTXT,01,01,02,GPS;GLO;GAL; BDS*77

09:06:40 $GNTXT,01,01,02,5BAS; IMES; QZ55%49

09:06:40 S$GNTXT,01,01,02,GNS55 OTP=GPS; GLO*37

09:06:40 $GNTXT,01,01,02,LLC=FFFFFFFF-FFFFFFFF-FFFFFFFF-FFFFFFFF-FFCFFFFF*28
09:06:40 $GNTXT,01,01,02,ANTSUPERV=AC SD PDOS SR*3E

09:06:40 $GNTXT,01,01,02,ANTSTATUS=DONTKNOW*2D

09:06:40 $GNTXT,01,01,02,PF=3FF*4B

@ | X | |

m

Boot screen for a u-blox receiver running from Flash:

F =

Text Console s e M= |

09:15:59 $GNTXT,01,01,02,u-blox AG - www.u-bTox. com*4E -
09:15:59 $GNTXT,01,01,02,HwW UBX-M8030 000B0000%60

09:15:59 $GNTXT,01,01,02,EXT CORE 3.01 (107900)*33

09:15:59 S$GNTXT,01,01,02,ROM BASE 3.01 (107EBBB)*25

09:15:59 $GNTXT,01,01,02,FWVER=5PG %.01%46

09:15:59 $GNTXT,01,01,02,PROTVER=18.00%11

09:15:59 $GNTXT,01,01,02,MOD=NEQ-MBN-0%*G7

09:15:59 $GNTXT,01,01,02,FIS=0XEF4015 (100111)%58

09:15:59 $GNTXT,01,01,02,GPS5; GLO; GAL; BDS*77

09:15:59 $GNTXT,01,01,02,5BA5; IMES; QZ55%49

09:15:59 S$GNTXT,01,01,02,GN55 OTP=GPS; GLO*37

09:15:59 $GNTXT,01,01,02,LLC=FFFFFFFF-FFFFFFEC-FFFFFFFF-FFFFFFBF-FFFFFFG8*21
09:15:59 $GNTXT,01,01,02,ANTSUPERV=AC SD PDO5 SR*3E

09:15:59 $GNTXT,01,01,02,ANTSTATUS=DONTKNOW®2D

09:15:59 $GNTXT,01,01,02,PF=3FB%*4F gL

Gl |

m

6 Not every line is output by every u-blox receiver in the boot screen. This depends on the
product, the firmware location and the firmware version.

Possible lines in the boot screen and their meanings:

Entry Description

u- bl ox AG - www. u- bl ox. com [Start of the boot screen

HW UBX- MB0O30 00800000 Hardware version of the u-blox receiver (u-blox M8 receiver)
HW UBX- GB020 00800000 Hardware version of the u-blox receiver (u-blox 8 receiver)
ROM CORE 3. 01 (107888) Firmware version 3.01 running fromROM (revision number)
EXT CORE 3.01 (107900) Firmware version 3.01 running fromFlash (revision number)
ROM BASE 3. 01 (107888) Underlying firmware version 3.01 inROM (revision number)
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Possible lines in the boot screen and their meanings: continued

Entry

Description

FW/ER=SPG 3. 01

Firmware of product category and version where
SPG: Firmware of Standard Precision GNSS product
HPG: Firmware of High Precision GNSS product
ADR: Firmware of ADR product

UDR: Firmware of UDR product

TI M Firmware of Time Sync product

FTS: Firmware of Time & Frequency Sync product

PROTVER=18. 00

Supported protocol version

MOD=NEO- MBN- 0

Module identification. Set in production.

FI S=0xEF4015 (100111)

Flash Information Structure (FIS) file for Flash memory with
JEDEC 0xEF4015 found in the external flash memory. Revision

number of the file is indicated in brackets.

GPS; GLG, GAL; BDS

Supported Major GNSS.

SBAS; | MES; QZSS

Supported Augmentation systems.

GNSS OTP=GPS; GLO

Default Major GNSS selection.

LLC FFFFFFFF- FFFFFFFF-
FFFFFFFF- FFFFFFFF- FFCFFFFF

Low-level configuration of the u-blox receiver.

ANTSUPERV=AC SD PDoS SR

Configuration of the Antenna supervisor where
AC: Active Antenna Control enabled

SD: Short Circuit Detection enabled

OD: Open Circuit Detection enabled

PDoS: Short Circuit Power Down Logic enabled
SR: Automatic Recovery from Short state

PF=3FF

Product configuration.

6 The line containing the FWWER indicates which version of the firmware is currently
running and is called firmware version in the rest of the document.

The numbers in parentheses (revision numbers) should only be used to identify a known
firmware version and are not guaranteed to increase over time.

2.1.3 Decoding the output of UBX-MON-VER (for Protocol Version 17 and below)

UBX-13003221-R17
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UBX-MOMN-VER for receiver

running from ROM
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UBX-NON-VER for recaiver
running from Flash

Messages - UBX - M... E'@ Messages - UBX - M... E@

1B - MOM [Manitar] - WER [Yergzion]

Software Wersion

|2.01 [75331)

Hardware “ersion

00020000

E stenzion(=]

FROTYER 15.00
GPS.5BAS.GLOEDS.QESS

1B - MOM [Monitar] - WER MWerzion]

Software Yersion

2.0 [75350)

Hardware “fersion
00020000

Extenzion(z]

201 [75331)

PROTYER 15.00

FIS O=EF4015 [100111)
GPS5BAS.GLOEBDSQZS55

@ | X

S¥pall | &

@ | X

SFpon | &

Possible fields in UBX-MON-VER and their meanings:

Entry

Description

Software Version

Currently running firmware version.

If no firmware version is shown in the first line of Extension(s),
then the u-blox receiver runs from ROM.

If a firmware version is shown in the first line of Extension(s),
then the u-blox receiver runs from Flash.

Hardware Version

The hardware version of the u-blox receiver.

Extension(s)

Extended information about the u-blox receiver firmware. See
table below for the entries.

Not every entry is output by every u-blox receiver in the UBX-MON-VER extensions. This
depends on the product, the firmware location and the firmware version.

Possible entries in UBX-MON-VER Extension(s):

Entry

Description

2.01 (75331)

Underlying firmware version in ROM.
If such an entry is present, then the u-blox receiver runs from
Flash.

PROTVER 15. 00

Supported protocol version.

FI'S OxEF4015 (100111)

Flash Information Structure (FIS) file for Flash memory with
JEDEC 0xEF4015 found in the external flash memory. Revision
number of the file is indicated in brackets.

MOD NEO- MBN- 0

Module identification. Set in production.

GPS; SBAS; GLG, BDS; (ZSS

Supported GNSS.

UBX-13003221-R17
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2.1.4 Decoding the output of UBX-MON-VER (for Protocol Version from 18 and 23.01)

UBX-NON-VER for receiver
running from ROM

UBX-NON-VER for receiver
running from Flash

Messages - UBX - M... E'@ Messages - UBX - M... E@

1B - MOM [Manitar] - WER [Merzion]

Saoftware YWersion

[ROM CORE 2.01 (107888

Hardware “erzion

00020000

E stension(z]

FeAER=SPG 2.01
PROTYER=18.00
GF5:GLOGALEDS
SBASIMESOZSS

JB# - MOM [Monitar] - WER MWerzion]

Saftware YWersion
|E><T CORE 3.01 [107900)

Hardware “erzion
00020000

Estension(z]

RO BASE 3.01 [107223)
FeAYER=SPGE 2.01
FROTYER=18.00
MOD=MED-MEM-0
FIS=0-EF4015 [100111)
GF5:GLO.GALEDS
SBASIMESDZSS

D%

@ | X

3 poll

e

@ | X

S poll

Possible fields in UBX-MON-VER and their meanings:

Entry

Description

Software Version
ROM CORE 3. 01 (107888)
EXT CORE 3.01 (107900)

Currently running firmware version.
If ROM CORE, then the u-blox receiver runs from ROM.
If EXT CORE, then the u-blox receiver runs from Flash.

Hardware Version

The hardware version of the u-blox receiver.

Extension(s)

Extended information about the u-blox receiver firmware. See
table below for the entries.

Not every entry is output by every u-blox receiver in the UBX-MON-VER extensions. This

depends on the product, the firmware location and the firmware version.

Possible entries in UBX-MON-VER Extension(s):

Entry

Description

ROM BASE 3. 01 (107888)

Underlying firmware version in ROM.
If such an entry is present, then the u-blox receiver runs from
Flash.

FW/ER=SPG 3. 01

Firmware of product category and version where
SPG: Firmware of Standard Precision GNSS product
HPG: Firmware of High Precision GNSS product
ADR: Firmware of ADR product

UDR: Firmware of UDR product

TI M Firmware of Time Sync product

FTS: Firmware of Time & Frequency Sync product

PROTVER=18. 00

Supported protocol version.

MOD=NEO- MBN- 0

Module identification. Set in production.

UBX-13003221-R17
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Entry Description

FI S=0xEF4015 (100111) Flash Information Structure (FIS) file for Flash memory with
JEDEC 0xEF4015 found in the external flash memory. Revision
number of the file is indicated in brackets.

GPS; GLO, GAL; BDS Supported Major GNSS.

SBAS; | MES; QZSS Supported Augmentation systems.

2.2 How to Determine the Supported Protocol Version of the u-blox Receiver
Each u-blox receiver reports its supported protocol version in the following ways:

* On start-up in the boot screen

* In the UBX- MON- VER nessage

with the line containing PROTVER (example: PROTVER=18. 00).

Additionally, the firmware string, together with the firmware version, can be used to look up the
corresponding protocol version. The tables below give an overview of the released firmware and
their corresponding protocol versions.

2.2.1 u-blox 8 / u-blox M8 Firmware and Supported Protocol Versions

Firmware for Standard Precision GNSS products

Firmware version Firmware string Protocol Version
SPG 2.01 ROM CORE 2.01 (75331) Oct 292013 13:28:17 15.00
SPG 2.01 EXT CORE 2.01 (75350) Oct 29 2013 16:15:41 15.00
SPG 3.01 ROM CORE 3.01 (107888) 18.00
SPG 3.01 EXT CORE 3.01 (107900) 18.00
SPG 3.50 EXT CORE 3.50 (190461) 23.00
SPG 3.51 ROM CORE 3.51 (19dc23) 23.01
SPG 3.51 EXT CORE 3.51 (19dc23) 23.01

Firmware for High Precision GNSS Products

Firmware version Firmware string Protocol Version
HPG 1.00 EXT CORE 3.01 (111160) 20.00
HPG 1.11 EXT CORE 3.01 (b8bc67) 20.01
HPG 1.20 EXT CORE 3.01 (d34ed4) 20.10
HPG 1.30 EXT CORE 3.01 (d080e3) 20.20
HPG 1.40 EXT CORE 3.01 (db0c89) 20.30

Firmware for Dead Reckoning products

Firmware version Firmware string Protocol Version

ADR 3.00 EXT CORE 2.01 (77076) Dec 18 2013 09:40:24 ADR 3.00 15.00

ADR 3.10 EXT CORE 2.01 (87683) Nov 212014 14:03:10 ADR 3.10 15.01
M8L

ADR 3.11 EXT CORE 2.01 (89981) Jan 20 2015 17:22:06 ADR 3.11 15.01
M8L

ADR 4.00 EXT CORE 3.01 (16559bf) Apr 21 2016 15:49:07 ADR 4.00 19.00

ADR 4.10 EXT CORE 3.01 (cOc787c) Apr24 2017 17:31:42 ADR 4.10 19.10

ADR 4.11 EXT CORE 3.01 (d189ff) Aug 22 2017 14:40:05 ADR 4.11 19.10
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Firmware version Firmware string Protocol Version
ADR 4.21 EXT CORE 3.01 (3620e2) 19.20
UDR 1.00 EXT CORE 3.01 (16559bf) Apr 21 2016 15:50:59 UDR 1.00 19.00
UDR 1.21 EXT CORE 3.01 (3620e2) 19.20

Firmware for Timing products

Firmware version Firmware string Protocol Version
FTS 1.01 EXT CORE 2.20 (81289) May 14 2014 14:11:24 16.00
TIM 1.00 EXT CORE 2.30 (85522) Sep 29 2014 09:40:12 17.00
TIM 1.01 EXT CORE 2.30 (86283) Oct 20 2014 13:51:49 17.00
TIM 1.02 EXT CORE 2.30 (93796) Apr 8 2015 15:53:38 17.00
TIM1.10 EXT CORE 3.01 (111141) 22.00
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Receiver Description

3 Receiver Configuration

3.1 Configuration Concept

u-blox receivers are fully configurable with UBX protocol configuration messages (message class
UBX-CFG). The configuration used by the u-blox receiver during normal operation is termed
"Current Configuration”. The Current Configuration can be changed during normal operation by
sending any UBX-CFG-XXX message to the u-blox receiver over an I/O port. The u-blox receiver will
change its Current Configuration immediately after receiving the configuration message. The u-
blox receiver always uses only the Current Configuration.

Unless the Current Configuration is made permanent by using UBX- CFG CFGas described below,
the Current Configuration will be lost when there is:

* apower cycle

* ahardware reset

* a(complete) controlled software reset

See the section on resetting a u-blox receiver for details.

The Current Configuration can be made permanent (stored in a non-volatile memory) by saving it
to the "Permanent Configuration". This is done by sending a UBX- CFG CFGmessage with an
appropriate saveMask (UBX-CFG-CFG/save).

The Permanent Configuration is copied to the Current Configuration during start-up or when a
UBX- CFG CFGmessage with an appropriate loadMask (UBX-CFG-CFG/load) is sent to the u-blox
receiver.

The Permanent Configuration can be restored to the u-blox receiver's Default Configuration by
sending a UBX- CFG- CFGmessage with an appropriate clearMask (UBX-CFG-CFG/clear) to the u-
blox receiver. This only replaces the Permanent Configuration, not the Current Configuration. To
make the u-blox receiver operate with the Default Configuration which was restored to the
Permanent Configuration, a UBX-CFG-CFG/load command must be sent or the u-blox receiver
must be reset.

The mentioned masks (saveMask, loadMask, clearMask) are 4-byte bitfields. Every bit represents
one configuration sub-section. These sub-sections are defined in section "Organization of the
Configuration Sections". All three masks are part of every UBX-CFG-CFG message. Save, load and
clear commands can be combined in the same message. Order of execution is: clear, save, load.

The following diagram illustrates the process:
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u-blox
GNSS core

UBX-CFG-CFG / load

Permanent
UBX-CFG-CFG / save 3 S UBX-CFG-CFG / cl
M Configuration stho Default
(non-volatile Conflguratlon

memory)

It is possible to change the current communications port settings using a UBX- CFG- CFGmessage.
This could affect baud rate and other transmission parameters. Because there may be messages
queued for transmission there may be uncertainty about which protocol applies to such
messages. In addition a message currently in transmission may be corrupted by a protocol
change. Host data reception parameters may have to be changed to be able to receive future
messages, including the acknowledge message associated with the UBX-CFG-CFG message.

3.2 Organization of the Configuration Sections

The configuration is divided into several sub-sections. Each of these sub-sections corresponds to
one or several UBX-CFG-XXX messages. The sub-section numbers in the following tables
correspond to the bit position in the masks mentioned above. All values not listed are reserved

Configuration sub-sections

Number Name CFG messages Description

0 PRT UBX-CFG-PRT Port and USB settings
UBX-CFG-USB

1 MSG UBX-CFG-MSG Message settings (enable/disable, update rate)

2 INF UBX-CFG-INF Information output settings (Errors, Warnings, Notice,

Test etc.)

3 NAV UBX-CFG-NAV5 Settings for Navigation Parameters, Receiver Datum,
UBX-CFG-NAVX5 |Measurement and Navigation Rate, SBAS, NMEA
UBX-CFG-DAT protocol and Time mode (Timing products only)
UBX-CFG-RATE
UBX-CFG-SBAS
UBX-CFG-NMEA
UBX-CFG-TMODE?2

4 RXM UBX-CFG-GNSS GNSS Settings, Power Mode Settings, Time Pulse
UBX-CFG-TP5 Settings, Jamming/Interference Monitor Settings
UBX-CFG-RXM
UBX-CFG-PM2
UBX-CFG-ITFM

9 RINV UBX-CFG-RINV Remote Inventory configuration

10 ANT UBX-CFG-ANT Antenna configuration

11 LOG UBX-CFG- Logging configuration
LOGFILTER

UBX-13003221-R17
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Configuration sub-sections continued
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Number Name CFG messages Description

12 FTS UBX-CFG-DOSC Disciplining configuration. Only applicable to the Time &
UBX-CFG-ESRC Frequency Sync product.

UBX-CFG-SMGR

3.3 Permanent Configuration Storage Media

The Current Configuration is stored in the volatile RAM of the u-blox receiver. Hence, any changes
made to the Current Configuration without saving will be lost if any of the reset events listed in
the section above occur. By using UBX-CFG-CFG/save, the selected configuration sub-sections are
saved to all non-volatile memories available:

* On-chip BBR (battery backed RAM). In order for the BBR to work, a backup battery must be
applied to the u-blox receiver.

¢ External flash memory, where available.

3.4 u-blox Receiver Default Configuration

The Permanent Configuration can be reset to Default Configuration through a UBX- CFG CFG/clear
message. The Default Configuration of the u-blox receiver is normally determined when the u-blox
receiver is manufactured. Refer to specific product data sheet for further details.

3.5 Save-on-Shutdown Feature

The save-on-shutdown feature (SOS) enables the u-blox receiver to store the contents of the
battery-backed RAM to external flash memory and restore it upon startup. This allows the u-blox
receiver to preserve some of the features available only with a battery backup (preserving
configuration and satellite orbit knowledge) without having a battery backup supply present. It
does not, however, preserve any kind of time knowledge. The save-on-shutdown must be
commanded by the host. The restore-on-startup is automatically done if the corresponding data
is present in the flash. No expiration check of the data is done.

The following outlines the suggested shutdown procedure when using the save-on-shutdown
feature:

* With the UBX- CFG- RST message, the host commands the u-blox receiver to stop, specifying
reset mode 0x08 ("Controlled GNSS stop") and a BBR mask of O ("Hotstart").

* The u-blox receiver confirms the reception of a valid / invalid request with a UBX- ACK- ACK / UBX-
ACK- NAK message.

* The host commands the saving of the contents of BBR to the flash memory using the UBX- UPD-
SOS- BACKUP message.

* The u-blox receiver confirms the reception of a valid / invalid request with a UBX- ACK- ACK/ UBX-
ACK- NAK message.

* For a valid request the u-blox receiver reports on the success of the backup operation with a UBX-
UPD- SOS- ACK message.

* The host powers off the u-blox receiver.
And consequently the startup procedure is as follows:
* The host powers on the u-blox receiver.

* The u-blox receiver detects the previously stored data in flash. It restores the corresponding
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memory and reports the success of the operation with a UBX- UPD- SOS- RESTORED message on
the port it had received the save command message (if the output protocol filter on that port
allows it). It does not report anything if no stored data has been detected.

* Additionally the u-blox receiver outputs a UBX- | NF- NOTI CE and/or a NVEA- TXT message with
the contents RESTORED in the boot screen (depends on port and information messages
configuration) upon success.

u-blox 8 / u-blox M8 Receiver Description - Manual

* Optionally the host can deliver coarse time assistance using UBX- MGA- | NI - TI ME_UTC for better
startup performance.

Once the u-blox receiver has started up it is suggested to delete the stored data using a UBX- UPD-
SCS- CLEARmessage. The u-blox receiver responds with a UBX- ACK- ACK or UBX- ACK- NAK message.

Note that this feature must not be used with Power Save Mode and that saved data
must be deleted before switching to that mode.

4 Concurrent GNSS

Many u-blox positioning modules and chips are multi-GNSS receivers capable of receiving and
processing signals from multiple Global Navigation Satellite Systems (GNSS).

u-blox concurrent GNSS receivers are multi-GNSS receivers that can acquire and track satellites
from more than one GNSS system at the same time, and utilize them in positioning.

4.1 GNSS Types

u-blox receivers support a wide range of different GNSS. Some GNSS have large numbers of
satellites deployed globally and therefore are generally capable of providing navigation solutions
on their own. u-blox designates these as "major GNSS". By contrast, some are designed to be used
to enhance the use of one or more major GNSS and u-blox designates these "augmentation
systems".

In many cases, such as Satellite Numbering, this distinction does not matter as u-blox receivers
generally try to combine information from all available GNSS to create the best possible
navigation information. However, particularly in relation to configuring the receiver, the distinction
can be important.

4.1.1 Major GNSS
The major GNSS supported by u-blox receivers are described below.

4.1.1.1 GPS

The Global Positioning System (GPS) is a GNSS operated by the US department of defense. Its
purpose is to provide position, velocity and time for civilian and defense users on a global basis.
The system currently consists of 32 medium earth orbit satellites and several ground control
stations.

4.1.1.2 GLONASS

GLONASS is a GNSS operated by Russian Federation department of defense. Its purpose is to
provide position, velocity and time for civilian and defense users on a global basis. The system
consists of 24 medium earth orbit satellites and ground control stations.

It has a number of significant differences when compared to GPS. In most cases, u-blox receivers
operate in a very similar manner when they are configured to use GLONASS signals instead of
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GPS. However some aspects of receiver output are likely to be noticeably affected.

u-blox 8 / u-blox M8 Receiver Description - Manual

4.1.1.3 Galileo

At the time of writing (early 2018), the Galileo system was still under development with
@ only a few fully operational SVs. Therefore, the precise performance and reliability of u-

blox receivers when receiving Galileo signals is effectively impossible to guarantee.
Galileo is a GNSS operated by the European Union. Its purpose is to provide position, velocity and
time for civilian users on a global basis. The system is currently not fully operational. It is
eventually expected to consist of 30 medium earth orbit satellites.
On u-blox M8 receivers a maximum of ten channels can be assigned to Galileo for signal
acquisition and tracking. Note that at most eight Galileo satellites will be used for navigation. It is
recommended not to set the number of Galileo channels higher than eight in UBX- CFG- GNSS.

4.1.1.3.1 Search and Rescue Return Link Message

The receiver supports reception and output of Search and Rescue (SAR) Return Link Messages
(RLM). When enabled, a UBX- RXM RLMmessage will be generated whenever an RLM is detected by
the receiver.

Q At the time of writing (early 2018), no live transmission of RLMs by Galileo SVs had been
observed, so the details of their use was impossible to verify completely.

4.1.1.4 BeiDou

BeiDou is a GNSS operated by China. Its purpose is to initially provide position, velocity and time
for users in Asia. In a later stage when the system is fully deployed it will have worldwide coverage.
The full system will consist of five geostationary, five inclined geosynchronous and 27 medium
earth orbit satellites, as well as control, upload and monitoring stations. Although this implies a
full constellation of 37 SVs, only SVs numbered 1 to 30 are fully supported in the D1/D2 NAV
message described by the Interface Control Document version 2.0. For SVs numbered above 30,
there is currently no almanac or differential correction. Consequently, u-blox receivers only use
BeiDou SVs numbered 1 to 30.

4.1.2 Augmentation Systems
The augmentation systems supported by u-blox receivers are described below.

4.1.2.1 SBAS

There are a number of Space Based Augmentation Systems (SBAS) operated by different
countries using geostationary satellites. u-blox receivers currently support the following:

* WAAS (Wide Area Augmentation System) operated by the US.

* EGNOS (European Geostationary Navigation Overlay Service) operated by the EU.
* MSAS (Multi-functional Satellite Augmentation System) operated by Japan.

* GAGAN (GPS Aided Geo Augmented Navigation) operated by India.

See section SBAS for more details.

4.1.2.2 QZSS

The Quasi Zenith Satellite System (QZSS) is a regional satellite augmentation system operated
by Japan Aerospace Exploration Agency (JAXA). It is intended as an enhancement to GPS, to
increase availability and positional accuracy. The QZSS system achieves this by transmitting
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GPS-compatible signals in the GPS bands.
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NMEA messages will show the QZSS satellites only if configured to do so (see section Satellite
Numbering).

The QZSS L1SAIF is an additional signal broadcast by QZSS satellites that contains
augmentation and other data.

4.1.2.3IMES
The Indoor MEssaging System (IMES) is an extension to the QZSS specification.

See section IMES for more details.

4.2 Configuration

The UBX- CFG GNSS message allows the user to specify which GNSS signals should be processed
along with limits on how many tracking channels should be allocated to each GNSS. The receiver
will respond to such a request with a UBX- ACK- ACK message if it can support the requested
configuration or a UBX- ACK- NAK message if not.

6 Customers enabling BeiDou and/or Galileo who wish to use the NMEA protocol are
recommended to select NMEA version 4.1, as earlier versions have no support for these
two GNSS. See the NMEA protocol section for details on selecting NMEA versions.

The combinations of systems which can be configured simultaneously depends on the receivers
capability to receive several carrier frequencies. The UBX- MON- GNSS message reports which major
GNSS can be selected. Please refer to the data sheet of the corresponding u-blox receiver for full
information. Usually GPS, SBAS (e.g. WAAS, EGNOS, MSAS), QZSS and Galileo can be enabled
together, because they all use the 1575.42MHz L1 frequency. GLONASS and BeiDou both operate
on different frequencies, therefore the receiver must be able to receive a second or even third
carrier frequency in order to process these systems together with GPS.

It is recommended to disable GLONASS and BeiDou if a GPS-only antenna or GPS-only
SAW filter is used.

In all circumstances, it is necessary for at least one major GNSS to be enabled. It is also required
that at least 4 tracking channels are available to each enabled major GNSS, i.e. maxTr kCh must
have a minimum value of 4 for each enabled major GNSS. Further requirements on generating
configurations acceptable by the receiver can be found in UBX- CFG- GNSS.

4.2.1 Switching between GNSS

Users should be aware that switching between GNSS (and especially away from GPS) may affect
the long term accuracy of the receiver until the next cold start. In normal operation the receiver
selects the best models and corrections from the transmitted auxiliary data (e.g. UTC and
lonospheric parameters), basing this selection on the configured GNSS. Disabling a major GNSS
prevents auxiliary data from that GNSS being refreshed and so it will become stale, resulting in
progressively degraded performance. This can occur even if the main power supply is removed, as
most receivers retain auxiliary data in non-volatile storage, e.g. Battery Backed RAM (BBR). For
this reason, u-blox recommends that receivers are cold started after any change that disables an
active GNSS, within a few weeks, but preferably immediately. This will ensure that the receiver
then uses only regularly refreshed information from the newly configured constellations.
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4.2.2 Configuring QZSS L1SAIF

By default the receiver will be configured for QZSS L1C/A, this can be changed so the receiver can
be configured for QZSS L1SAIF also. See the table below forUBX- CFG- GNSS si gCf gMask settings
for signals on QZSS. For example, to enable QZSS L1C/A and QZSS L1SAIF, set thggnssl dto 5
(for QZSS) and si gCf gMask to OxO05. If supported by the firmware, L1SAIF would then be enabled.

u-blox 8 / u-blox M8 Receiver Description - Manual

QZSS Signal configuration for UBX-CFG-GNSS

Gnssld Description Signal mask

5 QZSsSs 0x01 =QZSSL1C/A
0x04 = QZSS L1SAIF

5 SBAS Configuration Settings Description

5.1 SBAS (Satellite Based Augmentation Systems)
SBAS (Satellite Based Augmentation System) is an augmentation technology for GPS, which
calculates GPS integrity and correction data with RIMS (Ranging and Integrity Monitoring
Stations) on the ground and uses geostationary satellites to broadcast GPS integrity and
correction data to GPS users. The correction data is transmitted on the GPS L1 frequency (1575.42
MHz), and therefore no additional receiver is required to make use of the correction and integrity
data.

u-blox receivers will only process corrections for GPS. Other corrections are not applied,
6 even if, as planned, some SBAS satellites start to transmit them (e.g. SDCM for

GLONASS).

SBAS Principle
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There are several compatible SBAS systems available or in development all around the world:
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* WAAS (Wide Area Augmentation System) for North America has been in operation since 2003.
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* MSAS (Multi-Functional Satellite Augmentation System) for Japan has been in operation since
2007.

* EGNOS (European Geostationary Navigation Overlay Service) has been in operation since 2009.
* GAGAN (GPS Aided Geo Augmented Navigation), for India has been in operation since 2014.

¢ SDCM (System for Differential Corrections and Monitoring), for Russia is at the time of writing
in test mode.

Support of SBAS allows u-blox GPS technology to take full advantage of the augmentation
systems that are currently available (i.e. WAAS, EGNOS, MSAS, GAGAN). Signals from systems
currently being tested and/or planned (such as SDCM) may also work, when those systems
become fully operational, but this cannot be relied upon and u-blox receivers are not configured to
support them by default.

With SBAS enabled, the user benefits from additional satellites for ranging (navigation). u-blox
GPS technology uses the available SBAS satellites for navigation just like GPS satellites, if the
SBAS satellites offer this service.

To improve position accuracy, SBAS uses different types of correction data:

* Fast Corrections for short-term disturbances in GPS signals (due to clock problems, etc).
* Long-term corrections for GPS clock problems, broadcast orbit errors etc.

* lonosphere corrections for lonosphere activity

Another benefit of SBAS is the use of GPS integrity information. In this way SBAS control stations
can 'disable' the use of GPS satellites within a 6-second alarm time in case of major GPS satellite
problems. If integrity monitoring is enabled, u-blox GPS technology only uses satellites, for which
integrity information is available.

For more information on SBAS and associated services, refer to the following resources:
¢ RTCA/DO-229D (MOPS). Available fromwww.rtca.org

e gps.faa.gov for information on WAAS.

¢ www.esa.int for information on EGNOS.

* www.essp-sas.eu for information about European Satellite Services Provider (ESSP), the
EGNOS operations manager.

* www.isro.org for information on GAGAN.
* www.sdcm.ru for information on SDCM.

SBAS satellites tracked (as of November 2015)

Identification Position GPS PRN | SBAS Provider
AMR 98°W 133 WAAS
PanAmSat Galaxy XV 133.0°W 135 WAAS
TeleSat Anik F1R 107.3°W 138 WAAS
Inmarsat 3F2 AOR-E 15.5°W 120 EGNOS
Artemis 21.5°W 124 EGNOS
Inmarsat 3F5 IOR-W 25°E 126 EGNOS
MTSAT-1R 140.1°E 129 MSAS
MTSAT-2 145°E 137 MSAS
Inmarsat-4F1/IOR 64°E 127 GAGAN
GSAT-10 83°E 128 GAGAN
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5.2 SBAS Features

@ This u-blox SBAS implementation is, in accordance with standard RTCA/DO-229D, a
class Beta-1 equipment. All timeouts etc. are chosen for the En Route Case. Do not use
this equipment under any circumstances for "safety of life" applications!

u-blox 8 / u-blox M8 Receiver Description - Manual

u-blox receivers are capable of receiving multiple SBAS signals concurrently, even from different
SBAS systems (WAAS, EGNOS, MSAS, etc.). They can be tracked and used for navigation
simultaneously. Every tracked SBAS satellite utilizes one vacant receiver tracking channel. Only
the number of receiver channels limits the total number of satellites used. Every SBAS satellite
that broadcasts ephemeris or almanac information can be used for navigation, just like a normal
GPS satellite.

For receiving correction data, the u-blox receiver automatically chooses the best SBAS satellite as
its primary source. It will select only one since the information received from other SBAS satellites
is redundant and/or could be inconsistent. The selection strategy is determined by the proximity
of the satellites, the services offered by the satellite, the configuration of the receiver (Testmode
allowed/disallowed, Integrity enabled/disabled) and the signal link quality to the satellite.

If corrections are available from the chosen SBAS satellite and used in the navigation calculation,
the DGPS flag is set in the receiver's output protocol messages (see UBX- NAV- PVT, UBX- NAV- SOL,
UBX- NAV- STATUS, UBX- NAV- SVI NFO, NMEA Position Fix Flags description). The message UBX-
NAV- SBAS provides detailed information about which corrections are available and applied.

The most important SBAS feature for accuracy improvement is lonosphere correction. The
measured data from regional RIMS stations are combined to make a TEC (Total Electron Content)
Map. This map is transferred to the receiver via the satellites to allow a correction of the
ionosphere error on each received satellite.

Supported SBAS messages

Message Type Message Content Source
0(0/2) Test Mode All

1 PRN Mask Assignment Primary
2,3,4,5 Fast Corrections Primary
6 Integrity Primary
7 Fast Correction Degradation Primary
9 Satellite Navigation (Ephemeris) All

10 Degradation Primary
12 Time Offset Primary
17 Satellite Almanac All

18 lonosphere Grid Point Assignment Primary
24 Mixed Fast / Long term Corrections Primary
25 Long term Corrections Primary
26 lonosphere Delays Primary

Each satellite services a specific region and its correction signal is only useful within that region.
Planning is crucial to determine the best possible configuration, especially in areas where signals
from different SBAS systems can be received:

Example 1: SBAS Receiver in North America

In the eastern parts of North America, make sure that EGNOS satellites do not take preference
over WAAS satellites. The satellite signals from the EGNOS system should be disallowed by using
the PRN Mask.
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Example 2: SBAS Receiver in Europe
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Some WAAS satellite signals can be received in the western parts of Europe, therefore it is
recommended that the satellites from all but the EGNOS system should be disallowed using the
PRN Mask.

@ Although u-blox receivers try to select the best available SBAS correction data, it is
recommended to configure them to disallow using unwanted SBAS satellites.

Q The EGNOS SBAS system does not provide the satellite ranging function.

5.3 SBAS Configuration

To configure the SBAS functionalities use the UBX proprietary message UBX- CFG- SBAS (SBAS
Configuration).

SBAS Configuration parameters

Parameter Description

Mode - SBAS Subsystem Enabled / Disabled status of the SBAS subsystem. To
enable/disable SBAS operation use UBX- CFG GNSS. The field in
UBX- CFG SBAS is no longer supported.

Mode - Allow test mode usage Allow / Disallow SBAS usage from satellites in Test Mode
(Message 0)

Services/Usage - Ranging Use the SBAS satellites for navigation

Services/Usage - Apply SBAS Combined enable/disable switch for Fast-, Long-Term and

correction data lonosphere Corrections

Services/Usage - Apply integrity |Use integrity data
information

Number of tracking channels Should be set using UBX- CFG- GN\SS. The field in UBX- CFG- SBAS
is no longer supported.
PRN Mask Allows selectively enabling/disabling SBAS satellites (e.g.

restrict SBAS usage to WAAS-only).

By default, SBAS is enabled with three prioritized SBAS channels and it will use any received SBAS
satellites (except for those in test mode) for navigation, ionosphere parameters and corrections.

6 QZSS L1S SLAS Configuration Settings Description

6.1 QZSS L1S SLAS (Sub-meter Level Augmentation Service)
6 The L1S signal was formerly known as L1SAIF.

QZSS SLAS (Sub-meter Level Augmentation Service) is an augmentation technology, which
provides correction data for pseudoranges of GPS and QZSS satellites (as of October 2017).
Ground monitoring stations (GMS) positioned in Japan calculate independent corrections for each
visible satellite and broadcast this data to the user via QZSS satellites. The correction stream is
transmitted on the L1 frequency (1575.42 Mhz) and therefore no additional receiver is required to
make use of the correction data.

With QZSS SLAS enabled, u-blox receivers autonomously select the most suitable GMS based on
the user's location. The correction stream of this GMS will then be applied to the measurements in
order to improve position accuracy.

UBX-13003221-R17 Early Production Information Page 18 of 407



@biox

Furthermore, QZSS SLAS provides the user with reports for disaster and crisis management (DC
Reports) from the Japan Meteorological Agency (JMA) and other sources. Those reports are
provided by UBX- RXM- SFRBX messages.

For more information on QZSS SLAS, refer to the Interface Document IS-QZSS-L1S-001 (March
28,2017) issued by the Cabinet Office, available fromgzss.go.jp/en/.
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6.2 QZSS L1S SLAS Features

Multiple SLAS signals can be tracked simultaneously. Only the number of receiver channels limits
the total number of satellites tracked.

The correction stream will be automatically detected from the most suitable ground monitoring
stations and QZSS satellites. The selection of the QZSS satellite is dependent on the quality of
the signals and the receiver configuration to allow satellites in test mode. The GMS that is not
flagged as unhealthy and is closest to the user will be selected. If the distance to the closest GMS
exceeds 200 km, no corrections will be used. The receiver might then fall back to using SBAS
corrections. Changes of the most suitable GMS or QZSS satellite as well as transitions in the
provided correction data stream will be handled in the background leading to a continuous set of
corrections for the navigation solution, if possible.

If corrections are available from the chosen QZSS satellite and used in the navigation calculation,
the DGNSS flag is set in the receiver's output protocol messages (see UBX- NAV- PVT, UBX- NAV- SCOL,
UBX- NAV- STATUS, UBX- NAV- SVI NFO, NMEA Position Fix Flags description). The message UBX-
NAV- SLAS provides detailed information about which corrections are available and applied.
By setting the RAIM feature (see UBX- CFG SLAS), the user can setup the receiver to provide
DGPS-only solutions or to mix corrected and uncorrected measurements.

If in UBX- CFG- SLAS the RAIM option is set, other GNSS time systems than the QZSS
6 time system can't be observed by measurements.

Supported QZSS L1S SLAS messages for navigation enhancing

Message Type Message Content

0 Test Mode

47 Monitoring Station Information
48 PRN Mask

49 Data Issue Number

50 DGPS Correction

51 Satellite Health

6.3 QZSS L 1S SLAS Configuration
Toread and set the SLAS configurations use UBX- CFG- SLAS as follows:

QZSS L1S SLAS Configuration parameters

Parameter Description

Mode - enabled Apply QZSS SLAS corrections

Mode - test Allow the correction provided by QZSS satellites that are in
test mode
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QZSS L1S SLAS Configuration parameters continued
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Parameter Description

Mode - raim If this configuration is set, the receiver will try to estimate the
position by using only corrected measurements; if all corrected
measurements are not available, it won't use any corrections. If
this configuration is not set, the receiver will mix corrected and
uncorrected measurements for the navigation solution.

7 IMES Description

Indoor MEssaging System (IMES) is an extension to the QZSS specification using ground based
beacons that broadcast their location. Its purpose is to allow GNSS users to continue to navigate
inside buildings, when they can no longer reliably receive satellite based signals.

6 Operation of IMES beacons is only allowed within Japan.

u-blox receivers with IMES enabled conform to IS-QZSS v1.5and do not support v1.4 or

6 earlier IMES signals. In particular, u-blox receivers rely on the IMES station's carrier
frequency being 1575.4282MHz + 0.2ppm as specified in the IMES specification.
Transmissions from IMES stations that are not within this frequency range are unlikely
to be reliably received. Also the receiver expects the preamble 0X9E as well as the correct
sequence of CNT values as specified by the IS-QZSS.

u-blox receivers report the position information they receive from IMES transmitters directly with
UBX- RXM- | MES. They do not, however, combine this information with navigation solutions derived
from satellite signals (reported via various NMEA and UBX-NAV messages). Consequently, the
IMES position information may not always be consistent with satellite signal derived position
information.

7.1 IMES Features

* 50/250bps Auto-Detection: Both 50bps and 250bps IMES signals are supported by u-blox
receivers. The transmitter's data rate is detected automatically which allows the receiver to
even work in a mixed 50bps/250bps IMES environment.

* Dynamic Tracking Channel Allocation: The allocation of the tracking channels is done
dynamically, in the same way that channels are allocated to other GNSS. If sufficient IMES
stations are within reach of the receiver, it will track as many signals as it can up to the value of
max Tr kCh configured in UBX- CFG G\SS (8 by default). To reserve a certain number of channels
for IMES only (preventing them from being dynamically allocated to other GNSS), set the
resTr kCh field in UBX- CFG- GNSS accordingly.

* Data summary: A summary of all the tracked IMES signals and what position information they
are providing is given in the UBX- RXM | MES message.

* Raw IMES frames: The raw IMES subframes received from the IMES stations are reported as
they are received with UBX- RXM SFRBX messages.

8 Navigation Configuration Settings Description
This section relates to the configuration message UBX- CFG- NAV5.

UBX-13003221-R17 Early Production Information Page 20 of 407



@biox

8.1 Platform settings

u-blox receivers support different dynamic platform models (see table below) to adjust the
navigation engine to the expected application environment. These platform settings can be
changed dynamically without performing a power cycle or reset. The settings improve the
receiver's interpretation of the measurements and thus provide a more accurate position output.
Setting the receiver to an unsuitable platform model for the given application environment is likely
toresultin aloss of receiver performance and position accuracy.

u-blox 8 / u-blox M8 Receiver Description - Manual

Dynamic Platform Models

Platform Description

Portable Applications with low acceleration, e.g. portable devices. Suitable for most
situations.

Stationary Used in timing applications (antenna must be stationary) or other stationary
applications. Velocity restricted to O m/s. Zero dynamics assumed.

Pedestrian Applications with low acceleration and speed, e.g. how a pedestrian would move.

Low acceleration assumed.

Used for applications with equivalent dynamics to those of a passenger car. Low
vertical acceleration assumed.

Recommended for applications at sea, with zero vertical velocity. Zero vertical
velocity assumed. Sea level assumed.

Used for applications with a higher dynamic range and greater vertical
acceleration than a passenger car. No 2D position fixes supported.
Recommended for typical airborne environments. No 2D position fixes

Automotive

At sea

Airborne <1g

Airborne <2g

supported.

Airborne <4g Only recommended for extremely dynamic environments. No 2D position fixes
supported.

Wrist Only recommended for wrist worn applications. Receiver will filter out arm
motion. (just available for protocol version > 17)

Bike Used for applications with equivalent dynamics to those of a motor bike. Low

vertical acceleration assumed.

Dynamic Platform Model Details

Platform Max Altitude [ MAX Horizontal MAX Vertical Sanity check type Max Position

[m] Velocity [m/s] Velocity [m/s] Deviation

Portable 12000 310 50 Altitude and Velocity Medium
Stationary 9000 10 6 Altitude and Velocity Small
Pedestrian 9000 30 20 Altitude and Velocity Small

Automotive 6000 100 15 Altitude and Velocity Medium

At sea 500 25 5 Altitude and Velocity Medium
Airborne <1g 50000 100 100 Altitude Large
Airborne <2g 50000 250 100 Altitude Large
Airborne <4g 50000 500 100 Altitude Large

Wrist 9000 30 20 Altitude and Velocity Medium

Bike 6000 100 15 Altitude and Velocity Medium

6 Dynamic platforms designed for high acceleration systems (e.g. airborne <2g) can result
in a higher standard deviation in the reported position.
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6 If a sanity check against a limit of the dynamic platform model fails, then the position
solution is invalidated. The table above shows the types of sanity checks which are
applied for a particular dynamic platform model.

8.2 Navigation Input Filters
The navigation input filters in UBX- CFG- NAV5 mask the input data of the navigation engine.

6 These settings are already optimized. Do not change any parameters unless advised by
u-blox support engineers.

Navigation Input Filter parameters

Parameter Description
fixMode By default, the receiver calculates a 3D position fix if possible but reverts to 2D
position if necessary (Auto 2D/3D). The receiver can be forced to only calculate
2D (2D only) or 3D (3D only) positions.
fixedAltand | The fixed altitude is used if fixMode is set to 2D only. A variance greater than
fixedAltVar zero must also be supplied.

minElev Minimum elevation of a satellite above the horizon in order to be used in the
navigation solution. Low elevation satellites may provide degraded accuracy,
due to the long signal path through the atmosphere.

cnoThreshNum | A navigation solution will only be attempted if there are at least the given
SVs and number of SVs with signals at least as strong as the given threshold.
cnoThresh

See also comments in section Degraded Navigation below.

8.3 Navigation Output Filters

The result of a navigation solution is initially classified by the fix type (as detailed in the fixType
field of UBX- NAV- PVT message). This distinguishes between failures to obtain a fix at all ("No Fix")
and cases where a fix has been achieved, which are further subdivided into specific types of fixes
(e.g. 2D, 3D, dead reckoning).

Where a fix has been achieved, a check is made to determine whether the fix should be classified
as valid or not. A fix is only valid if it passes the navigation output filters as defined in UBX- CFG
NAVS. In particular, both PDOP and accuracy values must lie below the respective limits.

Valid fixes are marked using the valid flag in certain NMEA messages (see Position Fix Flags in
NMEA) and the gnssFixOK flag in UBX- NAV- PVT message.

Q Important: Users are recommended to check the gnssFixOK flag in the UBX- NAV- PVT or
the NMEA valid flag. Fixes not marked valid should not normally be used.

The UBX- NAV- SCL and UBX- NAV- STATUS messages also report whether a fix is valid in

6 their gpsFixOK and GPSfixOk flags. These messages have only been retained for
backwards compatibility and users are recommended to use the UBX- NAV- PVT message
in preference.

The UBX- CFG- NAV5 message also defines TDOP and time accuracy values that are used in order to
establish whether a fix is regarded as locked to GNSS or not, and as a consequence of this, which
time pulse setting has to be used. Fixes that do not meet both criteria will be regarded as
unlocked to GNSS, and the corresponding time pulse settings of UBX- CFG- TP5 will be used to
generate a time pulse.
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8.3.1 Speed (3-D) Low-pass Filter

The UBX- CFG ODOmessage offers the possibility to activate a speed (3-D) low-pass filter. The
output of the speed low-pass filter is published in the UBX- NAV- VELNED message (speed field). The
filtering level can be set via the UBX- CFG- ODOmessage (velLpGain field) and must be comprised
between O (heavy low-pass filtering) and 255 (weak low-pass filtering).
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6 Strictly speaking, the internal filter gain is computed as a function of speed. Therefore,
the level as defined in the UBX- CFG- CDOmessage (velLpGain field) defines the nominal
filtering level for speeds below 5m/s.

8.3.2 Course over Ground Low-pass Filter

The UBX- CFG- CDOmessage offers the possibility to activate a course over ground low-pass filter
when the speed is below 8m/s. The output of the course over ground (also named heading of
motion 2-D) low-pass filter is published in the UBX- NAV- PVT message (headMot field), UBX- NAV-
VELNED message (heading field), NVEA- RMC message (cog field) and NVEA- VTGmessage (cogt
field). The filtering level can be set via the UBX- CFG ODOmessage (cogLpGain field) and must be
comprised between O (heavy low-pass filtering) and 255 (weak low-pass filtering).

The filtering level as defined in the UBX- CFG ODOmessage (coglL pGain field) defines the
filter gain for speeds below 8m/s. If the speed is higher than 8m/s, no course over ground
low-pass filtering is performed.

8.3.3 Low-speed Course Over Ground Filter

The UBX- CFG- ODOmessage offers the possibility to activate a low-speed course over ground filter
(also named heading of motion 2-D). This filter derives the course over ground from position at
very low speed. The output of the low-speed course over ground filter is published in the UBX- NAV-
PVT message (headMot field), UBX- NAV- VELNED message (heading field), NVEA- RMC message (cog
field) and NVEA- VTGmessage (cogt field). If the low-speed course over ground filter is not
activated or inactive, then the course over ground is computed as described in section Freezing
the Course Over Ground.

8.4 Static Hold

Static Hold Mode allows the navigation algorithms to decrease the noise in the position output
when the velocity is below a pre-defined 'Static Hold Threshold'. This reduces the position wander
caused by environmental factors such as multi-path and improves position accuracy especially in
stationary applications. By default, static hold mode is disabled.

If the speed drops below the defined 'Static Hold Threshold, the Static Hold Mode will be
activated. Once Static Hold Mode has been entered, the position output is kept static and the
velocity is set to zero until there is evidence of movement again. Such evidence can be velocity,
acceleration, changes of the valid flag (e.g. position accuracy estimate exceeding the Position
Accuracy Mask, see also section Navigation Output Filters), position displacement, etc.

The UBX- CFG NAV5 message additionally allows for configuration of distance threshold (field
staticHoldMaxDist). If the estimated position is farther away from the static hold position than
this threshold, static mode will be quit.
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8.5 Freezing the Course Over Ground

If the low-speed course over ground filter is deactivated or inactive (see section Low-speed Course
over Ground Filter), the receiver derives the course over ground from the GNSS velocity
information. If the velocity cannot be calculated with sufficient accuracy (e.g., with bad signals) or
if the absolute speed value is very low (under 0.1m/s) then the course over ground value becomes
inaccurate too. In this case the course over ground value is frozen, i.e. the previous value is kept
and its accuracy is degraded over time. These frozen values will not be output in the NMEA
messages NVEA- RMC and NIVEA- VTGunless the NMEA protocol is explicitely configured to do so
(see NMEA Protocol Configuration).
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8.6 Degraded Navigation

Degraded navigation describes all navigation modes which use less than four Satellite Vehicles
(SV).

8.6.1 2D Navigation

If the receiver only has three SVs for calculating a position, the navigation algorithm uses a
constant altitude to compensate for the missing fourth SV. When an SV is lost after a successful
3D fix (min. four SVs available), the altitude is kept constant at the last known value. This is called
a 2D fix.

u-blox receivers do not calculate any navigation solution with less than three SVs. Only u-
blox Timing products can calculate a timing solution with only one SV when they are in
stationary mode.

8.7 Geodetic Coordinate Systems and Ellipsoids

In order to have any useful meaning, the positions reported by a u-blox receiver must be
referenced to some coordinate system which defines the origin and, for example, which way is
"up". For many reasons, including history, practical autonomy and politics, all the major GNSS
define their own theoretical coordinate systems from which they realize a practical reference
frame by means of a network of reference points. Specifically:

* GPS uses WGS84

* GLONASS uses PZ90

* Galileo uses GTRF

¢ BeiDou uses CGCS2000

In practice, the relevant organisations choose to keep their respective frames very close to the
International Terrestrial Reference Frame (ITRF), defined and managed by the International Earth
Rotation and Reference Systems Service (IERS). However, because the Earth's tectonic plates and
even parts of the Earth's core move, new versions of ITRF are defined every few years, generally

with changes of the order of a few millimetres. Consequently, the major GNSS occasionally decide
that they need to update their reference frames to be better aligned to the latest ITRF. So, for
example, GPS switched to WGS84 (G1150) in GPS week 1150 (early 2002) based on ITRF2000, while
GLONASS switched from PZ90.02 to PZ90.11 at the end of 2013, based on ITRF2008. The net
effect of this, is that all the major GNSS use almost the same reference frame, but there are some
small (generally sub-cm) differences between them and these differences occasionally change.

In order to produce positions that can be shown on a map, it is necessary to translate between raw
coordinates (e.g. X, y, z) and a position relative to the Earth's surface (e.g. latitude, longitude and
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altitude) and that requires defining the form of ellipsoid that best matches the shape of the Earth.
Historically many different ellipsoid definitions have been used for maps, many of which predate
the existence of GNSS and show quite significant differences, leading to discrepencies of as much
as 100m in places. Fortunately, most digital maps now use the WGS84 ellipsoid, which is distinct
from the WGS84 coordinate system, but defined by the same body.
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All u-blox receivers use (the current) version of WGS84 frame as their reference frame, carrying
out any necessary corrections internally. What is more, by default, u-blox receivers use the
WGS84 ellipsoid and therefore all positions communicated from/to a u-blox receiver will be relative
to that. However, users can alter this by specifying their chosen geodetic datum parameters using
the UBX- CFG DAT message. The table below indicates the values u-blox recommends for use.

Recommended UBX-CFG-DAT parameters

Ellipsoid majA flat dX dy dZ| rotX| rotY]| rotZ
WGS84 (default) 6378137.Q 298.257223563 0.0| 0.0| 0.0 0.0f 0.0 0.0
PZ90 6378136.¢0 298.257839303| 0.0 0.0( 0.0| 0.0 0.0| 0.0
CGCS2000 6378137.Q 298.25722710{1 0.0| 0.0| 0.0| 0.0| 0.0| 0.0

6 Where the receiver is configured to use differential correction data (e.g. via an RTCM
stream), as a direct consequence, the receiver's coordinate frame will switch to whatever
frame the source of correction data is using.

9 Clocks and Time

9.1 Receiver Local Time

The receiver is dependent on a local oscillator (normally a TCXO or Crystal oscillator) for both the
operation of its radio parts and also for timing within its signal processing. No matter what
nominal frequency the local oscillator has (e.g. 26 MHz), u-blox receivers subdivide the oscillator
signal to provide a 1 kHz reference clock signal, which is used to drive many of the receiver's
processes. In particular, the measurement of satellite signals is arranged to be synchronised with
the "ticking" of this 1 kHz clock signal.

When the receiver first starts, it has no information about how these clock ticks relate to other
time systems; it can only count time in 1 millisecond steps. However, as the receiver derives
information from the satellites it is tracking or from aiding messages, it estimates the time that
each 1 kHz clock tick takes in the time-base of the relevant GNSS system. In previous generations
of u-blox receivers this was always the GPS time-base, but for this generation it could be GPS,
GLONASS, Galileo, or BeiDou. This estimate of GNSS time based on the local 1 kHz clock is called
receiver local time.

As receiver local time is a mapping of the local 1 kHz reference onto a GNSS time-base, it may
experience occasional discontinuities, especially when the receiver first starts up and the
information it has about the time-base is changing. Indeed after a cold start receiver local time will
initially indicate the length of time that the receiver has been running. However, when the receiver
obtains some credible timing information from a satellite or aiding message, it will jump to an
estimate of GNSS time.
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9.2 Navigation Epochs

Each navigation solution is triggered by the tick of the 1 kHz clock nearest to the desired
navigation solution time. This tick is referred to as a navigation epoch. If the navigation solution
attempt is successful, one of the results is an accurate measurement of time in the time-base of
the chosen GNSS system, called GNSS system time. The difference between the calculated
GNSS system time and receiver local time is called the clock bias (and the clock drift is the rate at
which this bias is changing).
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In practice the receiver's local oscillator will not be as stable as the atomic clocks to which GNSS
systems are referenced and consequently clock bias will tend to accumulate. However, when
selecting the next navigation epoch, the receiver will always try to use the 1 kHz clock tick which it
estimates to be closest to the desired fix period as measured in GNSS system time. Consequently
the number of 1 kHz clock ticks between fixes will occasionally vary (so when producing one fix per
second, there will normally be 1000 clock ticks between fixes, but sometimes, to correct drift away
from GNSS system time, there will be 999 or 1001).

The GNSS system time calculated in the navigation solution is always converted to a time in both
the GPS and UTC time-bases for output.

Clearly when the receiver has chosen to use the GPS time-base for its GNSS system time,
conversion to GPS time requires no work at all, but conversion to UTC requires knowledge of the
number of leap seconds since GPS time started (and other minor correction terms). The relevant
GPS to UTC conversion parameters are transmitted periodically (every 12.5 minutes) by GPS
satellites, but can also be supplied to the receiver via the UBX- MGA- GPS- UTC aiding message. By
contrast when the receiver has chosen to use the GLONASS time-base as its GNSS system time,
conversion to GPS time is more difficult as it requires knowledge of the difference between the
two time-bases, but conversion to UTC is easier (as GLONASS time is closely linked to UTC).

Where insufficient information is available for the receiver to perform any of these time-base
conversions precisely, pre-defined default offsets are used. Consequently plausible times are
nearly always generated, but they may be wrong by a few seconds (especially shortly after receiver
start). Depending on the configuration of the receiver, such "invalid" times may well be output, but
with flags indicating their state (e.g. the "valid" flags in UBX- NAV- PVT).

u-blox receivers employ multiple GNSS system times and/or receiver local times (in order

6 to support multiple GNSS systems concurrently), so users should not rely on UBX
messages that report GNSS system time or receiver local time being supported in
future. It is therefore recommended to give preference to those messages that report
UTC time.

9.3iTOW Timestamps

All the main UBX-NAV messages (and some other messages) contain an iTOW field which
indicates the GPS time at which the navigation epoch occurred. Messages with the same iTOW
value can be assumed to have come from the same navigation solution.
Note that iTOW values may not be valid (i.e. they may have been generated with insufficient
conversion data) and therefore it is not recommended to use the iTOW field for any other purpose.
6 The original designers of GPS chose to express time/date as an integer week number

(starting with the first full week in January 1980) and a time of week (often abbreviated

to TOW) expressed in seconds. Manipulating time/date in this form is far easier for

digital systems than the more "conventional" year/month/day, hour/minute/second
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representation. Consequently, most GNSS receivers use this representation internally,
only converting to a more "conventional form" at external interfaces. The iTOW field is
the most obvious externally visible consequence of this internal representation.
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If reliable absolute time information is required, users are recommended to use the UBX- NAV- PVT
or UBX- HNR- PVT navigation solution messages which also contain additional fields that indicate
the validity (and accuracy in UBX- NAV- PVT) of the calculated times (see also the GNSS Times
section below for further messages containing time information).

9.4 GNSS Times

Each GNSS has its own time reference for which detailed and reliable information is provided in
the messages listed in the table below.

GNSS Times

Time Reference Message

GPS Time UBX- NAV- TI MEGPS
BeiDou Time UBX- NAV- TI MEBDS
GLONASS Time UBX- NAV- TI MEGLO
Galileo Time UBX- NAV- TI MEGAL
UTC Time UBX- NAV- TI MEUTC

9.5 Time Validity
Information about the validity of the time solution is given in the following form:

¢ Time validity: Information about time validity is provided in the val i d flags (e.g. val i dDat e and
val i dTi me flags in the UBX- NAV- PVT message). If these flags are set, the time is known and
considered as valid for being used. These flags can be found in the GNSS Times table in the
GNSS Times section above as well as in the UBX- NAV- PVT and UBX- HNR- PVT messages.

* Time validity confirmation: Information about confirmed validity is provided in the
confi rnmedDat e and confi r nedTi e flags in the UBX- NAV- PVT message. If these flags are set,
the time validity could be confirmed by using an additional independent source, meaning that
the probability of the time to be correct is very high. Note that information about time validity
confirmation is only available if the conf i r mredAvai bit in the UBX- NAV- PVT message is set.
Check UBX- NAV- PVT which Protocol Version supports this flag.

9.6 UTC Representation

UTC time is used in many NMEA and UBX messages. In NMEA messages it is always reported
rounded to the nearest hundredth of a second. Consequently, it is normally reported with two
decimal places (e.g. 124923.52). What is more, although compatibility mode (selected usingUBX-
CFG NMEA) requires three decimal places, rounding to the nearest hundredth of a second remains,
so the extra digit is always 0.

UTC time is is also reported within some UBX messages, such as UBX- NAV- TI MEUTC and UBX- NAV-
PVT. In these messages date and time are separated into seven distinct integer fields. Six of these
(year, month, day, hour, min and sec) have fairly obvious meanings and are all guaranteed to
match the corresponding values in NMEA messages generated by the same navigation epoch.
This facilitates simple synchronisation between associated UBX and NMEA messages.

The seventh field is called nano and it contains the number of nanoseconds by which the rest of
the time and date fields need to be corrected to get the precise time. So, for example, the UTC
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time 12:49:23.521 would be reported as: hour: 12, min: 49, sec: 23, nano: 521000000.

It is however important to note that the first six fields are the result of rounding to the nearest
hundredth of a second. Consequently the nano value can range from -5000000 (i.e. -5 ms) to
+994999999 (i.e. nearly 995 ms).

When the nano field is negative, the number of seconds (and maybe minutes, hours, days, months
or even years) will have been rounded up. Therefore, some or all of them will need to be adjusted in
order to get the correct time and date. Thus in an extreme example, the UTC time 23:59:59.9993
on 31st December 2011 would be reported as: year: 2012, month: 1, day: 1, hour: 0, min: O, sec: O,
nano: -700000.

Of course, if a resolution of one hundredth of a second is adequate, negative nano values can
simply be rounded up to 0 and effectively ignored.

Which master clock the UTC time is referenced to is output in the message UBX- NAV- T MEUTC.
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For protocol versions 16 or greater; the preferred variant of UTC time can be specified using UBX-
CFG NAVS.

9.7 Leap Seconds

Occasionally it is decided (by one of the international time keeping bodies) that, due to the slightly
uneven spin rate of the Earth, UTC has moved sufficiently out of alignment with mean solar time
(i.e. the Sun no longer appears directly overhead at O longitude at midday). A "leap second" is
therefore announced to bring UTC back into close alignment. This normally involves adding an
extra second to the last minute of the year, but it can also happen on 30th June. When this
happens UTC clocks are expected to go from 23:59:59 to 23:59:60 and only then on to 00:00:00.

Itis also theoretically possible to have a negative leap second, in which case there will only be 59
seconds in a minute and 23:59:58 will be followed by 00:00:00.

u-blox receivers are designed to handle leap seconds in their UTC output and consequently users
processing UTC times from either NMEA and UBX messages should be prepared to handle
minutes that are either 59 or 61 seconds long.

Leap second information be be polled from the u-blox receiver with the message UBX- NAV- Tl MELS
for Protocol Version 18 and above

9.8 Real Time Clock

u-blox receivers contain circuitry to support a real time clock, which (if correctly fitted and
powered) keeps time while the receiver is otherwise powered off. When the receiver powers up, it
attempts to use the real time clock to initialise receiver local time and in most cases this leads to
appreciably faster first fixes.

9.9 Date

All GNSS frequently transmit information about the current time within their data message. In
most cases, this is a time of week (often abbreviated to TOW), which indicates the elapsed
number of seconds since the start of the week (midnight Saturday/Sunday). In order to map this
to a full date, it is necessary to know which week and so the GNSS also transmit a week number,
typically every 30 seconds. Unfortunately the GPS data message was designed in a way that only
allows the bottom 10 bits of the week number to be transmitted. This is not sufficient to yield a
completely unambiguous date as every 1024 weeks (a bit less than 20 years), the transmitted
week number value "rolls over" back to zero. Consequently, GPS receivers can't tell the difference

UBX-13003221-R17 Early Production Information Page 28 of 407



@biox

between, for example, 1980, 1999 or 2019 etc.
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Fortunately, although BeiDou and Galileo have similar representations of time, they transmit
sufficient bits for the week number to be unambiguous for the forseeable future (the first
ambiguity will be in 2078 for Galileo and not until 2163 for BeiDou). GLONASS has a different
structure, based on a time of day, but again transmits sufficient information to avoid any
ambiguity during the expected lifetime of the system (the first ambiguous date will be in 2124).
Therefore, u-blox 8 / u-blox M8 receivers using Protocol Version 18 and aboveregard the date
information transmitted by GLONASS, BeiDou and Galileo to be unambiguous and, where
necessary, use this to resolve any ambiguity in the GPS date.

Customers attaching u-blox receivers to simulators should be aware that GPS time is

6 referenced to 6th January 1980, GLONASS to 1st January 1996, Galileo to 22nd August
1999 and BeiDou to 1st January 2006; the receiver cannot be expected to work reliably
with signals that appear to come from before these dates.

9.9.1 GPS-only Date Resolution

In circumstances where only GPS signals are available and for receivers with earlier firmware
versions, the receiver establishes the date by assuming that all week numbers must be at least as
large as a reference rollover week number. This reference rollover week number is hard-coded into
the firmware at compile time and is normally set a few weeks before the s/w is completed, but it
can be overridden by the wknRol | over field of the UBX- CFG NAVX5 message to any value the user
wishes.

The following example illustrates how this works: Assume that the reference rollover week
number set in the firmware at compile time is 1524 (which corresponds to a week in calendar year
2009, but would be transmitted by the satellites as 500). In this case, if the receiver sees
transmissions containing week numbers in the range 500 ... 1023, these will be interpreted as
week numbers 1524 ... 2047 (CY 2009 ... 2019), whereas transmissions with week numbers from O
to 499 are interpreted as week numbers 2048 ... 2547 (CY 2019 ... 2028).

It is important to set the reference rollover week number appropriately when supplying u-
blox receivers with simulated signals, especially when the scenarios are in the past.

10 Broadcast Navigation Data

6 Reporting of broadcast navigation data is supported for products using protocol version
17 onwards.

The UBX- RXM SFRBX reports the broadcast navigation data message collected by the receiver
from each tracked signal. When enabled, a separate message is generated every time the receiver
decodes a complete subframe of data from a tracked signal. The data bits are reported, as
received, including preambles and error checking bits as appropriate. However because there is
considerable variation in the data structure of the different GNSS signals, the form of the
reported data also varies. Indeed, although this document uses the term "subframe" generically, it
is not strictly the correct term for all GNSS (e.g. GLONASS has "strings" and Galileo has "pages").

10.1 Parsing Navigation Data Subframes

Each UBX- RXM SFRBX message contains a subframe of data bits appropriate for the relevant
GNSS, delivered in a number of 32 bit words, as indicated by numbr ds field.

Due to the variation in data structure between different GNSS, the most important step in
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parsing a UBX- RXM SFRBX message is to identify the form of the data. This should be done by
reading the gnssl d field, which indicates which GNSS the data was decoded from. In almost all
cases, this is sufficient to indicate the structure and the following sections are organised by GNSS
for that reason. However, in some cases the identity of the GNSS is not sufficient, and this is
described, where appropriate, in the following sections.
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In most cases, the data does not map perfectly into a number of 32 bit words and, consequently,
some of the words reported in UBX- RXM SFRBX messages contain fields marked as "Pad". These
fields should be ignored and no assumption should be made about their contents.

UBX- RXMr SFRBX messages are only generated when complete subframes are detected by the
receiver and all appropriate parity checks have passed.

Where the parity checking algorithm requires data to be inverted before it is decoded (e.g. GPS
L1C/A), the receiver carries this out before the message output. Therefore, users can process data
directly and do not need to worry about repeating any parity processing.

The meaning of the content of each subframe depends on the sending GNSS and is described in
the relevant Interface Control Documents (ICD).

10.2 GPS

The data structure in the GPS L1C/A and L2C signals is dissimilar and thus theUBX- RXM SFRBX
message structure differs as well. For the GPS L1C/A and L2C signals it is as follows.

10.2.1 GPSL1C/A

For GPS L1C/A signals, there is a fairly straightforward mapping between the reported subframe
and the structure of subframe and words described in the GPS ICD. Each subframe comprises ten
data words, which are reported in the same order they are received.

Each word is arranged as follows:

MSB LSB

1
to

10

Pad Data Parity
2 bits 24 bits G bits

Note that as the GPS data words only comprise 30 bits, the 2 most significant bits in each word
reported by UBX- RXM- SFRBX are padding and should be ignored.

10.3 GLONASS

For GLONASS L10F and L20OF signals, each reported subframe contains a string as described in
the GLONASS ICD. This string comprises 85 data bits which are reported over three 32 bit words
in the UBX- RXM SFRBX message. Data bits 1 to 8 are always a hamming code, whilst bits 81 to 84
are a string number and bit 85 is the idle chip, which should always have a value of zero. The
meaning of other bits vary with string and frame number.

The fourth and final 32 bit word in the UBX- RXM SFRBX message contains frame and superframe
numbers (where available). These values aren't actually transmitted by the SVs, but are deduced
by the receiver and are included to aid decoding of the transmitted data. However, the receiver
does not always know these values, in which case a value of zero is reported.

The four words are arranged as follows:
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MSB LSB

String # Data (80 - 54)
4 bits 27 bits

Iy
%o ldle chip

1 bit - always 0
5 Data (53 - 22)
32 bits
3 Data (21-9) Hamming code Pad
13 bits 8 bits 11 bits
4 Superframe # Pad Frame #
16 bits 8 bits 8 bits

In some circumstances, (especially on startup) the receiver may be able to decode data from a
GLONASS SV before it can identify the SV. When this occurs UBX- RXM SFRBX messages will be
issued with an svl d of 255 to indicate "unknown".

10.4 BeiDou

For BeiDou (B1l) signals, there is a fairly straightforward mapping between the reported subframe
and the structure of subframe and words described in the BeiDou ICD. Each subframe comprises
ten data words, which are reported in the same order they are received.

Each word is arranged as follows:

MSB LSB

1
to
10

FPad Data Parity
2 bits 22 pits 8 bits

Note that as the BeiDou data words only comprise 30 bits, the 2 most significant bits in each word
reported by UBX- RXM SFRBX are padding and should be ignored.

10.5 Galileo

The Galileo E10S and E5b signals both transmit the I/NAV message but in different
configurations. The UBX- RXM SFRBX structures for them are as follows.

10.5.1 Galileo E10S
For Galileo E10S signals, each reported subframe contains a pair of I/NAV pages as described in
the Galileo ICD.

Galileo pages can either be "Nominal" or "Alert" pages. For Nominal pages the eight words are
arranged as follows:
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Nga o Fealtme LsB
¥ 1 bit
11olo Word type Data (122 - 99)
6 bits 24 bits
'
\_ Ewenlodd
1 bit
2 Data (98 - 67)
32 bits
3 Data (66 - 35)
32 bits
4 Data (34 - 17) Tail Pad
18 bits 6 bits 8 bits
Page type
1 bit
5010 Data (16-1) Reserved 1 (40 -27)
16 bits 14 bits
L Evenfodd
1 bit
8 Reserved 1 (26 -1) SAR (22 -17)
26 bits 6 bits
7 SAR (16-1) Spare CRC(24-11)
16 bits 2 bits 14 bits
8 CRC({10-1) Reserved 2 Tail Pad
10 bits 8 bits 6 bits 8 bits

Alert pages are reported in very similar manner, but the page type bits will have value 1 and the
structure of the eight words will be slightly different (as indicated by the Galileo ICD).

10.6 SBAS

For SBAS (L1C/A) signals each reported subframe contains eight 32 data words to deliver the 250
bits transmitted in each SBAS data block.

The eight words are arranged as follows:
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MSB LsSB
1 Preamble Message Type Data (212 - 195)
8 bits 6 bits 18 bits
li Data (194 - 3)
32 bits

7
1 P Parity Pad

2 bits 24 bits 6 bits

The structure of the data delivered by QZSS L1C/A signals is effectively identical to that forGPS
(L1C/A) Similarly the QZSS L2C signal is effectively identical to the GPS (L2C).

The QZSS (L1SAIF) signal is different and uses the same data block format as used bySBAS
(L1C/A) QZSS (SAIF) signals can be distinguished from QZSS (L1C/A and L2C) by noting that they
have 8 words, instead of 10 for QZSS (L1C/A and L2C).

10.8 IMES
Data messages from IMES are of variable length and u-blox receivers currently support the
following varieties:

* Short - comprising of a single word

* Medium - comprising of two words

* Position 1 - comprising of three words

* Position 2 - comprising of four words

As a consequence, an IMES UBX- RXM SFRBX message may have a numor ds value of 1, 2, 3 or 4.

In all cases the structure of words follows the same pattern, with the first word being different
from any/all subsequent words as indicated by the following diagram:

MSB LSB
1 | Pad Preamble WTS;ZQE Data Parity
2 bits 8 bits 3 bits 13 bits 6 bits
2 :
t Pad Count Data Parity
: 2 bits | 3 bits 21 bits 6 bits

10.9 Summary
The following table gives a summary of the different data message formats reported by the UBX-
RXM SFRBX message.
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Data message formats reported by UBX-RXM-SFRBX
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GNSS Signal gnssld numWords | period
GPS L1C/A 0 10 6s
SBAS L1C/A 1 8 1s
Galileo E10S 2 8 2s
BeiDou B11 D1 3 10 6s
BeiDou B1I1D2 3 10 0.6s
IMES Short 4 1 -
IMES Medium 4 2 -
IMES Position 1 4 3 -
IMES Position 2 4 4 -
QZSS L1C/A 5 10 6s
QZSS L1SAIF 5 8 1s
GLONASS L10OF 6 4 2s

11 Serial Communication Ports Description

u-blox receivers come with a highly flexible communication interface. It supports the NMEA and
the proprietary UBX protocols, and is truly multi-port and multi-protocol capable. Each protocol
(UBX, NMEA) can be assigned to several ports at the same time (multi-port capability) with
individual settings (e.g. baud rate, message rates, etc.) for each port. It is even possible to assign
more than one protocol (e.g. UBX protocol and NMEA at the same time) to a single port (multi-
protocol capability), which is particularly useful for debugging purposes.

To enable a message on a port, the UBX and/or NMEA protocol must be enabled on that port using
the UBX proprietary message UBX- CFG- PRT. This message also allows changing port-specific
settings (baud rate, address etc.). See UBX- CFG- MSGfor a description of the mechanism for
enabling and disabling messages.

The following table shows the port numbers reported in the messages UBX- MON- | O, UBX- MON-
MSGPP, UBX- MON- TXBUF, UBX- MON- RXBUF. Note that any numbers not listed are reserved for future
use.

Port Number assignment

Port # Electrical Interface
0 DDC (I¥IC compatible)
1 UART 1
3 USB
4 SPI

11.1 TX-ready indication

This feature enables each port to define a corresponding pin, which indicates if bytes are ready to
be transmitted. By default, this feature is disabled. For USB, this feature is configurable but might
not behave as described below due to a different internal transmission mechanism. If the number
of pending bytes reaches the threshold configured for this port, the corresponding pin will become
active (configurable active-low or active-high), and stay active until the last bytes have been
transferred from software to hardware (note that this is not necessarily equal to all bytes
transmitted, i.e. after the pin has become inactive, up to 16 bytes can still need to be transferred
to the host).
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The TX-ready pin can be selected from all PIOs which are not in use (see UBX- MON- H\for a list of
the PIOs and their mapping), each TX-ready pin is exclusively for one port and cannot be shared. If
the PIO is invalid or already in use, only the configuration for the TX-ready pin is ignored, the rest
of the port configuration is applied if valid. The acknowledge message does not indicate if the TX-
ready configuration is successfully set, it only indicates the successful configuration of the port.
To validate successful configuration of the TX-ready pin, the port configuration should be polled
and the settings of TX-ready feature verified (will be set to disabled/all zero if the settings are
invalid).
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The threshold should not be set above 2 kB, as the internal message buffer limit can be reached
before this, resulting in the TX-ready pin never being set as messages are discarded before the
threshold is reached.

11.2 Extended TX timeout

If the host does not communicate over SPI or DDC for more than approximately 2 seconds, the
device assumes that the host is no longer using this interface and no more packets are scheduled
for this port. This mechanism can be changed by enabling "extended TX timeouts", in which case
the receiver delays idling the port until the allocated and undelivered bytes for this port reach 4 kB.
This feature is especially useful when using the TX-ready feature with a message output rate of
less than once per second, and polling data only when data is available, determined by the TX-
ready pin becoming active.

11.3 UART Ports

One or two Universal Asynchronous Receiver/Transmitter (UART) ports are featured, that can be
used to transmit GNSS measurements, monitor status information and configure the receiver.
See our online product descriptions for availability.

The serial ports consist of an RX and a TX line. Neither handshaking signals nor hardware flow
control signals are available. These serial ports operate in asynchronous mode. The baud rates
can be configured individually for each serial port. However, there is no support for setting
different baud rates for reception and transmission.

As of Protocol version 18+ the UART RX interface will be disabled when more than 100
frame errors are detected during a one-second period. This can happen if the wrong
baud rate is used or the UART RX pin is grounded. The error message appears when the
UART RXinterface is re-enabled at the end of the one-second period.

Possible UART Interface Configurations

Baud Rate Data Bits Parity Stop Bits
4800 8 none 1
9600 8 none 1
19200 8 none 1
38400 8 none 1
57600 8 none 1

11520( 8 none 1
230400 8 none 1
460800 8 none 1

Note that for protocols such as NMEA or UBX, it does not make sense to change the default word
length values (data bits) since these properties are defined by the protocol and not by the
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electrical interface.
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If the amount of data configured is too much for a certain port's bandwidth (e.g. all UBX messages
output on a UART port with a baud rate of 9600), the buffer will fill up. Once the buffer space is
exceeded, new messages to be sent will be dropped. To prevent message losses, the baud rate
and communication speed or the number of enabled messages should be selected so that the
expected number of bytes can be transmitted in less than one second.

See UBX- CFG- PRT for UART for a description of the contents of the UART port configuration
message.

11.4 USB Port

One Universal Serial Bus (USB) port is featured. See the Data Sheet of your specific product for
availability. This port can be used for communication purposes and to power the positioning chip
or module.

The USB interface supports two different power modes:

* In Self Powered Mode the receiver is powered by its own power supply. VDDUSB is used to
detect the availability of the USB port, i.e. whether the receiver is connected to a USB host.

* In Bus Powered Mode the device is powered by the USB bus, therefore no additional power
supply is needed. See the table below for the default maximum current that can be drawn by the
receiver. See UBX- CFG- USB for a description on how to change this maximum. Configuring Bus
Powered Mode indicates that the device will enter a low power state with disabled GNSS
functionality when the host suspends the device, e.g. when the host is put into stand-by mode.

Maximum Current in Bus Powered Mode

Generation Max Current

u-blox 8 / u-blox M8 100 mA

The voltage range for VDDUSB is specified from 3.0 V to 3.6 V, which differs slightly
from the specification for VCC.

The boot screen is retransmitted on the USB port after the enumeration. However,
messages generated between boot-up of the receiver and USB enumeration are not
visible on the USB port.

11.5 DDC Port

The Display Data Channel (DDC) bus is a two-wire communication interface compatible with the
IXC standard (Inter-Integrated Circuit). See our online product selector matrix for availability.

Unlike all other interfaces, the DDC is not able to communicate in full-duplex mode, i.e. TX and RX
are mutually exclusive. u-blox receivers act as a slave in the communication setup, therefore they
cannot initiate data transfers on their own. The host, which is always master, provides the data
clock (SCL), and the clock frequency is therefore not configurable on the slave.

The receiver's DDC address is set to O0x42 by default. This address can be changed by setting the
node field in UBX- CFG- PRT for DDCaccordingly.

As the receiver will be run in slave mode and the DDC physical layer lacks a handshake mechanism
to inform the master about data availability, a layer has been inserted between the physical layer
and the UBX and NMEA layer. The receiver DDC interface implements a simple streaming
interface that allows the constant polling of data, discarding everything that is not parse-able.
The receiver returns OxFF if no data is available. The TX-ready feature can be used to inform the
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master about data availability and can be used as a trigger for data transmission.
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11.5.1 Read Access

The DDC interface allows 256 slave registers to be addressed. As shown in Figure DDC Register
Layout only three of these are currently implemented. The data registers O to 252, at addresses
0x00 to OxFC, each 1 byte in size, contain information to be defined later - the result of reading
them is undefined. The currently available number of bytes in the message stream can be read at
addresses OxFD and OxFE. The register at address OxFF allows the data stream to be read. If
there is no data awaiting transmission from the receiver, then this register will deliver the value
Oxff, which cannot be the first byte of a valid message. If message data is ready for transmission,
then successive reads of register Oxff will deliver the waiting message data.

The registers Ox00 to OxFC are reserved for future use and may be defined in a later
firmware release. Do not use them, as they don't provide any meaningful data!

DDC Register Layout

0 1 2 3 4 5 6 7

Data Register 0 } Address 0x00

Data Register 1 } Address 0x01

Data Register 2 } Address 0x02

Data Register 252 } Address OxFC

Number of Bytes available (High Byte) } Address OxFD

Number of Bytes available (Low Byte) } Address OxFE
Data Stream

T "*::::"—;7 3 Address OxFF

11.5.1.1 Read Access Forms

There are two forms of DDC read transfer. The 'random access' form includes a slave register
address and thus allows any register to be read. The second 'current address' form omits the
register address. If this second form is used, then an address pointer in the receiver is used to
determine which register to read. This address pointer will increment after each read unless it is
already pointing at register Oxff, the highest addressable register, in which case it remains
unaltered. The initial value of this address pointer at start-up is Oxff, so by default all current
address reads will repeatedly read register Oxff and receive the next byte of message data (or Oxff
if no message data is waiting). Figure DDC Random Read Access shows the format of the random
access form of the request. Following the start condition from the master, the 7-bit device
address and the RWbit (which is a logic low for write access) are clocked onto the bus by the
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master transmitter. The receiver answers with an acknowledge (logic low) to indicate that it
recognises the address. Next, the 8-bit address of the register to be read must be written to the
bus. Following the receiver’s acknowledge, the master again triggers a start condition and writes
the device address, but this time the RWbit is a logic high to initiate the read access. Now, the
master can read 1 toNbytes from the receiver, generating a not-acknowledge and a stop condition
after the last byte being read.

DDC Random Read Access

Device Register Device
. . . Data Byte 1 --- Data Byten
Addressing  Addressing  Addressing y y
A A A A
SI7|6|5|3|3|2|TWVE| 7|6 |5|2|3|2|1]0|S[S|7|6|5|a|3|2[1| | ¢

Master Drives SDA
Slave Drives SDA

The format of the current address read request is:

DDC Current Address Read Access

Device
. Data Byte 1 --- Data Byte n
Addressing y y
alalalalalala A A N
5?654321ri E ’E‘P

Master Drives SDA
Slave Drives SDA

11.5.2 Write Access

The receiver does not provide any write access except for writing UBX and NMEA messages to the
receiver, such as configuration or aiding data. Therefore, the register set mentioned in section
Read Access is not writeable. Following the start condition from the master, the 7-bit device
address and the RWbit (which is a logic low for write access) are clocked onto the bus by the
master transmitter. The receiver answers with an acknowledge (logic low) to indicate that it is
responsible for the given address. Now, the master can write 2 to Nbytes to the receiver,
generating a stop condition after the last byte being written. The number of data bytes must be
at least 2 to properly distinguish from the write access to set the address counter in random read
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accesses.

DDC Write Access

u-blox 8 / u-blox M8 Receiver Description - Manual

Device

Addressing Data Byte 1 --- Data Byten

Master Drives SDA
Slave Drives SDA

11.6 SPI Port

A Serial Peripheral Interface (SPI) bus is available with selected receivers. See our online product
descriptions for availability.

SPlis a four-wire synchronous communication interface. In contrast to UART, the master provides
the clock signal, which therefore doesn't need to be specified for the slave in advance. Moreover, a
baud rate setting is not applicable for the slave. SPI modes 0-3 are implemented and can be
configured using the field node. spi Mode in CFG PRT for SPI (defaultis SPI mode 0).

Q The SPI clock speed is limited depending on hardware and firmware versions!

11.6.1 Maximum SPI clock speed
u-blox 8 / u-blox M8 receivers support a maximum SPI clock speed of 5.5 MHz.

11.6.2 Read Access

As the register mode is not implemented for the SPI port, only the UBX/NMEA message stream is
provided. This stream is accessed using the Back-To-Back Read and Write Access (see section
Back-To-Back Read and Write Access). When no data is available to be written to the receiver,
MOSI should be held logic high, i.e. all bytes written to the receiver are set to OxFF.

To prevent the receiver from being busy parsing incoming data, the parsing process is stopped
after 50 subsequent bytes containing OxFF. The parsing process is re-enabled with the first byte
not equal to OxFF. The number of bytes to wait for deactivation (50 by default) can be adjusted
using the field mode. f f Cnt in CFG PRT for SPI,which is only necessary when messages shall be
sent containing a large number of subsequent OxFF bytes.

If the receiver has no more data to send, it sets M SOto logic high, i.e. all bytes transmitted decode
to OxFF. An efficient parser in the host will ignore all OxFF bytes which are not part of a message
and will resume data processing as soon as the first byte not equal to OxFF is received.
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11.6.3 Back-To-Back Read and Write Access

The receiver does not provide any write access except for writing UBX and NMEA messages to the
receiver, such as configuration or aiding data. For every byte written to the receiver, a byte will
simultaneously be read from the receiver. While the master writes to MOSI , at the same time it
needs to read from M SO, as any pending data will be output by the receiver with this access. The
data on M SOrepresents the results from a current address read, returning OxFF when no more
datais available.

SPI Back-To-Back Read/Write Access

sere | [UUUVUUUPUUUUI YUV UU VYUV U UYL
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SEENENEREREANENENONIINNENENE
Data Byte 1 Data Byte 2 Data Byte 3 Data Byte N

wrso T 0O O 0
Data Byte 1 Data Byte 2 Data Byte 3 Data Byte N

5] f

11.7 How to change between protocols
Reconfiguring a port from one protocol to another is a two-step process:

¢ Step 1: the preferred protocol(s) needs to be enabled on a port usingUBX- CFG- PRT. One port can
handle several protocols at the same time (e.g. NMEA and UBX). By default, all ports are
configured for UBX and NMEA protocol so in most cases, it's not necessary to change the port
settings at all. Port settings can be viewed and changed using the UBX- CFG- PRT messages.

* Step 2: activate certain messages on each port using UBX- CFG M5G

12 Multiple GNSS Assistance (MGA)

12.1 Introduction

Users would ideally like GNSS receivers to provide accurate position information the moment they
are turned on. With standard GNSS receivers there can be a significant delay in providing the first
position fix, principally because the receiver needs to obtain data from several satellites and the
satellites transmit that data slowly. Under adverse signal conditions, data downloads from the
satellites to the receiver can take minutes, hours or even fail altogether.

Assisted GNSS (A-GNSS) is a common solution to this problem and involves some form of
reference network of receivers that collect data such as ephemeris, almanac, accurate time and
satellite status and pass this onto to the target receiver via any suitable communications link.
Such assistance data enables the receiver to compute a position within a few seconds, even under
poor signal conditions.

The UBX-MGA message class provides the means for delivering assistance data to u-blox
receivers and customers can obtain it from the u-blox AssistNow Online or AssistNow Offline
Services. Alternatively they can obtain assistance data from third-party sources (e.g. SUPL/RRLP)
and generate the appropriate UBX-MGA messages to send this data to the receiver.
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12.2 Assistance Data

u-blox receivers currently accept the following types of assistance data:
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* Position: Estimated receiver position can be submitted to the receiver using the UBX- MGA- | NI -
POS_XYZ or UBX- MGA- | NI - POS_LLHmessages.

* Time: The current time can either be supplied as an inexact value via the standard
communication interfaces, suffering from latency depending on the baud rate, or using
hardware time synchronization where an accurate time pulse is connected to an external
interrupt. The preferred option is to supply UTC time using the UBX- MGA- | NI - TI ME_UTC
message, but times referenced to some GNSS can be delivered with the UBX- MGA- | NI - TI ME_
GNSS message.

* Clock drift: An estimate of the clock drift can be sent to the receiver using the UBX- MGA- | NI -
CLKD message.

* Frequency: It is possible to supply hardware frequency aiding by connecting a periodic
rectangular signal with a frequency up to 500 kHz and arbitrary duty cycle (low/high phase
duration must not be shorter than 50 ns) to an external interrupt, and providing the applied
frequency value using the UBX- MGA- | NI - FREQmessage.

* Current orbit data: Each different GNSS transmits orbit data in slightly different forms. For
each system there are separate messages for delivering ephemeris and almanac. So for
example GPS ephemeris is delivered to the receiver using the UBX- MGA- GPS- EPH message, while
GLONASS almanac is delivered with the UBX- MGA- GLO- ALMmessage.

* Predicted orbit data: UBX- MGA- ANOmessages can be used to supply predictions of future orbit
information to a u-blox receiver. These messages can be obtained from the AssistNow Offline
Service and allow a receiver to improve its TTFF even when it is no longer connected to the
Internet.

¢ Auxiliary information: Each GNSS transmits some auxiliary data (such as SV health information
or UTC parameters) to the receiver. A selection of messages exist for providing such
information to the receiver, such as UBX- MGA- GPS- | ONOfor ionospheric data from GPS.

* EOP: Earth Orientation Parameters can be sent to the receiver using the UBX- MGA- | NI - ECP
message. This will replace the default model used by the AssistNow Autonomous feature and
may improve performance (particularly as the receiver gets older and the built-in model decays).

* Navigation Database: u-blox receivers can be instructed to dump the current state of their
internal navigation database with the UBX- MGA- DBD- POLL message; sending this information
back to the receiver (e.g. after a period when the receiver was turned off) restores the database
to its former state, and thus allows the receiver to restart rapidly.

12.3 AssistNow Online

AssistNow Online is u-blox' end-to-end Assisted GNSS (A-GNSS) solution for receivers that have
access to the Internet. Data supplied by the AssistNow Online Service can be directly uploaded to
a u-blox receiver in order to substantially reduce Time To First Fix (TTFF), even under poor signal
conditions. The system works by collecting data such as ephemeris and almanac from the
satellites through u-blox' Global Reference Network of receivers and providing this data to
customers in a convenient form that can be forwarded on directly to u-blox receivers.

The AssistNow Online Service uses a simple, stateless, HTTP interface. Therefore, it works on all
standard mobile communication networks that support Internet access, including GPRS, UMTS
and Wireless LAN. No special arrangements need to be made with mobile network operators to
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enable AssistNow Online.
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Multiple GNSS Assistance Architecture

u-blox
defined

GN§5 interface
Suhn_'ntter s"\ Assistance Client
Station 1 ¢ (Customer application)
GNSS Mo i |
Submitter “. | Multiple GHS5 u-blox GNSS
Station 2 T, Assistance HTTP GET et : < UBX messages receiver
1 Online | = ,."'\
# Server B customer ‘_,‘"‘ 9
of | code
S
Gnss |/
Submitter
Station N
i .\; - - .'.'f. -
u-blox implementation Custormer implermentation

The data returned by the AssistNow Online Service is a sequence of UBX-MGA messages, starting
with an estimate of the current time in the form of a UBX- MGA- | NI - TI ME_UTC message.

6 AssistNow Online currently supports GPS, GLONASS, BeiDou, Galileo, and QZSS.

Customers may choose to use third party sources of assistance data instead of using

6 the AssistNow Online Service. Customers choosing this option will need to ensure that
the data is converted from the format used by the third party source to the appropriate
MGA messages. However, it is important to ensure that the receiver has an estimate of
the current time before it processes any other assistance data. For this reason, it is
strongly recommended to send a UBX- MGA- | NI - TI ME_UTCor UBX- MGA- | NI - TI ME_GNSS
as the first message of any assistance.

12.3.1 Host Software

As u-blox receivers have no means to connect directly with the Internet, the AssistNow Online
system can only work if the host system that contains the receiver can connect to the Internet,
download the data from the AssistNow Online Service and forward it on to the receiver. In the
simplest case that may involve fetching the data from the AssistNow Online Service (by means of
a single HTTP GET request), and sending the resulting data to the receiver.

Depending on the circumstances, it may be beneficial for the host software to include:

* Creating an appropriate UBX- MGA- | NI - TI ME_UTC message to deliver a better sense of time to
the receiver, especially if the host system has a very good sense of the current time and can
deliver a time pulse to one of the receiver's EXTINT pins.

* Enable and use flow control to prevent loss of data due to buffer overflow in the receiver.

6 u-blox provides the source code for an example library, called libMGA, that provides all of
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the functionality we expect in most host software.
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12.3.2 AssistNow Online Sequence
A typical sequence of use of the AssistNow Online Service comprises the following steps:

* Power-up the u-blox receiver
* Request data from the AssistNow Online Service

¢ Optionally send UBX- MGA- | NI - TI ME_UTC followed by hardware time synchronization pulse if
hardware time synchronization is required.

* Send the UBX messages obtained from the AssistNow Online Service to the receiver.

12.3.3 Flow Control

u-blox receivers aim to process incoming messages as quickly as possible, but there will always be
a small delay in processing each message. Uploading assistance data to the receiver can involve
sending as many as one hundred of individual messages to the receiver, one after the other. If the
communication link is fast, and/or the receiver is busy (trying to acquire new signals), it is possible
that the internal buffers will overflow and some messages will be lost. In order to combat this, u-
blox receivers support an optional flow control mechanism for assistance.

Flow control is activated by setting the ackAiding parameter in the UBX- CFG- NAVX5 message.

As a result the receiver will issue an acknowledgement message (UBX- MGA- ACK) for each
assistance message it successfully receives. The host software can examine these
acknowledgements to establish whether there were any problems with the data sent to the
receiver and deduce (by the lack of acknowledgement) if any messages have been lost. It may then
be appropriate to resend some of the assistance messages.

The simplest way to implement flow control would be to send one UBX-MGA assistance message
at a time, waiting for the acknowledgement, before sending the next. However, such a strategy is
likely to introduce significant delays into the whole assistance process. The best strategy will
depend on the amount of assistance data being sent and the nature of the communications link
(e.g. baud rate of serial link). u-blox recommends that when customers are developing their host
software they start by sending all assistance messages and then analyse the resulting
acknowledgements to see whether there have been significant losses. Adding small delays during
the transmission may be a simple but effective way to avoid substantial loss of data.

12.3.4 Authorization

The AssistNow Online Service is only available for use by u-blox customers. In order to use the
services, customers will need to obtain an authorization token from u-blox. This token must be
supplied as a parameter whenever a request is made to either service.

12.3.5 Service Parameters

The information exchange with the AssistNow Online Service is based on the HTTP protocol. Upon
reception of an HTTP GET request, the server will respond with the required messages in binary
format or with an error string in text format. After delivery of all data, the server will terminate the
connection.

The HTTP GET request from the client to the server should contain a standard HTTP query string
in the request URL. The query string consists of a set of "key=value" parameters in the following
form:
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key=value;key=value;key=value;

The following rules apply:
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e The order of keys is not important.

* Keys and values are case sensitive.

¢ Keys and values must be separated by an equals character ('=').

* Key/value pairs must be separated by semicolons (';').

 If a value contains a list, each item in the list must be separated by a comma (',").

The following table describes the keys that are supported.

AssistNow Online Parameter Keys

Key Name Unit/Range Optional Description
token String Mandator | The authorization token supplied by u-blox when a client
y registers to use the service.
gnss String Mandator | A comma separated list of the GNSS for which data should be
y returned. Valid GNSS are: gps, qzss and glo.
datatype |String Mandator | A comma separated list of the data types required by the
y client. Valid data types are: eph, alm, aux and pos. Time data is
always returned for each request. If the value of this parameter
is an empty string, only time data will be returned.
lat Numeric |Optional |Approximate user latitude in WGS 84 expressed in degrees and
[degrees] fractional degrees. Must be in range -90 to 90. Example:
lat=47.2.
lon Numeric |Optional |Approximate user longitude in WGS 84 expressed in degrees
[degrees] and fractional degrees. Must be in range -180 to 180. Example:
lon=8.55.
alt Numeric |Optional |Approximate user altitude above WGS 84 Ellipsoid. If this value
[meters] is not provided, the server assumes an altitude of O meters.
Must be in range -1000 to 50000.
pacc Numeric |Optional |Approximate accuracy of submitted position (see position
[meters] parameters note below). If this value is not provided, the server
assumes an accuracy of 300km. Must be in range O to
6000000.
tacc Numeric |Optional |The timing accuracy (see time parameters note below). If this
[seconds] value is not provided, the server assumes an accuracy of 10
seconds. Must be in range O to 3600.
latency Numeric |Optional |Typical latency between the time the server receives the
[seconds] request, and the time when the assistance data arrives at the
u-blox receiver. The server can use this value to correct the
time being transmitted to the client. If this value is not
provided, the server assumes a latency of 0. Must be in range O
to 3600.
filteronpo |(novalue |Optional |If present, the ephemeris data returned to the client will only
s required) contain data for the satellites which are likely to be visible from
the approximate position provided by the lat, lon, alt and pacc
parameters. If the lat and lon parameters are not provided the
service will return an error.
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AssistNow Online Parameter Keys continued
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Key Name Unit/Range | Optional Description

filteronsv |String Optional |A comma separated list of u-blox gnssld:svid pairs. The
ephemeris data returned to the client will only contain data for
the listed satellites.

Thus, as an example, a valid parameter string would be:

token=XXXXXXXXXXXXXXXXXXXXXX;gnss=gps,qzss;datatype=eph,pos,aux;lat=47.28;lon=8.56;
pacc=1000

12.3.5.1 Position parameters (lat, lon, alt and pacc)
The position parameters (lat, lon, alt and pacc) are used by the server for two purposes:

* |If the filteronpos parameter is provided, the server determines the currently visible satellites at
the user position, and only sends the ephemeris data of those satellites which should be in view
at the location of the user. This reduces bandwidth requirements. In this case the 'pacc' value is
taken into account, meaning that the server will return all SVs visible in the given uncertainty
region.

* If the datatype 'pos' is requested, the server will return the position and accuracy in the
response data. When this data is supplied to the u-blox receiver, depending on the accuracy of
the provided data, the receiver can then choose to select a better startup strategy. For example,
if the position is accurate to 100km or better, the u-blox receiver will choose to go for a more
optimistic startup strategy. This will result in quicker startup time. The receiver will decide
which strategy to choose, depending on the 'pacc' parameter. If the submitted user position is
less accurate than what is being specified with the 'pacc' parameter, then the user will
experience prolonged or even failed startups.

12.3.5.2 Time parameters (tacc and latency)

Time data is always returned with each request. The time data refers to the time at which the
response leaves the server, corrected by an optional latency value.This time data provided by the
service is accurate to approximately 10ms but by default the time accuracy is indicated to be +/-10
seconds in order to account for network latency and any time between the client receiving the

data and it being provided to the receiver.

If both the network latency and the client latency can safely be assumed to be very low (or are
known), the client can choose to set the accuracy of the time message (tacc) to a much smaller
value (e.g. 0.5s). This will result in a faster TTFF. The latency can also be adjusted as appropriate.
However, these fields should be used with caution: if the time accuracy is not correct when the
time data reaches the receiver, the receiver may experience prolonged or even failed start-ups.

For optimal results, the client should establish an accurate sense of time itself (e.g. by calibrating
its system clock using a local NTP service) and then modify the time data received from the
service as appropriate.

12.3.6 Multiple Servers

u-blox has designed and implemented the AssistNow Online Service in a way that should provide
very high reliability. Nonetheless, there will be rare occasions when a server is not available (e.g.
due to failure or some form of maintenance activity). In order to protect customers against the
impact of such outages, u-blox will run at least two instances of the AssistNow Online Service on
independent machines. Customers will have a free choice of requesting assistance data from any

UBX-13003221-R17 Early Production Information Page 45 of 407




@biox

of these servers, as all will provide the same information. However, should one fail for whatever
reason, it is highly unlikely that the other server(s) will also be unavailable. Therefore customers
requiring the best possible availability are recommended to implement a scheme where they
direct their requests to a chosen server, but, if that server fails to respond, have a fall-back
mechanism to use another server instead.
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12.4 AssistNow Offline

AssistNow Offline is a feature that combines special firmware in u-blox receivers and a proprietary
service run by u-blox. It is targetted at receivers that only have occasional Internet access and so
can't use AssistNow Online. AssistNow Offline speeds up Time To First Fix (TTFF), typically to
considerably less than 10s

AssistNow Offline currently supports GPS and GLONASS. u-blox intend to expand the
AssistNow Offline Service to support other GNSS (such as BeiDou and Galileo) in due
course.

The AssistNow Offline Service uses a simple, stateless, HTTP interface. Therefore, it works on all
standard mobile communication networks that support Internet access, including GPRS, UMTS
and Wireless LAN. No special arrangements need to be made with mobile network operators to
enable AssistNow Offline.

Users of AssistNow Offline are expected to download data from the AssistNow Offline Service,
specifying the time period they want covered (1 to 5 weeks) and the types of GNSS. This data
must be uploaded to a u-blox receiver, so that it can estimate the positions of the satellites, when
no better data is available. Using these estimates will not provide as accurate a position fix as if
current ephemeris data is used, but it will allow much faster TTFFs in nearly all cases.

The data obtained from the AssistNow Offline Service is organised by date, normally a day at a
time. Consequently the more weeks for which coverage is requested, the larger the amount of
data to handle. Similarly, each different GNSS requires its own data and in the extreme cases,
several hundred kilobytes of data will be provided by the service. This amount can be reduced by
requesting lower resolution, but this will have a small negative impact on both position accuracy
and TTFF. See the section on Offline Service Parameters for details of how to specify these
options.

The downloaded Offline data is encoded in a sequence of UBX- MGA- ANOmessages, one for every
SV for every day of the period covered. Thus, for example, data for all GPS SVs for 4 weeks will
involve in excess of 900 separate messages, taking up around 70kbytes. Where a u-blox receiver
has flash storage, all the data can be directly uploaded to be stored in the flash until it is needed.
In this case, the receiver will automatically select the most appropriate data to use at any time.
See the section on flash-based AssistNow Offline for further details.

AssistNow Offline can also be used where the receiver has no flash storage, or there is insufficient
spare flash memory. In this case the customer's system must store the AssistNow Offline data
until the receiver needs it and then upload only the appropriate part forimmediate use. See the
section on host-based AssistNow Offline for further details.

12.4.1 Service Parameters

The information exchange with the AssistNow Offline Service is based on the HTTP protocol.
Upon reception of an HTTP GET request, the server will respond with the required messages in
binary format or with an error string in text format. After delivery of all data, the server will
terminate the connection.
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The HTTP GET request from the client to the server should contain a standard HTTP querystring
in the request URL. The querystring consists of a set of "key=value" parameters in the following

form:

key=value;key=value;key=value;

The following rules apply:
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* The order of keys is not important.

* Keys and values are case sensitive.

¢ Keys and values must be separated by an equals character ('=').

* Key/value pairs must be separated by semicolons (';').

 If a value contains a list, each item in the list must be separated by a comma (',").

The following table describes the keys that are supported.

AssistNow Offline Parameter Keys

Key Name Unit/Range Optional Description
token String Mandator | The authorization token supplied by u-blox when a client
y registers to use the service.
gnss String Mandator | A comma separated list of the GNSS for which data should be
y returned. The currently supported GNSS are: gps and glo.
period Numeric |Optional |The number of weeks into the future the data should be valid
[weeks] for. Data can be requested for up to 5 weeks in to the future. If
this value is not provided, the server assumes a period of 4
weeks.
resolution [Numeric |Optional |The resolution of the data: 1=every day, 2=every other day,
[days] 3=every third day. If this value is not provided, the server

assumes a resolution of 1 day.

Thus, as an example, a valid parameter string would be:
token =XXXXXXXXXXXXXXXXXXXXXX;gnss=gps,glo;

12.4.2 Authorization

The AssistNow Offline Service uses the same authorization process as AssistNow Online; see
above for details.

12.4.3 Multiple Servers

The AssistNow Offline Service uses the same multiple server mechanism to provide high
availability as AssistNow Online; see above for details.

12.4.4 Time, Position and Almanac

While AssistNow Offline can be used on its own, it is expected that the user will provide estimates
of the receiver's current position, the current time and ensure that a reasonably up to date
almanac is available. In most cases this information is likely to be available without the user
needing to do anything. For example, where the receiver is connected to a battery backup power
supply and has a functioning real time clock (RTC), the receiver will keep its own sense of time and
will retain the last known position and any almanac. However, should the receiver be completely
unpowered before startup, then it will greatly improve TTFF if time, position and almanac can be

supplied in some form.
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Almanac data has a validity period of several weeks, so can be downloaded from the AssistNow
Online service at roughly the same time the Offline data is obtained. It can then be stored in the
host for uploading on receiver startup, or it can be transferred to the receiver straight away and
preserved there (provided suitable non-voltaile storage is available).
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Obviously, where a receiver has a functioning RTC, it should be able to keep its own sense of time,
but where no RTC is fitted (or power is completely turned off), providing a time estimate via the
UBX- MGA- | NI - TI ME_UTC message will be beneficial.

Similarly, where a receiver has effective non-volatile storage, the last known position will be
recalled, but if this is not the case, then it will help TTFF to provide a position estimate via one of
the UBX- MGA- | NI - POS_XYZ or UBX- MGA- | NI - POS_LLHmessages.

Where circumstance prevent the provision of all three of these pieces of data, providing some is
likely to be better than none at all.

12.4.5 Flash-based AssistNow Offline
Flash-based AssistNow Offline functionality means that AssistNow Offline data is stored in the
flash memory connected to the chip.
The user's host system must download the data from the AssistNow Offline service when an
Internet connection is available, and then deliver all of that data to the u-blox receiver. As the total
amount of data to be uploaded is large (typically around 100 kbytes) and writing to flash memory
is slow, the upload must be done in blocks of up to 512 bytes, one at a time. TheUBX- MGA- FLASH-
DATA message is used to transmit each block to the receiver.

AssistNow Offline data stored in flash memory is not affected by any reset of the
6 receiver. The only simple ways to clear it are to completely erase the whole flash memory

or to overwrite it with a new set of AssistNow Offline data. Uploading a dummy block of

data (e.g. all zeros) will also have the effect of deleting the data, although a small

amount of flash storage will be used.

12.4.5.1 Flash-based Storage Procedure

The following steps are a typical sequence for transferring AssistNow Offline data into the
receiver's flash memory:

* The host downloads a copy of a latest data from the AssistNow Offline service and stores it
locally.

* |t sends the first 512 bytes of that data using theUBX- MGA- FLASH- DATA message.

* It awaits a UBX- MGA- FLASH- ACK message in reply.

* Based on the contents of the UBX- MGA- FLASH- ACK message it, sends the next block, resends
the last block or aborts the whole process.

* The above three steps are repeated until all the rest of the data has been successfully
transferred (or the process has been aborted).

* The host sends an UBX- MGA- FLASH- STOP message to indicate completion of the upload.

* |t awaits the final UBX- MGA- FLASH- ACK message in reply. Background processing in the receiver
prepares the downloaded data for use at this stage. Particularly if the receiver is currently busy,
this maye take quite a few seconds, so the host has to be prepared for a delay before the UBX-
MGA- FLASH- ACK is seen.

Note that the final block may be smaller than 512 bytes (where the total data size is not perfectly
divisible by 512). Also, theUBX- MGA- FLASH- ACK messages are distinct from the UBX- MGA- ACK
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messages used for other AssistNow functions.
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Any existing data will be deleted as soon as the first block of new data arrives, so no useful data
will be available till the completion of the data transfer. Each block of data has a sequence
number, starting at zero for the first block. In order to guard against invalid partial data
downloads the receiver will not accept blocks which are out of sequence.

12.4.6 Host-based AssistNow Offline

Host-based AssistNow Offline involves AssistNow Offline data being stored until it is needed by
the user's host system in whatever memory it has available.

The user's host system must download the data from the AssistNow Offline service when an
Internet connection is available, but retain it until the time the u-blox receiver needs it. At this
point, the host must upload just the relevant portion of the data to the receiver, so that the
receiver can start using it. This is achieved by parsing all the data and selecting for upload to the
receiver only those UBX- MGA- ANOmessages with a date-stamp nearest the current time. As each
is a complete UBX message it can be sent directly to the receiver with no extra packaging. If
required the user can select to employ flow control, but in most cases this is likely to prove
unnecessary.

When parsing the data obtained from the AssistNow Offline service the following points should be
noted:

* The data is made up of a sequence of UBX- MGA- ANOmessages

* Customers should not rely on the messages all being a fixed sized, but should read their length
from the UBX header to work out where the message ends (and where the next begins).

* Each message indicates the SV for which it is applicable through the svid and gnssld fields.
* Each message contains a date-stamp within the year, month and day fields.

* Midday (UTC) on the day indicated should be considered to be the point at which the datais
most applicable.

* The messages will be ordered chronologically, earliest first.

* Messages with same date-stamp will be ordered by ascending gnssld and then ascending svid.

12.4.6.1 Host-based Procedure
The following steps are a typical sequence for host-based AssistNow Offline:

* The host downloads a copy of a latest data from the AssistNow Offline service and stores it
locally.

* Optionally it may also download a current set of almanac data from the AssistNow Online
service.

* |t waits until it want to use the u-blox receiver.
* If necessary it uploads any almanac, position estimate and/or time estimate to the receiver.

* |t scans through AssistNow Offline data looking for entries with a date-stamp that most closely
matches the current (UTC) time/date.

* |t sends each such UBX- MGA- ANOmessage to the receiver.

Note that when data has been downloaded from the AssistNow Offline service with the (default)
resolution of one day, the means for selecting the closest matching date-stamp is simply to look
for ones with the current (UTC) date.
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12.5 Preserving Information During Power-off

The performance of u-blox receivers immediately after they are turnned on is enhanced by
providing them with as much useful information as possible. Assistance (both Online and Offline)
is one way to achieve this, but retaining information from previous use of the receiver can be just
as valuable. All the types of data delivered by assistance can be retained while the receiver is
powered down for use when power is restored. Obviously the value of this data will diminish as
time passes, but in many cases it remains very useful and can significantly improve time to first
fix.
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The are several ways in which a u-blox receiver can retain useful data while it is powered down,
including:

* Battery Backed RAM: The receiver can be supplied with sufficient power to maintain a small
portion of internal storage, while it is otherwise turned off. This is the best mechanism, provided
that the small amount of electrical power required can be supplied continuously.

* Save on Shutdown: The receiver can be instructed to dump its current state to the attached
flash memory (where fitted) as part of the shutdown procedure; this data is then automatically
retrieved when the receiver is restarted. See the description of the UBX-UPD-SOS messages for
more information.

¢ Database Dump: The receiver can be asked to dump the state of its internal database in the
form of a sequence of UBX messages reported to the host; these messages can be stored by
the host and then sent back to the receiver when it has been restarted. See the description of
the UBX- MGA- DBD messages for more information.

12.6 AssistNow Autonomous

(Note: some functionality described in this chapter may not be available in protocol versions less
than 18.

12.6.1 Introduction

The assistance scenarios covered by AssistNow Online and AssistNow Offline require an online
connection and a host that can use this connection to download aiding data and provide this to
the receiver when required.

The AssistNow Autonomous feature provides a functionality similar to AssistNow Offline without
the need for a host and a connection. Based on a broadcast ephemeris downloaded from the
satellite (or obtained by AssistNow Online) the receiver can autonomously (i.e. without any host
interaction or online connection) generate an accurate satellite orbit representation («AssistNow
Autonomous data») that is usable for navigation much longer than the underlying broadcast
ephemeris was intended for. This makes downloading new ephemeris or aiding data for the first
fix unnecessary for subsequent start-ups of the receiver.

6 The AssistNow Autonomous feature is disabled by default. It can be enabled using the
UBX- CFG NAVX5 message.

12.6.2 Concept

The figure below illustrates the AssistNow Autonomous concept in a graphical way. Note that the
figure is a qualitative illustration and is not to scale.

¢ A broadcast ephemeris downloaded from the satellite is a precise representation of a part (for
GPS nominally four hours) of the satellite's true orbit (trajectory). It is not usable for positioning
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beyond this validity period because it diverges dramatically from the true orbit afterwards.
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* The AssistNow Autonomous orbit is an extension of one or more broadcast ephemerides. It
provides a long-term orbit for the satellite for several revolutions. Although this orbit is not
perfectly precise it is a sufficiently accurate representation of the true orbit to be used for
navigation.

* The AssistNow Autonomous data is automatically and autonomously generated from
downloaded (or assisted) ephemerides. The data is stored automatically in the on-chip battery-
backed memory (BBR). Optionally, the data can be backed-up in external flash memory or on the
host. The number of satellites for which data can be stored depends on the receiver
configuration and may change during operation.

* If no broadcast ephemeris is available for navigation AssistNow Autonomous automatically
generates the required parts of the orbits suitable for navigation from the stored data. The data
is also automatically kept current in order to minimize the calculation time once the navigation
engine needs orbits.

* The operation of the AssistNow Autonomous feature is transparent to the user and the
operation of the receiver. All calculations are done in background and do not affect the normal
operation of the receiver.

* The AssistNow Autonomous subsystem automatically invalidates data that has become too old
and that would introduce unacceptable positioning errors. This threshold is configurable (see
below).

* The prediction quality will be automatically improved if the satellite has been observed multiple
times. However, this requires the availability of a suitable flash memory (see the Hardware
Integration Manual for a list of supported devices). Improved prediction quality also positively
affects the maximum usability period of the data.

* AssistNow Autonomous considers GPS, GLONASS, Galileo and BeiDou satellites only. It will not
consider satellites on orbits with an eccentricity of >0.05 (e.g., Galileo E18). For GLONASS
support a suitable flash memory is mandatory because a single broadcast ephemeris spans to
little of the orbit (only approx. 30 minutes) in order to extend it in a usable way. Only multiple
observations of the same GLONASS satellite that span at least four hours will be used to
generate data.
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12.6.3 Interface
Several UBX protocol messages provide interfaces to the AssistNow Autonomous feature. They
are:

* The UBX- CFG- NAVX5 message is used to enable or disable the AssistNow Autonomous feature.
It is disabled by default. Once enabled, the receiver will automatically produce AssistNow
Autonomous data for newly received broadcast ephemerides and, if that data is available,
automatically provide the navigation subsystem with orbits when necessary and adequate. The
message also allows for a configuration of the maximum acceptable orbit error. See the next
section for an explanation of this feature. It is recommended to use the firmware default value
that corresponds to a default orbit data validity of approximately three days (for GPS satellites
observed once) and up to six days (for GPS and GLONASS satellites observed multiple times
over a period of at least half a day).

* Note that disabling the AssistNow Autonomous feature will delete all previously collected
satellite observation data from the flash memory.

* The UBX- NAV- AOPSTATUS message provides information on the current state of the AssistNow
Autonomous subsystem. The status indicates whether the AssistNow Autonomous subsystem
is currently idle (or not enabled) or busy generating data or orbits. Hosts should monitor this
information and only power-off the receiver when the subsystem is idle (that is, when the
st at us field shows a steady zero).

* The UBX- NAV- SAT message indicates the use of AssistNow Autonomous orbits for individual
satellites.
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* The UBX- NAV- CRB message indicates the availability of AssistNow Autonomous orbits for
individual satellites.
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* The UBX- MGA- DBD message provides a means to retrieve the AssistNow Autonomous data from
the receiver in order to preserve the data in power-off mode where no battery backup is
available. Note that the receiver requires the absolute time (i.e. full date and time) to calculate
AssistNow Autonomous orbits. For best performance it is, therefore, recommended to supply
this information to the receiver using the UBX- MGA- | NI - TI ME_UTC message in this scenario.

* The Save-on-Shutdown feature preserves AssistNow Autonomous data.

12.6.4 Benefits and Drawbacks

AssistNow Autonomous can provide quicker start-up times (lower the TTFF) provided that data is
available for enough visible satellites. This is particularly true under weak signal conditions where
it might not be possible to download broadcast ephemerides at all, and, therefore, no fix at all
would be possible without AssistNow Autonomous (or A-GNSS). It is, however, required that the
receiver roughly know the absolute time, either from an RTC or from time-aiding (see the Interface
section above), and that it knows which satellites are visible, either from the almanac or from
tracking the respective signals.

The AssistNow Autonomous orbit (satellite position) accuracy depends on various factors, such
as the particular type of satellite, the accuracy of the underlying broadcast ephemeris, or the
orbital phase of the satellite and Earth, and the age of the data (errors add up over time).

AssistNow Autonomous will typically extend a broadcast ephemeris for up to three to six days.
The UBX- CFG NAVX5 (see above) message allows changing this threshold by setting the
«maximum acceptable modelled orbit error» (in meters). Note that this number does not reflect
the true orbit error introduced by extending the ephemeris. It is a statistical value that represents
a certain expected upper limit based on a number of parameters. A rough approximation that
relates the maximum extension time to this setting is: maxError [m] = maxAge [d] * f, where the
factor fis 30 for data derived from satellites seen once and and 16 for data derived for satellites
seen multiple time during a long enough time period (see the Concept section above).

There is no direct relation between (true and statistical) orbit accuracy and positioning accuracy.
The positioning accuracy depends on various factors, such as the satellite position accuracy, the
number of visible satellites, and the geometry (DOP) of the visible satellites. Position fixes that
include AssistNow Autonomous orbit information may be significantly worse than fixes using only
broadcast ephemerides. It might be necessary to adjust the limits of the Navigation Output
Filters.

A fundamental deficiency of any system to predict satellite orbits precisely is unknown future
events. Hence, the receiver will not be able to know about satellites that will have become
unhealthy, have undergone a clock swap, or have had a manoeuvre. This means that the
navigation engine might rarely mistake a wrong satellite position as the true satellite position.
However, provided that there are enough other good satellites, the navigation algorithms will
eventually eliminate a defective orbit from the navigation solution.

The repeatability of the satellite constellation is a potential pitfall for the use of the AssistNow
Autonomous feature. For a given location on Earth the (GPS) constellation (geometry of visible
satellites) repeats every 24 hours. Hence, when the receiver «learned» about a number of satellites
at some point in time the same satellites will in most places not be visible 12 hours later, and the
available AssistNow Autonomous data will not be of any help. Again 12 hours later, however, usable
data would be available because it had been generated 24 hours ago.
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The longer a receiver observes the sky the more satellites it will have seen. At the equator, and
with full sky view, approximately ten (GPS) satellites will show up in a one hour window. After four
hours of observation approx. 16 satellites (i.e. half the constellation), after 10 hours approx. 24
satellites (2/3rd of the constellation), and after approx. 16 hours the full constellation will have
been observed (and AssistNow Autonomous data generated for). Lower sky visibility reduces

these figures. Further away from the equator the numbers improve because the satellites can be
seen twice a day. E.g. at 47 degrees north the full constellation can be observed in approx. 12 hours
with full sky view.
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The calculations required for AssistNow Autonomous are carried out on the receiver. This requires
energy and users may therefore occasionally see increased power consumption during short
periods (several seconds, rarely more than 60 seconds) when such calculations are running.
Ongoing calculations will automatically prevent the power save mode from entering the power-off
state. The power-down will be delayed until all calculations are done.

@ The AssistNow Offline and AssistNow Autonomous features are exclusive and should
not be used at the same time. Every satellite will be ignored by AssistNow Autonomous if
there is AssistNow Offline data available for it.

13 Power Management

u-blox receivers support different power modes. These modes represent strategies of how to
control the acquisition and tracking engines in order to achieve either the best possible
performance or good performance with reduced power consumption.

Receiver power management can split into two categories:

e Externally Controlled Power Management: This includes various modes of power management
that are directly operated by the user or host device. These modes are: 1. External cycling of the
receiver main power supply. 2. Instruct the receiver to turn On/Off via the UBX- RXM PMREQ
message. 3. Instruct the receiver to turn On/Off via external pins (EXTINTO or EXTINT1)

* Internally Controlled Power Management: Here the receiver makes the decision when to power
down/up some/all of its internal components according to predefined parameters. It is also
referred to as Power Save Modes (PSM). In PSM one of three modes of operations can be
selected (not all are supported in a single firmware): 1. ON/OFF Operation PSMOO) 2. Cyclic
Tracking (PSMCT) 3. Super-Efficient Mode (Super-E).

The following figure illustrates u-blox power management modes.
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u-blox Power Management
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The majority of the Power Management section is detailing the Power Save Mode (Internally
Controlled Power Management). However, some the concepts relevant to the Externally
Controlled Power Management are detailed, such as the EXTINT Control, Wake up and Power
On/Off Command.

Externally controlled power management operations can be used on top of the Internally
Controlled Power Management and they do override their operation.

13.1 Continuous Mode

u-blox receivers make use of dedicated signal processing engines optimized for signal acquisition
and tracking. The acquisition engine delivers rapid signal searches during cold starts or when
insufficient signals are available for navigation. The tracking engine delivers signal measurements
for navigation and acquires new signals as they become available during navigation. The
resources of both engines are deployed adaptively to minimize overall power consumption.

13.2 Power Save Mode

Power Save Mode (PSM) allows a reduction in system power consumption by selectively switching
parts of the receiver on and off. It is selected using the message UBX- CFG RXMand configured
using UBX- CFG- PMR. It is recommended to use UBX- CFG- PMB instead if available (only supported in
protocol versions 184) as it provides a simplified interface; see section Power Mode Setup for
details.

PSM is designed to only support the operation of GPS, GLONASS, BeiDou, Galileo and QZSS.
Enabling SBAS or IMES is possible only if at least one of the other systems is enabled. The PSM
state machine behavior will not be altered by enabling SBAS or IMES and it will not take them into
account in operation. Therefore, it is recommended to disable them (i.e., SBAS or IMES) when
operating in Power Save Mode. They can be disabled using UBX- CFG G\SS.

The logic within Power Save Mode is designed so that Time Pulse operation is not
6 compromised. This means that entering all power saving states is delayed until the

conditions necessary to produce a Time Pulse have been met. Therefore, in order to

obtain good Power Save Mode operation, it is essential that any Time Pulse is correctly
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configured with an appropriate time base, or that Time Pulses are turned off if not
needed (by clearing the act i ve flag in UBX- CFG- TP5).

6 For protocol versions less than 18 Power Save Mode can only be selected with GPS
signals. Other GNSS are not supported.
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6 Note: Power Save Mode is not supported in conjunction with the ADR, UDR and FTS
products.

13.2.1 Operation

Power Save Mode has two modes of operation:

* Power Save Mode Cyclic Tracking (PSMCT) Operation is used when position fixes are required in
short periods of 1 to 10s. In receivers that supportSuper-E Mode, Super-E replaces Cyclic
Tracking.

* Power Save Mode ON/OFF (PSMOOQ) Operation is used for periods longer than 10s, and can be in
the order of minutes, hours or days. (Not supported in protocol versions 23 to 23.07)

The mode of operation can be configured, and depending on the setting, the receiver
demonstrates different behavior: In ON/OFF operation the receiver switches between phases of
start-up/navigation and phases with low or almost no system activity (backup/sleep). In cyclic
tracking the receiver does not shut down completely between fixes, but uses low power tracking
instead.

Currently PSMCT is restricted to update period between 1 and 10 seconds and PSMOO is
restricted to update period over 10 seconds. However, this may change in future firmware
releases.

PSM is based on a state machine with five different states: (Inactive) Awaiting Next Fix and
(Inactive) Awaiting Next Search states, Acquisition state, Tracking state and Power Optimized
Tracking (POT) state.

* Inactive states: Most parts of the receiver are switched off.

¢ Acquisition state: The receiver actively searches for and acquires signals. Maximum power
consumption.

* Tracking state: The receiver continuously tracks and downloads data. Less power consumption
than in Acquisition state.

¢ POT state: The receiver repeatedly loops through a sequence of tracking (Track), calculating the
position fix (Fix), and entering an idle period (Idle). No new signals are acquired and no data is
downloaded. Much less power consumption than in Tracking state.

The following figure illustrates the PSM state machine:
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State machine
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13.2.1.1 Acquisition Timeout Logic

The receiver has internal, external and user configurable mechanisms that determine the time to

be spent in acquisition state. This logic is put in place to ensure good performance and low power

consumption in different environments and scenarios. This collective logic is referred to as

Acquisition Timeout.

Internal mechanisms:

* If the receiver is able to acquire weak signals but not of the quality needed to get a fix, it will
transition to (Inactive) Awaiting Next Search state after the timeout configured in
maxStartupStateDur or earlier if too few signals are acquired.

* If the receiver is unable to acquire any signals or it acquires a small number of extremely bad
signals (e.g., no sky view), it will transition to (Inactive) Awaiting Next search state after 15
seconds or the timeout configured in maxStartupStateDur if shorter.

User configurable mechanisms:

¢« minAcgTime is the minimum time that the receiver will spend in Acquisition state (see
minAcqTime for details.)

¢ maxStartupStateDur is the maximum time that the receiver will spend in Acquisition state (see
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maxStartupStateDur for details).
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* doNotEnterOff forces the receiver to stay awake and in Acquisition state even when a fix is not
possible (see doNotEnterOff for details).

External mechanisms:

* The receiver will be forced to stay awake if extint\Wake is enabled and the configured EXTINT pin
is set to "high" and it will be forced to stay in (Inactive) Awaiting Next Search/Fix states if
extintBackup is enabled and the configured EXTINT pin is set to "low" (see EXTINT pin control
for details).

13.2.1.2 ON/OFF operation - long update period
(Not supported in protocol versions 23 to 23.07).

When the receiver is switched on, it first enters Acquisition state. If it is able to obtain a valid
position fix within the time given by the Acquisition Timeout, it switches to Tracking state.
Otherwise it enters (Inactive) Awaiting Next Search state and re-starts after the configured
search period (minus a start-up margin). As soon as the receiver gets a valid position fix (one
passing the navigation output filters), it enters Tracking state. Upon entering Tracking state, the
onTime starts. Once the onTime is over, (Inactive) Awaiting Next Fix state is entered and the
receiver re-starts according to the configured update grid (see section Grid offset for an
explanation). If the signal is lost while in Tracking state, Acquisition state is entered. If the signal is
not found within the acquisition timeout, the receiver enters (Inactive) Awaiting Next Search state.
Otherwise the receiver will re-enter Tracking state and stay there until the newly started onTime is
over.

The diagram below illustrates how ON/OFF operation works:

Diagram of ON/OFF operation
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13.2.1.3 Cyclic tracking operation - short update period

When the receiver is switched on, it first enters Acquisition state. If it is able to obtain a position
fix within the time given by the acquisition timeout, it switches to Tracking state. Otherwise, it will
enter (Inactive) Awaiting Next Search state and re-start within the configured search grid. After a
valid position fix, Tracking state is entered and the onTime starts. In other words the onTime
starts with the first valid position fix. Once the onTime is over, POT state is entered. In POT state
the receiver continues to output position fixes according to the updatePeriod. To have maximum
power savings, set the onTime to zero. This causes the receiver to enter POT state as soon as
possible. If the signal becomes weak or is lost during POT state, Tracking state is entered. Once
the signal is good again and the newly started onTime is over, the receiver will re-enter POT state.
If the receiver can't get a position fix in the Tracking state, it enters Acquisition state. Should the
acquisition fail as well, (Inactive) Awaiting Next Search state is entered. If doNotEnterOff is
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enabled and no fix is possible, the receiver will remain in Acquisition state until a fix is possible and
it will never enter (Inactive) Awaiting Next Search state.
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The diagram below illustrates how cyclic tracking operation works:

Diagram of cyclic tracking operation
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13.2.1.4 Super-Efficient Mode
(not supported in protocol versions less than 23).

Super-Efficient (Super-E) Mode is a power efficient mode of operation that replaces and improves
on cyclic tracking Power Save Mode (PSMCT). It uses improved clocking techiques to reduce
power consumption and more sophisticated decision making for switching between "Acquisition",
"Tracking" and "Power Optimized Tracking" states. This mode was developed and optimized to
provide a good compromise between power efficiency and positioning accuracy in wearable
applications.

13.2.1.5 User controlled operation - update and search period of zero

Setting the updatePeriod to zero causes the receiver to wait in the (Inactive) Awaiting Next Fix
state until woken up by the user. Setting the search period to zero causes the receiver to wait in
the (Inactive) Awaiting Next Search state indefinitely after an unsuccessful start-up. Any wake-up
event will re-start the receiver. See section Wake up for more information on wake-up events.

6 External wake-up is required when setting update or search period to zero.

13.2.1.6 Satellite data download

The receiver is not able to download satellite data (e.g. the ephemeris) while it is working in
ON/OFF or cyclic tracking operation. Therefore it has to temporarily switch to continuous
operation for the time the satellites transmit the desired data. To save power the receiver
schedules the downloads according to an internal timetable and only switches to continuous
operation while data of interest is being transmitted by the satellites.

Each SV transmits its own ephemeris data. Ephemeris data download is feasible when the
corresponding satellite has been tracked with a sufficient C/No over a certain period of time. The
download is scheduled in a 30 minute grid or immediately when fewer than a certain number of
visible satellites have valid ephemeris data.

Almanac, ionosphere, UTC correction and SV health data are transmitted by all SVs
simultaneously. Therefore these parameters can be downloaded when a single SV is tracked with
a high enough C/No.

Allowing more ephemerides to be downloaded before going into POT or (Inactive) Awaiting Next Fix
state can help improve the quality of the fixes and reduce the number of wake ups needed to
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download ephemerides at the cost of extra time in Acquisition state (only when an inadequate
number of ephemerides are downloaded from tracked satellites).

13.2.2 Configuration

Power Save Mode is enabled and disabled with the UBX- CFG- RXMmessage and configured with the
UBX- CFG PM2 message.

When enabling Power Save Mode, the receiver will be unable to download or process any
SBAS or IMES data. Therefore, there is no benefit in enabling them and it is
recommended to disable both systems. SBAS support and IMES support can be
disabled using UBX- CFG- G\SS.

A number of parameters can be used to customize PSM to your specific needs. These parameters
are listed in the following table:

Power Save Mode configuration options on UBX-CFG-PM2

Parameter Description

mode Receiver mode of operation

updatePeriod Time between two position fix attempts

searchPeriod Time between two acquisition attempts if the receiver is unable to get a
position fix

minAcqTime Minimum time the receiver spends in Acquisition state

onTime Time the receiver remains in Tracking state and produces position fixes

waitTimeFix Wait for time fix before entering Tracking state

doNotEnterOff Receiver does not enter (Inactive) Awaiting Next Search state if it can't get
a position fix but keeps indefinitely attempting a position fix instead

updateRTC Enables periodic Real Time Clock (RTC) update

updateEPH Enables periodic ephemeris update

extintSelect Selects EXTINT pin used with pin control feature

extintWake Enables force-ON pin control feature

extintBackup Enables force-OFF pin control feature

gridOffset Time offset of update grid with respect to start of week

maxStartupStateDur | Maximum time in Acquisition state

optTarget The PSM settings will be weighed towards a specific target (only
supported in protocol versions 23 to 23.07)

13.2.2.1 Mode of operation (mode)

The mode of operation to use mainly depends on the update period: For short update periods (in
the range of a few seconds), cyclic tracking should be configured. For long update periods (in the
range of minutes or longer), only use ON/OFF operation.

See section ON/OFF operation - long update period and Cyclic tracking operation - short update
period for more information on the two modes of operation.

13.2.2.2 Reference Time Standard

In older versions ( in protocol versions less than 18, only GPS can be configured for PSM,
therefore, GPS time standard is used for the operation of PSM. Whereas, in newer versions where
multiple GNSS can operate simultaneously ( in protocol versions 184), UTC time standard is used.
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13.2.2.3 Update period (updatePeriod) and search period (searchPeriod)
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The update period specifies the time between successive position fixes. If no position fix can be
obtained within the acquisition timeout, the receiver will retry after the time specified by the
search period. Update and search periods are fixed with respect to an absolute time grid based on
reference time standard (i.e., GPS Time or UTC. see Reference Time Standard). They do not refer
to the time of the last valid position fix or last position fix attempt.

6 New settings are ignored if the update period or the search period exceeds the maximum
number of milliseconds in a week. In that case the previously stored values remain
effective.

13.2.2.4 Minimum Acquisition Time (minAcqTime)

The receiver tries to obtain a position fix for at least the time given in minAcqTime. If the receiver
determines that it needs more time for the given starting conditions then it will automatically
prolong this time. If minAcqTime is set to zero then the minimum acquisition time is exclusively
determined by the receiver. Once the minAcqTime has expired, the receiver will terminate the
acquisition state if either a fix is achieved or if the receiver estimates that any signals received are
insufficient (too weak or too few) for a fix to be possible.

13.2.2.5 On time (onTime)

The onTime parameter specifies how long the receiver stays in Tracking state before switching to
the POT state (in PSMCT) or (Inactive) Awaiting Next Fix state (in PSMOQO).

13.2.2.6 Wait for time fix (waitTimeFix)

A time fix is a fix type in which the receiver will ensure that the time is accurate and confirmed to
within the limits set in UBX- CFG- NAV5. Enabling the waitTimeFix option will force the receiver to
stay in Acquisition state until the time is known to within the configured limits then it will
transition to Tracking state. Enabling waitTimeFix will delay the transition from Acquisition state
to Tracking state by at least two extra seconds, thus, this should be taken into account (see
Acquisition Timeout). It is necessary to enable waitTimeFix in timing products.

The quality of the position fixes can also be configured by setting the limits in the message UBX-
CFG- NAVS. Setting harder limits in UBX- CFG- NAV5 will typically prolong the time in Acquisition
state. Thus, ensuring sufficient time is given to the receiver at start-up (when externally
controlled) is necessary (see Acquisition Timeout Logic). When internally controlled, the receiver
can make good judgement on the time needed in Acquisition state and no further adjustments will
be needed.

13.2.2.7 Maximum Startup State Duration (maxStartupStateDur)
(only supported in protocol versions 174).

The maxStartupStateDur is the maximum time that the receiver will spend in Startup state (i.e.,
Acquisition state). If the receiver is unable to acquire a valid position fix within this maximum time,
it will transition to (Inactive) Awaiting Next Search state (if doNotEnterOff is disabled).
Subsequently, the receiver will attempt to acquire another position fix according to the search
period (see Update period (updatePeriod) and search period (searchPeriod)). If
maxStartupStateDur is set to zero, the receiver will autonomously determine the maximum time
to spend in Acquisition state. Note that shorter settings (below about 45s) will degrade an
unaided receiver's ability to collect new Ephemeris data at low signal levels (see section Satellite
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data download).
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13.2.2.8 Do not enter '(Inactive) Awaiting Next Search' state when no fix (doNotEnterOff)

If this option is enabled, the receiver acts differently in case it can't get a fix: instead of entering
(Inactive) Awaiting Next Search state, it keeps attempting to acquire a position fix. In other words,
the receiver will never be in (Inactive) Awaiting Next Search state and therefore searchPeriod and
minAcqTime will be ignored.

13.2.2.9 Update RTC (updateRTC) and Ephemeris (updateEPH)

To maintain the ability of a fast start-up, the receiver needs to calibrate its RTC and update its
ephemeris data on a regular basis. This can be ensured by activating the update RTC and update
Ephemeris option. The RTC is calibrated every 5 minutes and the ephemeris data is updated
approximately every 30 minutes. See section Satellite data download for more information.

13.2.2.10 EXTINT pin control

The operation of PSM can be externally controlled using either EXTINTO or EXTINT1 pin. This
external control allows the user to decide when to wake up the receiver to obtain a fix and when to
force the receiver into sleep/backup mode to save power. Operating the receiver externally
through the EXTINT pins will override internal functions that coincide with that specific operation.

The choice of which pin to use can be configured through the extintSelect feature in UBX- CFG PMR.
Only one pin can be selected at a time but it is sufficient to perform all the required tasks.

If the Force-ON (extintWake) feature in UBX- CFG- PM is enabled, the receiver will not enter Inactive
states for as long as the configured EXTINT pin (EXTINTO or EXTINT 1) is at 'high' level. The
receiver will therefore always be in Acquisition/Tracking state in PSMOO or in
Acquisition/Tracking/POT state in PSMCT. When the pin level changes to 'low' the receiver will
continue with its configured behavior.

If the Force-OFF (extintBackup) feature in UBX- CFG- PM2 is enabled, the receiver will enter Inactive
states for as long as the configured EXTINT pin is set to 'low' until the next wake up event. Any
wake-up event can wake up the receiver even while the EXTINT pin is set to 'low' (see Wake up).
However, if the pin stay at 'low' state, the receiver will only wake up for the time needed to read the
configuration pin settings then it will enter the Inactive state again.

If both Force-ON and Force-OFF features are enabled at the same time, the receiver PSM
operation will be completely in user control. Setting 'high' on the configured EXTINT pin will wake
up the receiver to get a position fix and setting 'low' will put the receiver into sleep/backup mode.

13.2.2.11 Grid offset (gridOffset)

Once the receiver has a valid time, the update grid is aligned to the start of the week of the
reference time standard (midnight between Saturday and Sunday). Before having a valid time, the
update grid is unaligned. A grid offset shifts the update grid with respect to the start of the week
of the reference time standard. An example of usage can be found in section Use grid offset.

6 The grid offset is not used in cyclic tracking operation.
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13.2.2.12 Optimization target
In cyclic tracking operation, the behavior of the receiver can be tuned even more closely to the
application's need by choosing an appropriate optimization target.
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In protocol version 23.01 two optimization targets are available:

* Performance: The receiver achieves a good GNSS performance while keeping the power
consumption low.

* Power save: The receiver might sacrifice GNSS performance in favor of a reduced power
consumption.

13.2.3 Features

13.2.3.1 Communication

When PSM is enabled, communication with the receiver (e.g. UBX message to disable PSM)

requires particular attention. This is because the receiver may be in Inactive state and therefore

unable to receive any message through its interfaces. To ensure that the configuration messages
are processed by the receiver, even while in Inactive state, the following steps need to be taken:

* Send a dummy sequence of OxFF (one byte is sufficient) to the receiver's UART interface. This
will wake up the receiver if it is in Inactive state. If the receiver is not in Inactive state, the
sequence will be ignored.

* Send the configuration message about half a second after the dummy sequence. If the interval
between the dummy sequence and the configuration message is too short, the receiver may not
yet be ready. If the interval is too long, the receiver may return to Inactive state before the
configuration message was received. It is therefore important to check for a UBX- ACK- ACK reply
from the receiver to confirm that the configuration message was received.

* Send the configuration save message immediately after the configuration message.

Similarly, when configuring the receiver for PSMOO (and PSMCT when doNotEnterOff is disabled),

ensure that the configurations are saved. If they are not saved the receiver will enter backup mode

and when it wakes up again, it would have lost the configurations and even forgets it was in power
save mode. This can be avoided by using the UBX- CFG CFGmessage (see Receiver Configuration
for details). When operating PSM from u-Center and setting the receiver to Power Save Mode in

UBX- CFG- RXM check the save configuration box. u-Center will then send a UBX- CFG CFGmessage

after the UBX- CFG- RXMto save the configurations.

13.2.3.2 Wake up

The receiver can be woken up by generating an edge on one of the following pins:
* rising or falling edge on one of the EXTINT pins

* rising or falling edge on the RXD1 pin

* rising or falling edge on the SPI CS pin

* rising edge on NRESET pin

All wake-up signals are interpreted as a position request, where the receiver wakes up and tries to
obtain a position fix. Wake-up signals have no effect if the receiver is already in Acquisition,
Tracking or POT state.
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13.2.3.3 Behavior while USB host connected

As long as the receiver is connected to a USB host, it will not enter the lowest possible power
state. This is because it must retain a small level of CPU activity to avoid breaching requirements
of the USB specification. The drawback, however, is that power consumption is higher.

6 Wake up by pin/UART is possible even if the receiver is connected to a USB host. In this
case the state of the pin must be changed for a duration longer than one millisecond.
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13.2.3.4 Cooperation with the AssistNow Autonomous feature
If both PSM and AssistNow Autonomous features are enabled, the receiver won't enter (Inactive)
Awaiting Next Fix state as long as AssistNow Autonomous carries out calculations. This prevents
losing data from unfinished calculations and, in the end, reduces the total extra power needed for
AssistNow Autonomous. The delay before entering (Inactive) Awaiting Next Fix state, if any, will be
in the range of several seconds, rarely more than 20 seconds.
Only entering (Inactive) Awaiting Next Fix state is affected by AssistNow Autonomous. In other
words: in cyclic tracking operation, AssistNow Autonomous will not interfere with the PSM (apart
from the increased power consumption).
Enabling the AssistNow Autonomous feature will lead to increased power consumption
while prediction is calculated. The main goal of PSM is to reduce the overall power
consumption. Therefore for each application special care must be taken to judge
whether AssistNow Autonomous is beneficial to the overall power consumption or not.

13.2.4 Examples

13.2.4.1 Use Grid Offset
Scenario: Get a position fix once a day at a fixed time. If the position fix cannot be obtained try
again every two hours.

Solution: First set the update period to 24*3600s and the search period to 2*3600s. Now a
position fix is obtained every 24 hours and if the position fix fails retrials are scheduled in two hour
intervals. As the update grid is aligned to midnight Saturday/Sunday reference time standard, the
position fixes happen at midnight reference time standard. By setting the grid offset to 12*3600s
the position fixes are shifted to once a day at noon reference time standard. If the position fix at
noon fails, retrials take place every two hours, the first at 14:00reference time standard. Upon
successfully acquiring a position fix the next fix attempt is scheduled for noon the following day.

13.2.4.2 User controlled position fix
Scenario: Get a position fix on request.

Solution: Set updatePeriod and searchPeriod to zero. Set extintSelect to the desired EXTINT pin
to be used. Enable the extintWake and extintBackup features.

13.2.4.3 Use update periods of 30 minutes
Scenario: Get a position fix once every 30 minutes and acquire a fix needed for timing products

Solution: Set mode of operation to PSMOO. Set updatePeriod to 1800 seconds. Set the search
period to 120 seconds. Enable waitTimeFix feature.

UBX-13003221-R17 Early Production Information Page 64 of 407



@biox

13.3 Peak current settings

The peak current during acquisition can be reduced by activating the corresponding option in UBX-
CFG- PM2. A peak current reduction will result in longer start-up times of the receiver.
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6 This setting is independent of the activated mode (Continuous or Power Save Mode).

13.4 Power On/Off command

With message UBX- RXM PMREQthe receiver can be forced to enter Inactive state (in Continuous
and Power Save Mode). It will stay in Inactive state for the time specified in the message or until it
is woken up by an EXTINT or activity on the RXD1, SPICS, or NRESET pin.

Sending the message UBX- RXM PMREQwhile the receiver is in Power Save Mode will

6 overrule PSM and force the receiver to enter Inactive state. It will stay in Inactive state
until woken up. After wake-up the receiver continues working in Power Save Mode as
configured.

13.5 EXTINT pin control when Power Save Mode is not active

The receiver can be forced OFF also when the Power Save Mode is not active. This works the same
way as EXTINT pin control in Power Save Mode. Just as in Power Save Mode, this feature has to be
enabled and configured using UBX- CFG- PMV2

13.6 Measurement and navigation rate with Power Save Mode

In Continuous Mode, measurement and navigation rate is configured using UBX- CFG- RATE. In
Power Save Mode however, measurement and navigation rate can differ from the configured rates
as follows:

* Cyclic Operation: When in state Power Optimized Tracking, the measurement and navigation
rate is determined by the updatePeriod configured in UBX- CFG- PM2. The receiver can however
switch to Tracking state (e.g. to download data). When in Tracking state, the measurement and
navigation rate is as configured with UBX- CFG- RATE. Note: When the receiver is no longer able to
produce position fixes, it can switch from Cyclic Operation to ON/OFF Operation (if this is not
disabled with the doNotEnterOff switch in UBX- CFG PMR). In that case the remarks below are
relevant.

* ON/OFF Operation: ( in protocol versions less than 18 when in state Acquisition, the
measurement and navigation rate is fixed to 2Hz. All NMEA (and UBX) messages that are
output upon a navigation fix are also output with a rate of 2Hz. This must be considered when
choosing the baud rate of a receiver that uses Power Save Mode! Note that a receiver might
stay in Acquisition state for quite some time (can be tens of seconds under weak signal
conditions). When the receiver eventually switches to Tracking state, the measurement and
navigation rate will be as configured with UBX- CFG- RATE. However, ( in protocol versions 18+)
the measurement and navigation rate will be as configured with UBX- CFG- RATE in all active
states.

13.7 Power Mode Setup
(Not supported in protocol versions less than 18.

In order to simplify the power saving configuration of the receiver in typical circumstances, a set
of predefined setups can be selected using the message UBX- CFG PNVS.
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Selecting one of the available setups (listed below) is the equivalent of using a combination of the
configuration messages with appropriate parameters that impact the power consumption of the
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receiver.

Valid Power Mode Setup in UBX-CFG-PMS

Setup Name Description

Full Power No compromises on power saves

Balanced Power savings without performance degradation

Aggressive THz Best power saving setup (1Hz rate). This corresponds to Super-E mode
performance setting.

Aggressive 2Hz Excellent power saving setup (2Hz rate)

Aggressive 4Hz Good power saving setup (4Hz rate)

Interval ON OFF mode setup

u-blox recommends using these predefined settings, except where users have very specific power
saving requirements.

Note that polling UBX-CFG-PMS will return the setup only if the full configuration is consistent
with one of the predefined Power Mode Setups.

In 4Hz mode, when running a flash firmware, it is recommended to run with a subset of
GNSS systems, to avoid system overload.

Using UBX-CFG-PMS to set Super-E mode 1, 2, 4Hz navigation rates sets 180 s
minAcqTime instead the default 300 s in protocol version 23.01. 300 s is recommended
for the best performance.

14 Forcing a Receiver Reset

Typically, in GNSS receivers, one distinguishes between cold, warm, and hot starts, depending on
the type of valid information the receiver has at the time of the restart.

* Cold start In cold start mode, the receiver has no information from the last position (e.g. time,
velocity, frequency etc.) at startup. Therefore, the receiver must search the full time and
frequency space, and all possible satellite numbers. If a satellite signal is found, it is tracked to
decode the ephemeris (18-36 seconds under strong signal conditions), whereas the other
channels continue to search satellites. Once there is a sufficient number of satellites with valid
ephemeris, the receiver can calculate position and velocity data. Other GNSS receiver
manufacturers call this startup mode Fact ory Start up.

* Warm start In warm start mode, the receiver has approximate information for time, position,
and coarse satellite position data (Almanac). In this mode, after power-up, the receiver normally
needs to download ephemeris before it can calculate position and velocity data. As the
ephemeris data usually is outdated after 4 hours, the receiver will typically start with a Warm
start if it has been powered down for more than 4 hours. In this scenario, several augmentations
are possible. See the section on Multi-GNSS Assistance.

¢ Hot start In hot start mode, the receiver was powered down only for a short time (4 hours or
less), so that its ephemeris is still valid. Since the receiver doesn't need to download ephemeris
again, this is the fastest startup method.

In the UBX- CFG RST message, one can force the receiver to reset and clear data, in order to see the

effects of maintaining/losing such data between restarts. For this, the CFG-RST message offers

the navBbr Mask field, where hot, warm and cold starts can be initiated, and also other
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combinations thereof.
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Data stored in flash memory is not cleared by any of the options provided by UBX-CFG-
RST. So, for example, if valid AssistNow Offline data stored in the flash it is likely to have
an impact on a "cold start".

The Reset Type can also be specified. This is not related to GNSS, but to the way the software
restarts the system.

* Hardware Reset uses the on-chip Watchdog, in order to electrically reset the chip. This is an
immediate, asynchronous reset. No Stop events are generated. This is equivalent to pull the
Reset signal of the receiver to ground.

¢ Controlled Software Reset terminates all running processes in an orderly manner and, once the
system is idle, restarts operation, reloads its configuration and starts to acquire and track
GNSS satellites.

¢ Controlled Software Reset (GNSS only) only restarts the GNSS tasks, without reinitializing the
full system or reloading any stored configuration.

* Controlled GNSS Stop stops all GNSS tasks. The receiver will not be restarted, but will stop any
GNSS related processing.

* Controlled GNSS Start starts all GNSS tasks.

15 Receiver Status Monitoring

Messages in the UBX class UBX- MON are used to report the status of the parts of the embedded
computer system that are not GNSS specific.

The main purposes are

* Hardware and Software Versions, using UBX- MON- VER. See also the chapter decoding the output
of UBX-MON-VER

e Status of the Communications Input/Output system
e Status of various Hardware Sections with UBX- MON- HW

15.1 Input/Output system

The I/O system is a GNSS-internal layer where all data input- and output capabilities (such as
UART, DDC, SPI, USB) of the GNSS receiver are combined. Each communications task has buffers
assigned, where data is queued. For data originating at the receiver, to be communicated over one
or multiple communications queues, the message UBX- MON- TXBUF can be used. This message
shows the current and maximum buffer usage, as well as error conditions.

If the amount of data configured is too much for a certain port's bandwidth (e.g. all UBX
messages output on a UART port with a baud rate of 9600), the buffer will fill up. Once
the buffer space is exceeded, new messages to be sent will be dropped. For details see
section Serial Communication Ports Description
Inbound data to the GNSS receiver is placed in buffers. Usage of these buffers is shown with the
message UBX- MON- RXBUF. Further, as data is then decoded within the receiver (e.g. to separate
UBX and NMEA data), the UBX- MON- MSGPP can be used. This message shows (for each port and
protocol) how many messages were successfully received. It also shows (for each port) how many
bytes were discarded because they were not in any of the supported protocol framings.
The following table shows the port numbers used. Note that any numbers not listed are reserved
for future use.
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Port Number assignment
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Port # Electrical Interface
0 DDC (IXIC compatible)
1 UART 1
3 USB
4 SPI

Protocol numbers range from O-7. All numbers not listed are reserved.

Protocol Number assignment

Protocol # Protocol Name
0 UBX Protocol
1 NMEA Protocol
2 RTCM Protocol

15.2 Jamming/Interference Indicator

The field j am nd of the UBX- MON- HWmessage can be used as an indicator for continuous wave
(narrowband) jammers/interference only. The interpretation of the value depends on the
application. It is necessary to run the receiver in an unjammed environment to determine an
appropriate value for the unjammed case. If the value rises significantly above this threshold, this
indicates that a continuous wave jammer is present.

This indicator is always enabled.

The indicator is reporting any currently detected narrowband interference over all currently
configured signal bands

15.3 Jamming/Interference Monitor (ITFM)

The field j anmi ngSt at e of the UBX- MON- HWmessage can be used as an indicator for both
broadband and continuous wave (CW) jammers/interference. It is independent of the (CW only)
jamming indicator described in Jamming/Interference Indicator above.

This monitor reports whether jamming has been detected or suspected by the receiver. The
receiver monitors the background noise and looks for significant changes. Normally, with no
interference detected, it will report 'OK'. If the receiver detects that the noise has risen above a
preset threshold, the receiver reports ‘Warning'. If in addition, there is no current valid fix, the
receiver reports 'Critical'.

The monitor has four states as shown in the following table:

Jamming/Interference monitor reported states

Value [ Reported Description
state
0 Unknown | Jamming/interference monitor not enabled, uninitialized
or antenna disconnected

1 OK no interference detected

2 Warning position ok but interference is visible (above the
thresholds)

3 Critical no reliable position fix and interference is visible (above

the thresholds); interference is probable reason why
there is no fix
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The monitor is disabled by default. The monitor is enabled by sending an appropriate UBX- CFG

| TFMmessage with the enabl e bit set. In this message it is also possible to specify the thresholds
at which broadband and CW jamming are reported. These thresholds should be interpreted as the
dB level above 'normal'. It is also possible to specify whether the receiver expects an active or
passive antenna.
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6 The monitor algorithm relies on comparing the currently measured spectrum with a

reference from when a good fix was obtained. Thus the monitor will only function when
the receiver has had at least one (good) first fix, and will report 'Unknown' before this
time.

Jamming/Interference monitor is not supported in Power Save Mode (PSM) ON/OFF
mode.

The monitor is reporting any currently detected interference over all currently configured signal
bands

16 Spoofing Detection

(Note: this feature is not supported in protocol versions less than 18.

16.1 Introduction

Spoofing is the process whereby someone tries to forge a GNSS signal with the intention of
fooling the receiver into calculating a different user position than the true one.

The spoofing detection feature monitors the GNSS signals for suspicious patterns indicating that
the receiver is being spoofed. A flag in UBX- NAV- STATUS alerts the user to potential spoofing.

16.2 Scope

The spoofing detection feature monitors suspicious changes in the GNSS signal indicating
external manipulation. Therefore the detection is only successful when the signal is genuine first
and when the transition to the spoofed signal is being observed directly. When a receiver is
started up to a spoofed signal the detection algorithms will be unable to recognize the spoofing.
Also, the algorithms rely on availability of signals from multiple GNSS; the detection does not work
in single GNSS mode.

17 Signal Attenuation Compensation
(not supported in protocol versions less than 19.

In normal operating conditions, low signal strength indicates likely contamination by multipath.
The receiver trusts such signals less in order to preserve the quality of the position solution in
poor signal environments. This feature can result in degraded performance in situations where
the signals are attenuated for another reason, for example due to antenna placement. In this
case, the signal attenuation compensation feature can be used to restore normal performance.

There are three possible modes:

¢ Disabled: no signal attenuation compensation is performed

* Automatic: the receiver automatically estimates and compensates for the signal attenuation
* Configured: the receiver compensates for the signal attenuation based on a configured value

These modes can be selected using UBX- CFG- NAVX5. In the case of the "configured" mode, the
user should input the maximum C/NO observed in a clear-sky environment, excluding any outliers
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or unusually high values. The configured value can have a large impact on the receiver
performance, so should be chosen carefully.
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18 Remote Inventory

18.1 Description

The Remote Inventory enables storing user-defined data in the non-volatile memory of the
receiver. The data can be either binary or a string of ASCII characters. In the second case, it will be
output at startup after the boot screen.

18.2 Usage

* The contents of the Remote Inventory can be set and polled with the message UBX- CFG RI NV.
Refer to the message specification for a detailed description.

* |If the contents of the Remote Inventory are polled without having been set before, the default
configuration (see table below) is output.

Default configuration

Parameter Value

flags 0x00
data "Notice: no data saved!"

As with all configuration changes, these must be saved in order to be made permanent.
Make sure to save the section RINV before resetting or switching off the receiver. For
more information about saving a configuration, see section Configuration Concept.

19 Time pulse

Q For protocol versions less than 18, functionality of the time pulse has not been
characterized when only BeiDou is enabled.

Q The time pulse feature is not available for protocol versions 23-23.01.

19.1 Introduction

u-blox receivers include a time pulse function providing clock pulses with configurable duration
and frequency. The time pulse function can be configured using the UBX- CFG- TP5 message. The
UBX- TI M TP message provides time information for the next pulse, time source and the
quantization error of the output pin.
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19.2 Recommendations

The time pulse can be aligned to a wide variety of GNSS times or to variants of UTC derived from
them (see the section on time bases). However, it is strongly recommended that the choice of
time base is aligned with the available GNSS signals (so to produce GPS time or UTC(USNO),
ensure GPS signals are available, and for GLONASS time or UTC(SU) ensure the presence
GLONASS signals). This will involve coordinating that the setting of UBX- CFG- GNSS with the
choice of time pulse time base.

For best time pulse performance it is recommended to disable the SBAS subsystem.

When using time pulse for precision timing applications it is recommended to calibrate the
antenna cable delay against a reference-timing source.

Care needs to be given to the cable delay settings in the receiver configuration.

In order to get the best timing accuracy with the antenna, a fixed and accurate position is
needed.

If relative time accuracy between multiple receivers is required, do not mix receivers of different
product families. If this is required, the receivers must be calibrated accordingly, by setting
cable delay and user delay.

The recommended configuration when using the UBX- TI M TP message is to set both the
measurement rate (UBX- CFG RATE) and the time pulse frequency (UBX- CFG- TP5) to 1Hz.

6 Since the rate of UBX- TI M TP is bound to the measurement rate, more than one UBX-

TI M TP message can appear between two pulses if the measurement rate is set larger
than the time pulse frequency. In this case all UBX- TI M TP messages in between a time
pulse T1 and T2 belong to T2 and the lastUBX- TI M TP before T2 reports the most
accurate quantization error. In general, if the navigation solution rate and time pulse rate
are configured to different values, there will not be a single UBX- TI M TP message for
each time pulse.

The sequential order of the signal present at the TIMEPULSE pin and the respective output
message for the simple case of 1 pulse per second (1PPS) and a one second navigation update rate
is shown in the following figure.
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UTC 8:29:59 _ UTC 8:30:00
TIMEPULSE o -
Serial Data Qut -}
Position fix
calculation
UBX-TIM-TP for UTC 8:30:00 and UBX-TIM-TP for UTC 8:30:01 and
e.g. UBX-NAV-PVT for UTC 8:29:59 e.g. UBX-NAV-PVT for UTC 8:30:00
19.3 GNSS time bases

GNSS receivers must handle a variety of different time bases as each GNSS has its own reference
system time. What is more, although each GNSS provides a model for converting their system
time into UTC, they all support a slightly different variant of UTC. So, for example, GPS supports a
variant of UTC as defined by the US National Observatory, while BeiDou uses UTC from the
National Time Service Center, China (NTSC). While the different UTC variants are normally closely
aligned, they can differ by as much as a few hundreds of nanoseconds.

Although u-blox receivers can combine a variety of different GNSS times internally, the user must
choose a single type of GNSS time and, separately, a single type of UTC for input (on EXTINTSs)
and output (via the Time Pulse) and the parameters reported in corresponding messages.

For protocol versions 16 or greater, the UBX- CFG- TP5 message allows the user to choose between
any of the supported GNSS (GPS, GLONASS, BeiDou, etc) times and UTC. Also, the UBX- CFG NAV5
message allows the user to select which variant of UTC the receiver should use. This includes an
"automatic" option which causes the receiver to select an appropriate UTC version itself, based on
the GNSS configuration, using, in order of preference, USNO if GPS is enabled, SU if GLONASS is
enabled, NTSC if BeiDou is enabled and, finally, European if Galileo is enabled.

Note that for protocol versions prior to 16 no choice of UTC variant is supported and the UBX- CFG
TP5 message only allows the user to choose between GPS and UTC as the time system the
generated time pulse will be aligned to.

The receiver will assume that the input time pulse uses the same GNSS time base as specified for
the output using UBX- CFG- TP5. So if the user selects GLONASS time for time pulse output, any
time pulse input must also be aligned to GLONASS time (or to the separately chosen variant of
UTC). Where UTC is selected for time pulse output, any GNSS time pulse input will be assumed to
be aligned to GPS time.

u-blox receivers allow users to choose independently GNSS signals used in the receiver

6 (using UBX- CFG GNSS) and the input/output time base (using UBX- CFG- TP5). For
example it is possible to instruct the receiver to use GPS and GLONASS satellite signals
to generate BeiDou time. This practice will compromise time-pulse accuracy if the
receiver cannot measure the timing difference between the constellations directly and is
not recommended.

6 The information that allows GNSS times to be converted to the associated UTC times is
only transmitted by the GNSS at relatively infrequent periods. For example GPS
transmits UTC(USNO) information only once every 12.5 minutes. Therefore, if a Time
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Pulse is configured to use a variant of UTC time, after a cold start, substantial delays
before the receiver has sufficient information to start outputing the Time Pulse can be
expected.

19.4 Time pulse configuration

u-blox receivers provide one or two TIMEPULSE pins (dependent on product variant) delivering a
time pulse (TP) signal with a configurable pulse period, pulse length and polarity (rising or falling
edge). Check the product data sheet for detailed specification of configurable values.

It is possible to define different signal behavior (i.e. output frequency and pulse length) depending
on whether or not the receiver is locked to a reliable time source. Time pulse signals can be
configured using the UBX proprietary message UBX- CFG TP5.

19.5 Configuring time pulse with UBX-CFG-TP5

The UBX message UBX- CFG- TP5 can be used to change the time pulse settings, and includes the
following parameters defining the pulse:

time pulse index - Index of time pulse output pin to be configured. If a product only has one time
pulse output it is typically configurable with index 0. Exceptions to this include LEA-MS8F,
M8030-KT-FT and NEO-MS8L. Please refer to specific product documentation.

antenna cable delay - Signal delay due to the cable between antenna and receiver.
RF group delay - Signal delay in the RF module of the receiver (read-only).

pulse frequency/period - Frequency or period time of the pulse when locked mode is not
configured or active.

pulse frequency/period lock - Frequency or period time of the pulse, as soon as receiver has
calculated a valid time from a received signal. Only used if the corresponding flag is set to use
another setting in locked mode.

pulse length/ratio - Length or duty cycle of the generated pulse, either specifies a time or ratio
for the pulse to be on/off.

pulse length/ratio lock - Length or duty cycle of the generated pulse, as soon as receiver has
calculated a valid time from a received signal. Only used if the corresponding flag is set to use
another setting in locked mode.

user delay - The cable delay from the receiver to the user device plus signal delay of any user
application.

active - time pulse will be active if this bit is set.

lock to gps freq - Use frequency gained from GPS signal information rather than local
oscillator's frequency if flag is set.

lock to gnss freq - Use frequency gained from GNSS signal information rather than local
oscillator's frequency if flag is set.

locked other setting - If this bit is set, as soon as the receiver can calculate a valid time, the
alternative setting is used. This mode can be used for example to disable time pulse if time is
not locked, or indicate lock with different duty cycles.

is frequency - Interpret the 'Frequency/Period' field as frequency rather than period if flag is set.
is length - Interpret the 'Length/Ratio’ field as length rather than ratio if flag is set.
align to TOW - If this bit is set, pulses are aligned to the top of a second.
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* polarity - If set, the first edge of the pulse is a rising edge (Pulse Mode: Rising).
* grid UTC/GPS - Selection between UTC (0) or GPS (1) timegrid. Also effects the time output by
UBX- TI M TP message.

e grid UTC/GNSS - Selection between UTC (0), GPS (1), GLONASS (2) and Beidou (3) timegrid.
Also effects the time output by UBX- TI M TP message.

u-blox 8 / u-blox M8 Receiver Description - Manual

6 The maximum pulse length can't exceed the pulse period.

6 Time pulse settings shall be chosen in such a way, that neither the high nor the low
period of the output is less than 50 ns (except when disabling it completely), otherwise
pulses can be lost.

The maximum frequency of the second time pulse pin (TIMEPULSE?2) is limited to 1kHz
for protocol versions less than 18unless using a Timing product variant.

19.5.1 Example 1
The example below shows the 1PPS TP signal generated on the time pulse output according to the
specific parameters of the UBX- CFG TP5 message:

e tpldx=0

e freqPeriod=1s

* pulseLenRatio = 100 ms

e active =1

* lockGpsFreq = lockGnssFreq = 1

* jsLength =1

* alignToTow =1

e polarity = 1

e gridUtcGps = gridUtcGnss = 1

The 1 Hz output is maintained whether or not the receiver is locked to GPS time. The alignment to
TOW can only be maintained when GPS time is locked.

GR35 8:30:00 GRS 8:30:01

TIMEPULSE L

100 rres
1000 s

19.5.2 Example 2
This example only works with a Timing product variant or for protocol versions greater than 17

The following example shows a 10 MHz TP signal generated on the TIMEPULSE?2 output when the
receiver is locked to GPS time. Without the lock to GPS time no frequency is output.

UBX-13003221-R17 Early Production Information Page 74 of 407



@biox

u-blox 8 / u-blox M8 Receiver Description - Manual

TIMEPULSEZ 10 MHz

GPS time not locked GPS time locked

e tpldx =1

* freqPeriod = 1 Hz

* pulseLenRatio =0

» freqPeriodLock = 10 MHz

* pulseLenRatioLock = 50%

* active =1

* lockGpsFreq = lockGnssFreq = 1
* lockedOtherSet = 1

* isFreq =1

e alignToTow = 1

e polarity =1

* gridUtcGps = gridUtcGnss = 1

20 Timemark

The receiver can be used to provide an accurate measurement of the time at which a pulse was

detected on the external interrupt pin. The reference time can be chosen by setting the time

source parameter to UTC, GPS, GLONASS, BeiDou, Galileo or local time in the UBX- CFG TP5

configuration message. The UTC standard can be set in the UBX- CFG- NAV5 configuration

message. The delay figures defined with UBX- CFG- TP5 are also applied to the results output in the

UBX- TI M TM2 message.

A UBX- TI M TM2 message is output at the next epoch if

* the UBX- TI M TM2 message is enabled

* arising or falling edge was triggered since last epoch on one of the EXTINT channels

The UBX- TI M TM2 messages include time of the last timemark, new rising/falling edge indicator,

time source, validity, number of marks and a quantization error. The timemark is triggered

continuously.

6 Only the last rising and falling edge detected between two epochs is reported since the
output rate of the UBX- TI M TM2 message corresponds to the measurement rate
configured with UBX- CFG- RATE (see Figure below).
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21 Odometer

21.1 Introduction

The odometer provides information on travelled ground distance (in meter) using solely the
position and Doppler-based velocity of the navigation solution. For each computed travelled
distance since the last odometer reset, the odometer estimates a 1-sigma accuracy value. The
total cumulative ground distance is maintained and saved in the BBR memory.
The odometer feature is disabled by default. It can be enabled using the UBX- CFG- ODO
message.

21.2 Odometer Output

The odometer output is published in the UBX- NAV- ODOmessage. This message contains the

following elements:

* Ground distance since last reset (distance field): this distance is defined as the total cumulated
distance in meters since the last time the odometer was reset (see section Resetting the
Odometer);

¢ Ground distance accuracy (distanceStd field): this quantity is defined as the 1-sigma accuracy
estimate (in meters) associated to the Ground distance since last reset value;

¢ Total cumulative ground distance (totalDistance field): this quantity is defined as the total
cumulated distance in meters since the last time the receiver was cold started (see section
Resetting the Odometer).

If logging is enabled, then the odometer's ground distance since last reset value will be included in
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the logged position data (see section Logging).
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21.3 Odometer Configuration

The odometer can be enabled/disabled by setting the appropriate flag in UBX- CFG CDO(flags
field). The algorithm behaviour can be optimized by setting up a profile (odoCfg field)
representative of the context in which the receiver is operated. The implemented profiles together
with their meanings are listed below:

* Running: the algorithm is optimized for typical dynamics encountered while running, i.e the
Doppler-based velocity solution is assumed to be of lower quality;

* Cycling: the algorithm is optimized for typical dynamics encountered while cycling;

¢ Swimming: the algorithm is optimized for very slow and smooth trajectories typically
encountered while swimming;

¢ Car: the algorithm assumes that good Doppler measurements are available (i.e. the antenna is
subject to low vibrations) and is optimized for typical dynamics encountered by cars.

6 The odometer can only be reliably operated in a swimming context if satellite signals are
available and the antenna is not immersed.

21.4 Resetting the Odometer

The odometer outputs (see UBX- NAV- ODOmessage) can be reset by the following means:

¢ Ground distance since last reset (distance field): by sending a UBX- NAV- RESETOCDO message;
¢ Ground distance accuracy (distanceStd field): by sending a UBX- NAV- RESETCDO message;

¢ Total cumulative ground distance (totalDistance): by a cold start of the receiver (this erases the
BBR memory);

22 Logging

22.1 Introduction

The logging feature allows position fixes and arbitrary byte strings from the host to be logged in
flash memory attached to the receiver. Logging of position fixes happens independently of the
host system, and can continue while the host is powered down.

The following tables list all the logging related messages:

Logging control and configuration messages

Message Description

UBX- LOG- CREATE Creates a log file and activates the logging subsystem

UBX- LOG- ERASE Erases a log file and deactivates the logging subsystem

UBX- CFG LOGFI LTER Used to start/stop recording and set/get the logging configuration
UBX- LOG- | NFO Provides information about the logging system

UBX- LOG STRI NG Enables a host process to write a string of bytes to the log file

Logging retrieval messages

Message Description
UBX- LOG RETRI EVE Starts the log retrieval process
UBX- LOG RETRI EVEPCOS A position log entry returned by the receiver
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Logging retrieval messages continued
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Message Description

UBX- LOG Odometer position data
RETRI EVEPOSEXTRA

UBX- LOG RETRI EVESTRI NG | A byte string log entry returned by the receiver

UBX- LOG- FI NDTI ME Finds the index of the first entry <= given time

22.2 Setting the logging system up

An empty log can be created using the UBX- LOG- CREATE message and a log can be deleted with
the UBX- LOG- ERASE message. The logging system will only be running if alog is in existence, so
most logging messages will be rejected with an UBX- ACK- NAK message if there is no log present.
Only one log can be created at any one time so an UBX- ACK- NAK message will be returned if a log
already exists. The message specifies the maximum size of the log in bytes (with some pre-set
values provided). Both the logging subsystem and the receiver file-store have implementation
overheads, so total space available for log entries will be somewhat smaller than the size
specified.

UBX- LOG CREATE also allows the log to be specified as a circular log. If the log is circular, then
when it fills up, a set of older log entries will be deleted and the space freed up used for new log
entries. By contrast, if a non-circular log becomes full then new entries which don't fit will be
rejected. UBX- LOG- CREATE also causes the logging system to start up so that further logging
messages can be processed. The logging system will start up automatically on power-up if there is
alog in existence. The log will remain in the receiver until specifically erased using the UBX- LOG-
ERASE message.

UBX- CFG LOGFI LTER controls whether logging of entries is currently enabled and selects position
fix messages for logging. These configuration settings will be saved if the configuration is saved
to flash. If this is done, then entry logging will continue on power-up in the same manner that it did
before power-down.

The top level active/inactive states of the logging subsystem.

LOG_INFO
CFG_LOGFILTER ——— 1 OG_CREATE

logging_subsystem_inactive logging_subsystem_active

L OG_ERASE

22.3 Information about the log

The receiver can be polled for a UBX- LOG- | NFOmessage which will give information about the log.
This will include the maximum size that the log can grow to (which, due to overheads, will be
smaller than that requested in UBX- LOG- CREATE) and the amount of log space currently occupied.
It will also report the number of entries currently in the log together with the time and date of the
newest and oldest messages which have a valid time stamp.

Log entries are compressed and have housekeeping information associated with them, so the
actual space occupied by log messages may be difficult to predict. The minimum size for a
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position fix entry is 9 bytes and the maximum 24 bytes, the typical sizeis 10 or 11 bytes. If the
odometer is enabled then this will use at least another three bytes per fix.
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Each log also has a fixed overhead which is dependent on the log type. The approximate size of
this overhead is shown in the following table.

Log overhead size

Log type Overhead
circular Up to 40 kB
non-circular Up to 8 kB

The number of entries that can be logged in any given flash size can be estimated as follows:

Approx. number of entries = (flash size available for logging - |og
over head)/typical entry size

For example, if 1500 kB of flash is available for logging (after other flash usage such as the
firmware image is taken into account) a non-circular log would be able to contain approximately
139000 entries ((1500*1024)-(8*1024))/11 = 138891.

22.4 Recording

The UBX- CFG LOGFI LTER message specifies the conditions under which entries are recorded.
Nothing will be recorded if recording is disabled, otherwise position fix and UBX- LOG- STRI NG
entries can be recorded. When recording is enabled an entry will also be created from each UBX-
LOG STRI NGmessage. These will be timestamped if the receiver has current knowledge of time.

The UBX- CFG LOGFI LTER message has several values which can be used to select position fix
entries for logging. If all of these values are zero, then all position fixes will be logged (subject to a
maximum rate of 1Hz). A position is logged if any of the thresholds are exceeded. If a threshold is
set to zero it is ignored. In addition the position difference and current speed thresholds also have
a minimum time threshold.

Position fixes are only recorded if a valid fix is obtained - failed and invalid fixes are not recorded.

Position fixes are compressed to economise on the amount of flash space used. In order to
improve the compression, the fix values are rounded to improve their compression. This means
that the values returned by the logging system may differ slightly from any which are gathered in
real time.

In On/Off Power Save Mode it is possible to configure the logging system so that only one fix is
recorded for each on period. This will be recorded immediately before the receiver powers off and
will be the best fix seen during the on period (in this case, "best" is defined as being the fix with the
lowest horizontal accuracy figure).

The recorded data for a fix comprises :
* The time and date of the fix recorded to a precision of one second

* Latitude and longitude to a precision of one millionth of a degree. Depending on position on
Earth this is a precision in the order of 0.1Tm

e Altitude (height above mean sea level) to a precision of 0.1Tm. Entries with an altitude lower than
-470m (lower than the lowest point on earth) or higher than 20,000m may not be recorded in the

log.
¢ Ground speed to a precision of 1cm/s

¢ The fix type (only successful fix types, since these are the only ones recorded)

UBX-13003221-R17 Early Production Information Page 79 of 407



@biox

¢ The number of satellites used in the fix is recorded, but there is a maximum count which can be
recorded. If the actual count exceeds this maximum count then the maximum count will be
recorded. If a log entry is retrieved with a satellite count equal to the maximum this means that
value or more. The maximum count is 51. (The maximum count is 19 irprotocol versions less
than 24)

* A horizontal accuracy estimate is recorded to give an indication of fix quality. This is an
approximate compressed representation of the accuracy as determined by the fix process. Any
accuracy less than 0.7m will be recorded as 0.7m and any value above 1km will be recorded as
Tkm. Within these limits, the recorded accuracy will always be greater than the fix accuracy
number (by up to 40%)
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* Heading to a precision of one degree
¢ Odometer distance data (if odometer is enabled)
The states of the active logging subsystem

LOG_FINDTIME
LOG_INFO

—LOG_RETRIEVE

not_logging retrieving

[enabled == false] CFG_LOGFILTER RETRIEVEO(IIQOMPLETE

[enabled == true] ANY LOG MESSAGE

| CFG_LOGFILTER
[enabled == true] [enabled == false]

logging
LOG_STRING

LOG_INFO

22.5 Retrieval

UBX- LOG RETRI EVE starts the process which allows the receiver to output log entries. Log
recording must be stopped using UBX- CFG- LOGFI LTER before this can be done. UBX- LOG- | NFO
may be helpful to a host system in order to understand the current log status before retrieval is
started.

Once retrieval has started, one message will be output from the receiver for each log entry
requested. Sending any logging message to the receiver during retrieval will cause the retrieval to
stop before the message is processed.

To maximise the speed of transfer it is recommended that a high communications data rate is
used and GNSS processing is stopped during the transfer (see UBX- CFG- RST)

UBX- LOG- RETRI EVE can specify a start-entry index and entry-count. The maximum number of
entries that can be returned in response to a single UBX- LOG RETRI EVE message is 256. If more
entries than this are required the message will need to be sent multiple times with different
startEntry indices.
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The receiver will send a UBX- LOG- RETRI EVEPCS message for each position fix log entry and a UBX-
LOG RETRI EVESTRI NGmessage for each string log entry. If the odometer was enabled at the time
a position was logged, then a UBX- LOG- RETRI EVEPCSEXTRA will also be sent. Messages will be
sent in the order in which they were logged, so UBX- LOG- RETRI EVEPCS and UBX- LOG-

RETRI EVESTRI NGmessages may be interspersed in the message stream.
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The UBX- LOG- FI NDTI MVE message can be used to search a log for the index of the first entry less
than or equal to the given time. This index can then be used with the UBX- LOG RETRI EVE message
to provide time-based retrieval of log entries.

22.6 Command message acknowledgement

Some log operations may take a long time to execute because of the time taken to write to flash
memory. The time for some operations may be unpredictable since the number and timing of

flash operations may vary. In order to allow host software to synchronise to these delays logging
messages will always produce a response. This will be UBX- ACK- NAK in case of error, otherwise UBX-
ACK- ACK unless there is some other defined response to the message.

It is possible to send a small number of logging commands without waiting for acknowledgement,
since there is a command queue, but this risks confusion between the acknowledgements for the
commands. Also a command queue overflow would result in commands being lost.

23 Data Batching

(Note: this functionality is supported only in protocol versions 23.07).

23.1 Introduction

The data batching feature allows position fixes to be stored in the RAM of the receiver to be
retrieved later in one batch. Batching of position fixes happens independently of the host system,
and can continue while the host is powered down.

The following tables list all the batching related messages:

Batching control and configuration messages

Message Description

UBX- CFG BATCH Used to enable and configure the batching feature

UBX- MON- BATCH Provides information about the buffer fill level and dropped data due
to overrun

Batch retrieval messages

Message Description
UBX- LOG RETRI EVEBATCH | Starts the batch retrieval process
UBX- LOG BATCH A batch entry returned by the receiver

23.2 Setting up the data batching
Data batching is disabled per default and it has to be configured before use via UBX- CFG BATCH.

The feature must be enabled and the buffer size must be set to greater than 0. It is possible to set
up a PIO as a flag that indicates when the buffer is close to filling up. The fill level when this PIO is
asserted can be set by the user separately from the buffer size. The notification fill level must not
be larger than the buffer size.

If the host does not retrieve the batched fixes before the buffer fills up the oldest fix will be
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dropped and replaced with the newest.
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The RAM available in the chip limits the size of the buffer. To make the best use of the available
space users can select what data they want to batch. When batching is enabled a basic set of
data is stored and the configuration flags ext r aPvt and ext r aCdo can be used to store more
detailed information about the position fixes. Doing so reduces the number of fixes that can be
batched.

The receiver will reject configuration if it cannot allocate the required buffer memory. To ensure
robust operation of the receiver the following limits are enforced:

Maximum number of batched epochs

extraPvt extraOdo Maximum number of epochs
0 0] 300
0 1 221
1 0 156
1 1 132

It is recommended to disable all periodic output messages when using batching. This
6 improves system robustness and also helps ensure that the output of batched data is

not delayed by other messages.

The buffer size is set up in terms of navigation epochs. This means that the time that
6 can be covered with a certain buffer depends on the navigation rate. This rate can be set

separately for full power operation via UBX- CFG- RATE and for power save mode via the

updatePeriod in UBX- CFG PM2.

6 Data batching settings should not be re-configured while retrieving data from the buffer.

23.3 Retrieval

UBX- LOG RETRI EVEBATCH starts the process which allows the receiver to output batch entries.
Batching must not be stopped for readout; all batched data is lost when the feature is disabled.
Batched fixes are always retrieved starting with the oldest fix in the buffer and progressing
towards newer ones. There is no way to skip certain fixes during retrieval.

When a UBX- LOG- RETRI EVEBATCH message is sent the receiver transmits all batched fixes. It is
recommended to send a retrieval request with sendMonFi r st set. This way the receiver will send a
UBX- MON- BATCH message first that contains the number of fixes in the batching buffer. This
information can be used to detect when the u-blox receiver finished sending data.

Once retrieval has started, the receiver will first send UBX- MON- BATCH if sendMbnFi r st option was
selected in the UBX- LOG- RETRI EVEBATCH. After that, it will send UBX- LOG- BATCH messages with
the batched fixes.

To maximise the speed of transfer it is recommended that a high communications data rate is
used.

6 The receiver will discard retrieval request while processing a previous UBX- LOG-
RETRI EVEBATCH message.

6 The receiver does not acknowledge the reception of UBX- LOG- RETRI EVEBATCH; the
response that the host should expect are the reply messages.
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24 Geofencing

(Note: this feature is not supported in protocol versions less than 18.
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24.1 Introduction

Geofence
« User position

The geofencing feature allows for the configuration of up to four circular areas (geofences) on the
Earth's surface. The receiver will then evaluate for each of these areas whether the current
position lies within the area or not and signal the state via UBX messaging and PIO toggling.

24.2 Interface

Geofencing can be configured using the UBX- CFG- GEOFENCE message. The geofence evaluation is
active whenever there is at least one geofence configured.

The current state of each geofence plus the combined state is output in UBX- NAV- GEOFENCE with
every navigation epoch.

Additionally the user can configure the receiver to output the combined geofence state on a
physical pin.

24.3 Geofence state evaluation

With every navigation epoch the receiver will evaluate the current solution's position versus the
configured geofences. There are three possible outcomes for each geofence:

* Inside - The position is inside the geofence with the configured confidence level
* Outside - The position lies outside of the geofence with the configured confidence level

* Unknown - There is no valid position solution or the position uncertainty does not allow for
unambiguous state evaluation

The position solution uncertainty (standard deviation) is multiplied with the configured
confidence sigma level number and taken into account when evaluating the geofence state (red
circle in figure below).

Inside Qutside Unknown
The combined state for all geofences is evaluated as the combination (logical OR) of all geofences:
* Inside - The position lies inside of at least one geofence
e Qutside - The position lies outside of all geofences

* Unknown - All remaining states
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24.4 Using a PIO for Geofence State Output

This feature can be used for example for waking up a sleeping host when a defined geofence
condition is reached. The receiver will toggle the assigned pin according to the combined geofence
state. Due to hardware restrictions the unknown state will always be represented as HIGH. If the
receiver is in software backup or in a reset, the pin will go to HIGH accordingly. The meaning of the
LOW state can be configured using UBX- CFG- GEOFENCE.
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25 Time Mode Configuration
6 This feature is only available with Timing, FTS or High Precision GNSS (HPG) products

This section relates to the configuration message UBX- CFG- TMODE2 (for Timing or FTS products)
and to the configuration message UBX- CFG- TMODES (for HPG products).

25.1 Introduction

Time Mode is a special receiver mode where the position of the receiver is known and fixed and
only the time is calculated using all available satellites. This mode allows for maximum time
accuracy, for single-SV solutions, and also for using the receiver as a stationary reference station.

25.2 Fixed Position

In order to use the Time Mode, the receiver's position must be known as exactly as possible. Either
the user already knows and enters the position, or it is determined using Survey-in. Errors in the
fixed position will translate into time errors depending on the satellite constellation.

For Timing products, as a rule of thumb the position should be known with an accuracy of better
than 1 m for a timing accuracy in the order of nanoseconds. If an accuracy is required only in the
order of microseconds, a position accuracy of roughly 300 m is sufficient.

For HPG products, errors in the reference station position will directly translate into rover position
errors. The reference station position accuracy should therefore be at least as good as the desired
rover absolute position accuracy.

25.3 Survey-in

Survey-in is the procedure that is carried out prior to using Time Mode. It determines a stationary
receiver's position by building a weighted mean of all valid 3D position solutions.

Two requirements for stopping the procedure must be specified:

* The minimum observation time defines a minimum amount of observation time regardless of
the actual number of valid fixes that were used for the position calculation. Reasonable values
range from one day for high accuracy requirements to a few minutes for coarse position
determination.

* The required 3D position standard deviation defines a limit on the spread of positions that
contribute to the calculated mean. As the position error translates into a time error when using
Time Mode (see above), one should carefully evaluate the time accuracy requirements and
choose an appropriate value.

Survey-in ends, when both requirements are met. After Survey-in has finished successfully, the
receiver will automatically enter fixed position Time Mode.

The Survey-in status can queried using the UBX- TI M SVI Nmessage for Timing or FTS products or
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the UBX- NAV- SVI Nmessage for HPG products.

The "Standard Deviation" parameter defines uncertainty of the manually provided "True

6 Position" set of parameters. This uncertainty directly affects the accuracy of the
timepulse. This is to prevent an error that would otherwise be present in the timepulse
because of the initially inaccurate position (assumed to be correct by the receiver)
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without users being aware of it. The "3D accuracy" parameter in "Fixed Position" as well
as the "Position accuracy limit" in "Survey-in" affect the produced time information and
the timepulse in the same way. Please note that the availability of the position accuracy
does not mitigate the error in the timepulse but only accounts for it when calculating the
resulting time accuracy.

Once a survey-in has been started, its progress is saved in non-volatile memory, and

6 hence continues over events such as a reset, receiver restart, or change of satellite
constellation. If a survey-in position is required using data only for a particular receiver
configuration, then any on-going survey-in should be stopped by either a UBX- CFG-
TMODE2 or a UBX- CFG- TMODE3 message with the timeMode field set to O, then the
receiver configured as required, and then a new UBX- CFG- TMODE2 or UBX- CFG- TMODE3
message sent with the new survey-in parameters.

26 Time & Frequency Sync (FTS)

6 The features described in this section are only available with the FTS products

26.1 Introduction

An FTS configured receiver provides an accurate, low phase-noise reference frequency as well as
phase reference pulse (typically at one pulse per second). An FTS receiver also implements
automatic hold-over capability based on a stable VCTCXO in modules and the customer's choice
of reference oscillator in chip-based designs. It offers generic interfaces for external sources of
synchronization (suitable for external OCXOs, IEEE1588 or Synchronous Ethernet). The receiver is
optimized for stationary applications and delivers excellent GNSS sensitivity in conjunction with
assistance data.

In the rest of this description the following terminology will be used:

* Disciplined oscillator: an oscillator whose frequency is corrected by a more stable frequency
reference, such as a GNSS system.

* Internal oscillator: the mandatory disciplined oscillator which is used as the reference frequency
for the GNSS receiver subsystem. The output from this oscillator is also available to the
application as an output from the module.

* External oscillator: an optional oscillator, disciplined by the receiver, either via I2C DAC or via
UBX messages handle by a host.

* Source: a source of frequency and/or phase synchronization either measured by the receiver
based on direct hardware input or an offset estimated by an external timing sub-system with
respect to the receiver output. Sources are handled according to related estimates of
uncertainty delivered by the application or (for oscillators) configurable models provided by the
receiver.

* Holdover: periods when GNSS measurements of sufficient quality to maintain time/frequency
are not available.
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In all FTS related messages the above sources are indexed as follows:

Synchronization source indexing

Source Index
Internal oscillator 0
GNSS 1
EXTINTO (external input) 2
EXTINT1 (external input) 3
Internal oscillator measured by the 4
host

External oscillator measured by the 5
host

The following table lists FTS related messages:

FTS message summary

Message

Description

UBX- CFG SMGR

Synchronization manager configuration

UBX- CFG ESRC

External source configuration

UBX- CFG DOSC

Disciplined oscillator configuration

UBX- CFG TP5 Configures the output pulse parameters
UBX- CFG NAV5 Configures which variant of UTC is used by the receiver
UBX- MON- SMGR SMGR monitoring message

UBX- TI M DOSC

Message containing disciplining command for external oscillators
controlled through the host

UBX- TI M HOC Message allowing the host to directly control the module's
oscillators
UBX- TI M TOS Message containing information about the preceding time-pulse

output by the receiver

UBX- TI M SMEAS

Message containing measurements of phase/frequency inputs

UBX- TI M VCOCAL

Oscillator calibration command and result report

UBX- TI M FCHG

Information about latest frequency change to an oscillator

The remainder of this chapter describes some typical use cases, introduces the Synchronization
Manager (SMGR) functionality unique to FTS products and describes the use of related

messages.

26.2 Example use cases

In this section some typical use cases are described.

26.2.1 Stand-alone synchronization system
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Stable oscillator

30.72 MHz
PTP/NTP/Sync-E ( )
eNodeB
Processor
: ST
\ J v *
= » Baseband PHY <«—» RF

In this example, the FTS device provides a stand-alone synchronization sub-system in the context
of, say, a small cell. The module's internal 30.72MHz VCTCXO is disciplined by the module and
provides the frequency reference to the platform. The module provides a PPS signal to
synchronize the platform's physical layer. A 1PPS (or frequency) input to the module provides
frequency and/or phase information from host timing sub-systems such as PTP or Sync-E. In the
absence of phase information from GNSS or any other source, the module relies on the VCTCXO
for synchronization holdover, augmented by any reliable source of frequency control. In the
absence of frequency control, the holdover performance is determined entirely by the VCTCXO.

In some applications holdover performance will be enhanced by using an external stable (but not
necessarily accurate) frequency reference.

26.2.2 Oscillator control via host

u-blox
FTS
module

PTP/NTP/Sync-E
eNodeB
Processor
Primary Ref P
R Oscillator
- v v
< » Baseband PHY <—» RF
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The frequency offset of the external oscillator is measured by the FTS device and communicated
to the host which can then make any corrections necessary. The FTS device also generates a PPS
phase reference internally (with no guarantee of coherence with the external oscillator). During
holdover, the phase of 1PPS signal is maintained using either the primary reference oscillator or
the 1PPS_In signal, according to their respective uncertainty.
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26.2.3 Oscillator control via directly-connected DAC

APPS or
u-blox Even Sec
Serial FTS
<+—SPI—> module -«
DDC ]

—1PPS_In—

PTP/NTP/Sync-E

eNodeB DAC

Processor
Primary Ref A

Oscillator
- v Y

» Baseband PHY <—» RF

A

In this use case, the FTS device disciplines an external oscillator via an external DAC. During
holdover the input to the external DAC is frozen and the phase of the time pulse output is
maintained by the primary reference oscillator, but only guaranteed to be fully coherent with the
internal oscillator. The FTS receiver can also be commanded to perform a one-off calibration of
the tuning slope of external oscillator if necessary.

26.2.4 External (coherent) PPS
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u-blox
FTS
module
PPS
PTP/NTP/Sync-E Generator
eNodeB DAC
Processor
N Primary Ref a s
Oscillator
< v v
< » Baseband PHY <—» RF

In this use case, the system PPS is generated by an external device from the output of the primary
reference oscillator. The FTS receiver measures the phase of this PPS input against GNSS time or
the best available source. Any small phase corrections necessary can be made by the receiver via
adjustments to the oscillator frequency or directly by the host to the PPS generator (e.g. to
accelerate removal of large phase errors). During holdover the DAC input is frozen.

26.3 Synchronization Manager Concept

The Synchronization Manager (SMGR) assumes the frequency and phase control functions in FTS
configured devices. The SMGR uses internal and external phase and frequency measurements to
derive the disciplining values (necessary frequency changes) and to assess the quality
(uncertainty) of the time pulse signal and the frequency outputs. The SMGR considers the
following synchronization sources:

* The GNSS solutions

* Internal oscillator

* Up to two external signals: frequency or time pulse (e.g. 1PPS) reference signals on EXTINTO
and/or EXTINT1

e Externally conducted measurements, from which the results are sent to the receiver through
one of the host interfaces

Each measurement provides frequency offset and/or phase information along with an estimate of
the uncertainty of each. The SMGR functional block diagram is given below:
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dis_ciani ng oscillator
limits models

source
models

/10 (OSC) df, do >
df, d(p internal oscillator

/ src1 (GNSS) / = control signal
df d(p Sync Manager

/ src2 (EXTINTO) / > extemal oscillator
df, d ® control signal

x_’ src3 (EXTINT1) / =

Mode selection
(autonomous,
calibration,
direct steering)

The user has the option to configure how the SMGR considers the external signals, e.g. time or
frequency source, disciplined or not, etc... The user must also configure the uncertainty of the
signals along with their nominal characteristics. One of the external signals may be configured as
the feedback path of a disciplined external oscillator.

The SMGR can operate in frequency locked or in phase locked mode. In frequency locked mode the
target of the SMGR is to eliminate frequency error. In phase locked mode the elimination of time
error is the goal; this may lead to intentional deviation from the correct oscillator frequency. The
correction rate in both of these modes is subject to configurable limits (see UBX- CFG SMGR). The
SMGR runs periodically (typically once a second). Its operation consists of the following stages
each time it is executed:

* Choose the best source to be the reference, given the characteristics (phase noise and stability)
of each of the sources and the uncertainty of their measurements.

¢ Calculate the phase and/or frequency errors as well as their uncertainty for each of the
disciplined oscillators with respect to the reference source.

* Calculate correction for disciplined oscillators; time and/or frequency corrections are limited to
the configured limits.

* Map frequency adjustment to physical output.

The SMGR runs periodically and retrieves the most recent measurements for each source along
with the estimates about their respective uncertainty. The relative phase and/or frequency errors
of disciplined oscillators with respect to the reference are calculated from incoming
measurements and used to discipline them. The decision-making process as such does not
depend on decisions made previously, however it does rely on the estimated uncertainty for each
source, which is determined by comparing predicted and measured values over some moderate
period of time. The SMGR only uses a single reference source at any one time. It does not combine
measurements from different sources in any way. If the selected reference provides a time error
measurement then a phase locked loop is possible, otherwise the receiver automatically enters
frequency lock even if configured to maintain a phase lock.

In some cases the host software might choose to drive an oscillator directly. This may be useful
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where a large timing error has accumulated (e.g. after a long period of holdover) and normal
operation would prevent the error being corrected swiftly. In this case, the host can deliberately
steer the oscillator to correct timing in large steps as configured maximum phase and frequency
change limits are not applied to adjustments commanded by the host. Another use of the direct
host-driven steering may be the calibration of other parts of the system. Use UBX- TI M HOC
message for this functionality.
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If the time error is so large that its correction would take prohibitively long even with maximum
frequency offset of the oscillator the receiver can be switched to non-coherent time pulse output
mode. In this case the sync manager is temporarily reconfigured to allow time pulse intervals that
are not coherent with the frequency output, i.e. there are more or less than the nominal number of
cycles between two pulses. The user may optionally specify a limit on time adjustments. The
output mode can be set to coherent again once the time error is sufficiently small.

A SMGR summary status is provided by UBX- MON- SMGR message.

The SMGR runs at the navigation rate set by UBX- CFG RATE. For FTS configured
devices, it is not recommended to use navigation rates higher than 1Hz.

26.4 Oscillator and source specification

For correct operation, the frequency, phase and stability characteristics of all sources and
disciplined oscillators must be described. External synchronization sources are configured with
UBX- CFG ESRCand disciplined oscillators with UBX- CFG- DOSC. The models (short and long term
stability behavior) specified by these messages provide the SMGR with the knowledge necessary
to its decision making.

The user must also configure the method (coherent or non-coherent) used for frequency
adjustment, the maximum frequency adjustment and other parameters contained in UBX- CFG
DOSC.

It is assumed that an external voltage-controlled oscillator has a constant ratio of relative
frequency change to control voltage change. The oscillator is therefore characterized by two
metrics: an offset (control voltage for nominal frequency) and a gain (relative frequency change
per control step). Each of these parameters are known along with their uncertainty. It is assumed
that the oscillator control gain is stable over time but its offset may change significantly with
aging. Because of the drift of the offset, its saved value is regularly updated in the model. The
gain, on the other hand, is only updated on demand by the host application by re-configuration or
calibration. For the measurement of the gain a special auto-calibration is available, described in
the calibration section.

External oscillator stability (frequency changes) is described by four parameters (see UBX- CFG-

DOSQ):

* changes with temperature: wi t hTenp is the maximum deviation limit from the nominal
frequency at the reference temperature over the supported temperature range (in ppb) and
ti meToTenp (in s) which is a period after which the maximum deviation limit is reached.

* aging: maxDevLi f eTi ne is the maximum deviation from the nominal frequency (in ppb) and
wi t hAge is the oscillator stability with age (in ppb/year).
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26.5 Calibration

Prior to disciplining an oscillator, the SMGR must have an accurate knowledge of the controlled
oscillator's frequency control gain and initial frequency offset (oscillator gains may differ
significantly from unit to unit and batch to batch, largely as a result of different crystal Q). The
receiver provides a slope measurement utility to aid the calibration process.
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The calibration utility is a special mode where all disciplining operations are suspended and
therefore all disciplined oscillators, internal or external, cease to produce usable outputs. It takes
place in response to a specific request (UBX- TI M VCOCAL message) from the host to do so for a
particular oscillator and only one oscillator can be calibrated at a time. During this phase, the
SMGR forces large frequency variations by changing the input of the digital to analogue
conversion device whose output is driving the oscillator. Several frequency measurements are
performed and a gain is estimated.

Internal or external

LD\ﬁmitg:ss Disciplined
(optional) Oscillator

N (direct or via I2C)

Digital to
analog
conversion

AF(N)

External reference oscillatoi
or Y
GNSS

Calculate the VCO gainas
A (N)-AF(N)
G=——xrn
]

Calibration parameters must be configured or the calibration utility called before disciplining
operation is possible. Once calibrated, the cal i bSt at us flag in UBX- CFG- DOSCis set. The
calibration utility can be re-triggered at any time by issuing the appropriate command through the
UBX- TI M VCOCAL message (not recommended during normal operation). An ongoing calibration
process can be aborted using the same message with the appropriate flags. It can also be
bypassed if the cal i bSt at us flag in the UBX- CFG DOSC message is set to 1 (oscillator is calibrated
independently with results saved using the UBX-CFG-DOSC message).

In order to enter the calibration mode it is required that:

¢ A stable frequency source is available for the duration of the calibration. This source may be a
GNSS solution or a frequency signal on an EXTINT pin.

* The oscillator subject to calibration is configured through the UBX- CFG- DOSC message
(including an initial estimate of gain) and available for the duration of the process.

For an external oscillator it is also assumed that the useful range of the input is covered by the
output of the DAC and that the relation frequency versus DAC input is linear. Once the calibration
operation is complete the receiver will issue a UBX message to indicate that the SMGR is reverting
to normal operation and to report the results of the calibration. A default for the internal oscillator
is available in the firmware.

Note that it is important that only the chosen frequency source is enabled during the calibration
process and that it remains stable throughout the calibration period; otherwise incorrect
oscillator measurements will be made and this will lead to miscalibration and poor subsequent
operation of the receiver.
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26.6 FTS device Output and Top Of Second (TOS) message

The outputs available from an FTS device can be one or all of the following:
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* Adisciplined frequency source at the same frequency as the internal oscillator.

* A 1PPS or an even second signal (other similar rates are possible) coherent with the internal
oscillator, configured by UBX- CFG- TP5.

* Messages reporting measurement results (for example for a host disciplined external
oscillator).

¢ A UBX- TI M TOCS message which describes the current condition (accuracy, coherent or non-
coherent, etc...) of the frequency and PPS outputs.

* DAC command for disciplined external oscillators.

The top of second (TOS) message is a summary of the FTS device's status. It is output shortly
after each time pulse and so will normally be aligned to the second of the reference time (if
available). To guarantee that this message is output as the first message after the time pulse a
system of time slot reservation is provided for all communication interfaces towards the host. For
more information on this mechanism please refer to the description of TX time slots

Users of the FTS variant are expected to use the UBX- TI M TOS message to obtain key

6 parameters for each time pulse. The UBX- TI M TP message is only supported for
compatibility with timing receivers and is not guaranteed to provide the most
appropriate information in all FTS use cases.

The time pulse of an FTS device is generated differently from that of other u-blox receivers.

FTS products support two modes of time pulse generation: "coherent" and "non-coherent" pulses.
"Coherent" pulse generation means that the number of clock cycles between two pulses is always
the same. When in "non-coherent" pulse mode the receiver may change the number of clock cycles
between two pulses if it can thus reduce the phase error of the time pulse. The receiver can be
configured (using UBX- CFG- SMCR) to operate in either of these modes or to switch from "non-
coherent" to coherent mode after initial frequency and phase error has been eliminated.

It can be useful to instruct the receiver to enter the "non-coherent” pulse mode during startup or
while recovering from holdover; it reduces the time necessary for phase convergence. After the
phase error is reduced the host can instruct the FTS receiver to switch back to "coherent" mode
again.

The UBX- TI M TOS message, when enabled, indicates the actual mode of pulse generation.

Depending on the time pulse generation mode, the time pulse can be forced to be phase aligned to
the oscillators. In coherent output mode the phase offset of the oscillator at the rising edge of the
time pulse is defined by the phaseOffset field of UBX- CFG- DOSC. In "non-coherent” mode this
constraint is ignored.

The phase offset is handled differently for both oscillators. Whereas phase lock between

6 the internal oscillator and the time pulse is guaranteed by hardware, in the case of the
external oscillator the lock is achieved by software and that lock is therefore the lock
behavior is expected to be different.

The frequency, shape and offset of the time pulse can be configured with the UBX- CFG TP5
message. Some of the fields are interpreted differently by FTS devices compared to other u-blox
receivers. Among others the | ockGhssFr eq flag is ignored and the time pulse is always aligned to
the best synchronization source. Furthermore, switching between the two time pulse frequency
and length parameters is not governed by GNSS alone but by the condition selected in the
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synchMode field.

6 Two delay parameters can be configured using UBX- CFG TP5, ant Cabl eDel ay and
user Conf i gDel ay. In an FTS product care should be taken what delays are attributed to
which of the delay terms. The antenna cable delay is only relevant when the receiver is
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following GNSS as reference; the user configurable delay is applied regardless of the
active reference signal.

In current FTS products only TIMEPULSE 2 can be used for pulse generation.
Additionally, just 0.5 Hz, 1 Hz and 2 Hz time pulse output is supported by current FTS
products. Other output frequencies may be configured with UBX- CFG- TP5 but are not
guaranteed to work properly.

26.7 Message transmission time slot reservations on host interfaces

The firmware provides three message transmission time slots that are aligned to the time pulse
output of the receiver. No message is scheduled for transmission in the first slot after the leading
edge of the time pulse. The second slot is reserved for the UBX- TI M TOS message and the third
slot is used for outputting other messages. However, any message transmission that was started
will be finished before a new message is started.

The time slots can be enabled and configured using UBX- CFG- TXSLOT.

Q When the reference time pulse is disabled or runs at a high frequency it may happen
that many or all outgoing messages are lost. Therefore the time slot mechanism should
be configured to match the time pulse behavior or disabled altogether.

This mechanism only controls when a message transmission may start and does not guarantee
that the message transmission will finish before the end of the corresponding slot. Therefore the
end of the last slot should be configured such that the longest enabled message can still be
transmitted before the period starts when the receiver must not transmit messages.

6 The timing of the actual message output is also dependent on the communication
interface and its clocking. On the slave interfaces (DDC and SPI) the host must provide
clock in all time slots for this feature to work.

26.7.1 Example setup

Following is an example scenario. The receiver is set up to output a time pulse at a 1 Hz rate.
Suppose that the following requirements are given for system integration:

* The TOS message should be output 10 to 50 ms after the time pulse.

* No other message should be output from the leading edge of the time pulse until 50 ms after
the time pulse.

* The longest enabled message takes up to 100 ms to transmit through the chosen interface with
the configured speed.

Then the time slots are enabled and the three slots are configured to end 10, 50 and 900 ms after
the pulse respectively. The following figure indicates time pulses with upwards pointing arrows.
Slot O (the first one active immediately after the time pulse) is active and thus blocks the
transmission of new messages from 100 ms before the time pulse until 10 ms after it. Time slot 1,
i.e. the time between 10 and 50 ms after the pulse, is reserved for the top-of-second message. All
other messages are outputin slot 2.
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27 RTK Mode Configuration
6 This feature is only available with the High Precision GNSS products

u-blox RTK technology introduces the concept of a reference station and a rover. Using the
RTCM3 protocol, the reference station sends corrections to the rover via a communication link
enabling the rover to compute its position relative to the reference with high accuracy.

6 In the high precision GNSS context, the terms reference station and base station can be
used interchangeably.

6 The distance between the reference station and the rover is called baseline length.

6 The reference station can provide correction to several rovers but the rover cannot
concurrently process corrections from several reference stations.

The remainder of this chapter describes how to configure the reference station and the rover.
More details about the RTCM3 protocol can be found in the RTCM3 section.

27.1 Reference Station Mode Configuration

Reference Station Mode is a special receiver mode where the receiver uses measurements from all
available satellites to broadcast corrections. Configuring a stationary reference station is done in
two steps:

* The receiver must be set in Time Mode using the configuration steps described in the Time
Mode Configuration section.

¢ The RTCM3 correction stream must be configured following the rules detailed in the RTCM3
Configuration section. Each RTCM message must be individually enabled using UBX- CFG- M5G

By default the reference station will begin operation in standard GNSS mode without any

6 RTCM output. Messages for observations will be streamed as soon as they are
configured for output. However messages for the reference station position will only be
output when both the reference station is in fixed position mode, and the message is
configured for output. As explained in the Time Mode Configuration section, this mode
can be directly configured or reached at the end of a successful survey-in.

The rover will need to have received both reference station observation messages and
reference station position messages in order to attempt ambiguity fixes.

When the reference station is in Time Mode, some error checking is performed on the

6 entered, or surveyed-in, fixed position. If the result of these checks indicates that the
fixed position may be incorrect, then a UBX- | NF- WARNI NGmessage will be sent, with the
text "Reference Station position seems incorrect".
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27.2 Rover Mode Configuration

The RTK rover can be configured to work in either of these two differential modes using UBX- CFG-
DGNSS:

* RTK fixed: In this mode, the rover will attempt to fix ambiguities whenever possible.
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* RTK float: In this mode, the rover will estimate the ambiguities as float but will make no
attempts at fixing them.

The time after which old RTCM data will be discarded can be specified using the dgnssTimeout
field in UBX- CFG- NAV5.

By default the rover will begin operation in RTK fixed mode. Upon receiving an RTCM3
6 correction stream on any of its communication interfaces, the rover will parse the data,

apply the correction and, if possible, fix ambiguities. In absence of correction data or if

the correction data times out, the rover will operate in standard GNSS mode.

The time needed to resolve the ambiguity is affected by the baseline length as well as by

multipath and satellite visibility at both rover and reference station.

27.3 Moving Baseline RTK Configuration

The moving baseline (MB) RTK mode differs from the standard RTK mode in that it does not
require the reference to be stationary at a known location. In MB RTK mode, both the reference
station and rover receivers can move while computing a centimeter-level accurate 3D vector
between them. This is ideal for applications where the relative position offset between two moving
vehicles is required such as, for example, the follow-me feature on a UAV.

6 For the sake of conciseness, in the moving baseline RTK context, the reference station
and rover receivers are referred to as MB reference and MB rover, respectively.

27.3.1 MB Reference Configuration
Configuring a receiver to operate in MB reference mode is done in two steps:

* The receiver must be set in Time Mode disabled using the configuration message UBX- CFG
TMODES.

* The RTCM3 correction stream must be configured following the rules detailed in the RTCM3
Configuration section. Each RTCM message must be individually enabled using UBX- CFG MN5G

If the MB reference moves, then its position changes over time. To ensure that the baseline is as
accurate as possible:

* The MB reference position must be sent for each epoch the MB reference observations are sent.

* The MB reference and rover must use the same navigation update rate.

27.3.2 MB Rover Configuration

As in the standard RTK mode, it is possible to configure the MB rover to operate in RTK fixed or
RTK float using the UBX- CFG- DGNSS message.

6 By default the MB rover will begin operation in RTK fixed mode.

As discussed in the Moving Baseline Expected Performance section, RTCM corrections

6 can only be extrapolated over a few seconds when both reference and rover receivers are
moving. Therefore, any dgnssTimeout value configured using the UBX- CFG NAV5
message will be ignored by the MB rover.
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27.3.3 Expected Performance
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While the MB RTK solution aims at estimating the relative position with centimeter-level
accuracy, the absolute position of each receiver is expected to be known with a standard GNSS
accuracy of a few meters. Additionally, the performance of the MB RTK solution is limited by the
following:

* A moving reference receiver typically experiences worse GNSS tracking than a static reference
receiver in an open-sky environment and therefore the MB RTK performance may be degraded.

¢ The MB rover can only compute an optimal MB RTK solution if the time-matched RTCM
observation and position messages are received within a predefined time limit. The MB rover will
wait up to 700 ms for messages before falling back to an extrapolated MB RTK solution. The MB
rover will extrapolate the MB reference observations and/or position for up to 3 s before falling
back to standard GNSS operation.

* The achievable update rate of the MB RTK solution is limited by the communication link latency.
As a rule of thumb, the communication link latency should be about half the desired navigation
update period. If it exceeds 700 ms, the MB rover will not be able to compute an MB RTK
solution, even at 1 Hz.

* Since the MB rover must wait for time-matched RTCM corrections from the MB RTK reference
to compute its position, the overall latency of the MB RTK solution will be the sum of the
communication link latency plus the MB RTK computation time.

6 When falling back to standard GNSS operation, the MB rover will automatically adjust
the accuracy and status flag information contained in the messages listed in the
RTCM3 Output section.

6 Upon recovering the RTCM correction stream, the MB rover will automatically try to
revert to MB RTK operation.

28 Automotive Dead Reckoning (ADR)

6 This feature is only available with the ADR products.

28.1 Introduction

u-blox solutions for Automotive Dead Reckoning (ADR) allow high-accuracy positioning in places
with poor or no GNSS coverage. ADR is based on Sensor Fusion Dead Reckoning (SFDR)
technology, which combines GNSS measurements with those from external sensors.

ADR solutions use the messages of the External Sensor Fusion (ESF) class.

28.2 ADR System Configuration

28.2.1 Enabling/Disabling Fusion Filter

The ADR fusion filter can be turned-off by means of the useAdr bit in the UBX- CFG NAVX5
configuration message. If fusion is turned-off, the receiver outputs a GNSS-only solution.

28.2.2 Recommended Configuration

For an optimum ADR navigation performance, the recommended general configuration is the
following:

* Navigation Rate: the standard navigation solution update rate of 1 Hz (seeUBX- CFG RATE
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message) is recommended. The wheel tick quantization error is a limiting factor when using
high frequency updates. This means that navigation rates higher than 1 Hz may result in lower
position accuracies.
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6 It is advised to re-consider enabled messages and features (e.g logging) at higher
navigation rates to meet CPU load, memory and interface bandwidth constraints (Valid
in protocol versions 19.29

28.3 Operation

This section describes how the ADR receiver operates.

28.3.1 Fusion Filter Modes
The fusion filter operates in different modes which are output in the UBX- ESF- STATUS message.

More details about each fusion mode are given in the sequel.

28.3.1.1 Initialization Mode

The purpose of the initialization phase is to estimate all unknown parameters which are required
for achieving fusion. The initialization phase is triggered after a receiver coldstart or a filter reset
in case of fusion failure. The receiver is in initialization mode if the f usi onMbde field in the UBX-
ESF- STATUS message is 0: | NI Tl ALI ZI NG. In this case the required sensor calibration status (cal
i bSt at us) are flagged as 0: NOT CALI BRATED and the navigation solution output during
initialization is based on GNSS solely.

Note that initialization phase requires good GNSS signal conditions as well as periods during
which vehicle is stationary and moving (including turns). Once all required initialization steps are
achieved, fusion mode is triggered and the calibration phase begins.

28.3.1.2 Fusion Mode

Once initialization phase is achieved, the receiver enters navigation mode. The receiver is in fusion
mode if the f usi onMbde field in the UBX- ESF- STATUS message is set on 1: FUSI ON. The fusion
filter then starts to compute combined GNSS/Dead-reckoning fixes (fused solutions) and to
calibrate the sensors required for computing the fused navigation solution (used bit set). This is
the case when the sensor calibration status (cal i bSt at us) is flagged as 1: CALI BRATI NG As soon
as the calibration reached a status where optimal fusion performance can be expected, the sensor
calibration status is flagged as 2/ 3: CALI BRATED.

28.3.1.3 Suspended Fusion Mode

Sensor fusion can be temporarily suspended in cases where no fused solution should/can be
computed. The receiver is in the temporarily disabled fusion mode if the f usi onMode field in the
UBX- ESF- STATUS message is set on 2: SUSPENDED. In this case, the receiver computes a GNSS-
only solution.

28.3.1.4 Disabled Fusion Mode

Sensor fusion can be permanently switched-off in cases where recurrent fusion failures happen or
user turned-off manually fusion. The receiver is in the permanently disabled fusion mode if the

f usi onMode field in the UBX- ESF- STATUS message is set on 3: DI SABLED. In such a case, the
receiver computes a GNSS-only solution.

Fusion is permanently disabled in the following cases:
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¢ If the fusion filter was manually turned-off by the user (useAdr bit in the UBX- CFG- NAVX5
message is not set).
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¢ |If the fusion filter encountered too many errors.

28.3.2 Accelerated Initialization and Calibration Procedure
This section describes how to perform fast initialization and calibration of the ADR receiver for the
purpose of evaluation.

The duration of the initialization phase mostly depends on the quality of the GNSS signals and the
dynamics encountered by the vehicle. Therefore the car should be driven to an open and flat area
like an empty open-sky parking area for example. The initialization and calibration drive should
contain phases where the car is stopped during a few minutes (with engine turned-on), phases
where the car is doing normal left and right turns and phases where speed is above 30 km/h under
good GNSS reception conditions.

Once initialization is completed, the f usi onMbde field in the UBX- ESF- STATUS message switches
to 1: FUSI ON, combined GNSS/Dead-reckoning fixes (fused solutions) are output and the sensors
used in the navigation filter start to get calibrated. Calibration is a continuous process running in
the background and directly impacting the navigation solution quality.

Note that the calibration status (cal i bSt at us in UBX- ESF- STATUS message) of some used
sensors might fall back to 1: CALI BRATI NGif the receiver is operated in challenging conditions. In
such a case, fused navigation solution uncertainty increases until optimal conditions are observed
again for re-calibrating the sensors.

28.3.3 Navigation Output

28.3.3.1 Local-level North-East-Down (NED) Frame

The local-level frame is a geodetic frame with following features:

* The origin (O) is a point on the Earth surface;

* The x-axis points to North;

* the y-axis points to East;

* the z-axis completes the right-handed reference system by pointing down.

The frame is referred to as North-East-Down (NED) since its axes are aligned with the North, East
and Down directions.

28.3.3.2 Vehicle-Frame

The vehicle-frame is a right-handed 3D Cartesian frame rigidly connected with the vehicle and is
used to determine the attitude of the vehicle with respect to the local-level frame. It has the
following features:

* The origin (O) is the VRP in protocol versions less than 19.3 otherwise, is the origin of the IMU
instrumental frame;

* The x-axis points towards the front of the vehicle;
* the y-axis points towards the right of the vehicle;

* the z-axis completes the right-handed reference system by pointing down.
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28.3.3.3 Vehicle Position and Velocity Output

The position and velocity information is output in several messages like UBX- NAV- PVT for
example. In protocol versions less than 19.2 position and velocity computed by the ADR
navigation filter are referenced to the VRP. For protocol versions 19.24 position and velocity are
referenced to the origin of the IMU instrumental frame.
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28.3.3.4 Vehicle Attitude Output
(Only supported in protocol versions 194).

The transformation between the vehicle-frame and the local-level frame is described by three
attitude angles about the local-level axes denoted as vehicle roll, vehicle pitch and vehicle heading.
All three angles are referred as vehicle attitude and are illustrated in the figure below:
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The order of the sequence of rotations around the navigation axes defining the vehicle attitude
matrix in terms of vehicle attitude angles is illustrated below:
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VEHICLE ATTITUDE DEFINITION

¢ : Vehicle roll angle
@ : Vehicle pitch angle
77[) : Vehicle heading angle

CZ' . Rotation between body-frame (b) and local-level NED navigation-frame (n)
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Note that in this picture the body-frame corresponds to the vehicle-frame.

The vehicle attitude is output in the UBX- NAV- ATT message. The message provides all three
angles together with their accuracy estimates.

@ Roll angle estimation only supported in protocol versions 19.2+

28.3.3.5 Vehicle Dynamics Output
(Only supported in protocol versions 194).

The UBX- ESF- | NS message outputs information about vehicle dynamics provided by the INS:
compensated vehicle angular rates and compensated vehicle accelerations. The acceleration data
is free of any gravitational acceleration. It's accuracy is directly dependent on the filter attitude
estimation accuracy.
Compensated vehicle dynamics information is output with respect to the vehicle-frame.
The message outputs only dynamics information that is directly compensated by the
fusion filter. This implies that depending on the solution type and the sensor availability,
dynamics along some axes of the vehicle-frame might not be available.

28.3.4 Sensor Data Types
The supported sensor data types are:

Definition of Data Types

Type Description Unit Format of the 24 data bits
0] none, data field contains no data

1.4 reserved

5 z-axis gyroscope angular rate deg/s *2/-12 signed
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Definition of Data Types continued
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Type Description Unit | Format of the 24 data bits

6 front-left wheel ticks Bits 0-22: unsigned
tick value. Bit 23:
direction indicator
(O=forward,
1=backward)

7 front-right wheel ticks Bits 0-22: unsigned
tick value. Bit 23:
direction indicator
(O=forward,
1=backward)

8 rear-left wheel ticks Bits 0-22: unsigned
tick value. Bit 23:
direction indicator
(O=forward,
1=backward)

9 rear-right wheel ticks Bits 0-22: unsigned
tick value. Bit 23:
direction indicator
(O=forward,
1=backward)

10 single tick (speed tick) Bits 0-22: unsigned
tick value. Bit 23:
direction indicator

(O=forward,
1=backward)
11 speed m/s * 1e-3 signed
12 gyroscope temperature deg Celsius * 1e-| signed
2
13 y-axis gyroscope angular rate deg/s *27-12 signed
14 X-axis gyroscope angular rate deg/s *27-12 signed
16 x-axis accelerometer specific force m/sA2*27-10 |signed
17 y-axis accelerometer specific force m/s”"2 *27-10 |signed
18 z-axis accelerometer specific force m/s”2 *27-10 signed

28.3.5 Raw Sensor Data Output
(This feature is not supported in protocol versions less than 15.0).

Some u-blox module products contain inertial sensors (IMU) that are directly connected to the
GNSS and cannot be directly accessed from outside the module. The UBX- ESF- RAWmessage can
be used to access raw measurements of these sensors. A variable number of data fields may be
used in a single message and these can contain different types of measurements. The type of
each measurement is specified in the dat aType field. The possible data types are x, y and z-axis
measurements on gyroscope or accelerometer and gyroscope temperature measurements as
described in the ESF Measurement Data section. One UBX- ESF- RAWmessage can contain multiple
samples from the same sensor. The user can separate and order these using the time tags
attached to each of the measurements.
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The measurements are made at a fixed rate. The sampling rate or other sensor configuration
options can not be changed.

To turn on this feature the UBX- ESF- RAWmessage must be enabled using UBX- CFG- MSG. If non-
zero rate is selected the message will be output but the selected rate does not otherwise have an
influence at the rate of the messages.
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Turning on this feature does not disable sensor fusion in the receiver. To use an external
fusion algorithm consider disabling the automotive dead reckoning mode using UBX-
CFG- NAVX5.

28.3.6 Receiver Startup and Shutdown
Continuous dead reckoning is possible over receiver restarts if the following conditions are true:
* The vehicle is not moved while the receiver is off

During periods of external sensor data unavailability the receiver switches to GNSS-only
navigation if the last sensor information indicated the vehicle was moving.

29 Untethered Dead Reckoning (UDR)

6 This feature is only available with the UDR products.

29.1 Introduction

u-blox solution for Untethered Dead Reckoning (UDR) allows improved navigation performance in
places with GNSS-denied conditions as well as during short GNSS outages. UDR is based on
Sensor Fusion Dead Reckoning (SFDR) technology, which integrates an Inertial Navigation
System (INS) with GNSS measurements. The INS integrates angular rates and specific forces
sensed by an Inertial Measurement Unit (IMU). The INS computes position, velocity and attitude
changes and can, once initialized, provide accurate navigation information. However, an inertial-
only navigation solution would degrade quickly with time due to the errors corrupting the IMU
observations. The integration of the INS with GNSS measurements bounds these time-growing
errors by calibrating the INS. The resulting integrated INS/GNSS filter, called fusion filter below,
has the following advantages compared to standalone GNSS positioning:

* Improved navigation performance in GNSS-denied conditions: errors caused by multipath or
weak signal conditions are mitigated though the aid brought by the IMU.

* Navigation solution during short GNSS-outages: the INS bridges short GNSS gaps which might
be caused by tunnels or parking garages.

UDR solution uses the messages of the External Sensor Fusion (ESF) class.

29.2 UDR System Configuration

(These features are not supported in protocol versions less than 19.

29.2.1 Enabling/Disabling Fusion Filter
The UDR fusion filter can be turned-off by means of the useAdr bit in the UBX- CFG NAVX5
configuration message. If fusion is turned-off, the receiver outputs a GNSS-only solution.
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29.2.2 Recommended Configuration
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For an optimum navigation performance, the recommended general configuration is the following:

* Navigation Rate: the standard navigation solution update rate of 1 Hz (seeUBX- CFG RATE
message) is recommended.

6 It is advised to re-consider enabled messages and features (e.g logging) at higher
navigation rates to meet CPU load, memory and interface bandwidth constraints (Valid
in protocol versions 19.2

29.3 Operation

This section describes how the UDR receiver operates.

29.3.1 Fusion Filter Modes
The fusion filter operates in different modes which are output in the UBX- ESF- STATUS message.

More details about each fusion mode are given in the sequel.

29.3.1.1 Initialization Mode

The purpose of the initialization phase is to estimate all unknown parameters which are required
for achieving fusion. The initialization phase is triggered after a receiver coldstart or a filter reset
in case of fusion failure. The receiver is in initialization mode if the f usi onMbde field in the UBX-
ESF- STATUS message is 0: | NI TI ALI ZI NG. In this case the required sensor calibration status (cal
i bSt at us) are flagged as 0: NOT CALI BRATED and the navigation solution output during
initialization is based on GNSS solely.

Note that initialization phase requires good GNSS signal conditions as well as periods during
which vehicle is stationary and moving (including turns). Once all required initialization steps are
achieved, fusion mode is triggered and the calibration phase begins.

29.3.1.2 Fusion Mode

Once initialization phase is achieved, the receiver enters navigation mode. The receiver is in fusion
mode if the f usi onMode field in the UBX- ESF- STATUS message is set on 1: FUSI ON. The fusion
filter then starts to compute combined GNSS/Dead-reckoning fixes (fused solutions) and to
calibrate the sensors required for computing the fused navigation solution (used bit set). This is
the case when the sensor calibration status (cal i bSt at us) is flagged as 1: CALI BRATI NG As soon
as the calibration reached a status where optimal fusion performance can be expected, the sensor
calibration status is flagged as 2/ 3: CALI BRATED.

29.3.1.3 Suspended Fusion Mode

Sensor fusion can be temporarily suspended in cases where no fused solution should/can be
computed. The receiver is in the temporarily disabled fusion mode if the f usi onMbde field in the
UBX- ESF- STATUS message is set on 2: SUSPENDED. In this case, the receiver computes a GNSS-
only solution.

29.3.1.4 Disabled Fusion Mode

Sensor fusion can be permanently switched-off in cases where recurrent fusion failures happen or
user turned-off manually fusion. The receiver is in the permanently disabled fusion mode if the

f usi onMode field in the UBX- ESF- STATUS message is set on 3: DI SABLED. In such a case, the
receiver computes a GNSS-only solution.
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Fusion is permanently disabled in the following cases:

¢ If the fusion filter was manually turned-off by the user (useAdr bit in the UBX- CFG- NAVX5
message is not set).
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¢ |If the fusion filter encountered too many errors.

29.3.2 Accelerated Initialization and Calibration Procedure

This section describes how to perform fast initialization and calibration of the UDR receiver for the
purpose of evaluation.

The duration of the initialization phase mostly depends on the quality of the GNSS signals and the
dynamics encountered by the vehicle. Therefore the car should be driven to an open and flat area
like an empty open-sky parking area for example. The initialization and calibration drive should
contain phases where the car is stopped during a few minutes (with engine turned-on), phases
where the car is doing normal left and right turns and phases where speed is above 30 km/h under
good GNSS reception conditions.

Once initialization is completed, the f usi onMbde field in the UBX- ESF- STATUS message switches
to 1: FUSI ON, combined GNSS/Dead-reckoning fixes (fused solutions) are output and the sensors
used in the navigation filter start to get calibrated. Calibration is a continuous process running in
the background and improving the navigation solution quality.

Note that the calibration status (cal i bSt at us in UBX- ESF- STATUS message) of some used
sensors might fall back to 1: CALI BRATI NGif the receiver is operated in challenging conditions. In
such a case, fused navigation solution uncertainty increases until optimal conditions are observed
again for re-calibrating the sensors.

29.3.3 Navigation Output
(Only supported in protocol versions 194).

29.3.3.1 Local-level North-East-Down (NED) Frame
The local-level frame is a geodetic frame with following features:

* The origin (O) is a point on the Earth surface;

* The x-axis points to North;

* the y-axis points to East;

* the z-axis completes the right-handed reference system by pointing down.

The frame is referred to as North-East-Down (NED) since its axes are aligned with the North, East
and Down directions.

29.3.3.2 Body-Frame

The body-frame is a right-handed 3D Cartesian frame rigidly connected with the vehicle and is
used to determine the attitude of the vehicle with respect to the local-level frame. It has the
following features:

* Theorigin (O) is the origin of the IMU instrumental frame;
* The x-axis points towards the front of the vehicle;
* the y-axis points towards the right of the vehicle;

* the z-axis completes the right-handed reference system by pointing down.
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29.3.3.3 Vehicle Position and Velocity Output

The position and velocity information is output in several messages like UBX- NAV- PVT for
example. The position computed by the UDR navigation filter is referenced to the origin (O) of the
body-frame.
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29.3.3.4 Vehicle Attitude Output

The transformation between the body-frame and the local-level frame is described by three
attitude angles about the local-level axes denoted as vehicle roll, vehicle pitch and vehicle heading.
All three angles are referred as vehicle attitude and are illustrated in the figure below:
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The order of the sequence of rotations around the navigation axes defining the vehicle attitude
matrix in terms of vehicle attitude angles is illustrated below:
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VEHICLE ATTITUDE DEFINITION

¢ : Vehicle roll angle
@ : Vehicle pitch angle
Y Vehicle heading angle

CZ' . Rotation between body-frame (b) and local-level NED navigation-frame (n)
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The vehicle attitude is output in the UBX- NAV- ATT message. The message provides all three
angles together with their accuracy estimates. Note that since no backwards motion information
is measured, no heading of motion information is output in the UBX- NAV- PVT message (heading of
vehicle is provided in a separate field within the same message).

29.3.3.5 Vehicle Dynamics Output

The UBX- ESF- | NS message outputs information about vehicle dynamics provided by the INS:
compensated vehicle angular rates and compensated vehicle accelerations. The acceleration data
is free of any gravitational acceleration. It's accuracy is directly dependent on the filter attitude
estimation accuracy.

Compensated vehicle dynamics information is output with respect to the body-frame.

29.3.4 Sensor Data Types
The supported sensor data types are:

Definition of Data Types

Type Description Unit Format of the 24 data bits
0 none, data field contains no data

1.4 reserved

5 z-axis gyroscope angular rate deg/s *27-12 signed

6 front-left wheel ticks Bits 0-22: unsigned

tick value. Bit 23:
direction indicator
(O=forward,
1=backward)
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Definition of Data Types continued
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Type Description Unit | Format of the 24 data bits
7 front-right wheel ticks Bits 0-22: unsigned
tick value. Bit 23:
direction indicator
(O=forward,
1=backward)

8 rear-left wheel ticks Bits 0-22: unsigned
tick value. Bit 23:
direction indicator
(O=forward,
1=backward)

9 rear-right wheel ticks Bits 0-22: unsigned
tick value. Bit 23:
direction indicator
(O=forward,
1=backward)

10 single tick (speed tick) Bits 0-22: unsigned
tick value. Bit 23:
direction indicator

(O=forward,
1=backward)
11 speed m/s * 1e-3 signed
12 gyroscope temperature deg Celsius * 1e-|signed
2
13 y-axis gyroscope angular rate deg/s *27-12 signed
14 X-axis gyroscope angular rate deg/s *2/-12 signed
16 x-axis accelerometer specific force m/s~2 *27-10 |signed
17 y-axis accelerometer specific force m/s"2*27-10 |signed
18 z-axis accelerometer specific force m/s~2 *27-10 |[signed

29.3.5 Raw Sensor Data Output
(This feature is not supported in protocol versions less than 15.0).

Some u-blox module products contain inertial sensors (IMU) that are directly connected to the
GNSS and cannot be directly accessed from outside the module. The UBX- ESF- RAWmessage can
be used to access raw measurements of these sensors. A variable number of data fields may be
used in a single message and these can contain different types of measurements. The type of
each measurement is specified in the dat aType field. The possible data types are x, y and z-axis
measurements on gyroscope or accelerometer and gyroscope temperature measurements as
described in the ESF Measurement Data section. One UBX- ESF- RAWmessage can contain multiple
samples from the same sensor. The user can separate and order these using the time tags
attached to each of the measurements.

The measurements are made at a fixed rate. The sampling rate or other sensor configuration
options can not be changed.

To turn on this feature the UBX- ESF- RAWmessage must be enabled using UBX- CFG MSG. If non-
zero rate is selected the message will be output but the selected rate does not otherwise have an
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influence at the rate of the messages.
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Turning on this feature does not disable sensor fusion in the receiver. To use an external
fusion algorithm consider disabling the automotive dead reckoning mode using UBX-
CFG- NAVX5.

29.3.6 Receiver Startup and Shutdown
Continuous dead reckoning is possible over receiver restarts if the following conditions are true:

¢ The vehicle is not moved while the receiver is off

During periods of external sensor data unavailability the receiver switches to GNSS-only
navigation if the last sensor information indicated the vehicle was moving.

30 High Navigation Rate (HNR)

6 This feature is only available with the ADR products.

6 This feature is only available with the UDR products.

30.1 Introduction

u-blox DR solutions allow a low latency position and velocity to be output at up to 30 Hz. The
maximum GNSS rate is 2 Hz. Sensors measurements are used to propagate the solution at the
higher rate between GNSS epochs.

The high navigation rate solution is output using the UBX- HNR- PVT message for firmwares using
protocol version 19+

30.2 Configuration
The high navigation rate output can be configured using the UBX- CFG- HNR message.

6 If a high navigation rate has been configured with UBX- CFG- HNR then the number of
enabled output messages must be adjusted to keep within the maximum throughput of
the interface used.
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Interface Description

31 NMEA Protocol

31.1 Protocol Overview

31.1.1 Message Format
NMEA messages sent by the GNSS receiver are based on NMEA 0183 Version 4.10. The following
picture shows the structure of a NMEA protocol message.

NMEA Protocol Frame

Checksum range

b §

$ <Address: [ =valugs=) *<checksums | <CR><LF=
Start character Address field. Data field(=) Checksum field End zequence
Alweays "F Only digits and Delimited by a')'. Length can vary, Alveays <CR==LF=
uppercaze letters, even for a certain field.
cannat be null. This Startz with a ™ and
field iz subdivided into consists of 2 characters
2 fields: representing a hex

number. The checksum

o iz the exclusive OR of
KK = } all characters
Talker ldertifier, Sentence Formatter hetween '§ and *.

always GP for a  Defines the message
GPS receiver, P for  content
proprietary Messages

Exarmple:

$ 1 DA, J41644 00,22 03,2002,00,00 67 <CR><LF=>

For further information on the NMEA Standard, refer to NMEA 0183 Standard For Interfacing
Marine Electronic Devices, Version 4.10, June, 2012. Seenttp://www.nmea.org/ for ordering
instructions.

The NMEA standard allows for proprietary, manufacturer-specific messages to be added. These
shall be marked with a manufacturer mnemonic. The mnemonic assigned to u-blox is UBX and is
used for all non-standard messages. These proprietary NMEA messages therefore have the
address field set to PUBX. The first data field in a PUBX message identifies the message number
with two digits.

31.1.2 Talker ID

One of the ways the NMEA standard differentiates between GNSS is by using a two-letter
message identifier, the 'Talker ID'. The specific Talker ID used by a u-blox receiver will depend on
the device model and system configuration. The table below shows the Talker ID that will be used
for various GNSS configurations.
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NMEA Talker IDs
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Configured GNSS Talker ID
GPS, SBAS, QZSS GP
GLONASS GL
Galileo GA
BeiDou GB*
Any combination of GNSS GN

*This is a u-blox extension to the NMEA 4.10 standard. Only NMEA 4.11 defines the GB talker ID.
See also Extended Configuration in Protocol Configuration.

31.1.3 Protocol Configuration

The NMEA protocol on u-blox receivers can be configured to the need of customer applications
using UBX- CFG- NVEA. For backwards compatibility various versions of this message are
supported, however, any new users should use the version that is not marked as deprecated.

There are four NMEA standards supported. The default NMEA version is 4.10. Alternatively

versions 4.00, 2.3, and 2.1 can be enabled (for details on how this affects the output refer to

section Position Fix Flags in NMEA Mode).

6 Customers using BeiDou and/or Galileo are recommended to select NMEA version 4.10,
as earlier versions have no support for these two GNSS.

6 Customers using High Precision GNSS (HPG) products are recommended to select
NMEA version 4.10, as earlier versions do no support the Float RTK (F) and Real Time
Kinematic (R) mode indicator flags in all messages.

NMEA defines satellite numbering systems for some, but not all GNSS (this is partly dependent
on the NMEA version). Satellite numbers for unsupported GNSS can be configured using UBX-
CFG- NMVEA. Unknown satellite numbers are always reported as a null NMEA field (i.e. an empty

string).

The NMEA specification indicates that the GGA message is GPS specific. However, u-blox
receivers support the output of a GGA message for each of the Talker IDs.

NMEA filtering flags

Parameter

Description

Position filtering

Enable positions from failed or invalid fixes to be reported (with the "V" status
flag to indicate that the data is not valid).

Valid position
filtering

Enable positions from invalid fixes to be reported (with the "V" status flag to
indicate that the data is not valid).

Time filtering

Enable the receiver's best knowledge of time to be output, even though it
might be wrong.

Date filtering

Enable the receiver's best knowledge of date to be output, even though it
might be wrong.

GPS-only filtering

Restrict output to GPS satellites only.

Track filtering

Permit course over ground (COG) to be reported even when it would otherwise
be frozen.

NMEA flags

Parameter

Description
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NMEA flags continued

u-blox 8 / u-blox M8 Receiver Description - Manual

Parameter Description
Compatibility Some older NMEA applications expect the NMEA output to be formatted in a
Mode specific way, for example, they will only work if the latitude and longitude have

exactly four digits behind the decimal point. u-blox receivers offer a
compatibility mode to support these legacy applications.

Consideration u-blox receivers use a sophisticated signal quality detection scheme, in order
Mode to produce the best possible position output. This algorithm considers all SV
measurements, and may eventually decide to only use a subset thereof, if it
improves the overall position accuracy. If Consideration mode is enabled, all
satellites, which were considered for navigation, are communicated as being
used for the position determination. If Consideration Mode is disabled, only
those satellites which after the consideration step remained in the position
output are marked as being used.

Limit82 Mode Enabling this mode will limit the NMEA sentence length to a maximum of 82
characters.

High Precision Enabling this mode increases precision of the position output. Latitude and

Mode longitude then have seven digits after the decimal point, and altitude has

three digits after the decimal point. Note: The High Precision Mode cannot be
set in conjunction with either Compatibility Mode or Limit82 Mode.

Extended configuration

Option Description

GNSS to filter Filters satellites based on their GNSS

Satellite This field configures the display of satellites that do not have an NMEA-
numbering defined value. Note: this does not apply to satellites with an unknown ID.
Main Talker ID By default the main Talker ID (i.e. the Talker ID used for all messages other

than GSV) is determined by the GNSS assignment of the receiver's channels
(see UBX- CFG- G\SS). This field enables the main Talker ID to be overridden.

GSV Talker ID By default the Talker ID for GSV messages is GNSS specific (as defined by
NMEA). This field enables the GSV Talker ID to be overridden.
BDS Talker ID By default the Talker ID for BeiDou is 'GB'. This field enables the BeiDou Talker

ID to be overridden.

Extra fields in NMEA 4.10 and above

Message Extra fields

GBS systemld, signalld
GNS navStatus

GRS systemld, signalld
GSA systemid

GSV signalld

RMC navStatus

31.1.4 Satellite Numbering

The NMEA protocol (V4.10) identifies GNSS satellites with a one digit system ID and a two digit
satellite number. u-blox receivers support this method in their NMEA output when "strict" SV
numbering is selected.
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In most cases this is the default setting, but can be checked or set using UBX- CFG- NVEA.
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In order to support QZSS within current receivers and prepare for support of other systems (e.g.
Galileo) in future receivers, an "extended" SV numbering scheme can be enabled (using UBX- CFG
NVEA).

This uses the NMEA-defined numbers where possible, but adds other number ranges to support
other GNSS. Note however that these non-standard extensions require 3 digit numbers, which
may not be supported by some NMEA parsing software. For example QZSS satellites are reported
using numbers in the range 193 to 197.

See Satellite Numbering for a complete list of satellite numbers.

6 GLONASS satellites can be tracked before they have been identified. In NMEA output,
such unknown satellite numbers are always reported as a null field (i.e. an empty string).

31.1.5 Latitude and Longitude Format

According to the NMEA Standard, Latitude and Longitude are output in the format Degrees,
Minutes and (Decimal) Fractions of Minutes. To convert to Degrees and Fractions of Degrees, or
Degrees, Minutes, Seconds and Fractions of seconds, the 'Minutes' and 'Fractional Minutes' parts
need to be converted. In other words: If the GPS Receiver reports a Latitude of 4717.112671 North
and Longitude of 00833.914843 East, this is

Latitude 47 Degrees, 17.112671 Minutes

Longitude 8 Degrees, 33.914843 Minutes

or

Latitude 47 Degrees, 17 Minutes, 6.76026 Seconds
Longitude 8 Degrees, 33 Minutes, 54.89058 Seconds
or

Latitude 47.28521118 Degrees

Longitude 8.56524738 Degrees

31.1.6 Position Fix Flags
This section shows how u-blox implements the NMEA protocol and the conditions determining
how flags are set.

Flags in NMEA 4.10 and above

NMEA Message GLL, RMC GGA GLL, VTG RMC, GNS
Field status quality posMode posMode
No position fix (at power-up, after losing satellite lock) Y 0 N N
GNSS fix, but user limits exceeded \Y 0 N N
Dead reckoning fix, but user limits exceeded \% 6 E E
Dead reckoning fix A 6 E E
RTK float A 5 D F
RTK fixed A 4 D R
2D GNSS fix A 1/2 A/D A/D
3D GNSS fix A 1/2 A/D A/D
Combined GNSS/dead reckoning fix A 1/2 A/D A/D
See below (1)| See below See below See below
(2) (3) (3)
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(1) Possible values forstatus: V = Data invalid, A = Data valid

(2) Possible values for quality: O = No fix, 1 = Autonomous GNSS fix, 2 = Differential GNSS fix, 4 =
RTK fixed, 5 = RTK float, 6 = Estimated/Dead reckoning fix

(3) Possible values for posMode: N = No fix, E = Estimated/Dead reckoning fix, A = Autonomous
GNSS fix, D = Differential GNSS fix, F = RTK float, R = RTK fixed

Flags in NMEA 2.3 and above
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NMEA Message GLL, RMC GGA GSA GLL, VTG,
RMC, GNS
Field status quality navMode posMode
No position fix (at power-up, after losing satellite lock) \% 0 1 N
GNSS fix, but user limits exceeded Vv 0 1 N
Dead reckoning fix, but user limits exceeded \% 6 2 E
Dead reckoning fix A 6 2 E
2D GNSS fix A 1/2 2 A/D
3D GNSS fix A 1/2 3 A/D
Combined GNSS/dead reckoning fix A 1/2 3 A/D
See below (1)[ See below See below See below
(2) (3) (4)

(1) Possible values forstatus: V = Data invalid, A = Data valid

(2) Possible values for quality: 0 = No fix, 1 = Autonomous GNSS fix, 2 = Differential GNSS fix, 4 =
RTK fixed, 5 = RTK float, 6 = Estimated/Dead reckoning fix

(3) Possible values for navMode: 1 = No fix, 2 = 2D fix, 3 = 3D fix

(4) Possible values for posMode: N = No fix, E = Estimated/Dead reckoning fix, A = Autonomous
GNSS fix, D = Differential GNSS fix, F = RTK float, R = RTK fixed

Flags in NMEA 2.1 and below

The flags in NMEA 2.1 and below are the same as NMEA 2.3 and above but with the following
differences:

* The posMode field is not output for GLL, RMC and VTG messages (each message has one field
less).

* The GGA quality field is set to 1 (instead of 6) for both types of dead reckoning fix.

31.1.7 Multi-GNSS Considerations

Many applications which process NMEA messages assume that only a single GNSS is active.
However, when multiple GNSS are configured, the NMEA specification requires the output to
change in the following ways:

NMEA output for Multi-GNSS

Change Description
Main Talker ID The main Talker ID will be 'GN' (e.g. instead of 'GP' for a GPS receiver)
GSV Talker IDs The GSV message reports the signal strength of the visible

satellites. However, the Talker ID it uses is specific to the GNSS it is
reporting information for, so for a multi-GNSS receiver it will not be
the same as the main Talker ID. (e.g. other messages will be using
the 'GN' Talker ID but the GSV message will use GNSS-specific
Talker IDs)
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NMEA output for Multi-GNSS continued
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Change Description

Multiple GSA and GRS Multiple GSA and GRS messages are output for each fix, one for

Messages each GNSS. This may confuse applications which assume they are
output only once per position fix (as is the case for a single GNSS
receiver).

31.1.8 Output of Invalid/Unknown Data
By default the receiver will not output invalid data. In such cases, it will output empty fields.

A valid position fix is reported as follows:

$GPG.L, 4717. 11634, N, 00833. 91297, E, 124923. 00, A, A*6E
An invalid position fix (but time valid) is reported as follows:

$CGPCGLL, ,,,,124924. 00, V, N 42

If Time is unknown (e.g. during a cold-start):
$CPCGLL, ,,,,,V, N64

Note:

An exception from the above default are dead reckoning fixes, which are also output
when invalid (user limits exceeded).

Differing from the NMEA standard, u-blox reports valid dead reckoning fixes with user
limits met (not exceeded) as valid (A) instead of invalid (V).

6 Output of invalid data marked with the 'Invalid/Valid' Flags can be enabled using the UBX
protocol message UBX- CFG- NVEA.

31.1.9 Messages Overview
When configuring NMEA messages using the UBX protocol message UBX- CFG- MSG the Class/Ids
shown in the table shall be used.

Page | Mnemonic | Cls/ID Description

NMEA Standard Messages Standard Messages
119 [DTM OxFO OxOA | Datum Reference
120 |GBQ OxFO 0x44 | Poll a standard message (if the current Talker ID is GB)
120 (GBS OxFO Ox09 | GNSS Satellite Fault Detection
121 [GGA OxFO Ox00 | Global positioning system fix data
123 |[GLL OxFO Ox01 |Latitude and longitude, with time of position fix and status
124 |GLQ OxFO 0x43 | Poll a standard message (if the current Talker ID is GL)
124 |GNQ OxFO 0x42 | Poll a standard message (if the current Talker ID is GN)
125 |GNS OxFO OxOD | GNSS fix data
126 |GPQ OxFO 0x40 | Poll a standard message (if the current Talker ID is GP)
127 [GRS OxFO Ox06 |GNSS Range Residuals
128 [GSA OxFO Ox02 |GNSS DOP and Active Satellites
129 [GST OxFO Ox07 |GNSS Pseudo Range Error Statistics
130 |GSV OxFO Ox03 | GNSS Satellites in View
131 [RMC OxFO Ox04 | Recommended Minimum data

UBX-13003221-R17 Early Production Information Page 117 of 407



@biox

NMEA Messages Overview continued

u-blox 8 / u-blox M8 Receiver Description - Manual

Page | Mnemonic Cls/ID Description
132 | TXT OxFO Ox41 Text Transmission
133 (VLW OxFO OxOF | Dual ground/water distance
134 |VTG OxFO Ox05 | Course over ground and Ground speed
135 [ZDA OxFO Ox08 | Time and Date
NMEA PUBX Messages Proprietary Messages
136 [CONFIG OxF1 0x41 Set Protocols and Baudrate
137 | POSITION OxF10x00 |Lat/Long Position Data
138 |RATE OxF10x40 |Set NMEA message output rate
139 |SVSTATUS OxF1 0x03 | Satellite Status
140 [TIME OxF1 0x04 | Time of Day and Clock Information
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Standard Messages: i.e. Messages as defined in the NMEA Standard.
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31.2.1 DTM
31.2.1.1 Datum Reference
Message DTM
Description Datum Reference
Firmware Supported on:
* u-blox 8 / u-blox M8 protocol versions 15, 15.01, 16, 17,18, 19, 19.1, 19.2, 20, 20.01,
20.1,20.2,20.3,22,23 and 23.01
Type Output
Comment This message gives the difference between the current datum and the reference
datum.
The current datum defaults to WGS84.
The reference datum cannot be changed and is always set to WGS84.
ID for CFG-MSG | Number of fields
Message Info OxFO Ox0A 11

Message Structure:

$xxDTM dat um subDat um | at, NS, | on, EW al t, r ef Dat unf cs<CR><LF>
Example:

$GPDTM W84, , 0.0, N, 0. 0, E, 0. 0, \84* 6F

$GPDTM 999, , 0. 08, N, 0. 07, E, -47. 7, W84*1C

Field [Name Unit [Format Example Description

No.

0 xxDTM - string $GPDTM DTM Message ID (xx = current Talker ID, see
NMEA Talker IDs table)

1 dat um - string w84 Local datum code: W84 = WGS84, P90 =

PZ90 (supported in protocol versions greater
than 19.), 999 = user defined

2 subDat um |- string - A null field

3 | at min [numeric 0.08 Offset in Latitude

4 NS - character S North/South indicator

5 I on min | numeric 0.07 Offsetin Longitude

6 EW - character E East/West indicator

7 al t m |numeric -2.8 Offset in altitude

8 ref Datum |- string W84 Reference datum code: W84 (WGS 84, fixed
field)

9 cs - hexadecimal |*67 Checksum

10 |<CR><LF> |- character - Carriage return and line feed
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D.01,

31.2.2GBQ
31.2.2.1 Poll a standard message (if the current Talker ID is GB)
Message GBQ
Description Poll a standard message (if the current Talker ID is GB)
Firmware Supported on:
* u-blox 8 / u-blox M8 protocol versions 15, 15.01, 16,17, 18,19, 19.1, 19.2, 20, 2
20.1,20.2,20.3,22,23 and 23.01
Type Poll Request
Comment Polls a standard NMEA message if the current Talker ID is GB
ID for CFG-MSG | Number of fields
Message Info OxFO Ox44 4
Message Structure:
$xxCBQ nsgl d* cs<CR><LF>
Example:
$EI GBQ RMC* 28
Field | Name Unit | Format Example Description
No.
0] xxGBQ - string $EIGBQ GBQ Message ID (xx = Talker ID of the device
requesting the poll)
1 msgl d - string RMC Message ID of the message to be polled
2 cs - hexadecimal |*28 Checksum
3 <CR><LF> |- character - Carriage return and line feed
31.2.3 GBS
31.2.3.1 GNSS Satellite Fault Detection
Message GBS
Description GNSS Satellite Fault Detection
Firmware Supported on:
* u-blox 8 / u-blox M8 protocol versions 15, 15.01, 16, 17,18, 19, 19.1, 19.2, 20, 2
20.1,20.2,20.3,22,23 and 23.01
Type Output
Comment This message outputs the results of the Receiver Autonomous Integrity

Monitoring Algorithm (RAIM).

* The fields errLat, errLon and errAlt output the standard deviation of the
position calculation, using all satellites which pass the RAIM test successfully.
The fields errLat, errLon and errAlt are only output if the RAIM process
passed successfully (i.e. no or successful edits happened). These fields are
never output if 4 or fewer satellites are used for the navigation calculation
(because, in such cases, integrity can not be determined by the receiver
autonomously).

The fields prob, bias and stdev are only output if at least one satellite failed in
the RAIM test.

If more than one satellites fail the RAIM test, only the information for the worst
satellite is output in this message.

ID for CFG-MSG | Number of fields |
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| Message Info | OxFO 0x09 13

Message Structure:

$xxGBS, ti me, errLat, errLon, errAlt, svid, prob, bi as, st ddev, system d, si gnal | d*cs<CR><LF>
Example:

$GPGBS, 235503.00,1.6,1.4,3.2,,,,,, *40

$GPGBS, 235458.00,1.4,1.3,3.1,03,,-21.4,3.8,1,0*5B

Field [Name Unit [Format Example Description

No.

0 XX GBS - string $GPGBS GBS Message ID (xx = current Talker ID, see
NMEA Talker IDs table)

1 time - hhmmss.ss |235503.00 |UTC time to which this RAIM sentence
belongs, see note on UTC representation

2 err Lat m |[numeric 1.6 Expected error in latitude

3 errLon m [numeric 1.4 Expected error in longitude

4 errAlt m |[numeric 3.2 Expected error in altitude

5 svid - numeric 03 Satellite ID of most likely failed satellite

6 pr ob - numeric - Probability of missed detection: null (not
supported, fixed field)

7 bi as m |numeric -21.4 Estimated bias of most likely failed satellite (a
priori residual)

8 st ddev m |numeric 3.8 Standard deviation of estimated bias

9 systemd |- numeric 1 NMEA defined GNSS System ID, see Signal
Identifiers table (only available in NMEA 4.10
and later)

10 |signalld |- numeric 0 NMEA defined GNSS Signal ID, see Signal
Identifiers table (only available in NMEA 4.10
and later)

11 |cs - hexadecimal |*5B Checksum

12 |<CR><LF> |- character - Carriage return and line feed

31.2.4 GGA

31.2.4.1 Global positioning system fix data

Message GGA

Description Global positioning system fix data

Firmmware Supported on:

20.1,20.2,20.3, 22, 23 and 23.01

* u-blox 8 / u-blox M8 protocol versions 15, 15.01, 16,17, 18,19, 19.1, 19.2, 20, 2

D.O1,

Type Output

instead.

UBX-13003221-R17 Early Production Information

Comment The output of this message is dependent on the currently selected datum
(default: WGS84). The NMEA specification indicates that the GGA message is
GPS specific. However, when the receiver is configured for multi-GNSS, the
GGA message contents will be generated from the multi-GNSS solution. For
multi-GNSS use, it is recommended that the NVEA- G\NS message is used

Time and position, together with GPS fixing related data (number of satellites in
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use, and the resulting HDOP, age of differential data if in use, etc.).

ID for CFG-MSG

Number of fields

Message Info

OxFO 0x00

17

Message Structure:

$xxCGA, ti me, | at, NS, | on, EW qual i ty, nunBV, HDOP, al t, al t Uni t, sep, sepUni t, di f f Age, di f f St ati on* cs<CR><LF>

Example:

$CPGGA, 092725. 00, 4717. 11399, N, 00833. 91590, E, 1, 08, 1. 01, 499. 6, M 48.0, M , *5B

Field [Name Unit [Format Example Description

No.

0 XX GGA - string $GPGGA GGA Message ID (xx = current Talker ID, see
NMEA Talker IDs table)

1 time - hhmmss.ss |092725.00 |UTC time, see note on UTC representation

2 | at - ddmm. 4717.11399 |Latitude (degrees & minutes), see format

mmmmm description
3 NS - character N North/South indicator
4 | on - dddmm. 00833.91590| Longitude (degrees & minutes), see format
mmmmm description

5 EW - character E East/West indicator

6 quality |- digit 1 Quality indicator for position fix, see position
fix flags description

7 nunsV - numeric 08 Number of satellites used (range: 0-12)

8 HDOP - numeric 1.01 Horizontal Dilution of Precision

9 al t m  |numeric 499.6 Altitude above mean sea level

10 |altUnit - character M Altitude units: M (meters, fixed field)

11 |sep m |numeric 48.0 Geoid separation: difference between ellipsoid
and mean sea level

12 |[sepUnit - character M Geoid separation units: M (meters, fixed field)

13 |diffAge (s numeric - Age of differential corrections (null when
DGPS is not used)

14 |diffStat |- numeric - ID of station providing differential corrections

i on (null when DGPS is not used)
15 |cs - hexadecimal |*5B Checksum
16 |<CR><LF> |- character - Carriage return and line feed
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31.2.5GLL
31.2.5.1 Latitude and longitude, with time of position fix and status
Message GLL
Description Latitude and longitude, with time of position fix and status
Firmware Supported on:
* u-blox 8 / u-blox M8 protocol versions 15, 15.01, 16,17, 18,19, 19.1, 19.2, 20, 2
20.1,20.2,20.3, 22,23 and 23.01
Type Output
Comment The output of this message is dependent on the currently selected datum

(default: WGS84)

Message Info

ID for CFG-MSG

Number of fields

OxFO Ox01

10

Message Structure:

$xxGLL, I at, NS, | on, EWti ne, st at us, posMde* cs<CR><LF>

Example:

$GPGLL, 4717. 11364, N, 00833. 91565, E, 092321. 00, A, A*60

Field [Name Unit [Format Example Description
No.
0 XXGLL - string $GPGLL GLL Message ID (xx = current Talker ID, see
NMEA Talker IDs table)
1 | at - ddmm. 4717.11364 |Latitude (degrees & minutes), see format
mmmmm description
2 NS - character N North/South indicator
3 I on - dddmm. 00833.91565|Longitude (degrees & minutes), see format
mmmmm description
4 EW - character E East/West indicator
5 time - hhmmss.ss |092321.00 |UTC time, see note on UTC representation
6 status - character A Data validity status, see position fix flags
description
7 poshbde |- character A Positioning mode, see position fix flags
description (only available in NMEA 2.3 and
later)
8 cs - hexadecimal |*60 Checksum

9 <CR><LF>

character

Carriage return and line feed
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31.2.6 GLQ

31.2.6.1 Poll a standard message (if the current Talker ID is GL)

Message GLQ

Description Poll a standard message (if the current Talker ID is GL)

Firmware Supported on:
* u-blox 8 / u-blox M8 protocol versions 15, 15.01, 16,17, 18,19, 19.1, 19.2, 20, 2

20.1,20.2,20.3,22,23 and 23.01

Type Poll Request

Comment Polls a standard NMEA message if the current Talker ID is GL
ID for CFG-MSG | Number of fields

Message Info OxFO 0x43 4

Message Structure:

$xxCLQ nsgl d* cs<CR><LF>

Example:

$EI GLQ RMC*3A

D.01,

Field | Name Unit [Format Example Description
No.
0] xxCGLQ - string $EIGLQ GLQ Message ID (xx = Talker ID of the device
requesting the poll)
1 msgl d - string RMC Message ID of the message to be polled
2 cs - hexadecimal |*3A Checksum
3 <CR><LF> |- character - Carriage return and line feed
31.2.7 GNQ
31.2.7.1 Poll a standard message (if the current Talker ID is GN)
Message GNQ
Description Poll a standard message (if the current Talker ID is GN)
Firmware Supported on:
* u-blox 8 / u-blox M8 protocol versions 15, 15.01, 16, 17,18, 19, 19.1, 19.2, 20, 2
20.1,20.2,20.3, 22,23 and 23.01
Type Poll Request
Comment Polls a standard NMEA message if the current Talker ID is GN
ID for CFG-MSG | Number of fields
Message Info OxFO Ox42 4

Message Structure:

$xxGNQ, msgl d* cs<CR><LF>

Example:

$EI GNQ RVC* 3A

Field | Name Unit | Format Example Description

No.

0 XXGNQ - string $EIGNQ GNQ Message ID (xx = Talker ID of the device
requesting the poll)

1 nsgl d - string RMC Message ID of the message to be polled

2 cs - hexadecimal [*3A Checksum
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Field [Name Unit [Format Example Description
No.
3 <CR><LF> |- character - Carriage return and line feed
31.2.8 GNS
31.2.8.1 GNSS fix data
Message GNS
Description GNSS fix data
Firmware Supported on:
* u-blox 8 / u-blox M8 protocol versions 15, 15.01, 16, 17,18, 19, 19.1, 19.2, 20, 2
20.1,20.2,20.3,22,23 and 23.01
Type Output
Comment The output of this message is dependent on the currently selected datum

(default: WGS84)

Time and position, together with GNSS fixing related data (number of satellites
in use, and the resulting HDOP, age of differential data if in use, etc.).

ID for CFG-MSG | Number of fields

OxFO Ox0D 16

Message Info

Message Structure:

$XXCNS, tine, | at, NS, | on, EW posMdde, nunBV, HDOP, al t, sep, di f f Age, di f f St ati on, navSt at us* cs<CR><LF>

Example:

$GNGNS, 103600. 01, 5114. 51176, N, 00012. 29380, W ANNN, 07, 1. 18, 111. 5, 45. 6, ,, V*00

$GNGNS, 122310. 2, 3722. 425671, N, 12258. 856215, W DAAA, 14, 0. 9, 1005. 543, 6. 5, , , V*OE

$GPGN\S, 122310. 2, , , , , , 07,,,,5.2,23, 02

Field [Name Unit [Format Example Description

No.

0 XXCGNS - string $GPGNS GNS Message ID (xx = current Talker ID, see
NMEA Talker IDs table)

1 time - hhmmss.ss |091547.00 |UTC time, see note on UTC representation

2 | at - ddmm. 5114.50897 |Latitude (degrees & minutes), see format

mmmmm description
3 NS - character N North/South indicator
4 | on - dddmm. 00012.28663|Longitude (degrees & minutes), see format
mmmmm description

5 EW - character E East/West indicator

6 poshWbde |- character AAAA Positioning mode, see position fix flags
description. First character for GPS, second
character for GLONASS, Third character for
Galileo, Fourth character for BeiDou

7 nunsv - numeric 10 Number of satellites used (range: 0-99)

8 HDOP - numeric 0.83 Horizontal Dilution of Precision

9 al t m |numeric 111.1 Altitude above mean sea level

10 |sep m |numeric 45.6 Geoid separation: difference between ellipsoid
and mean sea level
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Field [Name Unit [Format Example Description
No.
11 |diffAge |[s numeric - Age of differential corrections (null when
DGPS is not used)
12 |diffStat |- numeric - ID of station providing differential corrections
i on (null when DGPS is not used)
13 |navStatu |- character \% Navigational status indicator: V (Equipment is
S not providing navigational status information,
fixed field, only available in NMEA 4.10 and
later)
14 |cs - hexadecimal |*71 Checksum
15 |<CR><LF> |- character - Carriage return and line feed
31.2.9GPQ
31.2.9.1 Poll a standard message (if the current Talker ID is GP)
Message GPQ
Description Poll a standard message (if the current Talker ID is GP)
Firmware Supported on:
* u-blox 8 / u-blox M8 protocol versions 15, 15.01, 16,17, 18,19, 19.1, 19.2, 20, 2
20.1,20.2,20.3,22,23 and 23.01
Type Poll Request
Comment Polls a standard NMEA message if the current Talker ID is GP

Message Info

ID for CFG-MSG

Number of fields

OxFO 0x40 4

Message Structure:

$xxGPQ negl d* cs<CR><LF>

Example:

$EI GPQ RVC* 3A

Field [Name Unit [Format Example Description

No.

0 xxCGPQ - string $EIGPQ GPQ Message ID (xx = Talker ID of the device
requesting the poll)

1 msgl d - string RMC Message ID of the message to be polled

2 cs - hexadecimal |*3A Checksum

3 <CR><LF> |- character - Carriage return and line feed
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Message GRS
Description GNSS Range Residuals
Firmware Supported on:
* u-blox 8 / u-blox M8 protocol versions 15, 15.01, 16,17, 18,19, 19.1, 19.2, 20, 2
20.1,20.2,20.3, 22,23 and 23.01
Type Output
Comment This messages relates to associated GGA and GSA messages.

If less than 12 SVs are available, the remaining fields are output empty. If more
than 12 SVs are used, only the residuals of the first 12 SVs are output, in order to
remain consistent with the NMEA standard.

In a multi-GNSS system this message will be output multiple times, once for
each GNSS.

Message Info

ID for CFG-MSG | Number of fields

OxFO 0x06 19

Message Structure:

$XXGRS, ti ne, node{, resi dual }, syst enl d, si gnal | d*cs<CR><LF>

Example:

$GNGRS, 104148.00,1,2.6,2.2,-1.6,-1.1,-1.7,-1.5,5.8,1. 7,,, ,, 1,1*52

$GNGRS, 104148. 00,1,,0.0,2.5,0.0,,2.8,,,,,,, 1, 5*52

Field [Name Unit [Format Example Description

No.

0 XXGRS - string $GPGRS GRS Message ID (xx = current Talker ID, see
NMEA Talker IDs table)

1 time - hhmmss.ss |082632.00 |UTC time of associated position fix, see note
on UTC representation

2 node - digit 1 Computation method used:
1 = Residuals were recomputed after theGGA
position was computed (fixed)

Start of repeated block (12 times)

3+ [residual [m |numeric 0.54 Range residuals for SVs used in navigation.

1T*N The SV order matches the order from the

GSA sentence

End of repeated block

15 |systemd |- numeric 1 NMEA defined GNSS System ID, see Signal
Identifiers table (only available in NMEA 4.10
and later)

16 |signalld |- numeric 0 NMEA defined GNSS Signal ID, see Signal
Identifiers table (only available in NMEA 4.10
and later)

17 |cs - hexadecimal [*70 Checksum

18 |<CR><LF> |- character - Carriage return and line feed
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31.2.11 GSA
31.2.11.1 GNSS DOP and Active Satellites
Message GSA
Description GNSS DOP and Active Satellites
Firmware Supported on:
* u-blox 8 / u-blox M8 protocol versions 15, 15.01, 16,17, 18,19, 19.1, 19.2, 20, 2
20.1,20.2,20.3, 22,23 and 23.01
Type Output
Comment The GNSS receiver operating mode, satellites used for navigation, and DOP

values.

* If less than 12 SVs are used for navigation, the remaining fields are left empty.
If more than 12 SVs are used for navigation, only the IDs of the first 12 are
output.

* The SV numbers (fields 'svid') are in the range of 1 to 32 for GPS satellites, and
33 to 64 for SBAS satellites (33 = SBAS PRN 120, 34 = SBAS PRN 121, and so
on)

In a multi-GNSS system this message will be output multiple times, once for

each GNSS.

ID for CFG-MSG | Number of fields

Message Info

OxFO 0x02 21

Message Structu

re:

$xxGSA, opMbde, navMbde{, svi d}, PDOP, HDOP, VDCOP, syst eml d* cs<CR><LF>

Example:

$GPGSA, A 3, 23, 29, 07, 08, 09, 18, 26, 28, , , , , 1.94,1. 18, 1. 54, 1*0D

Field [Name Unit [Format Example Description

No.

0 XX GSA - string $GPGSA GSA Message ID (xx = current Talker ID, see
NMEA Talker IDs table)

1 opMbde - character A Operation mode:
M = Manually set to operate in 2D or 3D mode
A = Automatically switching between 2D or
3D mode

2 navhbde |- digit 3 Navigation mode, see position fix flags
description

Start of repeated block (12 times)

3+ [svid - numeric 29 Satellite number

1*N

End of repeated block

15 |PDOP - numeric 1.94 Position dilution of precision

16 |HDOP - numeric 1.18 Horizontal dilution of precision

17 |VDOP - numeric 1.54 Vertical dilution of precision

18 |system d |- numeric 1 NMEA defined GNSS System ID, see Signal
Identifiers table (only available in NMEA 4.10
and later)

19 |cs - hexadecimal |[*OD Checksum
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Field [Name Unit [Format Example Description
No.
20 |<CR><LF> |- character - Carriage return and line feed
31.2.12GST
31.2.12.1 GNSS Pseudo Range Error Statistics
Message GST
Description GNSS Pseudo Range Error Statistics
Firmware Supported on:
* u-blox 8 / u-blox M8 protocol versions 15, 15.01, 16, 17,18, 19, 19.1, 19.2, 20, 2
20.1,20.2,20.3,22,23 and 23.01
Type Output
Comment This message reports statistical information on the quality of the position
solution.
ID for CFG-MSG | Number of fields
Message Info OxFO 0x07 11

Message Structure:

$xxGST, ti e, r angeRs, st dMgj or, st dM nor, ori ent, st dLat, st dLong, st dAl t *cs<CR><LF>

Example:
$GPGST, 082356. 00, 1.8, ,,,1.7,1.3,2. 2*7E

Field [Name Unit [Format Example Description

No.

0 XXGST - string $GPGST GST Message ID (xx = current Talker ID, see
NMEA Talker IDs table)

1 tine - hhmmss.ss |082356.00 UTC time of associated position fix, see note
on UTC representation

2 rangeRms |m |numeric 1.8 RMS value of the standard deviation of the
ranges

3 stdMaj or |m |[numeric - Standard deviation of semi-major axis (only
supported in ADR 4.10 and later)

4 stdM nor [m [numeric - Standard deviation of semi-minor axis (only
supported in ADR 4.10 and later)

5 ori ent deg [numeric - Orientation of semi-major axis (only
supported in ADR 4.10 and later)

6 st dLat m | numeric 1.7 Standard deviation of latitude error

7 stdLong m [numeric 1.3 Standard deviation of longitude error

8 stdAl t m | numeric 2.2 Standard deviation of altitude error

9 cs - hexadecimal |*7E Checksum

10 |<CR><LF> |- character - Carriage return and line feed
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31.2.13GSV
31.2.13.1 GNSS Satellites in View
Message GSV
Description GNSS Satellites in View
Firmware Supported on:
* u-blox 8 / u-blox M8 protocol versions 15, 15.01, 16,17, 18,19, 19.1, 19.2, 20, 2
20.1,20.2,20.3, 22,23 and 23.01
Type Output
Comment The number of satellites in view, together with each SV ID, elevation azimuth,

and signal strength (C/No) value. Only four satellite details are transmitted in

one message.

In a multi-GNSS system sets of GSV messages will be output multiple times,
one set for each GNSS.

Message Info

ID for CFG-MSG

Number of fields

OxFO 0x03

8..16

Message Structure:

$xxGSV, numvsg, nsgNum nunSV{, svi d, el v, az, cno}, si gnal | d* cs<CR><LF>

Example:

$GPGsY, 3, 1, 09, 09, ,, 17, 10, , , 40, 12, ,, 49, 13, ,, 35, 1*6F

$GPGSY, 3, 2, 09, 15, , , 44,17,,,45,19, ,, 44,24, ,,50, 1*64

$GPGSY, 3, 3, 09, 25, , , 40, 1*6E

$GPGSV, 1, 1, 03,12, , , 42, 24, ,,47,32,,,37,5*66

$GAGSY, 1, 1, 00, 2*76

Field [Name Unit [Format Example Description

No.

0 XX GSV - string $GPGSV GSV Message ID (xx = GSV Talker ID, see
NMEA Talker IDs table). Talker ID GN shall not
be used

1 numvsg - digit 3 Number of messages, total number of GSV
messages being output (range: 1-9)

2 nsgNum - digit 1 Number of this message (range: 1-numMsg)

3 nunsv - numeric 10 Number of known satellites in view regarding
both the talker ID and the signalld

Start of repeated block (1..4 times)

4+ |svid - numeric 23 Satellite ID

4*N

5+ |elv deg [numeric 38 Elevation (range: 0-90)

4*N

6+ |az deg | numeric 230 Azimuth (range: 0-359)

4*N

7+ |cno dB |numeric 44 Signal strength (C/NO, range: 0-99), null when

4*N Hz not tracking

End of repeated block
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Field [Name Unit [Format Example Description

No.

5.. |[signalld |- numeric 0 NMEA defined GNSS Signal ID, see Signal

16 Identifiers table (only available in NMEA 4.10
and later)

6.. |[cs - hexadecimal |*7F Checksum

16

7.. |<CR><LF> |- character - Carriage return and line feed

16

D.O1,

31.2.14RMC
31.2.14.1 Recommended Minimum data
Message RMC
Description Recommended Minimum data
Firmware Supported on:
* u-blox 8 / u-blox M8 protocol versions 15, 15.01, 16,17, 18,19, 19.1, 19.2, 20, 2
20.1,20.2,20.3, 22,23 and 23.01
Type Output
Comment The output of this message is dependent on the currently selected datum

(default: WGS84)

The recommended minimum sentence defined by NMEA for GNSS system data.

Message Info

ID for CFG-MSG

Number of fields

OxFO 0x04 16

Message Structure:

$xXRMC, ti ne, status, | at, NS, | on, EW spd, cog, dat e, mv, nvEW posMde, navSt at us* cs<CR><LF>

Example:
$GPRMC, 083559. 00, A, 4717. 11437, N, 00833. 91522, E, 0. 004, 77. 52, 091202, , , A, V*57
Field [Name Unit [Format Example Description
No.
0 XX RMC - string $GPRMC RMC Message ID (xx = current Talker ID, see
NMEA Talker IDs table)
1 time - hhmmss.ss |083559.00 |UTC time, see note on UTC representation
2 stat us - character A Data validity status, see position fix flags
description
3 | at - ddmm. 4717.11437 |Latitude (degrees & minutes), see format
mmmmm description
4 NS - character N North/South indicator
5 I on - dddmm. 00833.91522|Longitude (degrees & minutes), see format
mmmmm description
6 EW - character E East/West indicator
7 spd kno [numeric 0.004 Speed over ground
ts
8 cog deg [numeric 77.52 Course over ground
ree
s
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RMC continued
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D.01,

Field [Name Unit [Format Example Description
No.
9 date - ddmmyy 091202 Date in day, month, year format, see note on
UTC representation
10 (nv deg [numeric - Magnetic variation value. Only supported in
ree ADR 4.10 and later
s
11 |nvEW - character - Magnetic variation E/W indicator. Only
supported in ADR 4.10 and later
12 |poshbde |- character A Mode Indicator, see position fix flags
description (only available in NMEA 2.3 and
later)
13 |navStatu |- character \% Navigational status indicator: V (Equipment is
S not providing navigational status information,
fixed field, only available in NMEA 4.10 and
later)
14 |cs - hexadecimal |*57 Checksum
15 |<CR><LF> |- character - Carriage return and line feed
31.2.15 TXT
31.2.15.1 Text Transmission
Message TXT
Description Text Transmission
Firmware Supported on:
* u-blox 8 / u-blox M8 protocol versions 15, 15.01, 16,17, 18,19, 19.1, 19.2, 20, 2
20.1,20.2,20.3,22,23 and 23.01
Type Output
Comment -
ID for CFG-MSG | Number of fields
Message Info OxFO0 0x41 7

Message Structure:

$xxTXT, nunvsg, msgNum nmsgType, t ext *cs<CR><LF>
Example:

$GPTXT, 01, 01, 02, u- bl ox ag - ww. u- bl ox. cont 50
$GPTXT, 01, 01, 02, ANTARI S ATR0620 HW 00000040* 67

Field [Name Unit [Format Example Description

No.

0 XXTXT - string $GPTXT TXT Message ID (xx = current Talker ID, see
NMEA Talker IDs table)

1 numveg - numeric 01 Total number of messages in this
transmission (range: 1-99)

2 msgNum - numeric 01 Message number in this transmission (range:
1-numMsg)
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Field [Name Unit [Format Example Description
No.
3 msgType |- numeric 02 Text identifier (u-blox receivers specify the
type of the message with this number):
00: Error
01: Warning
02: Notice
07: User
4 t ext - string www.u-blox. |Any ASCII text
com
5 cs - hexadecimal |*67 Checksum
6 <CR><LF> |- character - Carriage return and line feed
31.2.16 VLW
31.2.16.1 Dual ground/water distance
Message VLW
Description Dual ground/water distance
Firmware Supported on:
* u-blox 8 / u-blox M8 protocol versions 15, 15.01, 16, 17,18, 19, 19.1, 19.2, 20, 20.
20.1,20.2,20.3, 22,23 and 23.01
Type Output
Comment The distance traveled, relative to the water and over the ground. This message

relates to the Odometer functionality.
Contrarily to the NMEA standard, if NMEA 2.1 or 2.3 are configured, the
sentence will additionally contain tgd, tgdUnit, gd and gdUnit fields.

Message Info

ID for CFG-MSG | Number of fields

OxFO OxOF 11

Message Structure:

$xXVLW t wd, t wdUni t, wd, wdUni t, t gd, t gdUni t, gd, gdUni t *cs<CR><LF>

Example:

$CPVLW, N, , N, 15. 8, N, 1. 2, N*06

Field [Name Unit [Format Example Description

No.

0 XX VLW - string $GPVLW VLW Message ID (xx = current Talker ID, see
NMEA Talker IDs table)

1 twd nmi [ numeric - Total cumulative water distance: null (fixed
field)

2 t wdUni t - character N Total cumulative water distance units: N
(nautical miles, fixed field)

3 wd nmi | numeric - Water distance since reset: null (fixed field)

4 wdUni t - character N Water distance since reset units: N (nautical
miles, fixed field)

5 t gd nmi [ numeric 15.8 Total cumulative ground distance (only
available in NMEA 4.00 and later)
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D.O1,

Field [ Name Unit | Format Example Description

No.

6 t gdUni t - character N Total cumulative ground distance units: N
(nautical miles, fixed field, only available in
NMEA 4.00 and later)

7 gd nmi [ numeric 1.2 Ground distance since reset (only available in
NMEA 4.00 and later)

8 gduUni t - character N Ground distance since reset units: N (nautical
miles, fixed field, only available in NMEA 4.00
and later)

9 cs - hexadecimal |*06 Checksum

10 |<CR><LF> |- character - Carriage return and line feed

31.2.17 VTG

31.2.17.1 Course over ground and Ground speed

Message VTG

Description Course over ground and Ground speed

Firmware Supported on:

* u-blox 8 / u-blox M8 protocol versions 15, 15.01, 16,17, 18,19, 19.1, 19.2, 20, 2
20.1,20.2,20.3, 22,23 and 23.01
Type Output
Comment Velocity is given as Course over Ground (COG) and Speed over Ground (SOG).

Message Info

ID for CFG-MSG

Number of fields

OxFO Ox05 12

Message Structure:

$xxVTG cogt, cogt Uni t, cogm cognlni t, sogn, sognUni t, sogk, sogkUni t, posMbde* cs<CR><LF>

Example:
$GPVTG 77.52, T,, M 0. 004, N, 0. 008, K, A*06
Field [Name Unit [Format Example Description
No.
0 xxVTG - string $GPVTG VTG Message ID (xx = current Talker ID, see
NMEA Talker IDs table)
1 cogt deg [numeric 77.52 Course over ground (true)
ree
s
2 cogtUnit |- character T Course over ground units: T (degrees true,
fixed field)
3 cogm deg | numeric - Course over ground (magnetic). Only
ree supported in ADR 4.10 and above
s
4 cognnit |- character M Course over ground units: M (degrees
magnetic, fixed field)
5 sogn kno | numeric 0.004 Speed over ground
ts
6 sognUnit |- character N Speed over ground units: N (knots, fixed field)
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D.O1,

Field [Name Unit [Format Example Description

No.

7 sogk km/ |numeric 0.008 Speed over ground

h

8 sogkUnit |- character K Speed over ground units: K (kilometers per
hour, fixed field)

9 posMde - character A Mode Indicator, see position fix flags
description (only available in NMEA 2.3 and
later)

10 |cs - hexadecimal |[*06 Checksum

11 [<CR><LF> |- character - Carriage return and line feed

31.2.18 ZDA

31.2.18.1 Time and Date

Message ZDA

Description Time and Date

Firmware Supported on:

* u-blox 8 / u-blox M8 protocol versions 15, 15.01, 16,17, 18,19, 19.1, 19.2, 20, 2
20.1,20.2,20.3,22,23 and 23.01
Type Output
Comment UTC, day, month, year and local time zone.
ID for CFG-MSG | Number of fields
Message Info OxFO 0x08 9

Message Structure:

$xxZDA, ti ne, day, nont h, year, | t zh, | t zn* cs<CR><LF>

Example:
$GPZDA, 082710. 00, 16, 09, 2002, 00, 00* 64
Field [Name Unit [Format Example Description
No.
0 XXZDA - string $GPZDA ZDA Message ID (xx = current Talker ID, see
NMEA Talker IDs table)
1 time - hhmmss.ss |[082710.00 |UTC Time, see note on UTC representation
2 day day |dd 16 UTC day (range: 1-31)
3 nont h mo |mm 09 UTC month (range: 1-12)
nth
4 year yea |yyyy 2002 UTC year
r
5 I'tzh - XX 00 Local time zone hours: 00 (fixed field)
6 Itzn - zz 00 Local time zone minutes: 00 (fixed field)
7 cs - hexadecimal |*64 Checksum
8 <CR><LF> |- character - Carriage return and line feed
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31.3 PUBX Messages
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Proprietary Messages: i.e. Messages defined by u-blox.

31.3.1 CONFIG (PUBX,41)
31.3.1.1 Set Protocols and Baudrate

D.O01,

Message CONFIG
Description Set Protocols and Baudrate
Firmware Supported on:
* u-blox 8 / u-blox M8 protocol versions 15, 15.01, 16,17, 18,19, 19.1, 19.2, 20, 2
20.1,20.2,20.3,22,23 and 23.01
Type Set
Comment =
ID for CFG-MSG | Number of fields
Message Info OxF1 0x41 9

Message Structure:

$PUBX, 41, port | d, i nProt o, out Prot o, baudr at e, aut obaudi ng* cs<CR><LF>

Example:
$PUBX, 41, 1, 0007, 0003, 19200, 0* 25

Field [Name Unit [Format Example Description

No.

0 $PUBX - string $PUBX Message ID, UBX protocol header, proprietary
sentence

1 msgl d - numeric 41 Proprietary message identifier

2 portld - numeric 1 ID of communication port. For a list of port IDs
see Serial Communication Ports Description.

3 inProto |- hexadecimal |0007 Input protocol mask. Bitmask, specifying
which protocols(s) are allowed for input. For
details see corresponding field in UBX- CFG-
PRT.

4 outProto |- hexadecimal |0003 Output protocol mask. Bitmask, specifying
which protocols(s) are allowed for input. For
details see corresponding field in UBX- CFG-
PRT.

5 baudrat e [bits|numeric 19200 Baudrate

/s
6 aut obaud |- numeric 0 Autobauding: 1=enable, O=disable (not
i ng supported on u-blox 5, set to 0)
7 cs - hexadecimal |*25 Checksum
8 <CR><LF> |- character - Carriage return and line feed
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31.3.2 POSITION (PUBX,00)
31.3.2.1 Lat/Long Position Data

u-blox 8 / u-blox M8 Receiver Description - Manual

D.O1,

(default: WGS84)
This message contains position solution data. The datum selection may be
changed using the message UBX- CFG- DAT.

Message POSITION
Description Lat/Long Position Data
Firmware Supported on:
* u-blox 8 / u-blox M8 protocol versions 15, 15.01, 16,17, 18,19, 19.1, 19.2, 20, 2
20.1,20.2,20.3, 22,23 and 23.01
Type Output
Comment The output of this message is dependent on the currently selected datum

Message Info

ID for CFG-MSG

Number of fields

OxF1 0x00

23

Message Structure:

$PUBX, 00, tine, | at, NS, | ong, EW al t Ref , navSt at, hAcc, vAcc, SOG, COG, vVel , di f f Age, HDOP, VDOP, TDCP, nunfvs, r e

served, DR, *cs<CR><LF>

Example:

$PUBX, 00, 081350. 00, 4717. 113210, N, 00833. 915187, E, 546. 589, G3, 2. 1, 2. 0, 0. 007, 77. 52, 0. 007, , 0. 92,1. 19,0. 7

7,9, 0, 0*5F
Field | Name Unit [Format Example Description
No.
0 $PUBX - string $PUBX Message ID, UBX protocol header, proprietary
sentence
1 nmsgl d - numeric 00 Proprietary message identifier: 00
2 time - hhmmss.ss |081350.00 |UTC time, see note on UTC representation
3 | at - ddmm. 4717.113210|Latitude (degrees & minutes), see format
mmmmm description
4 NS - character N North/South Indicator
5 | ong - dddmm. 00833. Longitude (degrees & minutes), see format
mmmmm 915187 description
6 EW - character E East/West indicator
7 al t Ref m |numeric 546.589 Altitude above user datum ellipsoid.
8 navSt at - string G3 Navigation Status:
NF = No Fix
DR = Dead reckoning only solution
G2 = Stand alone 2D solution
G3 = Stand alone 3D solution
D2 = Differential 2D solution
D3 = Differential 3D solution
RK = Combined GPS + dead reckoning
solution
TT = Time only solution
9 hAcc m |numeric 2.1 Horizontal accuracy estimate.
10 |vAcc m [numeric 2.0 Vertical accuracy estimate.
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Field [Name Unit [Format Example Description

No.

11 |SOG km/ |numeric 0.007 Speed over ground

h

12 |COG deg [numeric 77.52 Course over ground

13 |vVel m/s | numeric 0.007 Vertical velocity (positive downwards)

14 |diffAge S numeric - Age of differential corrections (blank when
DGPS is not used)

15 |HDOP - numeric 0.92 HDOP, Horizontal Dilution of Precision

16 |VDOP - numeric 1.19 VDOP, Vertical Dilution of Precision

17 |TDOP - numeric 0.77 TDOP, Time Dilution of Precision

18 |nunbBvs - numeric 9 Number of satellites used in the navigation
solution

19 |reserved |- numeric 0 Reserved, always set to O

20 |DR - numeric 0 DR used

21 |cs - hexadecimal |*5B Checksum

22 |<CR><LF> |- character - Carriage return and line feed

31.3.3 RATE (PUBX,40)
31.3.3.1 Set NMEA message output rate

D.01,

Message RATE
Description Set NMEA message output rate
Firmware Supported on:
* u-blox 8 / u-blox M8 protocol versions 15, 15.01, 16, 17,18, 19, 19.1, 19.2, 20, 2
20.1,20.2,20.3,22,23 and 23.01
Type Set
Comment Set/Get message rate configuration (s) to/from the receiver.

* Send rate is relative to the event a message is registered on. For example, if
the rate of a navigation message is set to 2, the message is sent every second

navigation solution.

Message Info

ID for CFG-MSG [ Number of fields

OxF1 0x40 11

Message Structure:

$PUBX, 40, nsgl d, rddc, rusl, rus2, rush, rspi, reser ved* cs<CR><LF>

Example:

$PUBX, 40, GLL, 1, 0, 0, 0, 0, 0*5D

Field [Name Unit [Format Example Description

No.

0 $PUBX - string $PUBX Message ID, UBX protocol header, proprietary
sentence

1 ID - numeric 40 Proprietary message identifier

2 nmsgl d - string GLL NMEA message identifier
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Field [Name Unit [Format Example Description
No.
3 rddc cycl [numeric 1 output rate on DDC

es 0 disables that message from being output
on this port

1 means that this message is output every
epoch

4 rusl cycl [numeric 1 output rate on USART 1

es 0 disables that message from being output
on this port

1 means that this message is output every
epoch

5 rus2 cycl | numeric 1 output rate on USART 2

es 0 disables that message from being output
on this port

1 means that this message is output every
epoch

6 rusb cycl [numeric 1 output rate on USB

es 0 disables that message from being output
on this port

1 means that this message is output every
epoch

7 rspi cycl [numeric 1 output rate on SPI

es 0 disables that message from being output
on this port

1 means that this message is output every
epoch

8 reserved numeric 0] Reserved: always fill with O

9 cs - hexadecimal |*5D Checksum

10 |<CR><LF> character Carriage return and line feed

31.3.4 SVSTATUS (PUBX,03)
31.3.4.1 Satellite Status

Message SVSTATUS
Description Satellite Status
Firmware Supported on:

* u-blox 8 / u-blox M8 protocol versions 15, 15.01, 16, 17,18, 19, 19.1, 19.2, 20, 20.01,
20.1,20.2,20.3, 22,23 and 23.01

Type Output

Comment The PUBX,03 message contains satellite status information.
ID for CFG-MSG | Number of fields

Message Info OxF1 0x03 5+ 6*n

Message Structure:
$PUBX, 03, GI{, sv, s, az, el , cno, | ck}, *cs<CR><LF>

Example:
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$PUBX, 03, 11, 23, -, , , 45, 010, 29, -, , , 46, 013, 07, -, , , 42, 015, 08, U, 067, 31, 42, 025, 10, U, 195, 33, 46, 026, 18, U, 32
6, 08, 39, 026, 17, -, , , 32, 015, 26, U, 306, 66, 48, 025, 27, U, 073, 10, 36, 026, 28, U, 089, 61, 46, 024, 15, -, , , 39, 014*0D
Field | Name Unit | Format Example Description
No.
0 $PUBX - string $PUBX Message ID, UBX protocol header, proprietary
sentence
1 nsgl d - numeric 03 Proprietary message identifier: 03
2 n - numeric 11 Number of GNSS satellites tracked
Start of repeated block (n times)
3+ |sv - numeric 23 Satellite ID according to UBX svld mapping
6*N (see Satellite Numbering)
4+ |s - character - Satellite status:
6*N - = Not used
U = Used in solution
e = Ephemeris available, but not used for
navigation
5+ |az deg | numeric - Satellite azimuth (range: 0-359)
6*N
6+ |el deg | numeric - Satellite elevation (range: 0-90)
6*N
7+ |cno dB |numeric 45 Signal strength (C/NO, range 0-99), blank
6*N Hz when not tracking
8+ |lck S numeric 010 Satellite carrier lock time (range: 0-64)
6*N 0: code lock only
64: lock for 64 seconds or more
End of repeated block
3+ |cs - hexadecimal |[*OD Checksum
6*n
4+ |<CR><LF> |- character - Carriage return and line feed
6*n

31.3.5 TIME (PUBX,04)
31.3.5.1 Time of Day and Clock Information

D.O1,

Message TIME
Description Time of Day and Clock Information
Firmware Supported on:
* u-blox 8 / u-blox M8 protocol versions 15, 15.01, 16,17, 18,19, 19.1, 19.2, 20, 2
20.1,20.2,20.3,22,23 and 23.01
Type Output
Comment -
ID for CFG-MSG | Number of fields
Message Info OxF1 0x04 12

Message Structure:

$PUBX, 04, ti ne, dat e, ut cTow, ut cVK, | eapSec, cl kBi as, cl kDrift,tpG an, *cs<CR><LF>

Example:
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$PUBX, 04, 073731. 00, 091202, 113851. 00, 1196, 15D, 1930035, - 2660. 664, 43, *3C

u-blox 8 / u-blox M8 Receiver Description - Manual

Field | Name Unit [Format Example Description

No.

0 $PUBX - string $PUBX Message ID, UBX protocol header, proprietary
sentence

1 nmsgl d - numeric 04 Proprietary message identifier: 04

2 time - hhmmss.ss |073731.00 |UTC time, see note on UTC representation

3 date - ddmmyy 091202 UTC date, day, month, year format, see note
on UTC representation

4 ut cTow s numeric 113851.00 |UTC Time of Week

5 ut cVk - numeric 1196 UTC week number, continues beyond 1023

6 | eapSec s numeric/text | 15D Leap seconds
The number is marked with a D if the value is
the firmware default value. If the value is not
marked it has been received from a satellite.

7 cl kBi as ns |numeric 1930035 Receiver clock bias

8 clkDrift |[ns/ |numeric -2660.664 Receiver clock drift

s

9 t pG an ns |numeric 43 Time Pulse Granularity, The quantization
error of the TIMEPULSE pin

10 |cs - hexadecimal |*3C Checksum

11 |<CR><LF> |- character - Carriage Return and Line Feed
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32 UBX Protocol

32.1 UBX Protocol Key Features

u-blox receivers support a u-blox proprietary protocol to communicate with a host computer. This
protocol has the following key features:

* Compact - uses 8-bit Binary Data.
* Checksum Protected - uses a low-overhead checksum algorithm

* Modular - uses a 2-stage message identifier (Class and Message ID)

32.2 UBX Frame Structure
The structure of a basic UBX Frame is shown in the following diagram.

Dec 181
Hex B5
(ISO 8859.1 for ) 1-byte Message Class
Dec 98 2-byte length of UBX
Hex 62 1-byte Message payload (not 2-byte standard
(ASCII for b) Message ID including anything else) UBX checksum
SYNC | SYNC
CHAR | CHAR | CLASS| ID .LENGW PAYLOAD CK A | CKB
1 9 Little Endian

Range over which the UBX
checksum is to be calculated

* Every Frame starts with a 2-byte Preamble consisting of two synchronization characters: OxB5
Ox62.

* A 1-byteMessage Class field follows. A Class is a group of messages that are related to each
other.

* A 1-byteMessage ID field defines the message that is to follow.

* A 2-byte Length field follows. The length is defined as being that of the payload only. It does not
include the Preamble, Message Class, Message ID, Length, or CRC fields. The number format of
the length field is a Little-Endian unsigned 16-bit integer.

* The Payload field contains a variable number of bytes.

* The two 1-byteCK_A and CK_B fields hold a 16-bit checksum whose calculation is defined below.
This concludes the Frame.

32.3 UBX Payload Definition Rules
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32.3.1 Structure Packing

Values are placed in an order that structure packing is not a problem. This means that 2-byte
values shall start on offsets which are a multiple of 2; 4-byte values shall start at a multiple of 4;
and soon.

u-blox 8 / u-blox M8 Receiver Description - Manual

32.3.2 Reserved Elements

Some messages contain reserved fields or bits to allow for future expansion. The contents of
these elements should be ignored in output messages and must be set to zero in input messages.
Where a message is output and subsequently returned to the receiver as input message, reserved
elements can either be explicitly set to zero or left with whatever value they were output with.

32.3.3 Undefined Values

The description of some fields provide specific meanings for specific values. For example, the field
gnssld appears in many UBX messages and uses O to indicate GPS, 1 for SBAS and so on (see
Satellite Numbering for details); however it is usually stored in a byte with far more possible values
than the handful currently defined. All such undefined values are reserved for future expansion
and therefore should not be used.

32.3.4 Message Naming

Referring to messages is done by adding the class name and a dash in front of the message name.
For example, the version information message is referred to as UBX- MON- VER. Referring to
message fields or their values is done by adding a dot and the name, e.g. UBX- MON- VER.

swVer si on.

32.3.5 Number Formats
All multi-byte values are ordered in Little Endian format, unless otherwise indicated.

All floating point values are transmitted in IEEE754 single or double precision.

Variable Type Definitions

Short Type Size Comment Min/Max Resolution
(Bytes)
Ui Unsigned Char 1 0..255 1
RU1_3 |Unsigned Char 1 binary floating |0..(31*277) non-|~ 2*(Value >> 5)

point with 3 bit [continuous
exponent, eeeb

bbbb, (Value &

Ox1F) << (Value

>> 5)
11 Signed Char 1 2's complement (-128.. 127 1
X1 Bitfield 1 n/a n/a
uz2 Unsigned Short 2 0..65535 1
12 Signed Short 2 2's complement |-32768 .. 32767 |1
X2 Bitfield 2 n/a n/a
u4d Unsigned Long 4 0. 1

4'294'967'295

14 Signed Long 4 2's complement |-2'147'483'648 ..| 1

2'147'483'647
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Short Type Size Comment [ Min/Max Resolution
(Bytes)

X4 Bitfield 4 n/a n/a

R4 IEEE 754 Single Precision (4 -1 2/+127 .. ~Value * 27-24
27N+127

R8 IEEE 754 Double Precision |8 -1*272+1023 .. ~ Value * 27-53
27+1023

CH ASCII /IS0 8859.1 1

Encoding
32.4 UBX Checksum

The checksum is calculated over the Message, starting and including the CLASS field, up until,
but excluding, the Checksum Field:

Dec 181
Hex B5
(ISO 8859.1 for ) 1-byte Message Class
Dec 98 2-byte length of UBX
Hex 62 1-byte Message payload (not 2-byte standard
(ASCII for b) Message ID including anything else) UBX checksum
SYNC | SYNC
CHAR | CHAR | CLASS| ID .LENGW PAYLOAD CK A | CKB
1 2 Little Endian

Range over which the UBX
checksum is to be calculated

The checksum algorithm used is the 8-Bit Fletcher Algorithm, which is used in the TCP standard (
RFC 114%. This algorithm works as follows:
¢ Buffer[N] contains the data over which the checksum is to be calculated.

* The two CK_ values are 8-Bit unsigned integers, only! If implementing with larger-sized integer
values, make sure to mask both CK_A and CK_B with OxFF after both operations in the loop.

CKA=0 CKB=0
For (1 =0; I <N; | ++)
{

CK_A
CK_B

CK_A + Buffer[l]
CK B + CK A

}

* After the loop, the two U1 values contain the checksum, transmitted after the Message, which
conclude the Frame.
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32.5 UBX Message Flow

There are certain features associated with the messages being sent back and forth:

u-blox 8 / u-blox M8 Receiver Description - Manual

32.5.1 Acknowledgement

When messages from the class CFG are sent to the receiver, the receiver will send an
"acknowledge" (UBX- ACK- ACK) or a "not acknowledge" (UBX- ACK- NAK) message back to the sender,
depending on whether or not the message was processed correctly.

Some messages from other classes (e.g. LOG) also use the same acknowledgement mechanism.

32.5.2 Polling Mechanism

All messages that are output by the receiver in a periodic manner (i.e. messages in classes MON,
NAV and RXM) and Get/Set type messages, such as the messages in the CFG class, can also be
polled.

The UBX protocol is designed so that messages can be polled by sending the message required to
the receiver but without a payload (or with just a single parameter that identifies the poll request).
The receiver then responds with the same message with the payload populated.

32.6 UBX Class IDs

A class is a grouping of messages which are related to each other. The following table lists all the
current message classes.

Name |[Class |Description

NAV [0Ox01 |Navigation Results Messages: Position, Speed, Time, Acceleration, Heading, DOP,
SVs used
RXM [0x02 |Receiver Manager Messages: Satellite Status, RTC Status
INF  [Ox04 |Information Messages: Printf-Style Messages, with IDs such as Error, Warning,
Notice
ACK |0Ox05 |Ack/Nak Messages: Acknowledge or Reject messages to UBX-CFG input messages
CFG |0x06 [Configuration Input Messages: Configure the receiver.

UPD |Ox09 |[Firmware Update Messages: Memory/Flash erase/write, Reboot, Flash
identification, etc.

MON |Ox0A [Monitoring Messages: Communication Status, CPU Load, Stack Usage, Task
Status
AID |OxOB |AssistNow Aiding Messages: Ephemeris, Almanac, other A-GPS data input
TIM |OxOD |Timing Messages: Time Pulse Output, Time Mark Results

ESF |Ox10 |External Sensor Fusion Messages: External Sensor Measurements and Status
Information

MGA [0x13 |Multiple GNSS Assistance Messages: Assistance data for various GNSS

LOG |[0x21 |Logging Messages: Log creation, deletion, info and retrieval

SEC |0x27 |Security Feature Messages

HNR [0x28 |High Rate Navigation Results Messages: High rate time, position, speed, heading
All remaining class IDs are reserved.
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32.7 UBX Messages Overview

Page | Mnemonic | Cls/ID | Length Type Description
UBX Class ACK Ack/Nak Messages
152 [ACK-ACK 0x050x01 |2 Output Message Acknowledged
152 [ACK-NAK 0x050x00 |2 Output Message Not-Acknowledged
UBX Class AID AssistNow Aiding Messages
153 [AID-ALM 0x0B0Ox30 |0 Poll Request Poll GPS Aiding Almanac Data
153 [AID-ALM 0x0B 0x30 |1 Poll Request Poll GPS Aiding Almanac Data for a SV
154 | AID-ALM 0x0OB 0x30 |(8) or (40) Input/Output GPS Aiding Almanac Input/Output...
155 | AID-AOP 0x0B 0x33 (O Poll Request Poll AssistNow Autonomous data, all...
155 | AID-AOP 0x0B 0Ox33 |1 Poll Request Poll AssistNow Autonomous data, one...
156 | AID-AOP Ox0B Ox33 (68 Input/Output AssistNow Autonomous data
157 |AID-EPH 0x0B 0x31 |0 Poll Request Poll GPS Aiding Ephemeris Data
157 | AID-EPH 0x0B 0x31 1 Poll Request Poll GPS Aiding Ephemeris Data for a SV
158 | AID-EPH 0x0B 0x31 (8) or (104) Input/Output GPS Aiding Ephemeris Input/Output...
159 [AID-HUI 0Ox0B 0x02 0 Poll Request Poll GPS Health, UTC, ionosphere...
159 | AID-HUI 0x0B Ox02 (72 Input/Output GPS Health, UTC and ionosphere...
161 | AID-INI 0x0B 0x01 (O Poll Request Poll GPS Initial Aiding Data
161 | AID-INI 0Ox0B Ox01 |48 Input/Output Aiding position, time, frequency, clock...
UBX Class CFG Configuration Input Messages
164 |CFG-ANT 0x06 0x13 (4 Get/Set Antenna Control Settings
165 |CFG-BATCH 0x06 0x93 |8 Get/Set Get/Set data batching configuration
166 |CFG-CFG 0x06 0x09 [(12)or(13) Command Clear, Save and Load configurations
168 |CFG-DAT 0x06 Ox06 |44 Set Set User-defined Datum.
169 |CFG-DAT 0x06 Ox06 |52 Get The currently defined Datum
170 |CFG-DGNSS 0x06 0x70 |4 Get/Set DGNSS configuration
170 |[CFG-DOSC 0x06 0x61 |4 + 32*numO..| Get/Set Disciplined oscillator configuration
172 |CFG-ESRC 0x06 0x60 |4 + 36*numS..| Get/Set External synchronization source...
174 |CFG-GEOFENCE 0x06 0x69 |8+ 12*numF..| Get/Set Geofencing configuration
175 [CFG-GNSS 0x06 Ox3E |4 + 8*numCo..| Get/Set GNSS system configuration
178 [CFG-HNR 0x06 Ox5C |4 Get/Set High Navigation Rate Settings
178 |[CFG-INF 0x06 0x02 |1 Poll Request Poll configuration for one protocol
179 |CFG-INF 0x06 0x02 |0+ 10*N Get/Set Information message configuration
180 [CFG-ITFM 0x06 0x39 |8 Get/Set Jamming/Interference Monitor...
181 |CFG-LOGFILTER 0x06 0x47 |12 Get/Set Data Logger Configuration
183 [CFG-MSG 0x06 Ox01 |2 Poll Request Poll a message configuration
183 |CFG-MSG 0x06 0x01 8 Get/Set Set Message Rate(s)
184 [CFG-MSG 0x06 Ox01 |3 Get/Set Set Message Rate
184 | CFG-NAV5 0x06 0x24 (36 Get/Set Navigation Engine Settings
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Page | Mnemonic Cls/ID Length Type Description
187 [CFG-NAVX5 0x06 0x23 |40 Get/Set Navigation Engine Expert Settings
189 [CFG-NAVX5 0x06 0x23 |40 Get/Set Navigation Engine Expert Settings
192 | CFG-NAVX5 0x06 0x23 (44 Get/Set Navigation Engine Expert Settings
194 |[CFG-NMEA 0x06 0x17 |4 Get/Set NMEA protocol configuration...
196 |[CFG-NMEA 0x06 Ox17 |12 Get/Set NMEA protocol configuration VO...
198 [CFG-NMEA 0x06 Ox17 |20 Get/Set Extended NMEA protocol configuration V1
201 [CFG-ODO 0x06 Ox1E |20 Get/Set Odometer, Low-speed COG Engine...
202 | CFG-PM2 Ox06 Ox3B |44 Get/Set Extended Power Management...
204 | CFG-PM2 Ox06 Ox3B |48 Get/Set Extended Power Management...
206 |CFG-PM2 0x06 Ox3B |48 Get/Set Extended Power Management...
209 |CFG-PMS 0x06 0x86 |8 Get/Set Power Mode Setup
210 |CFG-PRT 0x06 Ox00 |1 Poll Request Polls the configuration for one I/O Port
210 |CFG-PRT 0x06 Ox00 |20 Get/Set Port Configuration for UART
213 |CFG-PRT 0x06 0x00 |20 Get/Set Port Configuration for USB Port
215 |CFG-PRT 0x06 Ox00 |20 Get/Set Port Configuration for SPI Port
218 | CFG-PRT 0x06 0x00 |20 Get/Set Port Configuration for DDC Port
221 |CFG-PWR 0x06 Ox57 |8 Set Put receiver in a defined power state.
221 [CFG-RATE 0x06 Ox08 (6 Get/Set Navigation/Measurement Rate Settings
223 |CFG-RINV 0x06 0x34 |1+ 1*N Get/Set Contents of Remote Inventory
223 [CFG-RST 0x06 0x04 (4 Command Reset Receiver / Clear Backup Data...
225 | CFG-RXM 0x06 Ox11 |2 Get/Set RXM configuration
225 |CFG-RXM 0x06 0x11 2 Get/Set RXM configuration
226 |CFG-SBAS 0x06 0x16 |8 Get/Set SBAS Configuration
228 | CFG-SLAS 0Ox06 0x8D |4 Get/Set SLAS Configuration
229 |CFG-SMGR 0x06 0x62 |20 Get/Set Synchronization manager configuration
232 [CFG-TMODE?2 0x06 Ox3D (28 Get/Set Time Mode Settings 2
233 |CFG-TMODE3 0x06 Ox71 |40 Get/Set Time Mode Settings 3
235 [CFG-TP5 0x06 0x31 0 Poll Request Poll Time Pulse Parameters for Time...
235 [CFG-TP5 0x06 0x31 1 Poll Request Poll Time Pulse Parameters
236 |CFG-TP5 0x06 0x31 32 Get/Set Time Pulse Parameters
237 |CFG-TP5 0x06 0x31 32 Get/Set Time Pulse Parameters
239 |CFG-TXSLOT 0x06 0x53 |16 Set TX buffer time slots configuration
240 [CFG-UsB 0x06 0x1B | 108 Get/Set USB Configuration

UBX Class ESF External Sensor Fusion Messages
242 |ESF-INS 0x100x15 |36 Periodic/Polled Vehicle dynamics information
243 |[ESF-MEAS 0x10 0x02 | (8 + 4*numM..] Input/Output External Sensor Fusion Measurements
245 [ESF-RAW Ox100x03 |4+ 8*N Output Raw sensor measurements
246 |ESF-STATUS 0x10 0x10 16 + 4*numS..| Periodic/Polled External Sensor Fusion (ESF) status...
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Page | Mnemonic Cls/ID Length Type Description
UBX Class HNR High Rate Navigation Results Messages

249 |HNR-INS 0x28 0x02 |36 Periodic/Polled Vehicle dynamics information

250 |HNR-PVT 0x28 0x00 |72 Periodic/Polled High Rate Output of PVT Solution
UBX Class INF Information Messages

253 [INF-DEBUG 0x04 0x04 [0+ 1*N Output ASCIl output with debug contents

253 [INF-ERROR 0x040x00 [0+ 1*N Output ASCII output with error contents

254 |[INF-NOTICE 0x04 0x02 [0+ 1*N Output ASCII output with informational contents

254 |[INF-TEST 0x04 0x03 [0+ 1*N Output ASCIl output with test contents

255 [INF-WARNING 0x04 0x01 0+ 1*N Output ASCIl output with warning contents
UBX Class LOG Logging Messages

256 |LOG-BATCH 0x21 0x11 100 Polled Batched data

259 |LOG-CREATE 0x210x07 |8 Command Create Log File

260 |LOG-ERASE 0x210x03 |0 Command Erase Logged Data

260 [LOG-FINDTIME 0x21 OxOE (12 Input Find index of a log entry based on a...

261 [LOG-FINDTIME 0x21 OxOE (8 Output Response to FINDTIME request

262 [LOG-INFO 0x21 0x08 (O Poll Request Poll for log information

262 [(LOG-INFO 0x21 0x08 (48 Output Log information

264 |LOG-RETRIEVEBA...|0x210x10 (4 Command Request batch data

265 |LOG-RETRIEVEPO...|0x21 0x0f [32 Output Odometer log entry

265 |LOG-RETRIEVEPOS |0x210x0b [40 Output Position fix log entry

266 |LOG-RETRIEVEST...|0x210x0d [16 + 1*byteCo).Output Byte string log entry

267 [LOG-RETRIEVE 0x21 0x09 (12 Command Request log data

268 [LOG-STRING 0x210x04 [0+ 1*N Command Store arbitrary string in on-board flash
UBX Class MGA Multiple GNSS Assistance Messages

269 | MGA-ACK-DATAO |0x130x60 (8 Output Multiple GNSS Acknowledge message

270 [MGA-ANO 0x130x20 (76 Input Multiple GNSS AssistNow Offline...

271 [MGA-BDS-EPH 0x130x03 (88 Input BDS Ephemeris Assistance

272 [MGA-BDS-ALM 0x130x03 (40 Input BDS Almanac Assistance

273 [MGA-BDS-HEALTH [O0x130x03 |68 Input BDS Health Assistance

274 [MGA-BDS-UTC 0x130x03 (20 Input BDS UTC Assistance

274 [MGA-BDS-IONO 0x130x03 (16 Input BDS lonospheric Assistance

275 |MGA-DBD 0x130x80 |0 Poll Request Poll the Navigation Database

275 [MGA-DBD Ox130x80 [12+1*N Input/Output Navigation Database Dump Entry

276 [MGA-FLASH-DATA [0x130x21 6 + 1*size Input Transfer MGA-ANO data block to flash

277 |MGA-FLASH-STOP |0x130x21 |2 Input Finish flashing MGA-ANO data

277 |MGA-FLASH-ACK |0x130x21 [6 Output Acknowledge last FLASH-DATA or -STOP

278 [MGA-GAL-EPH 0x130x02 (76 Input Galileo Ephemeris Assistance

280 [MGA-GAL-ALM 0x130x02 (32 Input Galileo Almanac Assistance
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Page | Mnemonic Cls/ID Length Type Description
281 | MGA-GAL-TIMEO... |0x130x02 [12 Input Galileo GPS time offset assistance
281 | MGA-GAL-UTC 0x130x02 |20 Input Galileo UTC Assistance
282 [MGA-GLO-EPH Ox13 0x06 (48 Input GLONASS Ephemeris Assistance
283 [MGA-GLO-ALM 0x130x06 (36 Input GLONASS Almanac Assistance
284 | MGA-GLO-TIMEO... |0x130x06 |20 Input GLONASS Auxiliary Time Offset...
285 [MGA-GPS-EPH 0x130x00 (68 Input GPS Ephemeris Assistance
287 [MGA-GPS-ALM 0x130x00 (36 Input GPS Almanac Assistance
288 [MGA-GPS-HEALTH [0x130x00 |40 Input GPS Health Assistance
288 | MGA-GPS-UTC O0x130x00 |20 Input GPS UTC Assistance
289 [MGA-GPS-IONO Ox130x00 (16 Input GPS lonosphere Assistance
290 | MGA-INI-POS_XYZ |0x130x40 |20 Input Initial Position Assistance
291 [MGA-INI-POS_LLH [0x130x40 |20 Input Initial Position Assistance
291 [MGA-INI-TIME_UTC|Ox130x40 |24 Input Initial Time Assistance
293 | MGA-INI-TIME_GN...|0x13 0x40 |24 Input Initial Time Assistance
294 | MGA-INI-CLKD 0x130x40 |12 Input Initial Clock Drift Assistance
295 [MGA-INI-FREQ Ox130x40 (12 Input Initial Frequency Assistance
296 [MGA-INI-EOP Ox130x40 (72 Input Earth Orientation Parameters Assistance
296 [MGA-QZSS-EPH Ox130x05 (68 Input QZSS Ephemeris Assistance
298 [MGA-QZSS-ALM 0x130x05 (36 Input QZSS Almanac Assistance
299 | MGA-QZSS-HEAL... |0x130x05 [12 Input QZSS Health Assistance
UBX Class MON Monitoring Messages
300 | MON-BATCH Ox0A 0x32 |12 Polled Data batching buffer status
301 | MON-GNSS OxOA Ox28 |8 Polled Information message major GNSS...
303 [MON-HW2 OxOA Ox0OB |28 Periodic/Polled Extended Hardware Status
304 | MON-HW Ox0A Ox09 |60 Periodic/Polled Hardware Status
305 | MON-IO Ox0A 0x02 |0+ 20*N Periodic/Polled 1/O Subsystem Status
306 | MON-MSGPP OxOA Ox06 |120 Periodic/Polled Message Parse and Process Status
306 | MON-PATCH Ox0A Ox27 (O Poll Request Poll Request for installed patches
307 | MON-PATCH Ox0A Ox27 |4 + 16*nEntriegPolled Output information about installed...
308 |[MON-RXBUF Ox0A Ox07 |24 Periodic/Polled Receiver Buffer Status
308 | MON-RXR Ox0A Ox21 |1 Output Receiver Status Information
309 | MON-SMGR OxOA Ox2E |16 Periodic/Polled Synchronization Manager Status
312 | MON-TXBUF Ox0A Ox08 |28 Periodic/Polled Transmitter Buffer Status
313 | MON-VER OxO0A 0x04 (O Poll Request Poll Receiver/Software Version
313 | MON-VER Ox0A 0x04 |40 + 30*N Polled Receiver/Software Version
UBX Class NAV Navigation Results Messages
314 [NAV-AOPSTATUS |0Ox010x60 16 Periodic/Polled AssistNow Autonomous Status
315 [NAV-ATT 0x01 0x05 32 Periodic/Polled Attitude Solution
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Page | Mnemonic Cls/ID Length Type Description
316 [NAV-CLOCK 0x010x22 |20 Periodic/Polled Clock Solution
316 |[NAV-DGPS 0x01 0x31 16 + 12*numChPeriodic/Polled DGPS Data Used for NAV
317 |NAV-DOP 0x010x04 |18 Periodic/Polled Dilution of precision
318 |NAV-EOE 0x01 0x61 (4 Periodic End Of Epoch
318 | NAV-GEOFENCE 0x01 0x39 |8+ 2*numFe...| Periodic/Polled Geofencing status
319 |NAV-HPPOSECEF |Ox010x13 |28 Periodic/Polled High Precision Position Solution in ECEF
320 [NAV-HPPOSLLH O0x010x14 |36 Periodic/Polled High Precision Geodetic Position Solution
321 |NAV-ODO 0x01 0x09 20 Periodic/Polled Odometer Solution
322 [NAV-ORB 0x010x34 (8 + 6*numSv | Periodic/Polled GNSS Orbit Database Info
325 |NAV-POSECEF 0x01 0x01 20 Periodic/Polled Position Solution in ECEF
325 [NAV-POSLLH 0x01 0x02 28 Periodic/Polled Geodetic Position Solution
326 |NAV-PVT 0x010x07 |92 Periodic/Polled Navigation Position Velocity Time...
329 | NAV-RELPOSNED |O0x010x3C |40 Periodic/Polled Relative Positioning Information in...
331 |NAV-RESETODO 0x010x10 |0 Command Reset odometer
331 |NAV-SAT 0x01 0x35 |8+ 12*numSvsPeriodic/Polled Satellite Information
333 |[NAV-SBAS 0x01 0x32 12 + 12*cnt Periodic/Polled SBAS Status Data
334 |NAV-SLAS Ox01 0x42 |20+ 8*cnt Periodic/Polled QZSS L1S SLAS Status Data
336 |NAV-SOL 0x010x06 |52 Periodic/Polled Navigation Solution Information
337 |NAV-STATUS 0x010x03 |16 Periodic/Polled Receiver Navigation Status
340 |NAV-SVINFO 0x010x30 |8+ 12*numCh| Periodic/Polled Space Vehicle Information
342 | NAV-SVIN 0x010x3B |40 Periodic/Polled Survey-in data
343 |NAV-TIMEBDS 0x01 0x24 |20 Periodic/Polled BDS Time Solution
344 | NAV-TIMEGAL 0x010x25 |20 Periodic/Polled Galileo Time Solution
345 |NAV-TIMEGLO 0x010x23 |20 Periodic/Polled GLO Time Solution
346 |NAV-TIMEGPS 0x010x20 |16 Periodic/Polled GPS Time Solution
347 |NAV-TIMELS 0x01 0x26 (24 Periodic/Polled Leap second event information
349 |NAV-TIMEUTC 0x01 0x21 20 Periodic/Polled UTC Time Solution
350 | NAV-VELECEF 0x010x11 |20 Periodic/Polled Velocity Solution in ECEF
351 [NAV-VELNED Ox010x12 |36 Periodic/Polled Velocity Solution in NED
UBX Class RXM Receiver Manager Messages
352 |RXM-IMES 0x02 0x61 |4 + 44*numTx| Periodic/Polled Indoor Messaging System Information
355 [RXM-MEASX 0x02 0x14 |44 + 24*num..| Periodic/Polled Satellite Measurements for RRLP
356 |RXM-PMREQ 0x02 0x41 8 Command Requests a Power Management task
357 | RXM-PMREQ 0x02 0x41 16 Command Requests a Power Management task
358 [RXM-RAWX 0x02 0x15 16 + 32*num..| Periodic/Polled Multi-GNSS Raw Measurement Data
362 [RXM-RAWX 0x02 0x15 16 + 32*num..| Periodic/Polled Multi-GNSS Raw Measurement Data
365 |RXM-RLM 0x020x59 |16 Output Galileo SAR Short-RLM report
366 |RXM-RLM 0x02 0x59 |28 Output Galileo SAR Long-RLM report
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Page | Mnemonic Cls/ID Length Type Description
367 |RXM-RTCM 0x02 0x32 (8 Output RTCM input status
368 |RXM-SFRBX 0x02 0x13 |8 + 4*numW...[ Output Broadcast Navigation Data Subframe
368 | RXM-SFRBX 0x02 0x13 |8 + 4*numW...| Output Broadcast Navigation Data Subframe
369 |[RXM-SVSI 0x02 0x20 |8+ 6*numSV | Periodic/Polled SV Status Info
UBX Class SEC Security Feature Messages
371 | SEC-UNIQID 0x27 Ox03 |9 Output Unique Chip ID
UBX Class TIM Timing Messages
372 | TIM-DOSC OxODOx11 (8 Output Disciplined oscillator control
372 | TIM-FCHG Ox0OD 0Ox16 |32 Periodic/Polled Oscillator frequency changed notification
373 | TIM-HOC Ox0OD0Ox17 |8 Input Host oscillator control
374 [TIM-SMEAS 0x0OD 0x13 |12+ 24*num..| Input/Output Source measurement
376 | TIM-SVIN Ox0D Ox04 |28 Periodic/Polled Survey-in data
377 [TIM-TM2 Ox0D 0Ox03 |28 Periodic/Polled Time mark data
378 |TIM-TOS Ox0OD Ox12 |56 Periodic Time Pulse Time and Frequency Data
380 (TIM-TP 0x0D 0x01 16 Periodic/Polled Time Pulse Timedata
382 | TIM-VCOCAL 0x0OD0Ox15 |1 Command Stop calibration
382 | TIM-VCOCAL Ox0DOx15 |12 Command VCO calibration extended command
384 |(TIM-VCOCAL Ox0DO0Ox15 |12 Periodic/Polled Results of the calibration
384 |TIM-VRFY Ox0D 0Ox06 |20 Periodic/Polled Sourced Time Verification
UBX Class UPD Firmware Update Messages
386 |UPD-SOS 0x090x14 (O Poll Request Poll Backup File Restore Status
386 |UPD-SOS 0x090x14 (4 Command Create Backup File in Flash
387 |UPD-SOS 0x09 0x14 |4 Command Clear Backup in Flash
387 |UPD-SOS 0x09 0x14 |8 Output Backup File Creation Acknowledge
388 |UPD-SOS 0x09 0x14 |8 Output System Restored from Backup
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32.8 UBX-ACK (0x05)

Ack/Nak Messages: i.e. Acknowledge or Reject messages to UBX-CFG input messages.
Messages in the UBX-ACK class output the processing results to UBX-CFG and some other

messages.

32.8.1 UBX-ACK-ACK (0x05 0x01)
32.8.1.1 Message Acknowledged

D.O1,

Message UBX-ACK-ACK
Description Message Acknowledged
Firmware Supported on:
* u-blox 8 / u-blox M8 protocol versions 15, 15.01, 16, 17,18, 19, 19.1, 19.2, 20, 2
20.1,20.2,20.3, 22,23 and 23.01
Type Output
Comment Output upon processing of an input message. ACK Message is sent as soon as
possible but at least within one second.
Header Class |ID Length (Bytes) Payload [Checksum
Message Structure |OxB5 0x62|0x05[(0x01|2 see below| CK_A CK_B
Payload Contents:
Byte Offset Number | Scaling Name Unit Description
Format
0 U1 - clslD - Class ID of the Acknowledged Message
1 U1 - nmsgl D - Message ID of the Acknowledged
Message
32.8.2 UBX-ACK-NAK (0x05 0x00)

32.8.2.1 Message Not-Acknowledged

D.O1,

Message UBX-ACK-NAK
Description Message Not-Acknowledged
Firmware Supported on:
* u-blox 8 / u-blox M8 protocol versions 15, 15.01, 16,17, 18,19, 19.1, 19.2, 20, 2
20.1,20.2,20.3, 22,23 and 23.01
Type Output
Comment Output upon processing of an input message. NAK Message is sent as soon as
possible but at least within one second.
Header Class |ID Length (Bytes) Payload [Checksum
Message Structure |O0xB5 0x62|0x05|0x00| 2 see below| CK_A CK_B
Payload Contents:
Byte Offset Number [ Scaling Name Unit Description
Format
0 U1 - clslD - Class ID of the Not-Acknowledged
Message
1 U1 - nmsgl D - Message ID of the Not-Acknowledged
Message
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32.9 UBX-AID (0x0B)
AssistNow Aiding Messages: i.e. Ephemeris, Almanac, other A-GPS data input.

Messages in the AID class are used to send GPS aiding data to the receiver.

32.9.1 UBX-AID-ALM (0x0B 0x30)
32.9.1.1 Poll GPS Aiding Almanac Data

u-blox 8 / u-blox M8 Receiver Description - Manual

D.01,

Message UBX-AID-ALM
Description Poll GPS Aiding Almanac Data
Firmware Supported on:
* u-blox 8 / u-blox M8 protocol versions 15, 15.01, 16, 17,18, 19, 19.1, 19.2, 20, 2
20.1,20.2,20.3,22,23 and 23.01
Type Poll Request
Comment All UBX-AID messages are deprecated; use UBX-MGA messages instead

Poll GPS Aiding Data (Almanac) for all 32 SVs by sending this message to the
receiver without any payload. The receiver will return 32 messages of type AID-
ALM as defined below.

Header

Class

D

Length (Bytes)

Payload

Checksum

Message Structure

OxB5 0x62

0x0B

0x30

0]

see below

CK_ACK_B

No payload

32.9.1.2 Poll GPS Aiding Almanac Data for a SV

D.O1,

Message UBX-AID-ALM
Description Poll GPS Aiding Almanac Data for a SV
Firmware Supported on:
* u-blox 8 / u-blox M8 protocol versions 15, 15.01, 16, 17,18, 19, 19.1, 19.2, 20, 2
20.1,20.2,20.3,22,23 and 23.01
Type Poll Request
Comment All UBX-AID messages are deprecated; use UBX-MGA messages instead

Poll GPS Aiding Data (Almanac) for an SV by sending this message to the
receiver. The receiver will return one message of type AID-ALM as defined below.

Header Class | ID Length (Bytes) Payload [Checksum
Message Structure |OxB5 0x62|0x0B| 0x30| 1 see below| CK_A CK_B
Payload Contents:
Byte Offset Number | Scaling Name Unit Description
Format
0 U1 - svid - SV ID for which the receiver shall return its

Almanac Data (Valid Range: 1.. 32 or 51,

56, 63).
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D.O1,

Message UBX-AID-ALM
Description GPS Aiding Almanac Input/Output Message
Firmware Supported on:
* u-blox 8 / u-blox M8 protocol versions 15, 15.01, 16,17, 18,19, 19.1, 19.2, 20, 2
20.1,20.2,20.3, 22,23 and 23.01
Type Input/Output
Comment All UBX-AID messages are deprecated; use UBX-MGA messages instead

If the WEEK Value is 0, DWRDO to DWRD?7 are not sent as the Almanac is not
available for the given SV. This may happen even if NAV-SVINFO and RXM-
SVSI are indicating almanac availability as the internal data may not represent
the content of an original broadcast almanac (or only parts thereof).

DWORDO to DWORD?7 contain the 8 words following the Hand-Over Word (
HOW ) from the GPS navigation message, either pages 1 to 24 of sub-frame 5
or pages 2 to 10 of subframe 4. See IS-GPS-200 for a full description of the
contents of the Almanac pages.

In DWORDO to DWORD?7, the parity bits have been removed, and the 24 bits of
data are located in Bits O to 23. Bits 24 to 31 shall be ignored.

Example: Parameter e (Eccentricity) from Almanac Subframe 4/5, Word 3, Bits
69-84 within the subframe can be found in DWRDO, Bits 15-0 whereas Bit O is
the LSB.

Header Class |ID Length (Bytes) Payload [Checksum

Message Structure |0xB5 0x62|0x0B| 0x30](8) or (40) see below| CK_A CK_B

Payload Contents:

Byte Offset Number | Scaling Name Unit Description

Format

0 ua - svid - SV ID for which this
Almanac Data is (Valid Range: 1 .. 32 or 51,
56, 63).

4 ua - week - Issue Date of Almanac (GPS week number)

Start of optional block

8 |U4[8] |— dwrd |— |Almanac Words

End of optional block
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32.9.2 UBX-AID-AOP (0x0B 0x33)

32.9.2.1 Poll AssistNow Autonomous data, all satellites

D.O1,

Message UBX-AID-AOP
Description Poll AssistNow Autonomous data, all satellites
Firmware Supported on:
* u-blox 8 / u-blox M8 protocol versions 15, 15.01, 16,17, 18,19, 19.1, 19.2, 20, 2
20.1,20.2,20.3, 22,23 and 23.01
Type Poll Request
Comment All UBX-AID messages are deprecated; use UBX-MGA messages instead

Poll AssistNow Autonomous aiding data for all GPS satellites by sending this
empty message. The receiver will return an AID-AOP message (see definition
below) for each GPS satellite for which data is available.

Header Class | ID Length (Bytes) Payload [Checksum

Message Structure

0xB5 0x62|0x0B|0x33|0 see below

CK_ACK_B

No payload

32.9.2.2 Poll AssistNow Autonomous data, one GPS satellite

D.O1,

Message UBX-AID-AOP
Description Poll AssistNow Autonomous data, one GPS satellite
Firmware Supported on:
* u-blox 8 / u-blox M8 protocol versions 15, 15.01, 16,17, 18,19, 19.1, 19.2, 20, 2
20.1,20.2,20.3, 22,23 and 23.01
Type Poll Request
Comment All UBX-AID messages are deprecated; use UBX-MGA messages instead

Poll the AssistNow Autonomous data for the specified GPS satellite. The
receiver will return a AID-AOP message (see definition below) if data is available
for the requested satellite.

Header Class |ID Length (Bytes) Payload [Checksum
Message Structure | OxB5 0x62|0x0B|0x33| 1 see below | CK_A CK_B
Payload Contents:
Byte Offset Number [ Scaling Name Unit Description
Format
0 U1 - svid - GPS SV ID for which the data is requested
(valid range: 1..32).
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32.9.2.3 AssistNow Autonomous data

Message UBX-AID-AOP
Description AssistNow Autonomous data
Firmware Supported on:
* u-blox 8 / u-blox M8 protocol versions 15, 15.01, 16, 17,18, 19, 19.1, 19.2, 20, 20.
20.1,20.2,20.3, 22,23 and 23.01
Type Input/Output
Comment All UBX-AID messages are deprecated; use UBX-MGA messages instead

If enabled, this message is output at irregular intervals. It is output whenever
AssistNow Autonomous has produced new data for a satellite. Depending on the
availability of the optional data the receiver will output either version of the
message. If this message is polled using one of the two poll requests described
above the receiver will send this message if AssistNow Autonomous data is
available or the corresponding poll request message if no AssistNow
Autonomous data is available for each satellite (i.e. svid 1..32). At the user's
choice the optional data may be chopped from the payload of a previously polled
message when sending the message back to the receiver. Sending a valid AID-
AOP message to the receiver will automatically enable the AssistNow
Autonomous feature on the receiver. See the section AssistNow Autonomous in
the receiver description for details on this feature.

Header Class |ID Length (Bytes) Payload [Checksum
Message Structure | OxB5 Ox62 | 0x0B|0x33(68 see below | CK_A CK_B
Payload Contents:
Byte Offset Number | Scaling Name Unit Description
Format
0 U1 - gnssid - GNSS identifier (see Satellite Numbering)
1 U1 - svid - Satellite identifier (see Satellite
Numbering)
2 ui[z] |- reservedl - Reserved
4 ui[e4] |- dat a - assistance data
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32.9.3 UBX-AID-EPH (0x0OB 0x31)
32.9.3.1 Poll GPS Aiding Ephemeris Data

u-blox 8 / u-blox M8 Receiver Description - Manual

D.O1,

Message UBX-AID-EPH
Description Poll GPS Aiding Ephemeris Data
Firmware Supported on:
* u-blox 8 / u-blox M8 protocol versions 15, 15.01, 16,17, 18,19, 19.1, 19.2, 20, 2
20.1,20.2,20.3, 22,23 and 23.01
Type Poll Request
Comment All UBX-AID messages are deprecated; use UBX-MGA messages instead

Poll GPS Aiding Data (Ephemeris) for all 32 SVs by sending this message to the
receiver without any payload. The receiver will return 32 messages of type AID-
EPH as defined below.

Header

Class

D

Length (Bytes)

Payload

Checksum

Message Structure

0OxB5 0x62

0x0B

0x31

0]

see below

CK_ACK_B

No payload

32.9.3.2 Poll GPS Aiding Ephemeris Data for a SV

D.O1,

Message UBX-AID-EPH
Description Poll GPS Aiding Ephemeris Data for a SV
Firmware Supported on:
* u-blox 8 / u-blox M8 protocol versions 15, 15.01, 16,17, 18,19, 19.1, 19.2, 20, 2
20.1,20.2,20.3, 22,23 and 23.01
Type Poll Request
Comment All UBX-AID messages are deprecated; use UBX-MGA messages instead

Poll GPS Constellation Data (Ephemeris) for an SV by sending this message to
the receiver. The receiver will return one message of type AID-EPH as defined

below.

Header Class |ID Length (Bytes) Payload [Checksum
Message Structure | OxB5 Ox62|0x0B|0x31] 1 see below | CK_A CK_B
Payload Contents:
Byte Offset Number [ Scaling Name Unit Description

Format
0] U1 - svid - SV ID for which the receiver shall return its
Ephemeris Data (Valid Range: 1 .. 32).
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D.O1,

Message UBX-AID-EPH
Description GPS Aiding Ephemeris Input/Output Message
Firmware Supported on:
* u-blox 8 / u-blox M8 protocol versions 15, 15.01, 16,17, 18,19, 19.1, 19.2, 20, 2
20.1,20.2,20.3, 22,23 and 23.01
Type Input/Output
Comment All UBX-AID messages are deprecated; use UBX-MGA messages instead

SF1DO0 to SF3D7 is only sent if ephemeris is available for this SV. If not, the
payload may be reduced to 8 Bytes, or all bytes are set to zero, indicating that
this SV Number does not have valid ephemeris for the moment. This may
happen even if NAV-SVINFO and RXM-SVSI are indicating ephemeris
availability as the internal data may not represent the content of an original
broadcast ephemeris (or only parts thereof).

SF1DO0 to SF3D7 contain the 24 words following the Hand-Over Word ( HOW )
from the GPS navigation message, subframes 1 to 3. The Truncated TOW
Count is not valid and cannot be used. See IS-GPS-200 for a full description of
the contents of the Subframes.

In SF1DO0 to SF3D7, the parity bits have been removed, and the 24 bits of data
are located in Bits O to 23. Bits 24 to 31 shall be ignored.

When polled, the data contained in this message does not represent the full
original ephemeris broadcast. Some fields that are irrelevant to u-blox
receivers may be missing. The week number in Subframe 1 has already been
modified to match the Time Of Ephemeris (TOE).

Header Class |ID Length (Bytes) Payload [Checksum
Message Structure |OxB5 0x62|0x0B|0x31|(8) or (104) see below| CK_A CK_B
Payload Contents:
Byte Offset Number [ Scaling Name Unit Description

Format
0 u4 - svid - SV ID for which this ephemeris data is
(Valid Range: 1 .. 32).

4 ua - how - Hand-Over Word of first Subframe. This is

required if data is sent to the receiver.
O indicates that no Ephemeris Data is

following.
Start of optional block
8 u4a[s] |- sf 1d - Subframe 1 Words 3..10 (SF1D0..SF1D7)
40 u4[8] |- sf2d - Subframe 2 Words 3..10 (SF2D0..SF2D7)
72 u4[s] |- sf 3d - Subframe 3 Words 3..10 (SF3DO0..SF3D7)

End of optional block
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32.9.4 UBX-AID-HUI (0xOB 0x02)
32.9.4.1 Poll GPS Health, UTC, ionosphere parameters

D.O1,

Message UBX-AID-HUI
Description Poll GPS Health, UTC, ionosphere parameters
Firmware Supported on:
* u-blox 8 / u-blox M8 protocol versions 15, 15.01, 16,17, 18,19, 19.1, 19.2, 20, 2
20.1,20.2,20.3, 22,23 and 23.01
Type Poll Request
Comment All UBX-AID messages are deprecated; use UBX-MGA messages instead
Header Class |ID Length (Bytes) Payload [Checksum
Message Structure |OxB5 0x62|0x0B| 0x02(0 see below| CK_A CK_B

No payload

32.9.4.2 GPS Health, UTC and ionosphere parameters

D.O1,

Message UBX-AID-HUI
Description GPS Health, UTC and ionosphere parameters
Firmware Supported on:
* u-blox 8 / u-blox M8 protocol versions 15, 15.01, 16,17, 18,19, 19.1, 19.2, 20, 2
20.1,20.2,20.3,22,23 and 23.01
Type Input/Output
Comment All UBX-AID messages are deprecated; use UBX-MGA messages instead

This message contains a health bit mask, UTC time and Klobuchar parameters.
For more information on these parameters, see the ICD-GPS-200
documentation.

Header Class |ID Length (Bytes) Payload [Checksum

Message Structure |OxB5 0x62|0x0B|0x02|72 see below| CK_A CK_B

Payload Contents:

Byte Offset Number [ Scaling Name Unit Description

Format

0 X4 - heal t h - Bitmask, every bit represenst a GPS SV (1-
32). If the bit is set the SV is healthy.

4 R8 - ut cAO - UTC - parameter AO

12 R8 - ut cAl - UTC - parameter A1

20 14 - ut cTOW - UTC - reference time of week

24 12 - ut cVWNT - UTC - reference week number

26 2 - utcLS - UTC - time difference due to leap seconds
before event

28 2 - ut cVWNF - UTC - week number when next leap
second event occurs

30 12 - ut cDN - UTC - day of week when next leap second
event occurs

32 12 - ut cLSF - UTC - time difference due to leap seconds
after event
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Byte Offset Number [ Scaling Name Unit Description
Format
34 12 - ut cSpare - UTC - Spare to ensure structure is a
multiple of 4 bytes

36 R4 - kl obAO s Klobuchar - alpha O

40 R4 - kl obAl s/semi |Klobuchar - alpha 1
circle

44 R4 - kl obA2 s/semi |Klobuchar - alpha 2
circle”
2

48 R4 - kl obA3 s/semi |Klobuchar - alpha 3
circle”
3

52 R4 - kl obBO s Klobuchar - beta O

56 R4 - kl obB1 s/semi |Klobuchar - beta 1
circle

60 R4 - kl obB2 s/semi [Klobuchar - beta 2
circle”
2

64 R4 - kl obB3 s/semi |Klobuchar - beta 3
circle”
3

68 X4 - flags - flags (see graphic below)

Bitfield flags
This graphic explains the bits of f | ags

I
=
o

klaobvalid
utchalid
healthWalid

O =igned value
Ounsianed valuz
O reseruved

Name Description

heal t hval i d Healthmask field in this message is valid

utcvalid UTC parameter fields in this message are valid

kl obVval i d Klobuchar parameter fields in this message are valid
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32.9.5 UBX-AID-INI (0OxOB 0x01)
32.9.5.1 Poll GPS Initial Aiding Data

D.O1,

Message UBX-AID-INI
Description Poll GPS Initial Aiding Data
Firmware Supported on:
* u-blox 8 / u-blox M8 protocol versions 15, 15.01, 16,17, 18,19, 19.1, 19.2, 20, 2
20.1,20.2,20.3, 22,23 and 23.01
Type Poll Request
Comment All UBX-AID messages are deprecated; use UBX-MGA messages instead

Message Structure

Header Class |ID Length (Bytes) Payload [Checksum

OxB5 0x62|0x0B|0x01|0 see below

CK_ACK_B

No payload

32.9.5.2 Aiding position, time, frequency, clock drift

D.O1,

Message UBX-AID-INI
Description Aiding position, time, frequency, clock drift
Firmware Supported on:
* u-blox 8 / u-blox M8 protocol versions 15, 15.01, 16,17, 18,19, 19.1, 19.2, 20, 2
20.1,20.2,20.3, 22,23 and 23.01
Type Input/Output
Comment All UBX-AID messages are deprecated; use UBX-MGA messages instead

This message contains position, time and clock drift information. The position
can be input in either the ECEF X/Y/Z coordinate system or as lat/lon/height. The
time can either be input as inexact value via the standard communication
interface, suffering from latency depending on the baud rate, or using hardware
time synchronization where an accurate time pulse is input on the external
interrupts. It is also possible to supply hardware frequency aiding by connecting
a continuous signal to an external interrupt.

Header Class |ID Length (Bytes) Payload [Checksum
Message Structure |OxB5 0x62|0x0B|0x01|48 see below| CK_A CK_B
Payload Contents:
Byte Offset Number [ Scaling Name Unit Description
Format
0 14 - ecef XOr Lat cm_ WGS84 ECEF X coordinate or latitude,
or_ depending on flags below
deg*1e-
7
4 14 - ecef YOr Lon cm_ WGS84 ECEF Y coordinate or longitude,
or_ depending on flags below
deg*1es
7
8 14 - ecef ZOr Al t cm WGS84 ECEF Z coordinate or altitude,
depending on flags below
12 ua - posAcc cm Position accuracy (stddev)
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Byte Offset Number [ Scaling Name Unit Description
Format
16 X2 - tmCf g - Time mark configuration (see graphic
below)
18 uz2 - wnoOr Dat e week_ [Actual week number or
or_ yearSince2000/Month (YYMM),
yearM |depending on flags below
onth
20 ua - towOr Ti e ms_ Actual time of week or
or_ DayOfMonth/Hour/Minute/Second
dayHo | (DDHHMMSS), depending on flags below
urMin
uteSe
c
24 14 - t owNs ns Fractional part of time of week
28 ua - t AccMs ms Milliseconds part of time accuracy
32 ua - t AccNs ns Nanoseconds part of time accuracy
36 14 - cl kDOr Freq ns/s_ |Clock drift or frequency, depending on
or_ flags below
Hz*1e-
2
40 ua - cl kDAccOr Freq [ns/s_ |Accuracy of clock drift or frequency,
Acc or_ppb |depending on flags below
44 X4 - flags - Bitmask with the following flags (see
graphic below)

Bitfield tmCfg
This graphic explains the bits of t nCf g

| s [af [ o] |
— — i)
L7 = o0
+ =]
L
i
Dsigned walue
Ounsianed waluz
O reseruved
Name Description
f Edge use falling edge (default rising)
tml time mark on extint 1 (default extint 0)
f1 frequency on extint 1 (default extint 0)
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| so]  Jrlefsafs]zs]e]

] = = LI T o O [ 1] )
+ = [ T Ry = [u]
=5 ] [] [ o
AR T B
o ] ]
O =igned value
Ounsianed valuz
O reseruved
Name Description
pos Position is valid
tinme Time is valid
cl ockD Clock drift data contains valid clock drift, must not be set together with clockF
tp Use time pulse
cl ockF Clock drift data contains valid frequency, must not be set together with clockD
I'la Position is given in lat/long/alt (default is ECEF)
altlnv Altitude is not valid, if lla was set
prevTm Use time mark received before AID-INI message (default uses mark received after message)
utc Time is given as UTC date/time (default is GPS wno/tow)
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32.10 UBX-CFG (0x06)

Configuration Input Messages: i.e. Configure the receiver..

Messages in the CFG class can be used to configure the receiver and poll current configuration
values. Any messages in the CFG class sent to the receiver are either acknowledged (with
message UBX- ACK- ACK) if processed successfully or rejected (with message UBX- ACK- NAK) if
processing unsuccessfully.

32.10.1 UBX-CFG-ANT (0x06 0x13)
32.10.1.1 Antenna Control Settings

D.O1,

Message UBX-CFG-ANT
Description Antenna Control Settings
Firmware Supported on:
* u-blox 8 / u-blox M8 protocol versions 15, 15.01, 16,17, 18,19, 19.1, 19.2, 20, 2
20.1,20.2,20.3, 22,23 and 23.01
Type Get/Set
Comment This message allows the user to configure the antenna supervisor.

The antenna supervisor can be used to detect the status of an active antenna
and control it. It can be used to turn off the supply to the antenna in the event of
a short (for example) or to manage power consumption in Power Save Mode.
Refer to Antenna Supervisor Configuration and the relevant Integration manual
(IM) for more information regarding the behavior of the antenna supervisor.
Refer to UBX- MON- HWfor a description of the fields in the message used to
obtain the status of the antenna.

Note that not all pins can be used for antenna supervisor operation, it is
recommended that you use the default pins, consult the Integration Manual if
you need to use other pins.

Header Class | ID Length (Bytes) Payload |Checksum
Message Structure |OxB5 0x62|0x06[(0x13|4 see below| CK_A CK_B
Payload Contents:
Byte Offset Number [ Scaling Name Unit Description
Format
0 X2 - flags - Antenna Flag Mask (see graphic below)
2 X2 - pi ns - Antenna Pin Configuration (see graphic
below)
Bitfield flags

This graphic explains the bits of f | ags

ENENERFNEN

O =igned value
|:| unsigned value
O reseruved
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Name Description

SVCS Enable Antenna Supply Voltage Control Signal

scd Enable Short Circuit Detection

ocd Enable Open Circuit Detection

pdwnOnSCD Power Down Antenna supply if Short Circuit is detected. (only in combination with Bit 1)
recovery Enable automatic recovery from short state

Bitfield pins
This graphic explains the bits of pi ns

|15[14 13 12 11 10]3 8 7 &8 5|4 3 2 1 0

w0 ot =

il [} [&]

L S ] [5a) +

T o ot

g o = =

L] o o Loy

o] =

< =

=
|:| signed wvalue
OQunsigned waluz
O reseruved
Name Description
pi nSwi t ch PIO-Pin used for switching antenna supply
pi nSCD PIO-Pin used for detecting a short in the antenna supply
pi nOCD PIO-Pin used for detecting open/not connected antenna
reconfig if set to one, and this command is sent to the receiver, the receiver will reconfigure the pins as
specified.

32.10.2 UBX-CFG-BATCH (0x06 0x93)
32.10.2.1 Get/Set data batching configuration

Message UBX-CFG-BATCH
Description Get/Set data batching configuration
Firmware Supported on:

* u-blox 8 / u-blox M8 with protocol version 23.01
Type Get/Set
Comment Gets or sets the configuration for data batching.

See Data Batching for more information.

Header Class |ID Length (Bytes) Payload [Checksum
Message Structure |OxB5 O0x62|0x06|0x93(8 see below| CK_A CK_B
Payload Contents:
Byte Offset Number [ Scaling Name Unit Description

Format
0 U1 - version - Message version (0x00 for this version)
1 X1 - flags - Flags (see graphic below)
2 u2 - buf Si ze - Size of buffer in number of epochs to store
4 u2 - notifThrs - Buffer fill level that triggers PIO
notification, in number of epochs stored

6 U1 - pi ol d - PIO ID to use for buffer level notification
7 U1 - reservedl - Reserved
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Bitfield flags

This graphic explains the bits of f | ags
= Li1] L R LiE]
o - = = —
- = 0 L ]
[Nl 1] L] [ [1:]
= = L . =
o~ +— [n)
+ [=] > ad
| LTl LAl
T o
o
=

O =igned value
Dunsigned value

[ »e=erved

Name Description

enabl e Enable data batching

extraPvt Store extra PVT information
The fields i TOWt Acc, nunBV, hMSL, vAcc, vel N,vel E, vel D, sAcc, headAcc and pDOP in UBX- LOG
BATCHare only valid if this flag is set.

extraQdo Store odometer data
The fields di st ance, t ot al Di st ance and di st anceSt d in UBX- LOG- BATCH are only valid if this flag is
set.
Note: the odometer feature itself must also be enabled.

pi oEnabl e Enable PIO notification

pi 0Acti velLow

PIO is active low

32.10.3 UBX-CFG-CFG (0x06 0x09)

32.10.3.1 Clear, Save and Load configurations

D.O1,

Message UBX-CFG-CFG
Description Clear, Save and Load configurations
Firmware Supported on:
* u-blox 8 / u-blox M8 protocol versions 15, 15.01, 16, 17,18, 19, 19.1, 19.2, 20, 2
20.1,20.2,20.3, 22,23 and 23.01
Type Command
Comment See Receiver Configuration for a detailed description on how Receiver

Configuration should be used. The three masks are made up of individual bits,
each bit indicating the sub-section of all configurations on which the
corresponding action shall be carried out. The reserved bits in the masks must
be set to '0'. For detailed information refer to the Organization of the
Configuration Sections. Note that commands can be combined. The sequence of
execution is Clear, Save, Load.

Header Class |ID Length (Bytes) Payload [Checksum
Message Structure | OxB5 0x62|0x06|0x09|(12) or (13) see below| CK_A CK_B
Payload Contents:
Byte Offset Number [ Scaling Name Unit Description
Format
0 X4 - cl ear Mask - Mask with configuration sub-sections to

clear (i.e. load default configurations to
permanent configurations in non-volatile
memory) (see graphic below)
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UBX-CFG-CFG continued

Byte Offset Number [ Scaling Name Unit Description
Format
4 X4 - saveMask - Mask with configuration sub-sections to

save (i.e. save current configurations to
non-volatile memory), see ID description of
clearMask

- | oadMask - Mask with configuration sub-sections to
load (i.e. load permanent configurations
from non-volatile memory to current
configurations), see ID description of
clearMask

Start of optional block

12 X1

- devi ceMask - Mask which selects the memory devices
for this command. (see graphic below)

End of optional block

Bitfield clearMask
This graphic explains the bits of cl ear Mask
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O reserued

Name Description

i oPort Communications port settings. Modifying this sub-section results in an 10 system reset. Because of
this undefined data may be output for a short period of time after receiving the message.

nsgConf Message configuration

i nf Msg INF message configuration

nav Conf Navigation configuration

r xnConf Receiver Manager configuration

senConf Sensor interface configuration (not supported in protocol versions less than 19

ri nvConf Remote inventory configuration

ant Conf Antenna configuration

| ogConf Logging configuration

ft sConf FTS configuration. Only applicable to the FTS product variant.
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Bitfield deviceMask
This graphic explains the bits of devi ceMask

u-blox 8 / u-blox M8 Receiver Description - Manual
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s
Dsigned ualue
OQunsigned waluz
O reseruved
Name Description
devBBR Battery backed RAM
devFl ash Flash
devEEPROM EEPROM
devSpi Fl ash SPI Flash

32.10.4 UBX-CFG-DAT (0x06 0x06)
32.10.4.1 Set User-defined Datum.

D.O01,

Message UBX-CFG-DAT

Description Set User-defined Datum.

Firmware Supported on:

* u-blox 8 / u-blox M8 protocol versions 15, 15.01, 16,17, 18,19, 19.1, 19.2, 20, 2
20.1,20.2,20.3,22,23 and 23.01
Type Set
Comment For more information see the description of Geodetic Systems and Frames.
Header Class [ID Length (Bytes) Payload |Checksum

Message Structure |OxB5 0x62|0x06|0x06|44 see below| CK_A CK_B

Payload Contents:

Byte Offset Number [ Scaling Name Unit Description

Format

0 R8 - maj A m Semi-major Axis ( accepted range = 6,300,
000.0 to 6,500,000.0 meters ).

8 R8 - flat - 1.0/ Flattening ( accepted range is 0.0 to
500.0).

16 R4 - dx m X Axis shift at the origin ( accepted range
is +/- 5000.0 meters ).

20 R4 - dy m Y Axis shift at the origin ( accepted range
is +/- 5000.0 meters ).

24 R4 - dz m Z Axis shift at the origin ( accepted range
is +/- 5000.0 meters ).

28 R4 - rot X s Rotation about the X Axis ( accepted
range is +/- 20.0 milli-arc seconds ).

32 R4 - rotY s Rotation about the Y Axis ( accepted
range is +/- 20.0 milli-arc seconds ).

36 R4 - rotZ s Rotation about the Z Axis ( accepted
range is +/- 20.0 milli-arc seconds ).

40 R4 - scal e ppm |Scale change ( accepted rangeis 0.0 to
50.0 parts per million ).
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32.10.4.2 The currently defined Datum

u-blox 8 / u-blox M8 Receiver Description - Manual

D.O1,

Message UBX-CFG-DAT
Description The currently defined Datum
Firmware Supported on:
* u-blox 8 / u-blox M8 protocol versions 15, 15.01, 16,17, 18,19, 19.1, 19.2, 20, 2
20.1,20.2,20.3,22,23 and 23.01
Type Get
Comment Returns the parameters of the currently defined datum. If no user-defined

datum has been set, this will default to WGS84.

Header Class |ID Length (Bytes) Payload [Checksum

Message Structure | OxB5 0x62|0x06|0x06|52 see below | CK_A CK_B

Payload Contents:

Byte Offset Number [ Scaling Name Unit Description

Format

0 uz2 - dat umNum - Datum Number: 0 = WGS84, OxFFFF =
user-defined

2 CHI[6] |- dat umNane - ASCII String: WGS84 or USER

8 R8 - maj A m Semi-major Axis ( accepted range = 6,300,
000.0 to 6,500,000.0 meters ).

16 R8 - flat - 1.0/ Flattening ( accepted range is 0.0 to
500.0).

24 R4 - dx m X Axis shift at the origin ( accepted range
is +/- 5000.0 meters ).

28 R4 - dy m Y Axis shift at the origin ( accepted range
is +/- 5000.0 meters ).

32 R4 - dz m Z Axis shift at the origin ( accepted range
is +/- 5000.0 meters ).

36 R4 - rot X s Rotation about the X Axis ( accepted
range is +/- 20.0 milli-arc seconds ).

40 R4 - rotY s Rotation about the Y Axis ( accepted
range is +/- 20.0 milli-arc seconds ).

44 R4 - rotZ s Rotation about the Z Axis ( accepted
range is +/- 20.0 milli-arc seconds ).

48 R4 - scal e ppm Scale change ( accepted range is 0.0 to
50.0 parts per million ).
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32.10.5 UBX-CFG-DGNSS (0x06 0x70)
32.10.5.1 DGNSS configuration

Message UBX-CFG-DGNSS
Description DGNSS configuration
Firmware Supported on:
* u-blox 8 / u-blox M8 protocol versions 20.01, 20.1, 20.2, 20.3, 22, 23 and 23.0(b
nly with High Precision GNSS products)
Type Get/Set
Comment This message allows the user to configure the DGNSS configuration of the

receiver.

Header Class |ID Length (Bytes) Payload [Checksum

Message Structure |OxB5 Ox62|0x06|0x70(4 see below| CK_A CK_B

Payload Contents:

Byte Offset Number [ Scaling Name Unit Description

Format

0 U1 - dgnsshbde - Specifies differential mode:
2: RTK float: No attempts are made to fix
ambiguities.
3: RTK fixed: Ambiguities are fixed
whenever possible.

1 Ui[3] |- reservedl - Reserved

32.10.6 UBX-CFG-DOSC (0x06 0x61)

32.10.6.1 Disciplined oscillator configuration

Message UBX-CFG-DOSC
Description Disciplined oscillator configuration
Firmware Supported on:
* u-blox 8 / u-blox M8 protocol versions 16, 17,18, 19, 19.1, 19.2, 20, 20.01, 20.1,
2,20.3,22,23 and 23.01(only with Time & Frequency Sync products)
Type Get/Set
Comment This message allows the characteristics of the internal or external oscillator to

be described to the receiver.

The gainVco and gainUncertainty parameters are normally set using the
calibration process initiated using UBX- TI M VCOCAL.

The behavior of the system can be badly affected by setting the wrong values,
so customers are advised to only change these parameters with care.

Header Class | ID Length (Bytes) Payload |Checksum
Message Structure |OxB5 0x62|0x06|0x61|4 + 32*numOsc see below| CK_A CK_B
Payload Contents:
Byte Offset Number [ Scaling Name Unit Description
Format
0 Ui - version - Message version (O for this version)
1 U1 - nunOsc - Number of oscillators to configure (affects
length of this message)
2 ui[z] |- reservedl - Reserved
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UBX-CFG-DOSC continued
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Byte Offset Number [ Scaling Name Unit Description
Format

Start of repeated block (numOsc times)

4 + 32*N Ui - oscld - Id of oscillator.
0 -internal oscillator
1 - external oscillator

5+ 32*N U1 - reserved?2 - Reserved

6 + 32*N X2 - fl ags - flags (see graphic below)

8 + 32*N ua 2n-2 freq Hz Nominal frequency of source

12+ 32*N |14 - phaseO f set ps Intended phase offset of the oscillator
relative to the leading edge of the time
pulse

16+ 32*N |U4 27-8 Wi t hTenmp ppb Oscillator stability limit over operating
temperature range (must be > 0)

20+ 32*N (U4 27-8 wi t hAge ppb/ye | Oscillator stability with age (must be > 0)

ar

24+ 32*N |U2 - ti mreToTenp s The minimum time that it could take for a
temperature variation to move the
oscillator frequency by 'withTemp' (must
be > 0)

26 +32*N |U1[2] |- reserved3 - Reserved

28 +32*N (14 27-16 |[gai nVco ppb/ra | Oscillator control gain/slope; change of

w LSB [frequency per unit change in raw control

change

32+ 32*N |U1 2/-8 gai nUncertain |- Relative uncertainty (1 standard deviation)

ty of oscillator control gain/slope
33+32*N |U1[3] |- reserved4 - Reserved
End of repeated block

Bitfield flags

This graphic explains the bits of f | ags

¢ 3 2 1|0

D zigned value
Ounsianed waluz
O reseruved
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Name Description
i sCal i brated |1iftheoscillator gain is calibrated, O if not
control I f Communication interface for oscillator control:

0: Custom DAC attached to receiver's [12C

1: Microchip MCP4726 (12 bit DAC) attached to receiver's 12C

2: TIDAC8571 (16 bit DAC) attached to receiver's 12C

13: 12 bit DAC attached to host

14: 14 bit DAC attached to host

15: 16 bit DAC attached to host

Note that for DACs attached to the host, the host must monitor UBX- TI M DOSC messages and pass

the supplied raw values on to the DAC.

32.10.7 UBX-CFG-ESRC (0x06 0x60)

32.10.7.1 External synchronization source configuration

Message UBX-CFG-ESRC
Description External synchronization source configuration
Firmware Supported on:
* u-blox 8 / u-blox M8 protocol versions 16, 17,18, 19, 19.1, 19.2, 20, 20.01, 20.1,
2,20.3,22,23 and 23.01(only with Time & Frequency Sync products)
Type Get/Set
Comment External time or frequency source configuration. The stability of time and

frequency sources is described using different fields, see sourceType field
documentation.

Header Class |ID Length (Bytes) Payload [Checksum

Message Structure | OxB5 0x62|0x06| 0x60(4 + 36*numSources see below | CK_A CK_B

Payload Contents:

Byte Offset Number [ Scaling Name Unit Description

Format

0 U1 - version - Message version (O for this version)

1 U1 - nunSour ces - Number of sources (affects length of this
message)

2 ui[z] |- reservedl - Reserved

Start of repeated block (humSources times)

4 + 36*N U1 - ext | nt - EXTINT index of this source (0 for
EXTINTO and 1 for EXTINT1)
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Byte Offset Number [ Scaling Name Unit Description
Format
5+ 36*N U1 - sourceType - Source type:
0: none

1: frequency source; use withTemp,
withAge, timeToTemp and
maxDevLifeTime to describe the stability
of the source

2: time source; use offset,
offsetUncertainty and jitter fields to
describe the stability of the source

3: feedback from external oscillator;
stability data is taken from the external
oscillator's configuration

6 + 36*N X2 - fl ags - Flags (see graphic below)

8 + 36*N ua 2n-2 freq Hz Nominal frequency of source

12+ 36*N |U1[4] |- reserved2 - Reserved

16 + 36*"N |U4 2"-8 w t hTemp ppb Oscillator stability limit over operating

temperature range (must be > 0)
Only used if sourceTypeis 1.

20+ 36*N (U4 27-8 wi t hAge ppb/ye | Oscillator stability with age (must be > 0)
ar Only used if sourceTypeis 1.
24 + 36*N (U2 - ti meToTenp s The minimum time that it could take for a

temperature variation to move the
oscillator frequency by 'withTemp' (must

be > 0)
Only used if sourceTypeis 1.
26 + 36*N (U2 - maxDevLi f eTi m|ppb Maximum frequency deviation during
e lifetime (must be > 0)
Only used if sourceTypeis 1.
28 +36*N (14 - of f set ns Phase offset of signal
Only used if sourceType is 2.
32+ 36*N (U4 - of fset Uncerta |ns Uncertainty of phase offset (one standard
inty deviation)
Only used if sourceType is 2.
36 +36*N |U4 - jitter ns/s Phase jitter (must be > 0)

Only used if sourceType is 2.

End of repeated block
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Bitfield flags
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This graphic explains the bits of f | ags

=
T

O =igned value
Dunsigned value

chaslic
polarity

[ »e=erved
Name Description
polarity Polarity of signal:
0: leading edge is rising edge
1: leading edge is falling edge
gnssut c Time base of timing signal:

0: GNSS - as specified in CFG-TP5 (or GPS if CFG-TP5 indicates UTC)
1: UTC
Only used if sourceType is 2.

32.10.8 UBX-CFG-GEOFENCE (0x06 0x69)
32.10.8.1 Geofencing configuration

Message UBX-CFG-GEOFENCE
Description Geofencing configuration
Firmware Supported on:
* u-blox 8 / u-blox M8 protocol versions 18, 19, 19.1, 19.2, 20, 20.01, 20.1, 20.2, 2
3,22,23 and 23.01
Type Get/Set
Comment Gets or sets the geofencing configuration

See the Geofencing description for feature details.

If the receiver is sent a valid new configuration, it will respond with a UBX- ACK-
ACK message and immediately change to the new configuration. Otherwise the
receiver will reject the request, by issuing a UBX- ACK- NAK and continuing
operation with the previous configuration.

Note that the acknowledge message does not indicate whether the PIO
configuration has been successfully applied (pin assigned), it only indicates the
successful configuration of the feature. The configured PIO must be previously
unoccupied for successful assignment.

Header Class |ID Length (Bytes) Payload [Checksum
Message Structure |0OxB5 0x62|0x06(0x69|8 + 12*numFences see below | CK_A CK_B
Payload Contents:
Byte Offset Number [ Scaling Name Unit Description
Format
0 U1 - version - Message version (=0x00 for this version)
1 U1 - nunfFences - Number of geofences contained in this

message. Note that the receiver can only
store a limited number of geofences
(currently 4).

UBX-13003221-R17

Early Production Information Page 174 of 407



@biox

UBX-CFG-GEOFENCE continued

u-blox 8 / u-blox M8 Receiver Description - Manual

Byte Offset Number [ Scaling Name Unit Description
Format

2 U1 - conf Lvl - Required confidence level for state
evaluation. This value times the position's
standard deviation (sigma) defines the
confidence band.
0 = no confidence required
1=68%
2 =95%
3=99.7%
4 =99.99%

3 ui[1] |- reservedl - Reserved

4 U1 - pi oEnabl ed - 1 = Enable PIO combined fence state
output, O = disable

5 U1 - pi nPol arity - PIO pin polarity. 0 = Low means inside, 1 =
Low means outside. Unknown state is
always high.

6 U1 - pin - PIO pin number

7 ui[i] |- reserved2 - Reserved

Start of repeated block (humFences times)

8+ 12*N 14 Tle-7 | at deg Latitude of the geofence circle center

12+12*N |14 Tle-7 | on deg Longitude of the geofence circle center

16+12*N |U4 Te-2 radi us m Radius of the geofence circle

End of repeated block

32.10.9 UBX-CFG-GNSS (0x06 Ox3E)
32.10.9.1 GNSS system configuration

D.01,

Message UBX-CFG-GNSS
Description GNSS system configuration
Firmware Supported on:
* u-blox 8 / u-blox M8 protocol versions 15, 15.01, 16, 17,18, 19, 19.1, 19.2, 20, 2
20.1,20.2,20.3,22,23 and 23.01
Type Get/Set
Comment Gets or sets the GNSS system channel sharing configuration.

If the receiver is sent a valid new configuration, it will respond with a UBX- ACK-
ACK message and immediately change to the new configuration. Otherwise the
receiver will reject the request, by issuing a UBX- ACK- NAK and continuing
operation with the previous configuration.

Configuration requirements:

* Itis necessary for at least one major GNSS to be enabled, after applying the
new configuration to the current one.

* Itis also required that at least 4 tracking channels are available to each
enabled major GNSS, i.e. maxTr kCh must have a minimum value of 4 for each

enabled major GNSS.

* The number of tracking channels in use must not exceed the number of
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tracking channels available in hardware, and the sum of all reserved tracking
channels needs to be less than or equal to the number of tracking channels in

use.
Notes:

* To avoid cross-correlation issues, it is recommended that GPS and QZSS are
always both enabled or both disabled.

* Polling this message returns the configuration of all supported GNSS, whether
enabled or not; it may also include GNSS unsupported by the particular
product, but in such cases the enable flag will always be unset.

* See section GNSS Configuration for a discussion of the use of this message.

* See section Satellite Numbering for a description of the GNSS IDs available.

* Configuration specific to the GNSS system can be done via other messages (e.
g. UBX-CFG-SBAS).

ks

Header Class | ID Length (Bytes) Payload [Checksum

Message Structure | OxB5 Ox62|0x06[0x3E|4 + 8*numConfigBlocks see below | CK_A CK_B

Payload Contents:

Byte Offset Number [ Scaling Name Unit Description

Format

0 U1 - nsg\Ver - Message version (=0 for this version)

1 U1 - numrr kChHw - Number of tracking channels available in
hardware (read only)

2 U1 - numir kChUse - (Read only in protocol versions greater
than 23) Number of tracking channels to
use. Must be > 0, <= numTrkChHw. If
OxFF, then number of tracking channels to
use will be set to numTrkChHw.

3 Ui - numConfi gBl oc |- Number of configuration blocks following

Start of repeated block (numConfigB

locks times)

4 + 8*N U1

gnssid

System identifier (see Satellite Numbering

)

5+8*N U1

resTrkCh

(Read only in protocol versions greater
than 23) Number of reserved (minimum)
tracking channels for this system.

6 +8*N U1

maxTr kCh

(Read only in protocol versions greater
than 23) Maximum number of tracking
channels used for this system. Must be >
0, >=resTrkChn, <= numTrkChUse and <=
maximum number of tracking channels
supported for this system.

7+ 8*N U1

reservedl

Reserved

8 + 8*N X4

flags

bitfield of flags. At least one signal must
be configured in every enabled system.
(see graphic below)

End of repeated block
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Bitfield flags

This graphic explains the bits of f | ags
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Name Description

enabl e Enable this system

si gCf gvask Signal configuration mask

When gnssld is 0 (GPS)
*0x01 =GPSL1C/A
*0x10=GPS L2C

When gnssld is 1 (SBAS)
*0x01=SBASL1C/A
When gnssld is 2 (Galileo)

*0x01 = Galileo E1 (not supported inprotocol versions less than 18

* 0x20 = Galileo E5b
When gnssld is 3 (BeiDou)
*0x01 = BeiDou B1l
*0x10 = BeiDou B2l

When gnssld is 4 (IMES)
*0x01 =IMES L1

When gnssld is 5 (QZSS)
*0x01=QZSSL1C/A
*0x04 =QZSSL1S
*0x10=QZSsLaC

When gnssld is 6 (GLONASS)
*0x01 =GLONASS L1
*0x10=GLONASS L2
When gnssld is 7 (IRNSS)
*0x01 =IRNSS L5A
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32.10.10 UBX-CFG-HNR (0x06 0x5C)
32.10.10.1 High Navigation Rate Settings

Message UBX-CFG-HNR

Description High Navigation Rate Settings

Firmware Supported on:
* u-blox 8 / u-blox M8 protocol versions 15.01, 16 and 1(énly with ADR products)
* u-blox 8 / u-blox M8 protocol versions 19, 19.1, 19.2, 20, 20.01, 20.1, 20.2, 20.3,

22,23 and 23.01(only with ADR or UDR products)
Type Get/Set
Comment The u-blox receivers support high rates of navigation update up to 30 Hz. The

navigation solution output UBX-NAV-HNR will not be aligned to the top of a

second.

* The update rate has a direct influence on the power consumption. The more
fixes that are required, the more CPU power and communication resources are

required.

* For most applications a 1 Hz update rate would be sufficient.

Header Class [ ID Length (Bytes) Payload [Checksum
Message Structure |OxB5 0x62| 0x06|0x5C| 4 see below| CK_A CK_B
Payload Contents:
Byte Offset Number [ Scaling Name Unit Description

Format

0] U1 - hi ghNavRat e Hz Rate of navigation solution output
1 Ui1[3] |- reservedl - Reserved

32.10.11 UBX-CFG-INF (0x06 0x02)
32.10.11.1 Poll configuration for one protocol

D.O01,

Message UBX-CFG-INF
Description Poll configuration for one protocol
Firmware Supported on:
* u-blox 8 / u-blox M8 protocol versions 15, 15.01, 16,17, 18,19, 19.1, 19.2, 20, 2
20.1,20.2,20.3,22,23 and 23.01
Type Poll Request
Comment -
Header Class [ ID Length (Bytes) Payload [Checksum
Message Structure |OxB5 0x62|0x06|0x02]| 1 see below| CK_A CK_B
Payload Contents:
Byte Offset Number [ Scaling Name Unit Description
Format
0 U1 - protocol I D - Protocol Identifier, identifying the output

protocol for this Poll Request. The
following are valid Protocol Identifiers:
0: UBX Protocol

1: NMEA Protocol

2-255: Reserved
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32.10.11.2 Information message configuration

D.O1,

Message UBX-CFG-INF
Description Information message configuration
Firmware Supported on:
* u-blox 8 / u-blox M8 protocol versions 15, 15.01, 16,17, 18,19, 19.1, 19.2, 20, 2
20.1,20.2,20.3,22,23 and 23.01
Type Get/Set
Comment The value of infMsgMask[x] below are that each bit represents one of the INF

class messages (Bit O for ERROR, Bit 1 for WARNING and so on.). For a complete
list, see the Message Class INF. Several configurations can be concatenated to
one input message. In this case the payload length can be a multiple of the
normal length. Output messages from the module contain only one
configuration unit. Note that I/O Ports 1 and 2 correspond to serial ports 1 and 2.
I/O port 0 is DDC. I/O port 3 is USB. I/O port 4 is SPI. I/O port 5 is reserved for
future use.

Header Class [ ID Length (Bytes) Payload |Checksum
Message Structure |OxB5 0x62|0x06|0x02|0 + 10*N see below| CK_A CK_B
Payload Contents:
Byte Offset Number [ Scaling Name Unit Description
Format

Start of repeated block (N

times)

N*10 U1 - protocol I D - Protocol Identifier, identifying for which
protocol the configuration is set/get. The
following are valid Protocol Identifiers:

0: UBX Protocol
1: NMEA Protocol
2-255: Reserved
1+ 10*N ui1[3] |- reservedl - Reserved
4 +10*N X1[6] |- i nf MsgMask - A bit mask, saying which information

messages are enabled on each I/O port
(see graphic below)

End of repeated block

Bitfield infMsgMask
This graphic explains the bits of i nf MsgMask
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Name Description
ERROR enable ERROR
WARNI NG enable WARNING
NOTI CE enable NOTICE
TEST enable TEST
DEBUG enable DEBUG

32.10.12 UBX-CFG-ITFM (0x06 0x39)

32.10.12.1 Jamming/Interference Monitor configuration

D.01,

Message UBX-CFG-ITFM
Description Jamming/Interference Monitor configuration
Firmware Supported on:
* u-blox 8 / u-blox M8 protocol versions 15, 15.01, 16, 17,18, 19, 19.1, 19.2, 20, 2
20.1,20.2,20.3,22,23 and 23.01
Type Get/Set
Comment Configuration of Jamming/Interference monitor.

Message Structure

Header Class | ID Length (Bytes)

Payload

Checksum

OxB5 0x62|0x06| 0x39| 8

see below

CK_ACK_B

Payload Contents:

D zigned value
Ounsianed waluz
O reseruved
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Byte Offset Number [ Scaling Name Unit Description
Format
0 X4 - config - interference config word. (see graphic
below)
4 X4 - config2 - extra settings for jamming/interference
monitor (see graphic below)
Bitfield config
This graphic explains the bits of confi g
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Name

Description

bbThr eshol d

Broadband jamming detection threshold (unit = dB)

cwThr eshol d

CW jamming detection threshold (unit = dB)

algorithnBits

reserved algorithm settings - should be set to 0x16B156 in hex for correct settings

enabl e

enable interference detection

Bitfield config2
This graphic explains the bits of conf i g2

|14[13 12[11 108 8 7 6 5 4 3 2 1 o

O =igned value
Ounsianed valuz
O reseruved

enakblez
antSetting
generalBits

Name

Description

general Bits

general settings - should be set to 0x31E in hex for correct setting

ant Setting

antennaSetting, 0=unknown, 1=passive, 2=active

enabl e2

Set to 1 to scan auxiliary bands (u-blox 8 / u-blox M8 only, otherwise ignored)

32.10.13 UBX-CFG-LOGFILTER (0x06 0x47)
32.10.13.1 Data Logger Configuration

D.O1,

Message UBX-CFG-LOGFILTER
Description Data Logger Configuration
Firmware Supported on:
* u-blox 8 / u-blox M8 protocol versions 15, 15.01, 16,17, 18,19, 19.1, 19.2, 20, 2
20.1,20.2,20.3, 22,23 and 23.01
Type Get/Set
Comment This message can be used to configure the data logger, i.e. to enable/disable the

log recording and to get/set the position entry filter settings.

Position entries can be filtered based on time difference, position difference or
current speed thresholds. Position and speed filtering also have a minimum time
interval. A position is logged if any of the thresholds are exceeded. If a threshold
is set to zero it is ignored. The maximum rate of position logging is 1Hz.

The filter settings will be configured to the provided values only if the
‘applyAllFilterSettings' flag is set. This allows the recording to be
enabled/disabled independently of configuring the filter settings.

It is supported to configure the data logger in the absence of a logging file. By
doing so, once the logging file is created, the data logger configuration will take
effect immediately and logging recording and filtering will activate according to
the configuration.

Header Class [ ID Length (Bytes) Payload |Checksum
Message Structure | OxB5 Ox62|0x06|0x47|12 see below | CK_A CK_B
Payload Contents:
Byte Offset Number [ Scaling Name Unit Description
Format
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UBX-CFG-LOGFILTER continued

u-blox 8 / u-blox M8 Receiver Description - Manual

Byte Offset Number [ Scaling Name Unit Description
Format
0 U1 - version - The version of this message. Set to 1
1 X1 - flags - Flags (see graphic below)
2 uz2 - nmi nl nt erval s Minimum time interval between logged

positions (0O = not set). This is only applied
in combination with the speed and/or
position thresholds. If both mininterval
and timeThreshold are set, mininterval
must be less than or equal to
timeThreshold.

4 uz2 - ti meThreshol d |s If the time difference is greater than the
threshold then the position is logged (0 =
not set).

6 u2 - speedThr eshol |m/s If the current speed is greater than the

d threshold then the position is logged (0 =
not set). mininterval also applies

8 u4 - positionThres |m If the 3D position difference is greater

hol d than the threshold then the position is
logged (0 = not set). mininterval also
applies

Bitfield flags

This graphic explains the bits of f | ags
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O =igned value
|:| unsigned value
O reserued

UBX-13003221-R17 Early Production Information Page 182 of 407



@biox

u-blox 8 / u-blox M8 Receiver Description - Manual

Name Description

r ecor dEnabl ed | 1 = enable recording, O = disable recording

psnOncePer WK | 1 = enable recording only one single position per PSM on/off mode wake-up period, O = disable once
upEnabl ed per wake-up

appl YAl | Fi | t e |1 =apply all filter settings, O = only apply recordEnabled

rSettings

32.10.14 UBX-CFG-MSG (0x06 0x01)

32.10.14.1 Poll a message configuration

D.01,

Message UBX-CFG-MSG
Description Poll a message configuration
Firmware Supported on:

* u-blox 8 / u-blox M8 protocol versions 15, 15.01, 16, 17,18, 19, 19.1, 19.2, 20, 2

20.1,20.2,20.3,22,23 and 23.01

Type Poll Request
Comment -

Header Class | ID Length (Bytes) Payload [Checksum
Message Structure |OxB5 0x62|0x06[{0x01|2 see below| CK_A CK_B
Payload Contents:
Byte Offset Number | Scaling Name Unit Description

Format

0 U1 - msgd ass - Message Class
1 U1 - msgl D - Message Identifier

32.10.14.2 Set Message Rate(s)

D.O1,

Message UBX-CFG-MSG
Description Set Message Rate(s)
Firmware Supported on:
* u-blox 8 / u-blox M8 protocol versions 15, 15.01, 16, 17,18, 19, 19.1, 19.2, 20, 2
20.1,20.2,20.3,22,23 and 23.01
Type Get/Set
Comment Set/Get message rate configuration (s) to/from the receiver.

See also section How to change between protocols.

* Send rate is relative to the event a message is registered on. For example, if
the rate of a navigation message is set to 2, the message is sent every second
navigation solution. For configuring NMEA messages, the section NMEA
Messages Overview describes Class and Identifier numbers used.

Header Class |ID Length (Bytes) Payload [Checksum

Message Structure | OxB5 0x62|0x06|0x01|8 see below | CK_A CK_B
Payload Contents:
Byte Offset Number [ Scaling Name Unit Description

Format
0 U1 - nmsgd ass - Message Class
1 U1 - nmsgl D - Message Identifier
2 ui[e] |- rate - Send rate on I/O Port (6 Ports)
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32.10.14.3 Set Message Rate

u-blox 8 / u-blox M8 Receiver Description - Manual

D.O1,

See also section How to change between protocols.

Message UBX-CFG-MSG
Description Set Message Rate
Firmware Supported on:
* u-blox 8 / u-blox M8 protocol versions 15, 15.01, 16,17, 18,19, 19.1, 19.2, 20, 2
20.1,20.2,20.3,22,23 and 23.01
Type Get/Set
Comment Set message rate configuration for the current port.

Header Class |ID Length (Bytes) Payload [Checksum

Message Structure | OxB5 0x62|0x06|0x01|3 see below | CK_A CK_B
Payload Contents:
Byte Offset Number [ Scaling Name Unit Description

Format
0 U1 - nmsgd ass - Message Class
1 U1 - nmsgl D - Message Identifier
2 Ui - rate - Send rate on current Port

32.10.15 UBX-CFG-NAV5 (0x06 0x24)
32.10.15.1 Navigation Engine Settings

D.O1,

Message UBX-CFG-NAV5
Description Navigation Engine Settings
Firmware Supported on:
* u-blox 8 / u-blox M8 protocol versions 15, 15.01, 16,17, 18,19, 19.1, 19.2, 20, 2
20.1,20.2,20.3,22,23 and 23.01
Type Get/Set
Comment See the Navigation Configuration Settings Description for a detailed description
of how these settings affect receiver operation.
Header Class |ID Length (Bytes) Payload [Checksum
Message Structure |OxB5 0x62|0x06|0x24| 36 see below| CK_A CK_B
Payload Contents:
Byte Offset Number [ Scaling Name Unit Description
Format
0 X2 - mask - Parameters Bitmask. Only the masked

parameters will be applied. (see graphic

below)
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UBX-CFG-NAVS5 continued

u-blox 8 / u-blox M8 Receiver Description - Manual

Byte Offset Number [ Scaling Name Unit Description
Format
2 U1 - dynhodel - Dynamic platform model:
0: portable
2: stationary
3: pedestrian
4: automotive
5:sea
6: airborne with <1g acceleration
7: airborne with <2g acceleration
8: airborne with <4g acceleration
9: wrist worn watch (not supported in
protocol versions less than 1§
10: bike (supported inprotocol versions 19.
2)
3 U1 - fi xMbde - Position Fixing Mode:
1: 2D only
2: 3D only
3:auto 2D/3D
4 14 0.01 fixedAlt m Fixed altitude (mean sea level) for 2D fix
mode.
8 ua 0.0001 |fi xedAl t Var mA2 Fixed altitude variance for 2D mode.
12 11 - m nEl ev deg Minimum Elevation for a GNSS satellite to
be used in NAV
13 U1 - drLimt s Reserved
14 U2 0.1 pDop - Position DOP Mask to use
16 U2 0.1 t Dop - Time DOP Mask to use
18 uz - pAcc m Position Accuracy Mask
20 u2 - t Acc m Time Accuracy Mask
22 U1 - staticHol dThr |ecm/s |Static hold threshold
esh
23 U1 - dgnssTi meout |s DGNSS timeout
24 U1 - cnoThreshNuns | - Number of satellites required to have
Vs C/NO above cnoThresh for a fix to be
attempted
25 U1 - cnoThr esh dBHz |C/NO threshold for deciding whether to
attempt a fix
26 ui[z] |- reservedl - Reserved
28 uz2 - stati cHol dMax |m Static hold distance threshold (before
Di st quitting static hold)
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u-blox 8 / u-blox M8 Receiver Description - Manual

UBX-CFG-NAVS5 continued

Byte Offset

Number

Format

Scaling Name Unit Description

30 U1

ut cSt andar d UTC standard to be used:

0: Automatic; receiver selects based on
GNSS configuration (see GNSS time
bases).

3: UTC as operated by the U.S. Naval
Observatory (USNO); derived from GPS
time

6: UTC as operated by the former Soviet
Union; derived from GLONASS time

7: UTC as operated by the National Time
Service Center, China; derived from
BeiDou time

(not supported in protocol versions less
than 16.

31

U1[5]

reserved2 Reserved

Bitfield mask
This graphic expl

ains the bits of nask

o] ez s[5 [afafz]s]o]
[} o - -y - = = LE] — =
+— — [ [2] [ [ T = R T =2
=3 ] 1] [1x] 1] [ | [m] [ ]
= =E E E = e =
[l [ o [T [ = o =
[ o = = [=] —
[ o O e o [T
s T X o+ [
[ [} [m]
=) — =3
= =
[ [1:]
)
1]
O =igned value
Ounsianed valuz
O reseruved
Name Description
dyn Apply dynamic model settings
m nEl Apply minimum elevation settings
posFi xMode Apply fix mode settings
drLim Reserved
posMask Apply position mask settings
ti meMask Apply time mask settings

st ati cHol dMvhas
k

Apply static hold settings

dgpsMask

Apply DGPS settings.

cnoThr eshol d

Apply CNO threshold settings (cnoThresh, cnoThreshNumSVs).

utc

Apply UTC settings.

(not supported in protocol versions less than 16.
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32.10.16 UBX-CFG-NAVX5 (0x06 0x23)
32.10.16.1 Navigation Engine Expert Settings

u-blox 8 / u-blox M8 Receiver Description - Manual

Message UBX-CFG-NAVX5

Description Navigation Engine Expert Settings

Firmware Supported on:

* u-blox 8 / u-blox M8 protocol versions 15, 15.01, 16 and 17

Type Get/Set

Comment -

Header Class |ID Length (Bytes) Payload [Checksum

Message Structure | OxB5 0x62|0x06|0x23(40 see below | CK_A CK_B

Payload Contents:

Byte Offset Number [ Scaling Name Unit Description

Format

0 Uz - ver si on - Message version (O for this version)

2 X2 - mask1l - First parameters bitmask. Only the
flagged parameters will be applied,
unused bits must be set to 0. (see graphic
below)

4 X4 - mask?2 - Second parameters bitmask. Only the
flagged parameters will be applied,
unused bits must be set to O. (see graphic
below)

8 ui[z] |- reservedl - Reserved

10 Ui - m nSVs #SVs |Minimum number of satellites for
navigation

11 Ui - maxSVs #SVs |Maximum number of satellites for
navigation

12 U1 - m nCNO dBHz |Minimum satellite signal level for
navigation

13 U1 - reserved?2 - Reserved

14 U1 - i ni Fi x3D - 1 = initial fix must be 3D

15 ui[z] |- reserved3 - Reserved

17 U1 - ackAi di ng - 1 = issue acknowledgements for
assistance message input

18 u2 - wknRol | over - GPS week rollover number; GPS week
numbers will be set correctly from this
week up to 1024 weeks after this week.
Setting this to O reverts to firmware
default.

20 ui[e] |- reserved4 - Reserved

26 Ui - usePPP - = use Precise Point Positioning (only
available with the PPP product variant)

27 Ui - aopCf g - AssistNow Autonomous configuration
(see graphic below)

28 ui[z] |- reserved5 - Reserved
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u-blox 8 / u-blox M8 Receiver Description - Manual

UBX-CFG-NAVX5 continued

Byte Offset Number [ Scaling Name Unit Description
Format
30 uz2 - aopOr bMaxErr |m Maximum acceptable (modeled)

AssistNow Autonomous orbit error (valid
range = 5..1000, or O = reset to firmware

default)
32 ui[4] |- reserved6 - Reserved
36 U1[3] |- reserved? - Reserved
39 U1 - useAdr - Only supported on certain products

Enable/disable ADR sensor fusion (if O:
sensor fusion is disabled - if 1: sensor
fusion is enabled).

Bitfield mask1
This graphic explains the bits of mask1

| [sfss]  foofs| o] fafz[ |
[T ] = b (=] e
] o - - - = T
] = < =] 4 o =
R = = =
[ = o o
L R — = =
= E
s
5
O =igned value
|:| unsigned value
O reserued
Name Description
m niVax 1 = apply min/max SVs settings
m nCno 1 = apply minimum C/NO setting
i nitial 3dfix |1=applyinitial 3D fix settings
wknRol | 1 = apply GPS weeknumber rollover settings
ackAi d 1 = apply assistance acknowledgement settings
ppp 1 = apply usePPP flag
aop 1 = apply aopCfg (useAOP flag) and aopOrbMaxErr settings (AssistNow Autonomous)

Bitfield mask2
This graphic explains the bits of mask2

O =igned value
Ounsianed valuz
O reseruved
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Name
adr

u-blox 8 / u-blox M8 Receiver Description - Manual

Description

Apply ADR sensor fusion on/off setting (useAdr flag)

Bitfield aopCfg
This graphic explains the bits of aopCf g

| lo ]
o
=]
T
[n]
i
=
O =igned value
Ounsianed valuz
O reseruved
Name Description
useAOP 1 = enableAssistNow Autonomous

32.10.16.2 Navigation Engine Expert Settings

Message UBX-CFG-NAVX5
Description Navigation Engine Expert Settings
Firmware Supported on:
* u-blox 8 / u-blox M8 protocol versions 18, 19, 19.1, 19.2, 20, 20.01, 20.1, 20.2, 2.
3,22,23 and 23.01
Type Get/Set
Comment (Polling will send back a version 3 message in protocol versions 19.9.

Header Class | ID Length (Bytes) Payload |Checksum

Message Structure |OxB5 0x62|0x06|0x23(40 see below| CK_A CK_B

Payload Contents:

Byte Offset Number [ Scaling Name Unit Description

Format

0 uz - ver si on - Message version (2 for this version)

2 X2 - mask1l - First parameters bitmask. Only the
flagged parameters will be applied,
unused bits must be set to 0. (see graphic
below)

4 X4 - mask2 - Second parameters bitmask. Only the
flagged parameters will be applied,
unused bits must be set to 0. (see graphic
below)

8 ui[z] |- reservedl - Reserved

10 U1 - m nSVs #SVs |Minimum number of satellites for
navigation

11 U1 - maxSVs #SVs |Maximum number of satellites for
navigation

12 Ui - m nCNO dBHz |Minimum satellite signal level for
navigation

13 U1 - reserved2 - Reserved

14 U1 - i ni Fi x3D - 1 = initial fix must be 3D

15 ui[z] |- reserved3 - Reserved
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UBX-CFG-NAVX5 continued

u-blox 8 / u-blox M8 Receiver Description - Manual

Byte Offset Number [ Scaling Name Unit Description
Format

17 U1 - ackAi di ng - 1 = issue acknowledgements for
assistance message input

18 U2 - wknRol | over - GPS week rollover number; GPS week
numbers will be set correctly from this
week up to 1024 weeks after this week.
Setting this to O reverts to firmware
default.

20 U1 - si gAtt enConpM|dBHz |Only supported on certain products

ode Permanently attenuated signal

compensation (0 = disabled, 255 =
automatic, 1..63 = maximum expected
C/NO value)

21 U1 - reserved4 - Reserved

22 ui[z] |- reservedb - Reserved

24 ui[z] |- reserved6 - Reserved

26 U1 - usePPP - 1 = use Precise Point Positioning (only
available with the PPP product variant)

27 U1 - aopCf g - AssistNow Autonomous configuration
(see graphic below)

28 ui[z] |- reserved? - Reserved

30 u2 - aopOrbMaxErr  [m Maximum acceptable (modeled)
AssistNow Autonomous orbit error (valid
range = 5..1000, or O = reset to firmware
default)

32 ui[4] |- reserved8 - Reserved

36 U1[3] |- reserved9 - Reserved

39 U1 - useAdr - Only supported on certain products
Enable/disable ADR/UDR sensor fusion (if
0: sensor fusion is disabled - if 1: sensor
fusion is enabled).

Bitfield mask1
This graphic explains the bits of mask1

I, v = e [
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O =igned value
|:| unsigned value
O reseruved
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u-blox 8 / u-blox M8 Receiver Description - Manual

Name Description

m nMax 1 = apply min/max SVs settings

m nCno 1 = apply minimum C/NO setting

initial 3dfix |1=applyinitial 3D fix settings

wknRol | 1 = apply GPS weeknumber rollover settings

ackAi d 1 = apply assistance acknowledgement settings

ppp 1 = apply usePPP flag

aop 1 = apply aopCfg (useAOP flag) and aopOrbMaxErr settings (AssistNow Autonomous)

Bitfield mask2
This graphic explains the bits of nask2

|
(n)]

adr

zigAttenComp

O =igned value
Ounsianed valuz

O reseruved
Name Description
adr Apply ADR/UDR sensor fusion on/off setting (useAdr flag)

si gAtt enConp |Only supported on certain products

Apply signal attenuation compensation feature settings

Bitfield aopCfg
This graphic explains the bits of aopCf g
| lo |
o
o]
I
pi)
]
5
Dsigned ualue
OQunsigned waluz
O reseruved
Name Description
useAOP 1 = enableAssistNow Autonomous
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32.10.16.3 Navigation Engine Expert Settings

u-blox 8 / u-blox M8 Receiver Description - Manual

Message UBX-CFG-NAVX5

Description Navigation Engine Expert Settings

Firmware Supported on:

* u-blox 8 / u-blox M8 protocol versions 19.1 and 19.2

Type Get/Set

Comment -

Header Class |ID Length (Bytes) Payload [Checksum

Message Structure |OxB5 0x62|0x06|0x23(44 see below| CK_A CK_B

Payload Contents:

Byte Offset Number [ Scaling Name Unit Description

Format

0 Uz - ver si on - Message version (3 for this version)

2 X2 - mask1l - First parameters bitmask. Only the
flagged parameters will be applied,
unused bits must be set to 0. (see graphic
below)

4 X4 - mask?2 - Second parameters bitmask. Only the
flagged parameters will be applied,
unused bits must be set to O. (see graphic
below)

8 ui[z] |- reservedl - Reserved

10 Ui - nm nSVs #SVs |Minimum number of satellites for
navigation

11 Ui - max SVs #SVs |Maximum number of satellites for
navigation

12 U1 - ni nCNO dBHz |Minimum satellite signal level for
navigation

13 U1 - reserved2 - Reserved

14 U1 - i ni Fi x3D - 1 = initial fix must be 3D

15 ui[z] |- reserved3 - Reserved

17 U1 - ackAi di ng - 1 = issue acknowledgements for
assistance message input

18 u2 - wknRol | over - GPS week rollover number; GPS week
numbers will be set correctly from this
week up to 1024 weeks after this week.
Setting this to O reverts to firmware
default.

20 U1 - si gAtt enConpM|{dBHz |Only supported on certain products

ode Permanently attenuated signal
compensation (O = disabled, 255 =
automatic, 1..63 = maximum expected
C/NO value)

21 U1 - reserved4 - Reserved

22 ui[z] |- reserved5 - Reserved

24 ui[z] |- reserved6 - Reserved
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UBX-CFG-NAVX5 continued

u-blox 8 / u-blox M8 Receiver Description - Manual

Byte Offset Number [ Scaling Name Unit Description
Format

26 U1 - usePPP - 1 = use Precise Point Positioning (only
available with the PPP product variant)

27 Ui - aopCf g - AssistNow Autonomous configuration
(see graphic below)

28 ui[z] |- reserved? - Reserved

30 u2 - aopOrbMBxErr |m Maximum acceptable (modeled)

AssistNow Autonomous orbit error (valid
range = 5..1000, or O = reset to firmware

default)
32 ui[4] |- reserved8 - Reserved
36 Uu1[3] |- reserved9 - Reserved
39 U1 - useAdr - Only supported on certain products

Enable/disable ADR/UDR sensor fusion (if
0: sensor fusion is disabled - if 1: sensor
fusion is enabled).

40 ui[z] |- reservedlO - Reserved

42 ui[z] |- reservedll - Reserved

Bitfield mask1
This graphic explains the bits of mask1

| lselas] | Jaofs |  [e] | [afz] |
[ I v = o~ s [m) s
[m) = —~ o~ — = 1]
(141 o T [m] o 0 =
a0 CE = = [
iR ] = -
L1y — = =
= m
e
=
Dsigned ualue
OQunsigned waluz
O reseruved
Name Description
m nMax 1 = apply min/max SVs settings
m nCno 1 = apply minimum C/NO setting
initial3dfix |1=applyinitial 3D fix settings
wknRol | 1 = apply GPS weeknumber rollover settings
ackAi d 1 = apply assistance acknowledgement settings
ppp 1 = apply usePPP flag
aop 1 = apply aopCfg (useAOP flag) and aopOrbMaxErr settings (AssistNow Autonomous)
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Bitfield mask?2

This graphic explains the bits of mask2

u-blox 8 / u-blox M8 Receiver Description - Manual

|
(n)]

O =igned value
Dunsigned value

adr

zigAttenComp

O reseruved
Name Description
adr Apply ADR/UDR sensor fusion on/off setting (useAdr flag)
si gAtt enConp |Only supported on certain products
Apply signal attenuation compensation feature settings
Bitfield aopCfg
This graphic explains the bits of aopCf g
| [o ]
[n
=
<
o
L]
=
O =igned value
Ounsianed valuz
O reseruved
Name Description
useAOP 1 = enableAssistNow Autonomous

32.10.17 UBX-CFG-NMEA (0x06 0x17)

32.10.17.1 NMEA protocol configuration (deprecated)

D.O01,

last version listed below instead (its fields are backwards compatible with this

version, it just has extra fields defined).
Set/Get the NMEA protocol configuration. See section NMEA Protocol
Configuration for a detailed description of the configuration effects on NMEA

Message UBX-CFG-NMEA
Description NMEA protocol configuration (deprecated)
Firmware Supported on:
* u-blox 8 / u-blox M8 protocol versions 15, 15.01, 16,17, 18,19, 19.1, 19.2, 20, 2
20.1,20.2,20.3,22,23 and 23.01
Type Get/Set
Comment This message version is provided for backwards compatibility only. Use the

output.
Header Class | ID Length (Bytes) Payload [Checksum
Message Structure |OxB5 Ox62|0x06|0x17(4 see below| CK_A CK_B

Payload Contents:

Byte Offset Number [ Scaling Name Unit Description
Format
0 X1 - filter - filter flags (see graphic below)
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UBX-CFG-NMEA continued

u-blox 8 / u-blox M8 Receiver Description - Manual

Byte Offset Number [ Scaling Name Unit Description
Format
1 U1 - nmeaVer si on - 0x23: NMEA version 2.3
0x21: NMEA version 2.1
2 U1 - nunsV - Maximum Number of SVs to report per
Talkerld.
O: unlimited
8:8SVs
12: 12 SVs
16: 16 SVs
3 X1 - flags - flags (see graphic below)
Bitfield filter
This graphic explains the bitsof fi | t er
[ [slefsfzfsfo]
+ [ =
— (T} — — — —
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L e T = B . .4
+ = [
] =
[
o
T
O =igned value
Ounsianed valuz
O reseruved
Name Description
posFi | t Enable position output for failed or invalid fixes
nmskPosFi | t Enable position output for invalid fixes
timeFilt Enable time output for invalid times
dateFilt Enable date output for invalid dates
gpsOnl yFi | t er [Restrict output to GPS satellites only
trackFilt Enable COG output even if COG is frozen
Bitfield flags
This graphic explains the bits of f | ags
| [+ [o ]
L
L) 1]
o o
g g
wl ]
= L]
[w)
o

|:| signed wvalue
D unsigned walue
O reserued
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u-blox 8 / u-blox M8 Receiver Description - Manual

Name Description

conpat enable compatibility mode.
This might be needed for certain applications when customer's NMEA parser expects a fixed number
of digits in position coordinates

consi der enable considering mode.

32.10.17.2 NMEA protocol configuration VO (deprecated)

D.O1,

Message UBX-CFG-NMEA
Description NMEA protocol configuration VO (deprecated)
Firmware Supported on:
* u-blox 8 / u-blox M8 protocol versions 15, 15.01, 16, 17,18, 19, 19.1, 19.2, 20, 2
20.1,20.2,20.3,22,23 and 23.01
Type Get/Set
Comment This message version is provided for backwards compatibility only. Use the

last version listed below instead (its fields are backwards compatible with this
version, it just has extra fields defined).

Set/Get the NMEA protocol configuration. See section NMEA Protocol
Configuration for a detailed description of the configuration effects on NMEA

output.
Header Class |ID Length (Bytes) Payload [Checksum

Message Structure |OxB5 0x62|0x06|{0x17|12 see below| CK_A CK_B

Payload Contents:

Byte Offset Number [ Scaling Name Unit Description

Format

0 X1 - filter - filter flags (see graphic below)

1 U1 - nmeaVer si on - 0x23: NMEA version 2.3
0x21: NMEA version 2.1

2 U1 - nunsVv - Maximum Number of SVs to report per
Talkerld.

0: unlimited
8:8SVs
12: 12 SVs
16: 16 SVs

3 X1 - flags - flags (see graphic below)

4 X4 - gnssToFilter |- Filters out satellites based on their GNSS.
If a bitfield is enabled, the corresponding
satellites will be not output. (see graphic
below)

8 U1 - svNunberi ng - Configures the display of satellites that do
not have an NMEA-defined value.

Note: this does not apply to satellites with
an unknown ID.

0: Strict - Satellites are not output

1: Extended - Use proprietary numbering
(see Satellite Numbering)
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u-blox 8 / u-blox M8 Receiver Description - Manual

Byte Offset Number [ Scaling Name Unit Description
Format
9 U1 - mai nTal kerld |- By default the main Talker ID (i.e. the
Talker ID used for all messages other than
GSV) is determined by the GNSS
assignment of the receiver's channels (see
UBX- CFG G\SS).
This field enables the main Talker ID to be
overridden.
0: Main Talker ID is not overridden
1: Set main Talker ID to 'GP’
2: Set main Talker ID to 'GL'
3: Set main Talker ID to 'GN'
4: Set main Talker ID to 'GA'
5: Set main Talker ID to 'GB'
10 U1 - gsvTal kerl d - By default the Talker ID for GSV messages
is GNSS specific (as defined by NMEA).
This field enables the GSV Talker ID to be
overridden.
0: Use GNSS specific Talker ID (as defined
by NMEA)
1: Use the main Talker ID
11 U1 - ver si on - Message version (set to O for this version)
Bitfield filter
This graphic explains the bitsof fi | t er
L[5 fafalz]s fo]
- [ e
— b o~ o~ =
(T R T TR TR T
2 [iT] [T} (] [2]
[} L + = [} [}
[ =] L1x} — (= o
L o= T
-+ = (]
] =
[}
5
Dsigned ualue
OQunsigned waluz
O reseruved
Name Description
posFilt Enable position output for failed or invalid fixes
nmskPosFi | t Enable position output for invalid fixes
timeFilt Enable time output for invalid times
dateFilt Enable date output for invalid dates
gpsOnl yFi | t er |Restrict output to GPS satellites only
trackFilt Enable COG output even if COG is frozen

UBX-13003221-R17

Early Production Information Page 197 of 407



@biox

u-blox 8 / u-blox M8 Receiver Description - Manual

Bitfield flags
This graphic explains the bits of f | ags
| [+ o]
L
[T 143
o o
5 2
wl ]
= (]
[w)
L]
O =igned value
Dunsigned value
O reseruved
Name Description
conpat enable compatibility mode.
This might be needed for certain applications when customer's NMEA parser expects a fixed number
of digits in position coordinates
consi der enable considering mode.

Bitfield gnssToFilter

This graphic explains the bits of gnssToFi | t er

= (2] ] (2] ]
o (2] i L] o
o 1] kRl L]
o = o ]
L) =]
v —

el

O =igned value
Ounsianed valuz
O reseruved

Name Description

gps Disable reporting of GPS satellites
shas Disable reporting of SBAS satellites
gzss Disable reporting of QZSS satellites

gl onass Disable reporting of GLONASS satellites
bei dou Disable reporting of BeiDou satellites

32.10.17.3 Extended NMEA protocol configuration V1

D.O1,

Message UBX-CFG-NMEA
Description Extended NMEA protocol configuration V1
Firmware Supported on:
* u-blox 8 / u-blox M8 protocol versions 15, 15.01, 16, 17,18, 19, 19.1, 19.2, 20, 2
20.1,20.2,20.3, 22,23 and 23.01
Type Get/Set
Comment Set/Get the NMEA protocol configuration. See section NMEA Protocol

Configuration for a detailed description of the configuration effects on NMEA

output.
Header Class |ID Length (Bytes) Payload [Checksum
Message Structure |OxB5 0x62|0x06|0x17|20 see below| CK_A CK_B
Payload Contents:
Byte Offset Number [ Scaling Name Unit Description
Format
0] X1 - filter - filter flags (see graphic below)
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u-blox 8 / u-blox M8 Receiver Description - Manual

Byte Offset Number [ Scaling Name Unit Description
Format
1 U1 - nmeaVer si on - 0x41: NMEA version 4.10

0x40: NMEA version 4.0

0x23: NMEA version 2.3

0Ox21: NMEA version 2.1

2 U1 - nunsV - Maximum Number of SVs to report per
Talkerld.

O: unlimited

8:8 SVs

12:12 SVs

16: 16 SVs

X1 - flags - flags (see graphic below)

4 X4 - gnssToFilter |- Filters out satellites based on their GNSS.
If a bitfield is enabled, the corresponding
satellites will be not output. (see graphic
below)

8 Ui - svNunberi ng - Configures the display of satellites that do
not have an NMEA-defined value.

Note: this does not apply to satellites with
an unknown ID.

0: Strict - Satellites are not output

1: Extended - Use proprietary numbering
(see Satellite Numbering)

9 U1 - mai nTal kerld |- By default the main Talker ID (i.e. the
Talker ID used for all messages other than
GSV) is determined by the GNSS
assignment of the receiver's channels (see
UBX- CFG- GN\SS).

This field enables the main Talker ID to be
overridden.

0: Main Talker ID is not overridden

1: Set main Talker ID to 'GP

2: Set main Talker ID to 'GL'

3: Set main Talker ID to 'GN'

4: Set main Talker ID to 'GA'

5: Set main Talker ID to 'GB"

10 Ui - gsvTal kerld - By default the Talker ID for GSV messages
is GNSS specific (as defined by NMEA).
This field enables the GSV Talker ID to be
overridden.

0: Use GNSS specific Talker ID (as defined
by NMEA)

1: Use the main Talker ID

11 U1 - version - Message version (set to 1 for this version)

w
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UBX-CFG-NMEA continued

Byte Offset Number [ Scaling Name Unit Description
Format
12 CHI[2] |- bdsTal ker | d - Sets the two characters that should be

used for the BeiDou Talker ID
If these are set to zero, the default BeiDou
Talkerld will be used

14 ui[el |- reservedl - Reserved
Bitfield filter
This graphic explains the bitsof fi | t er
[ [slefafefao]
+ [ =
— L o - -
- S
L —~ b L L
N [T [T [ 2]
[ = (=] =]
1] o T 1 B T = o
L o= T a2
+ = [
] =
[
3
T
Dsigned walue
Ounsianed waluz
O reseruved
Name Description
posFi | t Enable position output for failed or invalid fixes
nmskPosFi | t Enable position output for invalid fixes
timeFilt Enable time output for invalid times
dateFilt Enable date output for invalid dates
gpsOnl yFi | t er |Restrict output to GPS satellites only
trackFilt Enable COG output even if COG is frozen
Bitfield flags
This graphic explains the bits of f | ags
| ENENENEE
[ Y L
(/LR ] [T [Lu]
] o
[
= = W (=]
LT ] = (]
- . o
= L]
O =igned value
Dunsigned valus
O reserued
Name Description
conpat enable compatibility mode.
This might be needed for certain applications when customer's NMEA parser expects a fixed number
of digits in position coordinates
consi der enable considering mode.
[imt82 enable strict limit to 82 characters maximum.
hi ghPr ec enable high precision mode.
This flag cannot be set in conjunction with either Compatibility Mode or Limit82 Mode.
(not supported in protocol versions less than 20.01)
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Bitfield gnssToFilter
This graphic explains the bits of gnssToFi | t er
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|:| signed wvalue
OQunsigned waluz
O reseruved

Name Description

gps Disable reporting of GPS satellites
sbhas Disable reporting of SBAS satellites
qzss Disable reporting of QZSS satellites

gl onass Disable reporting of GLONASS satellites
bei dou Disable reporting of BeiDou satellites

32.10.18 UBX-CFG-ODO (0x06 Ox1E)
32.10.18.1 Odometer, Low-speed COG Engine Settings

D.O01,

Message UBX-CFG-ODO

Description Odometer, Low-speed COG Engine Settings

Firmware Supported on:

* u-blox 8 / u-blox M8 protocol versions 15, 15.01, 16, 17,18, 19, 19.1, 19.2, 20, 2
20.1,20.2,20.3,22,23 and 23.01
Type Get/Set
Comment This feature is not supported for the FTS product variant.
Header Class |ID Length (Bytes) Payload |Checksum

Message Structure |OxB5 Ox62|0x06[0x1E|20 see below| CK_A CK_B

Payload Contents:

Byte Offset Number [ Scaling Name Unit Description

Format

0 U1 - ver si on - Message version (O for this version)

1 Ui1[3] |- reservedl - Reserved

4 U1 - flags - Odometer/Low-speed COG filter flags (see
graphic below)

5 X1 - odoCf g - Odometer filter settings (see graphic
below)

6 ui[e] |- reserved2 - Reserved

12 U1 Te-1 cogMaxSpeed m/s Speed below which course-over-ground
(COG) is computed with the low-speed
COG filter

13 U1 - coghvaxPosAcc |m Maximum acceptable position accuracy
for computing COG with the low-speed
COG filter

14 ui[z] |- reserved3 - Reserved

16 U1 - vel LpGai n - Velocity low-pass filter level, range 0..255

17 U1 - cogLpGain - COG low-pass filter level (at speed < 8
m/s), range 0..255
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u-blox 8 / u-blox M8 Receiver Description - Manual

Byte Offset Number [ Scaling Name Unit Description
Format
18 ui[z] |- reserved4 - Reserved
Bitfield flags
This graphic explains the bits of f | ags
| [3 ]2 1 [o ]
W oo
] [ e R e |
O o= o oo
& B o m
J 3 & @
= = =
= 5
o o
Dsigned walue
Ounsianed waluz
O reseruved
Name Description
useODO Odometer enabled flag
useCOG Low-speed COG filter enabled flag
out LPVel Output low-pass filtered velocity flag
out LPCog Output low-pass filtered heading (COG) flag
Bitfield odoCfg
This graphic explains the bits of odoCf g
| 2 1 o]
L
L
a
bl
o
O =igned value
Dunsigned valus
O reserued
Name Description
profile Profile type (O=running, 1=cycling, 2=swimming, 3=car, 4=custom)

32.10.19 UBX-CFG-PM2 (0x06 0x3B)

32.10.19.1 Extended Power Management configuration

D.O1,

Message UBX-CFG-PM2
Description Extended Power Management configuration
Firmware Supported on:
* u-blox 8 / u-blox M8 protocol versions 15, 15.01, 16, 17,18, 19, 19.1, 19.2, 20, 2
20.1,20.2,20.3, 22,23 and 23.01
Type Get/Set
Comment This feature is not supported for either the ADR or FTS products.

Header Class | ID Length (Bytes) Payload [Checksum

Message Structure

OxB5 0x62|0x06| 0x3B| 44

see below | CK_A CK_B

Payload Contents:

Byte Offset

Form

Number

Scaling Name Unit Description

at
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u-blox 8 / u-blox M8 Receiver Description - Manual

Byte Offset Number [ Scaling Name Unit Description
Format

0 U1 - ver si on - Message version (0x01 for this version)

1 U1 - reservedl - Reserved

2 U1 - maxSt artupSta|s Maximum time to spend in Acquisition

t eDur state. If O: bound disabled (see
maxStartupStateDur). (not supported in
protocol versions less than 17

3 U1 - reserved?2 - Reserved

4 X4 - fl ags - PSM configuration flags (see graphic
below)

8 ua - updat ePeriod |ms Position update period. If set to 0, the
receiver will never retry a fix and it will wait
for external events

12 ua - searchPeriod |[ms Acquisition retry period if previously failed.
If set to O, the receiver will never retry a
startup

16 u4 - gridOfset ms Grid offset relative to GPS start of week

20 uz2 - onTi e Time to stay in Tracking state

22 uz2 - m nAcqTi me minimal search time

24 u1[20] |- reserved3 - Reserved

Bitfield flags

This graphic explains the bits of f | ags
| |15 17|15] l1z|11[10]s 8| |65 [4 |
i) o4 r o e — o o~
= & b e 5 2 & &
= [ [ [T [ R o = o4
[T += [ [ T =
+— [1:] (1] [1:] o = —
= = T — i pra- R
Ll o 9 4 O = =
= S T A~ & =TI 1]
= 2 = o
[=]} — i
hrad —

|:| signed wvalue
D unsigned walue
O reserued

Name Description

exti nt Sel EXTINT Pin Select
0 EXTINTO
1 EXTINT1

ext i nt Wake EXTINT Pin Control
0 disabled

1 enabled, keep receiver awake as long as selected EXTINT pin is 'high'

EXTINT Pin Control
0 disabled

exti nt Backup

1 enabled, force receiver into BACKUP mode when selected EXTINT pin is 'low'
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Bitfield flags Description continued

Name

Description

i mtPeakCurr

Limit Peak Current

00 disabled

01 enabled, peak current is limited
10 reserved

11 reserved

wai t Ti neFi x

Wait for Timefix (see waitTimeFix)
0 wait for normal fix ok before starting on time

1 wait for time fix ok before starting on time

updat eRTC Update Real Time Clock (see updateRTC)

0 Do not wake up to update RTC. RTC is updated during normal on-time.

1 Update RTC. The receiver adds extra wake-up cycles to update the RTC.
updat eEPH Update Ephemeris (see updateEPH)

0 Do not wake up to update Ephemeris data

1 Update Ephemeris. The receiver adds extra wake-up cycles to update the Ephemeris data

doNot Ent er Of f

Behavior of receiver in case of no fix (see doNotEnterOff)
O receiver enters (Inactive) Awaiting Next Search state
1 receiver does not enter(Inactive) Awaiting Next Search state but keeps trying to acquire a fix

instead

node

Mode of operation (see mode)

00 ON/OFF operation (PSMOO)

01 Cyclic tracking operation PSMCT)
10 reserved

11 reserved

32.10.19.2 Extended Power Management configuration

Message UBX-CFG-PM2
Description Extended Power Management configuration
Firmware Supported on:

* u-blox 8 / u-blox M8 protocol versions 18, 19, 19.1, 19.2, 20, 20.01, 20.1, 20.2, 2

and 22

Type Get/Set
Comment This feature is not supported for either the ADR or FTS products.

Header Class |ID Length (Bytes) Payload [Checksum
Message Structure |OxB5 0x62|0x06| 0x3B|48 see below | CK_A CK_B
Payload Contents:
Byte Offset Number [ Scaling Name Unit Description

Format

0 U1 - ver si on - Message version (0x02 for this version)

Note: the message version number is the
same as for protocol version 23.01; please
select correct message version based on
the protocol version supported by your
firmware.
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UBX-CFG-PM2 continued

Byte Offset Number [ Scaling Name Unit Description
Format
1 U1 - reservedl - Reserved
2 U1 - maxStartupSta |s Maximum time to spend in Acquisition
t eDur state. If O: bound disabled (see
maxStartupStateDur). (not supported in
protocol versions less than 17

3 Ul - reserved2 - Reserved

4 X4 - fl ags - PSM configuration flags (see graphic
below)

8 ua - updat ePeriod |ms Position update period. If set to 0, the
receiver will never retry a fix and it will wait
for external events

12 ua - searchPeriod |[ms Acquisition retry period if previously failed.
If set to O, the receiver will never retry a
startup

16 u4 - gridofset ms Grid offset relative to GPS start of week

20 uz2 - onTi e Time to stay in Tracking state

22 U2 - m nAcqTi me s minimal search time

24 U1[20] |- reserved3 - Reserved

44 u4g - extintlnactiv|ms inactivity time out on EXTINT pint if

ityMs enabled

Bitfield flags

This 