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This edition of NFPA 1801, Standard on Thermal Imagers for the Fzre Service, was prepared by the 
Technical Committee on Electronic Safety Equipment and released by the Correlating Committee 
on Fi1·e and Emergency Services Protective Clothing and Equipment. It was issued by the Standards 
Council on March 15, 2020, with an effective date of April 4, 2020, and supersedes all previous 
editions. 

This edition of NFPA 1801 was approved as an American National Standard on April 4, 2020. 

Origin and Development of NFPA 1801 

In December 2004, Dr. Francine Amon, Nelson Bryner, and Anthony Hamins of the National 
Institute of Standards and Technology (NIST) hosted the workshop, "Thermal Imaging Research 
Needs for First Responders." The workshop provided a forum to discuss thermal imaging camera 
strategies, technologies, procedures, best practices, research, and development. Participants 
included representatives from the U.S. Fire Adminiw·ation, International Association of Fire Chiefs, 
NIOSH NPPTL, Naval Research Lab, and thermal imaging camera and core manufacturers, as well 
as first responder users and trainers. The need for standards was clearly identified as a priority. In 
May 2005, as a direct result of that workshop, a group of manufacturers and fire service end users 
met to further identify the need for standardization. The Fire Service Thermal Imaging Camera 
Operational Standard (FSTICOS) Working Group was formed with Larry Konsin of the American 
Council for Thermal Imaging and MSA selected to be the group's chairman. 

The FSTICOS Working Group was well populated with representatives from all the manufacturers 
of fire service thermal imagers and imager core manufacturers along with fire fighter/ end users and 
u·ainers. The Working Group focused principally on the needs of the fire service for thermal imagers 
and set about drafting a needs, functionality, usability, and ruggedness statement to begin defining 
the levels of performance that were deemed necessary. Through surveys conducted at fire service 
trade shows nationwide, fit·e fighters validated the findings of the group. As the FSTICOS Working 
Group was meeting bimonthly, Dr. Amon and her staff at NIST, with the assistance of the U.S. Army 
Night Vision Lab, began developing the criteria for image quality for fire service thermal imagers. 
The two groups met and collaborated on a proposed document fo1· thermal imaging cameras. In 
September 2006, the FSTICOS Working Group requested that the NFPA Technical Committee on 
Eleco·onic Safety Equipment (TC on ESE) work with them on the project. The TC on ESE agreed to 
create a Task Group on Fire Service Thermal Image1·s, and many of the participants of the FSTICOS 
Working Group requested to be appointed as members of the TC's task group. TC on ESE Chairman 
Bruce Varner appointed committee member Robert Athanas as the task group chairman and the 
following persons as task group members: Dr. F. Amon, N. Bryner, G. Francisco, C. Gestler,J. Hays,]. 
Henebury, P. House, R. Klug, L. Konsin, D. Little, S. Lumry, T. McDonald, M. McKenna, S. Nixdorff, 
T. Tedesco, D. Wiles, and T. Wolf. 

During the development process, it became clear that the fire se1vices operational environments 
were very different from most other emergency services organizations, which led the committee to 
change the focus of NFPA 1801 to thermal imagers for the fire service. The proposed standard was 
entered into the fall 2009 standards cycle and underwent several development changes as the 
committee worked with the very technical design criteria and test methods developed for this 
standard. As with all PPE product standards in the Project on Fire and Emergency Services Protective 
Clothing and Equipment, NFPA 1801 included requirements for independent third-party 
certification of thermal imagers to ensw·e compliance with the labeling, design, performance, 
testing, and certification requirement5 for the certification organizations and the thermal imager 
manufacturers to claim "certified as compliant" to NFPA 1801. 
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The Report on Proposals (ROP) for NFPA 1801 was released for public review and comment on December 29, 2008. 
Following the public review period, which closed on March 6, 2009, the Report on Comments (ROC) was processed in the 
spring of 2009. The Technical Correlating Committee (TCC) on Fire and Emergency Services Protective Clothing and 
Equipment processed the proposed NFPA 1801 at their meeting in late May 2009 and approved the document to go forward. 

The 2010 edition of NFPA 1801 was 1·ecognized as one of the most technical documents assembled and released under the 
NFPA Fire and Emergency Services Protective Clothing and Equipment Project to date. The image quality tests that were 
developed specifically for the standard were complicated due to their highly technical nature, and the degree to which they 
were reproducible from testing laboratory to testing laboratory was in question. 

The committee sought the assistance and resources of the Fire Protection Research Foundation to coordinate a series of 
round-robin tests to determine the lab-to-lab repeatability of the image quality tests. The project was conducted by Dr. Francine 
Amon, Ph.D., who began this project while employed by the National Institute of Standards and Technology (NIST). The 
remainder of the testing was conducted by Chad Morey of Intertek Testing Services of Cortland, New York. Additional 
sponsorship of the project came from Draeger Safety, Honeywell First Responder Products, ISG Infra�ys, MSA, and Scott Safety. 

A number of changes that needed to be made were identified in the document. A Tentative Interim Amendment (TIA) and 
Errata were issued to address tl1ese changes. Ultimately, the committee decided that the best course of action was to 
immediately enter the revision cycle for Annual 2012 and review the document for any additional changes. 

In April 2011, several thermal imager manufacturers began work to revise the testing issues. In June 2011, at the direction of 
TC on ELS Chairman Bruce Varner, a task group was formed chaired by committee member Robert Athanas of FDNY and 
SAFE-IR, Inc. In an effort to identify and resolve these issues in an expeditious manner, the task group was comprised of 
thermal imager manufacturer technical personnel (engineers from the thermal imager camera and core manufacturers) and 
testing lab technicians. Task group members included Daniel Akins and John Morris (ISG INFRASYS), Landon Borders and 
Kyle Hawes (Bullard), Craig Gestler (MSA) ,Jason Patterson (Scott Safety) ,Jon Turner and Bill Wilson (e2v Technologies), and 
Dr. Bernd Spellenberg and Travis Tedesco (Draeger Safety). The thermal imager core manufactmes were rep1-esented by 
Humphrey Ha (L-3 Communications), and Bob Nishi and Julie Hoy Moreira (FLIR Systems). Certification and testing 
organizations were represented by Steve Sanders andJim Rose (SEI) andJason Allen and Chad Morey (Intertek). Fire service 
rep1·esentation included Bob Athanas of FDNY/SAFE-IR and Steve Townsend of the Carrollton, Texas Fi1-e Department. 

The first task group meeting was held on June 29, 2011, in Newark, New Jersey, where testing issues were furtl1er clarified 
and a course of action wa5 developed and agreed upon by all the participants. This meeting was followed by several lengthy 
conference calls and many hours of research and testing over the summer months to meet a September 2011 NFPA 1801 ROC 
deadline. 

The last task group meeting was held in Austin, Texas, on September 19, 2011, prior to a full meeting of the TC on ELS to 
finalize the proposed work. The final comments included revised language and test procedu1-es, which improved the content 
of the first edition of the standard as initially written. The committee was balloted according to the NFPA Regulations 
Governing Committee projects. The ballot subsequently passed, enabling the committee's changes to be included in the 2013 
edition of NFPA 1801. It should be noted that pa1-ticipation and cooperation of all task group members and the support 
afforded them by tl1eir employers during this project was unprecedented and should serve as a model for future projects. 

The 2018 edition of NFPA 1801 also applied to the design, performance, testing, and certification of thermal imagers 
originally certified to the previous edition of this standard, that incorporate replacement pa1-ts, components, and/or sofnvare, 
to be certified to the 2018 edition of the standard. New UL standard references were added, as were specifications for labeling 
upgraded thermal imagers. The TI BASIC operational format was permitted to include audio, video, and data transmission. 

The 2018 edition of NFPA 1801 also added a design requirement for an audio/video reco1-ding indicator, as well as several 
editorial and referenced document updates. 

A summary of the 2018 edition technical requirements follows: 

• Battery locking mechanism testing was added so that where the use of a tool-secured feature is relied upon to meet 
ANSI/ISA-12.12.01 and this fean1re is not automatically engaged, the camera will inform the user by a message that 
prevents normal use of the camera. 

• All image rs are required to pass a 2-hour run time conducted with video and image capnu-e functions active. 
• The thermal imager must display a useful image within 30 seconds of power being applied (battery installed). 
• The thermal imager must display an icon in the form of a red dot inside a green circle when recording audio/video. 
• Camera resolution of 76,800 pixels (320 x 240) is a minimum requirement. 
• A sensor/image refresh rate of at least 25 Hz is required. 
• Only specified symbols can be displayed at power-up. 
• A display resolution of 76,800 was added to match the senso1- requirement. 
• A display resolution of 76,800 was added to match the sensor requirement. 
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The 2021 edition features editorial changes as well as: 

• In Chapte1· 4, updated test mau·ices include both stand-alone and integrated thermal image1·s. 
• In Chapter 6, the spot temperature measurement feature has moved from the TI BASIC operational format to the TI 

BASIC PLUS operational format. Despite all thermal imager manufacturer user manual warnings not to use 
temperature measurement to make tactical decisions, it became apparent in three recent NIOSH Firefighter Fatality 
Investigation Reports that there is a lack of understanding on behalf of the fire service of the feature's capabilities. 
Although the use of the temperature measurement feature was not considered the sole factor in these fatalities, its use 
and potential misuse certainly could be considered a factor in a cascading series of events that may have been 
amibuted to these fire fighter injuries and fatalities. The move is further substantiated in all previous editions of NFPA 
1801 in Subsection 6.5.2, which requires additional training for TI BASIC PLUS operational format functions, 
enhancements, and innovations beyond TI BASIC. 

• In Chapter 8, an updated spatial resolution source target has been added, as well as an updated region of interest 
selection figure to simplify testing and testing procedures without compromising image quality. 
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IMPORTANT NOTE: This NFPA document is made available for 
use subject to important notices and legal disclaimers. These notices 
and disclaimers appear in all publications containing this document 
and may be found under the heading "Important Notices and 
Disclaimers Concerning NFPA Standards. " They can also be viewed 
at www.njpa.org! disclaimers or obtained on request from NFPA. 

UPDATES, ALERTS, AND FUTURE EDITIONS: New editions of 
NFPA codes, standards, recommended practices, and guides (i.e., 
NFPA Standards) are released on scheduled revision cycles. This 
edition may be superseded by a later one, or it may be amended 
outside of its scheduled revision cycle through the issuance of Tenta
tive Interim Amendments (TIAs). An official NFPA Standard at any 
point -in time consists of the current edition of the document, together 
with all TIAs and Errata in effect. To verify that this document is the 
current edition or to determine if it has been amended by TIAs or 
Errata, please consult the National Fire Codes® Subscription Service 
or the "List of NFPA Codes & Standards" at www.nfpa.org/docinfo. 
In addition w 11As and Errata, the document information pages also 
include the option w sign up for alerts for individual documents and 
w be involved in the development of the next edition. 

NOTICE: An asterisk (*) following the number or letter 
designating a paragraph indicates that explanatory material on 
the paragraph can be found in Annex A. 

A reference in brackets r l following a section or paragraph 
indicates material that has been extracted from another NFPA 
document. Extracted text may be edited for consistency and 
style and may include the revision of internal paragraph refer
ences and other references as app1·opriate. Requests for inter
pretations or revisions of extracted text shall be sent to the 
technical committee responsible for the source document. 

Information on refe1·enced and extracted publications can 
be found in Chapter 2 and Annex B. 

Chapter I Administration 

I.I Scope. 

I.I.I This standard shall specify the design, performance, test
ing, and certification requirements for thermal image rs used by 
fire service personnel during emergency incident operations. 

1.1.2 This standard shall specify requirements for new thermal 
imagers for the fire service. 

1.1.2.I * This standard shall also specify the minimum require
ments for the design, performance, testing, and certification of 
thermal imagers certified to an earlier edition of this standard 
that incorporate part5, components, and/or software to meet 
this edition of the standard. 

1.1.3 This standard shall not specify requirements for thermal 
imagers manufactured prior to the effective date of this stand
ard. 

1.1.4 This standard shall not specify requirements for thermal 
imagers manufactured to any other standards or other require
ments. 

1.1.5* Any accessories or enhancements built into, attached 
to, or sold with the thennal image1· by the thermal imager 
manufacturer for later attachment shall be tested with the ther
mal imager with those accessories and enhancement5 installed 
or attached, as specified in 4.3.9.4, to ensure the performance 
and functions of the thermal imager. 

1.1.6 This standard shall not be construed as addressing all of 
the safety concerns, if any, associated with the use of this stand
ard by testing facilities. It shall be the responsibility of the 
persons and organizations that use this standard to establish 
safety and health practices and to detennine the applicability 
of regulatory Limitations prior to use of this standard for 
designing, manufacniring, and testing. 

I.I. 7 Nothing herein shall 1·estrict any jurisdiction or manu
facturer from exceeding these minimum requirements. 

1.2 Purpose. 

1.2.1 The purpose of this standard shall be to establish mini
mum requirements for thermal imagers manufactured for fire 
service use. 

1.2.2 Controlled laboratory tests used to determine compli
ance with the performance requirements of this standard shall 
not be deemed as establishing performance levels for all situa
tions, environments, and conditions to which thermal imagers 
could be exposed. 

1.2.3 This standard shall not be interpreted or used as a 
detailed ma.nufacniri.ng 01· ptu-chase specification, but it shall 
be permitted to be referenced in purchase specifications as 
minimum requirements. 

1.3 Application. 

1.3.1 This standard shall apply to all thermal imagers used by 
fire service personnel during an emergency incident. 

1.3.2 This standard shall apply to the design, performance, 
manufacrnring, testing, and certification of new thermal 
imagers used by fire service personnel. 

1.3.2.1 This standard shall also apply to the design, perform
ance, testing, and certification of thermal imagers originally 
certified to the previous edition of this standard that incorpo
rate replacement parts, components, and/or software to be 
certified to this edition of the standard. 

1.3.3 This standard shall not apply to any thermal imager 
manufactured in accordance with other standards. However, 
manufacturers shall be permitted to have noncompliant ther
mal image rs modified to meet the requirements of this stand
ard and become certified as compliant with this standard. 

1.3.4* This standard shall not apply to accessories and 
enhancements that could be built into or attached to a certi
fied thermal imager before or afte1· purchase but that are not 
necessary for the thermal imager to meet the requirements of 
this standard. Any accessories or enhancements built into, 
attached to, or sold with the thermal imager by the thermal 
imager manufacn1rer for later attachment shall be tested with 
the thermal imager with those accessories and enhancements 
installed or attached, as specified in 4.3.9.4, to ensure the 
performance and functions of the thermal imager. 

1.3.5 This standard shall not apply to criteria for use of ther
mal imagers by the fire service. 
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1.4 Units. 

1.4.1 In this standard, values for measurement are followed by 
an equivalent in parentheses, but only the first stated value 
shall be regarded as the requirement. 

1.4.2 Equivalent values in parentheses shall not be considered 
as the requirement because those values are approximate. 

Chapter 2 Referenced Publications 

2.1 General. The documents or portions thereof listed in this 
chapter are referenced within this standard and shall be 
considered part of d1e requirements of this document. 

2.2 NFPA Publications. National Fire Protection Association, 
1 Batterymarch Park, Quincy, MA 02169-7471. 

NFPA 1408, Standard for Training Fire Service Personnel in the 
Operation, Care, U5e, and Maintenance ofThe1mal lmagers, 2020 
edition. 

NFPA 1971, Standard on Protective Ensembles for Structural Fire 
Fighting and Proximity Fire Fighting, 2018 edition. 

NFPA 1981, Standard on Open-Circuit Seif-Contained Breathing 
Apparatus (SCBA) for Eme1gen01 Services, 2019 edition. 

2.3 Other Publications. 

2.3.1 ASME Publications. American Society of Mechanical 
Engineers, Two Park Avenue, NewY01-k, NY 10016-5990. 

ANSI/ ASME Yl4.5M, Dimensioning and To!erancing, 1982. 

ANSI/ ASME B46. l ,  Smface Texture (Su1face Roughness, Wavi
ness, and Lay), 1978. 

2.3.2 ASTM Publications. ASTM International, 100 Barr 
Harbor Drive, P.O. Box C700, West Conshohocken, PA 
19428-2959. 

ASTM B l 17, Standard .Practice for operating Salt Spray (Fog) 
Apparatus, 2016. 

ASTM Dl003, Standard Test Method for Haze and Luminous 
Transmittance of Transparent Plastics, 2013. 

2.3.3 ISO/IEC Publications. International Organization for 
Standardization, ISO Central Secretariat, BIBC II, Chemin de 
Blandonnet 8, CP 401, 1214 Vernier, Geneva, Switzerland. 

IEC 60529, Degrees of protection provided by enclosures (IP Code), 
Ed. 2.2, 2013/Cor 1:2013. 

IEC 61000-6-2, Electmmagnetic compatibility (E'MC) - Part 6-2: 
Generic standards - Immunity for industrial environments, 2016. 

IEC 61000-6-3, Electromagnetic compatibility (EMC) - Part 6-3: 
Generic standards - Emission standard for residential, commercial, 
and light-indust1ial environmenL5, 2011. 

IEC 62133, Safet)' requirements for portable sealed secondary cells, 
and for batteries made from them, for use in portable applications, 
2017. 

ISO 9001, Quality management systems - Requirements, 2008. 

ISO 9001, Quality management systems - Requirements, 2015. 

ISO 17011, Conformity assessment - General requirements for 
accreditation bodies accrediting conformity assessment bodies, 201 7. 
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ISO 17025, General requirements for the competence of testing and 
calibration laboratories, 2005/Cor 1: 2006. 

ISO 17493, Clothing and equipment for protection against heat -
Test method for convective heat resistance using a hot air circulating 
oven, 2016. 

ISO Guide 27, Guidelines for corrective action to be taken by a 
certification body in the event of misuse of iL� mark of conformity, 1983. 

ISO/IEC 17021-1, Conformity assessment - Requirements for 
bodies providing audit and certification of management systems, 2015. 

ISO /IEC 1 7065, Conformity assessment - Requirements for bodies 
certifying products, processes, and services, 2015. 

2.3.4 NIST Publications. National Institute of Standards and 
Technology, 100 Bureau Drive, Stop 1070, Gaithersburg, MD 
20899-1070. 

NIST Technical Note 1630, Evaluation of Image Quality of Ther
mal lmagers Used by the Fire Service, February 2009. 

2.3.5 UL Publications. Underwriters Laborato1·ies Inc., 333 
Pfingsten Road, Northbrook, IL 60062-2096. 

UL 1642, Lithium Batte1ies, 2012, revised 2015. 

UL 2054, Hmisehold and Commercial Batteries, 2004, revised 
2011. 

ANSI/UL 121201, Standard for Nonincendive Electrical Equip
ment for Use in Class I and If, Division 2 and Class lll, Divisions 1 
and 2 Hazardous (Classified) Locations, 201 7. 

2.3.6 Other Publications. 

Merriam-Webster's Collegiate Dictionat)', 11th edition, Merriam
Webster, Inc., Springfield, MA, 2003. 

2.4 References for Extracts in Mandatory Sections. (Reserved) 

Chapter 3 Definitions 

3.1 General. The definitions contained in this chapter shall 
apply to the terms used in this standard. v\ihere terms are not 
defined in this chapter or within another chapter, they shall be 
defined using their ordinarily accepted meanings within the 
context in which they are used. Merriam-Webster's Collegiate 
Diction(l1y, 11th edition, shall be the source for the ordinarily 
accepted meaning. 

3.2 NFPA Official Definitions. 

3.2.1 * Approved. Acceptable to the authority having jurisdic
tion. 

3.2.2* Authority Having Jurisdiction (AHJ). An organization, 
office, or individual responsible for enforcing the requirements 
of a code 01· standard, or for approving equipment, materials, 
an installation, or a procedure. 

3.2.3 Labeled. Equipment or materials to which has been 
attached a label, symbol, or other identifying mark of an organ
ization that is acceptable to the authoriLy having jurisdiction 
and concerned with product evaluation, that maintains peri
odic inspection of production of labeled equipment or materi
als, and by whose labeling the manufacturer indicates 
compliance with appropriate standards or performance in a 
specified manner. 
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3.2.4* Listed. Equipment, materials, or services included in a 
list published by an oqf<rnization that is acceptable to the 
authority having jurisdiction and concerned with evaluation of 
product5 or services, that maintains periodic inspection of 
production of listed equipment or materials or periodic evalua
tion of services, and whose listing states that either the equip
ment, material, or service meets appropriate designated 
standards or has been tested and found suitable for a specified 
purpose. 

3.2.5 Shall. Indicates a mandatory requirement. 

3.2.6 Should. Indicates a recommendation or that which is 
advised but not requ.ired. 

3.2.7 Standard. An NFPA Standard, the main text of which 
contains only mandatory provisions using the word "shall" to 
indicate requirements and that is in a form generally suitable 
for mandatory reference by another standard or code or for 
adoption into law. Nonmandatory provisions are not to be 
considered a part of the requirements of a standard and shall 
be located in an appendix, annex, footnote, informational 
note, or other means as permitted in the NFPA Manuals of 
Style. \l\ihen used in a generic sense, such as in the phrase 
"standards development process" or "standards development 
activities," the term "standards" includes all NFPA Standards, 
including Codes, Standards, Recommended Practices, and 
Guides. 

3.3* General Definitions. 

3.3.l Assembly. Processes including, but not limited to, 
sewing, gluing, laminating, tacking, or other means of attach
ing whereby materials or component parts are put together to 
form a portion of the compliant product or the complete 
compliant product. 

3.3.2 Blackbody. An object that absorbs all electromagnetic 
radiation that falls onto it; no radiation passes through the 
object, and none is reflected. 

3.3.3 Certification Organization. An independent third-party 
organization that determines product compliance with the 
requirements of this standard using product testing and evalua
tion and that administers a labeling, listing, and follow-up 
program. 

3.3.4 Certification/Certified. A system whereby a certification 
organization determines that a manufacturer has demonstrated 
the ability to produce a product that complies with the require
ments of this standard, authorizes the manufacnirer to use a 
label on listed product5 that comply with the requirements of 
this standard, and establishes a follow-up program conducted 
by the certification organization as a check on the methods the 
manufacturer uses to determine continued compliance of 
labeled and listed products with the requirements of this stand
ard. 

3.3.5 Compliance/Compliant. Meeting or exceeding all appli
cable requirements of this standard. 

3.3.6 Compliant Product. Equipment that is certified to the 
applicable NFPA standard. 

3.3.7 Component. Any material, part, or subassembly used in 
the construction of the compliant product. 

3.3.8 Drip. To run 01- fall in drops or blobs. 

3.3.9 Emissivity. The ratio of the radiation emitted by a 
surface to the radiation emitted by a blackbody at the same 
temperature. 

3.3.10 Failure Mode and Effects Analysis (FMEA). A risk 
assessment technique fo1- systematically identifying potential 
failtires in a system or a process. 

3.3.11 Follow-Up Program. The sampling, inspections, tests, 
or other measures conducted by the certification 01-ganization 
on a periodic basis to determine the continued compliance of 
labeled and listed products that are produced by the manufac
turer to the requirements of this standard. 

3.3.12 Haze. Light that is scattered as a result of passing 
through a transparent object. 

3.3.13 Icon. A symbol that represents an option, program, 01-
system status. 

3.3.14 Luminance. A photometric measure of the amount of 
light that passes through or is emitted from a particular area. 

3.3.15 Manufacturer. The entity that directs and controls any 
of the following: compliant product design, compliant product 
manufacturing, or compliant product quality assurance; also, 
the entity that assumes liability for the compliant product or 
provides the warranty for the compliant product. 

3.3.16 Melt. A 1-esponse to heat by a material resulting in 
evidence of flowing or dripping. 

3.3.17 Model. The collective term used to identify a group of 
elements or items of the same basic design and components 
from a single manufacturer produced by the same manufactur
ing and quality assurance procedures that are covered by the 
same certification. 

3.3.18 Pixel Saturation. Incident energy that causes a sensor 
to respond at it5 maximum value. 

3.3.19 Power Source Indicator. A visual signal displayed on a 
thermal imager that indicates the status of the power supply. 

3.3.20 Product. See 3.3.6, Compliant Product. 

3.3.21 * Product Label. A marking provided by the manufac
turer for each compliant product containing compliance state
ments, certification statements, manufa.cturer, model 
information, or similar data. 

3.3.22 Resolution. Separation or division into constituent or 
elementary parts as expressed by the number of pixels in the 
displayed image. 

3.3.23 Sample. Equipment or equipment components that 
are randomly selected from the manufacturer's production 
line, from the manufacture1-'s inventory, or from the open 
market. 

3.3.24 Sensitivity. The degree of response of a receiver or 
instrument to an incoming signal or to a change in the incom
ing signal. 

3.3.24.1 Low Sensitivity. The least thermally sensitive opera
tional mode, used to increase the thermal imager's tempera
ture range. 

3.3.25 Sensitivity Mode. An operational function that relates 
to the degree to which temperanu-e diffe1·ences are resolved. 
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3.3.26 Service Life. The period that a compliant product can 
be useful before retirement. 

3.3.27 Specimen. The item that undergoes testing; the condi
tioned equipment or equipment component that is tested. 
Specimens are taken from samples. (See also 3.3.23, Sampl.e.) 

3.3.28 Temperature Measurement Zone. A transparent green 
square that aids in aiming a thermal imager for temperature 
measu1-emen ts. 

3.3.29 Thermal Imager (TI). Special electronic equipment 
that creates a picntre based on the heat produced by a person 
or object. 

3.3.29.1 Integrated Tl. A removable or nonremovable TI 
that is an integral part of another item or items of protective 
clothing, protective equipment, or both. 

3.3.29.1. l Nonremovable. An integrated TI that is not 
removable and cannot be used independently of the item or 
items with which it is integrated. 

3.3.29.1.2 Removable. An integrated TI that is removable so 
that it can be used independently of the item or items with 
which it is integrated. 

3.3.29.2 Stand-Alone Tl. A TI that is not an integral part of 
any other item of protective clothing or protective equip
ment. 

3.3.30 White-Hot Polarity. A display methodology whereby a 
grayscale image is created based on the fact that the warmest 
object in the field of view is the whitest object. 

Chapter 4 Certification 

4.1 General. 

4.1.1 For the process of certification of thermal imagers as 
being compliant with NFPA 1801, all such thermal imagers 
shall meet the requirements of Section 4.1, General; 
Section 4.2, Certification Program; Section 4.3, Inspection and 
Testing; Section 4.4, Annual Ve1-ification of P1-oduct Compli
ance; Section 4.5, Manufacnirers' Quality Assurance Program; 
Section 4.6, Hazards Involving Compliant Product; Section 4.7, 
Manufacturers' Investigation of Complaints and Rentrns; and 
Section 4.8, Manufacturers' Safety Alert and Product Recall 
Systems. 

4.1.2 AU ce1-tification shall be performed by a certification 
organization that meets at least the requirements specified in 
Section 4.2, Certification Program, and that is accredited for 
personal protective equipment in accmdance with ISO/IEC 
1 7065, Conformity assessment - Requirements far bodies certifYing 
products, processes, and services. The accreditation shall be issued 
by an accreditation body operating in accordance with ISO 
17011, Confarmity assessment - General requiremenL� for accredita
tion bodies accrediting conformil)' assessment bodies. 

4.1.3 Manufacturers shall not claim compliance with portions 
or segments of the requirements of this standard and shall not 
use the NFPA name or the name or identification of this stand
ard, NFPA 1801, in any statements about their respective prod
uct(s) unless the product(s) is certified as compliant to this 
standard. 

4.1.4 V\There thermal imagers a1-e compliant, the product shall 
be labeled and listed. 
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4.1.5 V\There thermal imagers are compliant, the product shall 
also have a product label that meets the 1-equirements specified 
in Section 5.1, Product Label Requirements. 

4.1.6 The certification organization's label, symbol, or identi
fying mark shall be attached to the product label, shall be part 
of the product label, or shall be immediately adjacent to the 
product label. 

4.1. 7 The certification organization shall not certify any ther
mal imager to the 2018 edition of this standard on or after d1e 
NFPA effective date for the 2021 edition. 

4.1.8 The certification organization shall not permit any 
manufacntrer to label any thermal imager as compliant with 
the 2018 edition of this standard that is certified as compliant 
with the 2021 edition of NFPA 1801 after the effective date plus 
14 months. 

4.1.9 The certification organization shall require manufacntr
ers to remove all certification labels and product labels indicat
ing compliance with the 2018 edition of NFPA 1801 from all 
thermal imagers that are under d1e ownership and control of 
the manufacntrer on the effective date plus 14 months, and the 
certification organization shall verify that this action is taken. 

4.2 Certification Program. 

4.2.l The certification organization shall not be owned 01-
controlled by manufacnirers or vendors of the product being 
certified. 

4.2.2 The certification mganization shall be primarily 
engaged in certification work and shall not have a monetary 
interest in the product's ultimate profitability. 

4.2.3 The certification organization shall be accredited for 
personal protective equipment in accordance with ISO/IEC 
17065, Conformity assessment - Requirements for bodies certifying 
products, processes, and services. The accreditation shall be issued 
by an accreditation body operating in accordance with ISO 
17011, Conf01mity assessment - General requirements for accredita
tion bodies accrediting confmmity assessment bodies. 

4.2.4 The certification organization shall refuse to certify 
products to this standard that do not comply with all applicable 
requirements of this standard. 

4.2.5 The contractual provisions between the certification 
organization and the manufacturer shall specify that certifica
tion is contingent on compliance with all applicable 1-equire
ments of this standard. 

4.2.5.1 The certification organization shall not offer or confer 
any conditional, temporary, or partial certifications. 

4.2.5.2 Manufacturers shall not be authorized to use any label 
or reference to the certification organization on products that 
are not compliant with all applicable requirements of this 
standard. 

4.2.6 The certification organization shall have laboratory 
facilities and equipment available for conducting proper tests 
to determine product compliance. 

4.2.6.1 The certification organization laboratory facilities shall 
have a program in place and functioning for calibration of all 
instruments, and procedures shall be in use to ensure proper 
control of all testing. 
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4.2.6.2 The certification organization laborato1y facilities shall 
follow good practice rega1-ding the use of laborato1y manuals, 
form data sheets, documented calibration and calibration 
routines, performance verification, proficiency testing, and 
staff qualification and training programs. 

4.2.7 The certification organization shall require the manufac
turer to establish and maintain a quality assurance program 
that meets the requirements of Section 4.5, Manufactu1-ers' 
Quality Assurance Program. 

4.2.7.1 The certification organization shall require the manu
facturer to have a product recall system specified in Section 4.8, 
Manufacturers' Safety Alert and Product Recall Systems, as part 
of the manufacturers' qua Ii ty assurance program. 

4.2.7.2 The certification 01-ganization shall audit the manufac
turer's quality assurance program to ensure that the quality 
assurance program provides continued product compliance 
with this standard. 

4.2.8 The certification organization and the manufacturer 
shall evaluate any changes affecting the form, fit, or function of 
the compliant product to determine its continued certification 
to this standard. 

4.2.8.1 The certification organization and the manufacturer 
shall evaluate replacement part5, components, software, and 
upgrade procedures to determine any changes affecting the 
form, fit, or function of thermal imagers certified to earlier 
editions of this standard to permit incorporation of replace
ment parts, components, or software, leading to certification of 
devices to this edition of the standard. 

4.2.8.2 '1\1here a manufacturer has more than one model of 
thermal imager, all certified to this standard, the certifying 
organization and the manufacturer shall evaluate replacement 
parts, components, softwa1-e, and upgrade procedures to deter
mine the continued certification when modifying a fielded 
thermal imager with replacement parts, components, or soft
vrare in one previously certified model to become another 
previously certified model. 

4.2.9 The certification organization shall have a follow-up 
inspection program of the manufacturer's facilities of the 
compliant product with at least two random and unannounced 
visits per 12-month period to verify the product's continued 
compliance. 

4.2.9.1 As part of the follow-up inspection program, the certif
ication organization shall select sample compliant product at 
random from the manufacturer's production line, from the 
manufacturer's in-house stock, or from the open market. 

4.2.9.2 Sample product shall be evaluated by the certification 
organization to verify the product's continued compliance in 
order to ensure that the materials, components, and manufac
turing quality assurance systems are consistent with the materi
als, components, and manufacturing quality assurance d1at 
were inspected and tested by the certification organization 
during initial certification and recertification. 

4.2.9.3 The certification organization shall be permitted to 
conduct specific testing to verify the product's continued 
compliance. 

4.2.9.4 For products, components, and materials where prior 
testing, judgment, and experience of the certification organiza
tion have shown results to be in jeopardy of not complying with 

this standard, the certification organization shall conduct more 
frequent testing of sample product, components, and materials 
acquired in accordance with 4.2.9.1 against the applicable 
requirements of this standard. 

4.2.10 The certification organization shall have in place a 
series of procedures, as specified in Section 4.6, Hazards Involv
ing Compliant Product, that address reports of situations in 
which a compliant product is subsequently found to be haza rd
ous. 

4.2.1 1  The certification organization's operating procedures 
shall provide a mechanism for the manufacturer to appeal deci
sions. The procedures shall include the presentation of infor
mation from both sides of a conu-oversy to a designated appeals 
panel. 

4.2.12 The certification organization shall be in a position to 
use legal means to protect the integrity of its name and label. 
The name and label shall be registered and legally defended. 

4.3 Inspection and Testing. 

4.3.1 For both initial certification and recertification of 
compliant products, the certification organization shall 
conduct both inspection and testing as specified in this section. 

4.3.2 All inspections, evaluations, conditioning, and testing 
for certification or for recertification shall be conducted by a 
certification organization's testing laborato1y that is accredited 
in accordance with the requirements of ISO 17025, General 
requirements for the competence of testing and calibration laboratories. 

4.3.2.1 The certification organization's testing laboratory's 
scope of accreditation to ISO 17025, General requiremenL� for the 
competence of testing and calibration laborataries, shall encompass 
testing of personal protective equipment. 

4.3.2.2 The accreditation of a certification organization's test
ing laboratoty shall be issued by an accreditation body operat
ing in accordance with ISO 17011, Conformity assessment -
General requirements for accreditation bodies accrediting conformity 
assessment bodies. 

4.3.3 A certification organization shall be permitted to utilize 
conditioning and testing results conducted by a product or 
component manufacturer for certification or recertification, 
provided the manufactmer's testing laborato1y meets the 
requirement5 specified in 4.3.3.1 through 4.3.3.5. 

4.3.3.1 The manufacturer's testing laboratory shall be accredi
ted in accordance with the requirements ofI S O  17025, General 
requirements for the competence of testing and calibration laboratories. 

4.3.3.2 The manufacturer's testing laboratory's scope of 
accreditation to ISO 17025, General requirements far the competence 
of testing and cali/Jration laboratories, shall encompa�s testing of 
personal protective equipment. 

4.3.3.3 The accreditation of a manufacturer's testing laborac 
tory shall be issued by an accreditation body operating in 
accordance with ISO 17011, Conformity assessment - General 
requi:remenL� for accreditation bodies accrediting wnformity assessment 
bodies. 

4.3.3.4 The certification organization shall approve the manu
facturer's testing laboratory. 

4.3.3.5 The cenification organization shall determine the 
level of supervision and witnessing of the conditioning and test-
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ing for certification or recertification conducted at the manu
facturer's testing laboratory. 

4.3.4 Sampling levels for testing and inspection shall be estab
lished by the certification organization and the manufacturer 
to ensure a reasonable and acceptable reliability at a reasona
ble and acceptable confidence level that products certified to 
this standard are compliant, unless such sampling levels are 
specified herein. 

4.3.5 Inspection and evaluation by the certification organiza
tion shall include a review of all product labels to ensure that 
all required label attachments, compliance statements, certifi
cation statements, and other product information are at least as 
specified for thermal imagers in Section 5.1, Product Label 
Requirements. 

4.3.6 Inspection and evaluation by the certification organiza
tion shall include an evaluation of any symbols and pictorial 
graphic representations used on product labels or in user infor
mation, as permitted in 5.1.5, to ensure that the symbols are 
clearly explained in the product's user information package. 

4.3.7 Inspection and evaluation by the certification organiza
tion shall include a review of the user information required by 
Section 5.2, User Information, to ensure that the information 
has been developed and is available. 

4.3.8 Inspection and evaluation by the certification organiza
tion for determining compliance with the design requirements 
specified in Chapter 6 shall be performed on whole or 
complete products. 

Table 4.3.9(a) Test Matrix for Stand-Alone Thermal Imagers 

Test 
Order 

2 

3 

4 

5 

6 

Specimens 
1-3 

Image Recognition 
Test Section 8.1 
Specimens 1-3 

Field ofView 
Measurement 
Section 8. l l 
Specimens 1-3 

Effective 
Temperature 
Range Test 
Section 8.10 
Specimens 1-3 

Thermal Sensitivity 
Test Section 8.12 
Specimens 1-3 

Heat and Flame 
Test Senion 8.7 
Specimens 1-3 
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Specimens 
4-6 

Image Recognition 
Test Section 8.1 
Specimens 4-6 

Cable Pullom Test 
Section 8.9 
Specimens 4-6 

Impact 
Acceleration 
Resistance Test 
-Ambient 
Section 8.3 
Specimen 4 

Impact 
Acceleration 
Resistance Test 
- Cold 
Section 8.3 
Specimen .� 

Impact 
Acceleration 
Resistance Test 
- Elevated 
Section 8.3 
Specimen 6 

Image Recognition 
Test Section 8.1 
Specimens 4-6 

Specimens 
7-9 

Corrosion Test 
Section 8.4 
Specimens 7-9 

Product Label 
Durability Test 
Section 8.8 
Specimens 7-9 

4.3.9 Testing to determine compliance of the thermal imager 
and the components that are necessary for the proper opera
tion of the thermal imager with the performance requirement5 
specified in Chapter 7 shall be conducted by the certification 
organization in acco1-dance with the specified testing require
ments of Chapter 8. The order of testing shall be conducted as 
specified in Table 4.3.9(a) for stand-alone thermal imagers and 
Table 4.3.9(b) for thermal imagers integrated into other NFPA
compliant devices. 

4.3.9.1 Testing shall be performed on new thermal imager 
products. 

4.3.9.2 Testing shall be performed on specimens representa
tive of materials and components used in the actual construc
tion of the compliant product. 

4.3.9.3 The certification organization also shall be permitted 
to use sample materials cut from a representative product. 

4.3.9.4 '"'he1-e any accessories, enhancements, or both are 
built into, attached to, or detachable from the thermal imager, 
including, but not limited to, methods of attachment to the 
operator, the certification organization shall inspect and evalu
ate the thermal imager as specified in Chapter 6 and shall test 
the thermal imager as specified in Chapter 8. The thermal 
imager shall meet all the perfo1-mance requirements specified 
in Chapter 7 with those accessories and enhancements installed 
or attached, including, but not limited to, methods of attach
ment to the operntor, to ensure that the pe1-formance and 

Specimens 
10-12 

Heat Resistance 
Test Section 8.6 
Specimens 10-12 

Product Label 
Durability Test 
Section 8.8 
Specimens 10-12 

Specimens 
13-15 

Image Recognition 
Test Section 8.1 
Specimens 13-15 

Vibration Test 
Section 8.2 
Specimens 13-15 

Image Recognition 
Test Section 8.1 
Specimens 13-15 

Specimens 
16-18 

Image Recognition 
Test  Section 8.1 
Specimens 16-18 

Durability Test 
Section 8.13 
Specimens 16-18 

Image Recognition 
Test Section 8.1 
Specimens 16-18 

Product Label 
Durability Test 
Section 8.8 
Specimens 16-18 
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Table 4.3.9(b) Test Matrix for Integrated Thermal Imagers 

Test Order Specimens 1-3 Specimens 4-6 Specimens 7-9 Specimens 10--12 Specimens 13--15 

Image Recognition 
Test Section 8.1 
Specimens 1-3 

Cable Pullout Test 
Section 8.9 
Specimens 4-6 

Con-osion Test 
Section 8.4 
Specimens 4-6 

Heat Resistance Test Image Recognition Image Recognition 
Section 8.6 Test Section 8.1 Test Section 8.1 
Specimens 7-9 Specimens 10-12 Specimens 13-15 

2 Field of View Product Label Vibration Test Durability Test 
Measurement 
Section 8.11 
Specimens 1-3 

3 Effective 

4 

Temperanire 
Range Test 
Section 8.10 
Specimens 1-3 

Thermal Sensitivity 
Test Section 8.12 
Specimens 1-3 

5 Heat and Flame 
Test Section 8.7 
Specimens 1-3 

Product Label 
Durability Test 
Section 8.8 
Specimens 4-6 

functions of the thermal imager are not reduced or otherwise 
negatively affected. 

4.3.10 The certification organization shall accept from the 
manufacnirer, for evaluation and testing for certification, only 
product or product components that are the same in every 
respect as the acnial final product or product component. 

4.3.11 The certification organization shall not allow any modi
fications, pretreannent, conditioning, or other such special 
processes of the product or any product component prior to 
the product's submission for evaluation and testing by the 
certification organization. Manufacturers shall be permitted to 
refocus camera samples prior to conducting testing. 

4.3.12 The certification organization shall not allow the substi
tution, repair, or modification, other than as specifically 
permitted herein, of any product or any product component 
during testing. 

4.3.13 The certification organization shall not allow test speci
mens that have been conditioned and tested for one method to 
be reconditioned and tested for another test method unless 
specifically permitted in the test method. 

4.3.14 Material changes in the form, fit, or function of a 
compliant product shall necessitate new inspection and testing 
to verily compliance to all applicable requirements of this 
standard that the certification organization determines can be 
affected by such change. This recertification shall be conduc
ted before labeling the modified product as being compliant 
\vi th this standard. 

4.3.15 The manufacntrer shall maintain all design, perform
ance, inspection, and test data from the certification organiza
tion used in the certification of the manufacturer's compliant 
product. The manufacntrer shall provide such data, upon 
request, to the purchaser or authority having jurisdiction 
(AH]). 

Durability Test Section 8.2 
Section 8.8 Specimens 10-12 
Specimens 7-9 

Image Recognition 
Test Section 8.1 
Specimens 10-12 

4.3.16 Accessory Certification. 

Section 8.13 
Specimens 13-15 

Image Recognition 
Test Section 8.1 
Specimens 13-15 

Product Label 
Durability Test 
Section 8.8 
Specimens 13-15 

4.3.16.l '"There a thermal imager submitted for certification to 
this standard is also submitted \vith an accessory that is built 
into, attached to, or sold for later attachment to the thermal 
imaget� and an NFPA Project on Fire and Emergency Setvices 
Protective Clothing and Equipment standard exists for the 
pi-oduct perfonnance associated with the accessoi-y, the acces
sory shall be certified to that NFPA standard. 

4.3.16.2 In all cases, such accessories shall not degrade the 
performance of the thermal imager. 

4.3.16.3 'i\lhere a thermal imager is submitted as an accessory 
that is built into, attached to, or sold for later attachment to a 
product, and an NFPA Project on Fire and Emergency Se1vices 
Protective Clothing and Equipment standard exists for the 
product and the product is certified to that NFPA standard, the 
thermal imager shall be certified to NFPA 1801. 

4.3.16.4 In all cases, the thermal imager shall not degrade the 
performance of the product. 

4.4 Annual Verification of Product Compliance. 

4.4.1 All thermal imagers that are certified as compliant \vith 
this standard shall undergo recertification on an annual basis. 
This recertification shall include the follmving: 

(1) Inspection and evaluation to all design requirements as 
required by this standard on all manufacntrer models and 
components 

(2) Testing to all performance requirements as required by 
this standa1·d on all manufacnu-er models and compo
nents wid1in the following protocol: 

(a) \'\There a test method incorporates testing both 
before and after preconditioning and the test 
generates quantitative result5, recertification testing 
shall be limited to the conditioning that yielded the 
worst case test result during the initial certification 
for the model or component. 
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(b) Where a test method requires testing of three speci
mens, a minimum of one specimen shall be tested 
for annual recertification. 

(c) vVhere a test method requires testing of five or 
more specimens, a minimum of two specimens shall 
be tested for annual recertification. 

4.4.2 Samples of manufacnirer models and components for 
rece1·tification acquired from the manufacni rer or a compo
nent supplier during random and unannounced visits as part 
of the follow-up inspection program in accordance with 4.2.9 
shall be pe1·mitted to be used towa1-d annual recertification. 

4.4.3 The manufacturer shall maintain all design and 
performance inspection and test data from the certification 
organization used in the 1·ecenification of manufacturer 
models and components. The manufacturer shall provide such 
data, upon request, to the purchaser or AHJ. 

4.5 Manufacturers' Quality Assurance Program. 

4.5.1 The manufacnirer shall provide and operate a quality 
assurance program that meets the requirements of this section 
and that includes a product recall system as specified in 4.2.7.1 
and Section 4.8, Manufacturers' Safety Alert and Product 
Recall Systems. 

4.5.2 The operntion of the quality assurance program shall 
evaluate and test compliant product production to the require
ment5 of this standard to ensure that production remains in 
compliance. 

4.5.3* The manufacmrer shall be registered to ISO 9001, 
Quality management systems - Requirements. 

4.5.3.1 Registration to the 1-equirements of ISO 9001, Quality 
management systems - Requirements, shall be conducted by a 
registrar that is accredited for personal protective equipment 
in accordance with ISO/IEC 17021-1, Confvrmity assessment -
Requirements for bodies providing audit and certification of managr:
ment systems. 

4.5.3.2 The scope of the ISO registration shall include at least 
the design and manufacturing systems management for the 
personal protective equipment being certified. 

4.5.3.3 The registrar shall affix the accreditation mark on the 
ISO registration certificate. 

4.5.4 Any entity that meets the definition of manufacturer 
specified in 3.3.15 and therefo1·e is considered to be the 
"manufacnirer" but does not manufacture or assemble the 
compliant product shall meet the requirements specified in 
Section 4.5. 

4.5.5 vVhere the manufacturer uses subcontractors in the 
construction or assembly of the compliant product, the loca
tions and names of all subcontractor facilities shall be docu
mented, and the documentation shall be provided to the 
manufacturer's ISO registrar and the certification organization. 

4.6 Hazards Involving Compliant Product. 

4.6.1 The certification organization shall establish procedures 
to be followed where situation (s) are reported in which a 
compliant product is subsequently found to be haza1-dous. 
These procedures shall comply with the provisions of ISO 
Guide 27, Guidelines for corrective action to be taken by a certification 
body in the event of misuse of it5 mark of conformity, and as modified 
herein. 
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4.6.2 V\There a report of a hazard involved \vith a compliant 
product is received by the certification organization, the valid
ity of the report shall be investigated. 

4.6.3 With respect to a compliant product, a hazard shall be a 
condition, or create a situation, that results in exposing life, 
limb, or property to a dangerous or imminently dangerous 
condition. 

4.6.4 \l\lhere a specific hazard is identified, the detennination 
of tl1e appropriate action for the certification org-anization and 
me manufacturer to undertake shall take into consideration 
the severity of the hazard and its consequences to the safety 
and heal th of users. 

4.6.5 Where it is established that a hazard is involved \vith a 
compliant product, the certification organization shall deter
mine the scope of the hazard, including products, model 
numbers, serial numbers, factory production facilities, produc
tion runs, and quantities involved. 

4.6.6 The certification organization's investigation shall 
include, but not be limited to, the extent and scope of tl1e 
problem as it might apply to ot11er compliant product 01-
compliant product components manufa.ctured by otl1er manu
facturers or certified by omer certification organizations. 

4.6.7 The certification 01-ganization shall also investigate 
reports of a hazard where compliant product is gaining wide
spread use in applications not foreseen when the standard was 
written, such applications in turn being ones for which me 
product was not certified, and no specific scope of application 
has been provided in the standard, and no limiting scope of 
application was provided by the manufacturer in written mate
rial accompanying the compliant product at the point of sale. 

4.6.8 The certification organization shall require the manufac
turer of the compliant product 01- the manufacturer of the 
compliant product component if applicable, to assist the certifi
cation organization in the investigation and to conduct its own 
investigation as specified in Section 4.7, Manufacturers' Investi
gation of Complaints and Renu-ns. 

4.6.9 Where the facts indicating a need for corrective action 
are conclusive and the certification organization's appeal 
procedures referenced in 4.2.12 have been followed, me certifi
cation organization shall initiate corrective action immediately, 
provided tl1ere is a manufacturer to be held responsible fo1-
such action. 

4.6.10 Where the facts are conclusive and corrective action is 
indicated, but there is no manufacturer to be held responsible, 
such as when the manufacnirer is out of business or the manu
facturer is bankrupt, the certification organization shall imme
diately notify relevant governmental and regulatory agencies 
and issue a notice to the user community about the hazard. 

4.6.1 1  Where the facts are conclusive and corrective action is 
indicated, the certification 01-ganization shall take one or more 
of me follO\ving corrective actions: 

(1) Parties authorized and responsible for issuing a safety 
alert shall be notified when, in me opinion of me certifi
cation organization, such a safety alert is necessary to 
inform me users. 

(2) Parties authorized and responsible for issuing a product 
recall shall be notified when, in the opinion of me certifi
cation organization, such a recall is necessary to protect 
the users. 
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(3) The mark of certification shall be removed from the 
product. 

( 4) Where a hazardous condition exists and it is not practical 
to implement the corrective actions in 4.6.11 (1), 
4.6.11 (2), or 4.6.11 (3) or where the responsible parties 
refose to take corrective action, the certification organiza
tion shall notify relevant governmental and regulatory 
agencies and issue a notice to the user community about 
the hazard. 

4.6.12 The certification organization shall provide a report to 
the organization 01- individual identifying the reported hazard
ous condition and notify that organization or individual of the 
corrective action indicated or that no corrective action is indi
cated. 

4.6.13 Where a change to an NFPA standard(s) is felt to be 
necessary, the certification organization shall also provide a 
copy of the report and indicated corrective actions to the NFPA 
and shall also submit either public input for a proposed change 
to the next revision of the applicable standard or a proposed 
Temporary Interim Amendment (TIA) to the current edition 
of the applicable standard. 

4.7 Manufacturers' Investigation of Complaints and Returns. 

4.7.1 Manufacturers shall provide corrective action in accord
ance with ISO 9001, Quality managrment systems - Requirements, 
for investigating written complaints and returned products. 

4.7.2 Manufacturers' reco1-ds of returns and complaints rela
ted to safety issues shall be retained for at least 5 years. 

4.7.3 Where the manufacturer discovers, during the review of 
specific returns 01- complaints, that a compliant product or 
compliant product component can constitute a potential safety 
risk to end users and is possibly subject to a safety alert or prod
uct recall, the manufacturer shall immediately contact the 
certification organization and provide all information about its 
review to assist the certification organization with the investiga
tion. 

4.8 Manufacturers' Safety Alert and Product Recall Systems. 

4.8.l Manufacturers shall establish a written safety alert system 
and a written product 1-ecall system that describes the proce
dures to be used in the event that they decide or are directed 
by the certification organization to either issue a safety alert or 
conduct a product recall. 

4.8.2 The manufacturers' safety alert and product recall 
systems shall provide the following: 

( l )  The establishment of a coordinator and responsibilities 
by the manufacturer for the handling of safety alerts and 
product recalls 

(2) A method of notifying all dealers, distributors, purchas
ers, users, and the NFPA about the safety alert or product 
recall that can be initiated within 1 week following the 
manufacntrer's decision to issue a safety alert or to 
conduct a product recall or after the manufacturer has 
been directed by the certification organization to issue a 
safety alert or conduct a product recall 

(3) Techniques for communicating accurately and under
standably the nature of the safety alert 01- product recall 
and, in particula1� the specific hazard or safety issue 
found to exist 

( 4) Procedures for removing product that is recalled and for 
documenting the effectiveness of the product recall 

(5) A plan for repairing or replacing product or for compen
sating purchase1-s fo1- returned product 

Chapter 5 Product Labeling and Information 

5.1 Product Label Requirements. 

5.1.l Each compliant thermal imager shall have a product 
label permanently and conspicuously attached to the complete 
assembled product. 

5.1.2 Multiple label pieces shall be permitted to carry all state
ments and information required to be on the product label; 
however, all label pieces that the product label comprises shall 
be located adjacent to each other. 

5.1.3 The certification organization's label, symbol, m identi
fying mark shall be attached to the product label or be part of 
the product label and shall be placed in a conspicuous loca
tion. All letters shall be at least 1.5 mm (\-32 in.) in height, and 
the label, symbol, or identifying mark shall be at least 6 mm 
(Y'., in.) in height. The font Arial in capital letters shall be used 
for all label lettering. 

5.1.4 All worded po1-tions of the requi1-ed product label shall 
be at least in English. 

5.1.5 Symbols and other pictorial representations shall be 
permitted to be used to supplement worded statements on the 
product label(s). 

5.1.6 Thermal imagers originally certified to the previous 
edition of this standard that have been upgraded to meet this 
edition shall have the following statement legibly printed. All 
lette1-s shall be at least 2 mm (Yio in.) in height. The label shall 
not be restricted to one line. The original NFPA required label
ing shall not be removed or covered by the upgrade label. 

"UPGRADED TO NFPA 1801, 2021 EDITION." 

5.1. 7 Stand-Alone Thermal Imager Labeling Requirements. 

5.1.7.l The certification organization's label, symbol, or iden
tifying mark shall be permanently attached to the product label 
or be part of the product label and shall be placed in a conspic
uous location. 

5.1.7.2 Multiple label pieces shall be permitted in order to 
carry all statements and information required to be on the 
product label; however, all label pieces that the product label 
comp1-ises shall be located adjacent to each other. 

5.1.7.3 The following compliance statement shall be legibly 
printed on the product label: 

"TIIlS THERMAL !MAGER MEETS THE REQUIREMENTS 
OF NFPA 1801, STANDARD ON THERMAL !MAGERS FOR THE 

FIRE SERVICE, 2021 EDITION. 
DO NOT REMOVE TIIlS LABEL!" 

5.1.8 Integrated Thermal Imager Labeling Requirements. 
The compliance image as shown in Figure 5.1.8 shall be prin
ted on the product label and placed in a conspicuous location 
on the primary component of the certified device if the device 
consists of more than one component. 

5.1.9 Each thermal image1- shall be permanently marked with 
a serial number and the year and month of manufacture. 
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Certification 
organization 
logotobe � 
placed here """ 

[� J 
Certified Model 

NFPA 1801, 2021 edition 

DO NOT REMOVE THIS LABEL! 

FIGURE 5.1.8 Compliance Label. 

5.l.9.1 The yea1- and month of manufacture shall be separate 
from the serial number and shall be in MM/YWY format. 

5.l.10 All rechargeable power sources provided by the ther
mal imager manufacturer shall be marked with a serial number 
and the year and month of manufacture. 

5.l.10.1 The year and month of manufacture shall be separate 
from the serial number and shall be in MM/YWY format. 

5.l.11* Thermal imagers shall be tested for listing to ANSI/ 
UL 121201, Nonincendive E/,ectrical Equipment for Use in Class I 
and II, Division 2 and Class III, Divisions 1 and 2 Hazardous (Clas
sified) Locations, and shall meet the product label requirements 
identified in Chapter 9, Marking, of ANSI/UL 121201 for at 
lea5t Class I, Division 2, Groups C and D and Class II, Division 
2, Groups F and G hazardous locations, and with a temperature 
class within the range of T3 through T6 inclusive. 

5.2 User Information. 

5.2.1 The manufacturer shall provide with each product at 
least the informational material and user insl:i-uctions specified 
in Section 5.2. 

5.2.2 At the time of purchase, the manufacmrer shall provide 
to the purchaser an information sheet with each product that 
documents at least the following: 

( l )  Date of manufacture 
(2) Model number 
(3) Serial number 
(4) Lot number, if applicable 

5.2.3* Information and materials regarding preoperational 
use shall be provided on at least the following areas: 

(1) Safety considerations 
(2) Preuse checks 
(3) Limitations of use 
(4) Power source requirements, type, and brand 
(5) Estimated operation time on fully charged power source 

in each available mode 
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(6) Estimated operational time associated with each of the 
fotu- segments on the power source status indicator 

(7) Low-power source signals and power supply replace
ment, where applicable 

(8) Charging and recharging procedures 
(9) Marking recommendations and restrictions 

(10) Warranty information 
(11) Recommended storage practices 
(12) Mounting on/in vehicles or fire apparatus 
(13) Explanation and identification of the features and func

tions of TI BASIC/TI BASIC PLUS 
(14) Symbols and functions with associated temperature 

references in available operating modes 
(15) If equipped with a temperature bar, adequate descrip

tion of the use of the temperature bar 
(16) If equipped with a numeric temperature indicator, 

adequate description of the use of the numeric tempera
uu-e indicator 

(17) If equipped with colorization, adequate description of 
the temperature thresholds for colorization 

5.2.4 Information and operational materials regarding peri
odic inspections shall be provided on at least inspection 
frequency and details. 

5.2.5 Information and operational materials regarding proper 
operational use shall be provided as specified by the manufac
turer and in accordance with the minimum 1-equirements set 
forth by NFPA 1408. 

5.2.6 Information and operational materials regarding peri
odic maintenance and cleaning shall be provided on at least 
the following areas: 

(1) Cleaning instructions and precautions 
(2) Disinfecting procedures 
(3) Maintenance frequency and details 
(4) Guidelines for service and 1·epair 

5.2.7 Information and operational materials regarding service 
life, replacement, and retirement considerations for thermal 
imagers and components shall be p1·ovided. 

5.2.8 Thermal imagers shall be tested for listing to ANSI/ 
UL 121201, Nonincendive Electrical t.quipment for Use in Class I 
and II, Division 2 and Class Ill, Divisions 1 and 2 Hazardous (Clas
sified) Locations, and shall meet the user information (manufac
turer's insu-uctional manual) requirement5 for at least Cla5s I, 
Division 2, Groups C and D and Class II, Division 2, Groups F 
and G hazardous locations, and with a temperau1re class within 
the range of T3 through T6 inclusive. 

Chapter 6 Design Requirements 

6.1 General Design Requirements. 

6.1.1 All thermal imagers shall have at least the applicable 
design requirements specified in this chapter when inspected 
and evaluated by the certification organization as specified in 
Section 4.3, Inspection and Testing. 

6.1.2* All thermal imagers shall be capable of continuously 
operating for a minimum of 120 minutes in TI BASIC mode at 
22° C ± 3° C (72 °F ± 5° F) and without the power source being 
changed or recharged. 

6.l.2.1 The continuous operating time shall be measured with 
all permissible TI BASIC mode current-drawing functions listed 
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under Section 6.4, as well as all manufacturer background 
systems activated. 

6.1.3 ALI power sources consisting of battery cells and battery 
packs shall be certified by a nationally recognized testing labo
rnto1y (NRTL) to d1e 1·egulations outlined in UL 1642, Lithium 
Batteries; UL 2054, Household and Commercial Batteries; or IEC 
62133, Safety requirements for portable sealed secondary cell5, and for 
batteries made from them, for use in portable applications. 

6.1.4 vVhen powered on, all thermal imagers shall continu
ously detect and display as an image that portion of me electro
magnetic spectrum occurring in the 8.0-14.0 micron range and 
shall include all components necessary for me intended proper 
operation of me thermal imager. 

6.1.5 The mermal imager shall incorporate a senso1· engine 
consisting of an infrared sensor wim at least 76,800 imaging 
pixels. 

6.1.6 Video output shall be displayed on a display device 
consisting of at least 76,800 display pixels, where each display 
pixel can render all colors required in me standard. 

6.1.7 Minimum Video Refresh Rate. All mermal in1agers shall 
have a minimum video refresh rate of 25 frames per second in 
bom the detector and the display. 

6.1.8 All operational selection devices, including but not limi
ted to switches, card readers, and keys, shall be rated for not 
less man 50,000 cycles. 

6.1.9 All operational selection devices shall be designed to 
prevent unintentional activation, deactivation, impact damage, 
and change of operation. 

6.1.10 All operational selection devices shall be capable of 
being switched by a gloved hand. The gloves used for this fimc
tion test shall be constructed of American cowhide and include 
a polytetrafluoreiliylene (PTFE) moisture barrier, shall be 
properly sized according to the manufacturer and in size large, 
and shall be certified as compliant wiili me structural fire
fighting glove requirement� of NFPA 1971. 

6.1.11 All thermal imagers shall be provided wiili a meiliod of 
attaching the thermal imager to ilie user, and the meiliod of 
attachment shall not degrade the function or performance of 
me thermal imager. 

6.1.11.1 Meiliods of attachment shall not obstrnct d1e opera
tor's view of me display or me camera's field of view when held 
in the viewing position as stated by me manufacturer. 

6.1.12 Thermal imagers shall be tested for listing to ANSI/ 
UL 121201, Nonincendive Electrical Equipment for U5e in Class I 
and II, Division 2 and Class III, Divisions 1 and 2 Hazardous (Clas
sified) Locatiom, and shall meet ilie design (construction) 
r·equirements for at least Class I, Division 2, Groups C and D 
and Class II, Division 2, Groups F and G hazardous locations, 
and with a temperature class wimin the range of T3 through 
T6 inclusive. 

6.1.12.1 Assessment shall include all user removable parts in 
isolation and the action of removing iliem from, and reattach
ing them to ilie camern in ilie powered and unpowered states. 

6.1.12.1.1 vVhere d1e use of a tool-secured feature is relied 
upon to meet ANSI/UL 121201 compliance, and this securing 
feature is not automatically engaged during reattachment, the 
camera shall inform me user by way of a message mat prevents 

normal use of me camera, unless the tool is required for reat
tachment to permit normal camera operation. 

6.2 Power Button. 

6.2.1 The iliermal imager shall have a power-on/off button 
that cycles me mermal imager's powe1·. The power-on/off 
button shall be located in an easily accessible area of me ilier
mal imager. 

6.2.2 The power-on/off button shall be green in color. No 
oilier button(s) on d1e outside of the thermal imager shall be 
green in color. 

6.2.3 The power-on/off button shall only u1rn ilie d1ermal 
imager "on," turn me iliermal imager "off," and revert me d1er
mal imager to d1e TI BASIC operational format from TI BASIC 
PLUS operational format. 

6.2.4 When me thermal imager is off; me activation of me 
power-on/off button shall always power up the iliermal imager 
in ilie TI BASIC operational format. 

6.2.5 Where me power-on/off button is used to power up the 
thermal imager, the powe1'-on process shall require the power 
button to be pressed and held for no more than 1 second. 

6.2.5.1 Automatic activation of me power-up process shall be 
permitted. 

6.2.5.2 Both the power-on/ off button activation and ilie auto
matic activation shall present a useful mermal image with all 
the icons required in ilie TI BASIC operational format on ilie 
display in 30 seconds 01· less. 

6.2.6 The power-on/off button shall be protected from acci
dental change of operation and impact damage. 

6.3 Failure Mode and Effects Analysis (FMEA) for Thermal 
Imagers. 

6.3.1 * An FMEA shall be applied iliroughout the develop
ment process. 

6.3.2 The FMEA shall address iliermal imager systems and 
shall identify and prioritize iliose critical failures iliat could 
have a serious effect on ilie safety and reliability of a thermal 
imager in the anticipated operating environments. 

6.3.3 The FMEA shall tabulate potential failure modes and 
their effects on me pedo1·mance of a thermal imager. The fail
ure mode shall describe how me system might fail. 

6.3.4* The thermal imager manufacturer shall use FMEA to 
address ilie reduction of risk of random and systematic failures 
of mermal imagers by using as low as reasonably practical 
(ALARP) region activities, shown in Figure 6.3.4. The thermal 
imager manufacturer shall include the risk p1·iority number 
(RPN) corresponding to me upper limit of d1e ALARP region 
in ilie FMEA report. 

6.3.5 Where a mermal imager system RPN as determined by 
the manufa.cuirer is above d1e upper limit of d1e ALARP region 
as determined by me manufacturer, one or more of me practi
ces specified in 6.3.5.1 shall be permitted. 

6.3.5.1 Verification of the manufacturers' design and testing 
practices shall include documentation of at least temperauire, 
vibration, and wetness exposw·e data; hours of operation; and 
management of change information. 
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FIGURE 6.3.4 ALARP Region Activities. 

6.3.6 The FMEA report shall be provided to the certification 
organization. 

6.4 Tl BASIC Operational Format. 

6.4.1 All d1ermal imagers shall have at least ilie TI BASIC 
operational format and shall be permitted to also have a TI 
BASIC PLUS operational format as specified in Section 6.5, TI 
BASIC PLUS Operational Format. 

6.4.2* ·when the thermal imager is initially powered on or 
restarted from the TI BASIC PLUS operational format, the 
thermal imager shall revert back to ilie TI BASIC operational 
format. 

6.4.3 TI BASIC operational format functions shall include the 
follmving: 

(1) Grayscale imagery with white-hot polarity 
(2) Power source status indicatOI' 
(3) Internal electronics overheat indicator 
(4) Thermal imager "on" indicator 

6.4.4 In addition to the requirements specified in 6.4.3, the TI 
BASIC operational format shall be permitted to also include 
only the following: 

( 1) Heat-indicating color and, if so equipped with heat
indicating color, a heat color reference bar 

(2) Audio, video, and data 1·ecording 
(3) Audio, video, and data transmission 

6.5 TI BASIC PLUS Operational Format. 

6.5.l TI BASIC PLUS operational format shall have at least 
the TI BASIC operational format functions specified in 6.4.3, 
and any or all of the TI BASIC operational format functions 
listed in 6.4.4 shall also be permitted. 

6.5.2* Tl BASIC PLUS operational format shall be permitted 
to have additional functions, enhancements, and innovations 
beyond TI BASIC, provided by ilie manufacturer, that require 
additional or specialized instruction or u-aining in addition to 
ilie TI BASIC operational format u·aining. 

6.5.3 TI BASIC PLUS functions shall not result in failure to 
provide TI BASIC functions specified in 6.4.3, in whole or in 
part. 

6.5.4 TI BASIC PLUS shall switch to TI BASIC by either 
cycling ilie thermal imager's power by pushing ilie green 
power-on/off button, or by pushing ilie green power-on/off 
button once for no more than 1 second while ilie thermal 
imager is on. 

6.5.5* TI BASIC PLUS shall be designed to limit access and 
shall have an alternative method of selecting the operational 
format oilier than iliat of TI BASIC. 
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6.6 Thermal Imager Viewing Area. 

6.6.l The iliermal imager shall have a viewing area iliat 
contains operational information for ilie iliermal imager user. 

6.6.2 The viewing area shall consist of iliree vertical sections 
and shall include a maximum distance of 25 mm (1 in.) 
directly above, below, and on ilie sides of ilie display. The 
region consisting of a maximum distance of 25 mm (1 in.) 
di1·ectly above, below, and on the sides of the display shall be 
part of ilie viewing area. 

6.6.3 Each of ilie three vertical sections shall be reserved to 
contain specific iliermal imager additional information, alarm 
and operational indicators, and temperature sensing indicators 
as shown in Figure 6.6.3 and specified in 6.6.3.1 through 
6.6.3.3. 

6.6.3.1 Additional Information Area, Left Vertical Section. 
The left vertical section shall be reserved for additional infor
mation in boili the TI BASIC and TI BASIC PLUS operational 
formats using standard icons/symbols and locations. 

6.6.3.1.1 In the Tl BASIC operational format ilie left vertical 
section shall include only ilie following: 

(1) Low sensitivity mode indicator 
(2) Audio, video, or data recording icon, if so equipped and 

in operation 

6.6.3.1.2 In the TI BASIC PLUS operational format, ilie left 
vertical section shall also include the follmving: 

(1) TI BASIC PLUS activation 
(2) Activation and status of optional TI BASIC PLUS features 

and functions, if so equipped and in operation 

6.6.3.2 Alarm and Operational Indicator Area, Center Vertical 
Section. The cente1· column of ilie display plane shall be 
reserved for ilie alarm and operational indicators and shall 
include ilie follmving: 

(1) Power source status indicator 
(2) Temperature meamrement zone, if so equipped 
(3) Internal elecu-onics overheat indicator 

Additional Alarm and Temperature 
information operational sensing 

area indicators indicators 

� & 
800 

D 500 

300 

f I I I I 
' I 

I 

Note: Shaded outer frame is also considered part of the viewing area. 

FIGURE 6.6.3 Thermal Imager Viewing Area and Icon 
Layout. 
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6.6.3.3 Temperature Sensing Indicators Area, Right Vertical 
Section. The right vertical section of the viewing area shall be 
reserved for temperature sensing indicators and heat color 
reference bar(s). 

6.6.4 Icon and Symbol Design. The icons for the TI BASIC 
and TI BASIC PLUS functions shall be as shown in Figure 6.6.4 
and as specified in 6.6.4.1 through 6.6.4. 9. 

6.6.4.1 Temperature Sensing Indicators. 

6.6.4.1.1 V\There the thermal imager is equipped with spot 
temperanire measurement, it shall have a visual temperature 
measurement zone indicator to provide the user an approxi
mate location from which the temperature is being reported. 

6.6.4.1.2 The temperature measurement zone indicator shall 
consist of a transparent square box 01· box come1·s with a green 
border as shown in Figure 6.6.4. 

6.6.4.1.3 The temperature measurement zone indicator shall 
be positioned in the center of the center vertical section of the 
viewing area (alarm and operational indicators) as shown in 
Figure 6.6.4. 

6.6.4.1.4 V\There the thermal imager is equipped with tempera
ture measurement, the viewing area shall include a numeric 
temperanire indicator, a temperanire bar, or both. 

6.6.4.1.4.1 The temperature bar shall be solid green in coloL 
The temperature bar shall be calibrated to show four divided 
increments. The approximate temperature at each division 
shall be shown next to the temperature bar as shown in Figure 
6.6.3 and Figure 6.6.4. The temperature measurement bar shall 
be positioned in the right vertical section of the viewing area 
(temperanire sensing indicators) as shown in Figw·e 6.6.4. 

6.6.4.1.4.2 The numeric temperature indicator shall display 
the approximate temperature emitted by an object targeted 
within the temperatw·e measurement zone indicator as shown 
in Figure 6.6.4. The numeric temperature indicator shall be 
positioned in the lower right vertical section of the viewing 
area. This icon shall be readable green numerals followed by 
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FIGURE 6.6.4 Icon Designs and Descriptions. 

an "F" for Fahrenheit or "C" for Celsius superimposed on a 
black background. 

6.6.4.1.5 \<\There the thermal imager is equipped wi th heat
indicating color capability, the right vertical section of the view
ing area shall include a heat color reference bar that shall 
include the heat color reference scale as described in 6.6.4.1.9. 

6.6.4.1.6 Where equipped with heat-indicating color capabil
ity, the heat color reference bar shall be located adjacent to the 
temperature bar, if equipped, and shall permit the user to 
interpret the approximate temperature reading displayed by 
the temperanire bar as shown in Figure 6.6.4. 

6.6.4.1.6.1 Where equipped with both the heat color refer
ence bar and the temperature measurement bar, the heat color 
reference ba1· and the temperature measurement bar shall 
utilize only one set of temperature graduations. 

6.6.4.1.6.2 Where equipped with only a heat color reference 
bar, the heat color reference bar shall have a graduation corre
sponding to the temperature settings of the thermal imager. 

6.6.4.1.7 The temperature bar indicator shall be solid green 
in color. The temperanire bar shall be calibrated to show four 
divided increments. V\There a heat color reference bar is provi
ded, the temperature bar shall advance vertically along the 
heat color refe1·ence bar in reference to the approximate 
temperature of the long wave infrared (LWIR) energy emitted 
by an object targeted by the temperature measurement zone. 

6.6.4.1.8 The heat color reference bar shall be a vertical icon 
representing the entire dynamic range of the thermal imager 
in its current sensitivity mode and shall be divided into at least 
four temperan1re increments. 

6.6.4.1.9 In the TI BASIC mode, the heat color reference bar 
shall have a color scale that includes only the following colori
zation: 

(1) Greyscale - at the bottom of the heat color reference bar 
before color indication begins and shall not be more than 
50 percent of the overall height of the heat color refer
ence bar. 

(2) Yellow - at the low end of the heat color refe1·ence bar 
(3) Orange - in d1e middle of the heat color reference bar 
( 4) Red- at the high end of the heat color reference bar 

6.6.4.1.9.1 When the thermal imager is operating in d1e TI 
BASIC mode and is equipped with automatic temperature indi
cating colorization, the colors as specified in 6.6.4.1.9 shall 
correspond to approximate temperature ranges determined by 
the manufacturer. 

6.6.4.1.9.2 The automatic temperanire indicating color shall 
correspond to the colors on the heat color reference scale. 

6.6.4.1.10 The heat color reference bar shall be legible, shall 
extend to at least 75 percent of the height of the thermal 
imager display, and shall be dynamic in that it will change if 
necessary to correspond to the temperantres set by the manu
facturer in whatever sensitivity mode the thermal imager is in. 

6.6.4.1.11 V\Thenever any change occurs in the scale of the 
color reference bar, a green triangle shall be displayed above 
and connected to the color reference bar as shown in Figure 
6.6.4. 
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6.6.4.2 Automatic Heat-Indicating Colorization. 

6.6.4.2.1 Where the d1ermal image1- is equipped with auto
matic heat-indicating colorization, the TI BASIC and TI BASIC 
PLUS operational formats shall include colorization corre
sponding to approximate temperatures determined and set by 
the manufacturer wim an associated dynamic heat color refer
ence bar. 

6.6.4.2.2 Colorization shall overlay the grayscale thermal 
images produced by the d1ermal imager. Details within the 
thermal image and wimin me colorized area shall remain 
resolvable by the user other than at saturation. 

6.6.4.2.3 The colors yellow, orange, and red shall have a corre
sponding, temperature-dependent change in hue as tempera
tures increase. 

6.6.4.2.4 Light yellow shall be displayed to depict the lowest 
temperature within the yellow temperature band, and d1e hue 
shall gradually change to a darker yellow to depict hotter 
temperatures wid1in the yellow temperature band. 

6.6.4.2.5 Orange shall start immediately following d1e hottest 
temperature in the yellow temperature band. Light orange 
shall be displayed to depict me lowest temperature within the 
orange temperature band, and the hue shall gradually change 
to a darker orange to depict hottei- temperatures within the 
orange temperature band. 

6.6.4.2.6 Red shall start immediately following me hottest 
temperature in the ornnge temperature band. Light red shall 
be used to depict the lowest temperature within the red 
temperanire band, and me hue shall gradually change to a 
dai-ker red to depict hotter temperatures \vithin the red 
temperature band. The darkest shade of red in me red color 
band shall correspond to me hottest temperanire in me scene. 

6.6.4.3 Power Source Status. 

6.6.4.3.1 A visual indicator shall display the status of power 
source. The visual indicator shall be a black battery icon \vith 
four colored segments corresponding to the available power 
source as shown in Figure 6.6.4. 

6.6.4.3.2 The black battery symbol shall display the state of the 
available capacity from full to nearly depleted as specified 
below: 

( 1 )  Four green segments displayed (76 percent to 
100 percent available power source) 

(2) Three green segments displayed (51 percent to 
75 percent available power source) 

(3) Two yellow segments displayed (26 percent to 50 percent 
available power source) 

(4) One red segment displayed (0 percent to 25 percent 
available power source), which shall flash when at least 
5 minutes of available power source remains 

6.6.4.3.3 The power source status indicatoi- shall be positioned 
anywhere in me alarm and operational indicators (center verti
cal) section of the viewing area. 

6.6.4.4 Internal Electronics Overheat Indicator. 

6.6.4.4.1 All thermal imagers shall be equipped wim an inter
nal electronics overheat indicator mat provides a visual warn
ing to the user that the thermal imager might cease to operate 
properly due to internal overheating. 
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6.6.4.4.2 The internal electronics overheat icon shall be posi
tioned in the upper center vertical (alarm and operational indi
cators) section of the vie\ving area as shown in Figure 6.6.4. 

6.6.4.4.3 The internal electronics overheat indicator shall be a 
flashing indicator consisting of a solid red thermometer-shaped 
image \vithin a o·ansparent equilateral o·iangle having a red 
border as shown in Figure 6.6.4. 

6.6.4.5 Thermal Imager-On Indicator. If an additional visual 
indication to me user exists to indicate that me d1ermal imager 
is in the powered-on operational mode (other than a usable 
image on the display), the indicator shall be visible to the user 
any time me mermal imager is powered on. 

6.6.4.6 Low Sensitivity Mode Indicator. 

6.6.4.6.1 All thermal imagers equipped with a low sensitivity 
mode shall have a low sensitivity mode indicator. 

6.6.4.6.2 The low sensitivity mode indicator shall be an icon 
consisting of a solid green equilateral triangle enclosed in a 
transparent square box with a green border as shown in Figure 
6.6.4. 

6.6.4.6.3 The low sensitivity mode indicatoi- icon shall always 
be positioned in me uppermost left (additional information 
area) vertical section of the vie\ving area as shown in Figure 
6.6.4. 

6.6.4.6.4 Irrespective of number of sensitivity modes, the mer
mal imager shall display the low sensitivity mode indicator icon 
only when the thermal imager is not in its highest sensitivity 
mode. 

6.6.4. 7 TI BASIC PLUS Operational Format Indicator. 

6.6.4.7.1 All thermal imagers equipped with a TI BASIC PLUS 
operational format shall have a TI BASIC PLUS operational 
format indicator. A visual indicator shall appear only when a 
the1·mal imagei- is in the TI BASIC PLUS mode. 

6.6.4.7.2 The TI BASIC PLUS operational format indicator 
shall consist of a solid green "plus sign" ( +) enclosed in a o·ans
parent square box \vith a green border as shown in Figure 
6.6.4. 

6.6.4.7.3 The TI BASIC PLUS operational format indicator 
shall be positioned in the lower left (additional information 
area) vertical section of the vie\ving area as shown in Figure 
6.6.4. 

6.6.4.7.4 The TI BASIC PLUS operational format indicator 
shall be displayed any time the d1ermal imager is not in me TI 
BASIC operational format irrespective of the number of opera
tional formats. 

6.6.4.8 TI BASIC PLUS Options Indicators. 

6.6.4.8.1 Each visual indicator shall appear only when me 
associated feature is utilized. 

6.6.4.8.2 Each TI BASIC PLUS option indicator shall consist 
of an indicator distinctly different from other indicators. 

6.6.4.8.3 Each TI BASIC PLUS option indicatoi- shall be 
displayed in the center of me left (additional information area) 
vertical section of the vie\ving area. 
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6.6.4.9 Audio/Video Recording Indicator. 

6.6.4.9.1 All thermal imagers equipped with audio or video, or 
both, recording capabilities shall have a visual indicator. 

6.6.4.9.2 The audio/video recording icon shall consist of a 
solid red circle with a green b01-de1-. 

6.6.4.9.3 The audio/video recording icon shall be positioned 
in the left vertical section, above the location of the TI BASIC 
PLUS icon, below a horizontal midline as shown in Figure 
6.6.4. 

6.6.4.9.4 The indicator shall be displayed anytime the thermal 
imager is reco1-ding audio or video, or both, content irrespec
tive of the selected TI BASIC or TI BASIC PLUS operational 
format. 

Chapter 7 Performance Requirements 

7.1 Thermal lmager Performance Requirements. 

7.1.1 Thermal image rs shall be tested for spatial resolution as 
specified in Section 8. 1 ,  Image Recognition Test, and shall have 
a minimum SR value of0.06. 

7.1.2 Thermal imagers shall be tested for effective tempera
ture range as specified in Section 8.10, Effective Temperature 
Range Test, and shall have all fl./ values greater than or equal 
to 5000. 

7.1.3 Thermal imagers shall be tested for thermal sensitivity as 
specified in Section 8.12, Thermal Sensitivity Test, shall have a 
response slope greater than or equal to 0.02 per °C, and shall 
have a correlation coefficient greater than or equal to 0.80. 

7.1.4 Thermal imagers shall be listed to ANSI/UL 121201, 
Nonincendive El.ectrical Equipment for Use in Class I and II, Division 
2 and Class III, Divisions 1 and 2 Hazardous (Classified) Locations, 
and shall meet the performance (test) requi1-ements for at least 
Class I, Division 2, Groups C and D and Class II, Division 2, 
Groups F and G hazardous locations, and with a temperature 
class within the range of T3 through T6 inclusive. For the 
purpose of the impact test referenced in 16.3.1 of ANSI/ 
UL 121201, NFPA 1801 shall be considered the applicable 
standard for products in unclassified locations. 

7.1.5 Thermal imagers shall be tested for ingress protection 
(IP) rating as specified in IEC 60529, Degrees of fJrotection provided 
by enclosures (IP Code), and shall have a rating of IP6X. 

7.1.6 Thermal imagers shall be tested for electromagnetic 
emission as specified in IEC 61000-Q-3, Electromagnetic compatibil
ity (EMC) - PCl1t 6-3: Generic standards - 1'.mission standard for 
residential, commercial, and light-industrial environments, and shall 
meet the emissions requirement5. 

7.1.7 Thermal imagers shall be tested for electromagnetic 
immunity as specified in IEC 61000-Q-2, El.ectromagnetic compati
bility (EMC) - Part 6-2: Generic standards - Immunity for indus
trial environments, and shall meet the inununity requfrement5, 
and the thermal imager shall remain functional throughout 
the test. 

7.1.8 Thermal imagers shall be tested for resistance to vibra
tion as specified in Section 8.2, Vibration Test, and shall have a 
minimum SR value of0.06. 

7.1.9 Thermal imagers shall be tested for resistance to impact 
as specified in Section 8.3, Impact Acceleration Resistance Test, 
and shall have a minimum SR value of 0.06, shall have nothing 
fall off the thermal imager, and shall have no observable 
damage to any external component that would compromise 
the case integrity. 

7.1.10 Thermal imagers shall be tested for corrosion resist
ance as specified in Section 8.4, Corrosion Test, and shall have 
metals that are inherently resistant to corrosion show no more 
than light surface-type corrosion or oxidation, shall have 
ferrous metals show no corrosion of the base metal, and shall 
have the use and function of controls and operating features of 
the thermal imager remain functional . 

7.1.11 The thermal imager display viewing surface shall be 
tested for abrasion resistance as specified in Section 8.5, View
ing Surface Abrasion Test, and shall not have the viewing 
surface exhibit an average delta haze greater than 1 4  percent. 

7.1.12 Thermal imagers shall be tested for resistance to heat 
as specified in Section 8.6, Heat Resistance Test, and shall be 
able to resolve frequencies to the index number 4 of the spatial 
resolution target and shall not have any part of the thermal 
imager melt, drip, or ignite. 

7.1.13 Thermal imagers shall be tested for resistance to heat 
and flame as specified in Section 8.7, Heat and Flame Test, and 
shall not have any afterflarne exceed 2.2 seconds, shall have 
nothing fall off the thermal imager, and shall not have the ther
mal irnager fall from its mounted position. 

7.1.14 Thermal imager product labels shall be tested for dura
bility and legibility as specified in Section 8.8, Product Label 
Durability Test, and shall have the product labels remain 
attached to the thermal imager, and the product labels shall be 
Legible. 

7.1.15 vVhere tl1ermal imagers incorporate external wiring, 
the wire's entry into any associated components shall be tested 
for connection strength as specified in Section 8.9, Cable Pull
out Test, and shall have a minimum connection strength of 
89 N (20 lbf), and the thermal imager shall remain functional. 

7.1.16 Thermal imagers shall be tested for durability as speci
fied in Section 8.13, Durability Test, and shall have the mermal 
imager remain functional, shall have a minimum SR value of 
0.06, shall have no water inside the electronics compart
ment(s), and shall have no water inside the power source 
compartment(s). 

7.1.17 Thermal imagers shall be tested fo1- field of view as 
specified in Section 8 . 1 1 ,  Field of View Measurement, and shall 
have a horizontal field of view of at least 36 degrees and shall 
have a vertical field of view of at least 20 degrees. 
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Chapter 8 Test Methods 

8.1 hnage Recognition Test. 

8.1.1 Application. This test method shall apply to all thermal 
image1·s. See NIST Technical Note 1630, Evaluation of Image 
Quality of Thermal lmagers Used by the Fire Service. 

8.1.2 Samples. Samples shall be complete thermal imagers. 

8.1.3 Specimens. 

8.1.3.l Specimens for testing shall be complete thermal 
image rs. 

8.1.3.2 A minimum of three specimens shall be tested. 

8.1.3.3 Specimens shall be conditioned at a temperature of 
22°C ± 3°C (72°F ± 5°F), and a relative humidity of 50 percent 
± 25 percent, for at least 4 hours. 

8.1.3.4 Specimens shall be tested within 5 minutes after 
removal from conditioning. 

8.1.3.5 Specimens shall be optimally focused to 1 m (39.3 in.) 
by the manufacturer for this test. ff the thermal imager incor
porates a visible-light camera or other sensor whose output is 
overlaid onto, or fosed with, the thennal image, the sensor 
shall be disabled prior to conducting the test so that only the 
thermal image output is used to influence image recognition 
test results. 

8.1.4 Apparatus. 

8.1.4.1 Testing shall be conducted in a room having an ambi
ent temperature of22°C ± 1°C (72°F ± 2°F). 

8.1.4.2 The image recognition test apparatus shall consist of 
the following: 

( 1 )  A thermal imager positioning device 
(2) A spatial resolution source target as specified in 8.1.4.3 
(3) Ten temperattll'e meastn-ement devices as specified 111 

8.1.4.4 
( 4) Data acquisition sofovare and hardware as specified in 

8.1.4.5 
(5) A visible specu-um camera and lens as specified in 8.1 .4.7 
(6) A visible spectrum camera mount as specified in 8.1.4.8 
(7) A computer and image analysis software as specified in 

8.1.4.9 
(8) The computer image conversion software shall be 

ViewNX, version 2 

8.1.4.2.1 The thermal imager shall be set up at a distance of 
1 m ± 5 mm (39.3 in. ± .19 in.) from the outermost optical 
element to the image recognition target. 

8.1.4.2.2 The ambient lighting in the testing room shall be 1 
lux or less. 

8.1.4.2.3 The test operator shall have visual acuity of at least 
20/20 in each eye, uncorrected or corrected. 

8.1.4.3 The spatial resolution source target shown in Figure 
8.1.4.3 shall consist of two thin, rigid, flat metal surfaces: the 
emitting surface, and the stencil with the target and a 15 cm 
± 5 mm x 15 cm ± 5 mm (5.9 in. ± 0.19 in. x 5.9 in. ± 0.19 in.) 
square cutout. The metal shall be copper fo1· the emitting 
surface and aluminum for the stencil. Each surface shall have 
dimensions of3 mm ± 0.5 mm ( . 1 1  in. ± .02 in.). The front side 
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of both surfaces shall be painted with flat black paint having a 
stated emissivity of 0.95 ± 0.03. 

8.1.4.3.1 The emitting surface shall be capable of being evenly 
heated to a surface temperature of 32°C ± l .D°C (9D°F ± l.8°F). 
The mechanism by which the emitting surface is heated shall 
not be visible to the thermal imager under test. The heating 
mechanism shall be permitted to add thickness to the side of 
the surface that does not face the thermal imager during the 
test. 

8.1.4.3.2 The stencil shall be maintained at ambient tempera
ture and shall have a pattern cut cleanly through it as shown in 
black in Figure 8.1 .4.3. 

8.1.4.3.3 Both surfaces shall be mounted such that their pain
ted sides face the thermal imager under test, with the stencil 
placed directly between the emitting surface and the thermal 
imager at a distance of 102 mm ± 6 nun (4 in. ± \t'.i in.) from the 
emitting sttrface. 

8.1.4.4 Ten tern peranire measurement devices having a 
temperature measurement accuracy of at least 0.1°C (32.2°F) 
and a response time of less tl1an l second shall be secured to 
the surfaces of the source target facing the thermal imager 
under test as shown in Figure 8.1 .4.3. 

8.1.4.4.1 Five temperature measurement devices shall be 
secured to the emitting surface, and five temperature measure
ment devices shall be secured to the stencil . The temperature 
measw·ement devices and leads secttred to the emitting surface 
shall not be visible to the thermal imager under test. 

8.1.4.4.2 The temperan1re meastH"ement device leads secured 
to the stencil surface shall be painted with flat black paint 
having a stated emissivity of 0.95 ± 0.03 and shall not cross any 
of the open areas of the pattern cut into the stencil. 

8.1.4.5 The data acquisition system consisting of software and 
hardware shall be capable of acquiring temperature measuring 
signals collected from the source target. 

8.1.4.5.1 The data acquisition system shall average tempera
ture measurements over a maximum of 10 seconds for each 
temperature measuring device. 

8.1.4.5.2 The data acquisition system shall store the averaged 
temperature measurements in an electronic text file. 

8.1.4.6 The thermal imager positioning device shall position 
the thermal imager facing the spatial resolution source target 
at a distance of 1 m ± 5 mm (39.4 in. ± 0.2 in.) from the outer
most optical element to the stencil. 

8.1.4.6.1 The thermal imager shall not wobble, vibrate, or 
otherwise move out of position during the course of the test. 

8.1.4.7 The visible specu·um camera shall be a Nikon D3 01· 

D3S (which will be referred to as D3 in 8.1.4.7.1 through 
8.1 .4.7.3). The lens shall be a Nikkor 60 mm, f/2.8 macro lens. 
Other lenses of equivalent quality shall be permitted to be used 
in cases where the thermal imager display size or configuration 
is incompatible with the use of the Nikkor 60 mm, f/2.8. 

8.1.4.7.1 The shutter shall be activated by a remote trigger 
release. 

8.1.4.7.2 The Nikon D3 shall be calibrated for color and lumi
nance every 12 months. 
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FIGURE 8.1.4.3 Spatial Resolution Source Target. 
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8.1.4.7.3 All Nikon D3 settings other than those specified 
below shall remain set at the factory default selections. The 
specific modifications to the Nikon D3 settings shall be as 
follows: 

( 1 )  Exterior (button and switch) settings 

(a) Release mode "S" 
(b) Focus mode "M" (manual) 
(c) Right side of view finder - Metering mode: 3-D 

color matrix II 
(d) Bottom right of the LCD - Focus mode: single

point AF (bottom of 3) .  Operator shall press the OK 
button to automatically center the focus point to 
the center of the Nikon camera display. 

(e) Camera shall be turned on. 
(f) If the lens has vibration 1·eduction control, it shall 

be turned off (interior menu settings). (Click menu 
button to left of LCD to enter menu.) 

(2) Shooting menu 

(a) Shooting menu bank - A  
(b) Reset shooting menu - No 
( c) Active folder - (N/ A) 
(d) File naming- (N/ A) (or DSC default) 
(e) Slot 2 - Overflow 
(f) Image quality - NEF (RAW) 
(g) Image area - Auto DX crop - Off 
(h) JPEG compression - Size priority 
(i) NEF RAW recording - Type - Off; NEF (RAW) 

bit depth - 1 4  Bit 
U) White balance - Direct sunlight - Center color; 

A-B - 0; G-M - 0  
(k) Set picture control - Neutral 
(1) Manage picture control - (N/ A) 

(m) Color space - sRGB 
(n) Active D-lighting - Off 
(o) Vignette conu·ol - Normal 
(p) Long exposure NR- Off 
(q) High ISO NR - Off 
(r) ISO sensitivity settings - ISO senstUvity - 200; 

ISO sensitivity auto conu-ol - Off 
(s) Live view - Live view mode - u-ipod; release 

mode - Single frame 
(t) Multiple exposure - Off 

(u) Interval timer shooting- Off 
(3) Custom setting menu 

(a) Autofocus 

1 .  AF-C priority selection - Release 
2. AF-S priority selection - Focus 
3. Dynamic AF a1·ea - 9 points 
4. Focus tracking with lock-on - Off 
5. AF activation - Shutter/ AF-On 
6. Focus point illumination - Manual focus 

mode - On; Continuous mode - On; Focus 
point brightness - 0 Normal 

7. Focus point wraparound - No wrap 
8. AF point selection - AF51 
9. AF On button -AF-On 

10. Vertical AF On button - AF-On 
(b) Metering/ exposure 
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1 .  ISO sensitivity step value - 1/3 
2. EV steps for exposure control - 1/3 
3. EV steps for exposure compensation - 1/3 
4. Easy exposure compensation - Off 

(c) 

5. Center weighted area - Average 
6. Fine tune optimal exposure - No, don't 

continue 
Timers/ AE lock 

1. Shutter release button/ AE-L - Off 
2. Auto meter-off delay - 6 sec 
3. Self-timer delay - 10 sec 
4. Monitor-off delay - 10 sec 

(d) Shooting/display 

1. Bee p - Off 
2. Shooting speed - Continuous high-speed -

9 fps 
3. Max continuous release - 130 
4. File number sequence - On 
5. Control panel/viewfinder - Rear conu·ol 

panel - ISO sensitivity; viewfinder display -
Frame count 

6. Shooting info display - Auto 
7. LCD illumination - Off 
8. Exposure delay mode - Off 

(e) Bracketing/flash 

1 .  Flash sync speed - l /250 
2. Flash shutter speed - 1/60 
3. Modeling flash - On 
4. Auto bracketing set - AE and flash 
5. Auto bracketing (Model M) - Flash/speed 
6. Bracketing order - MTR > under > over 

(f) "F" Conu·ols 

1 .  Multi-selector center button - Shooting 
mode - Oft; Playback mode - Thumbnail 
on/off 

2. Multi-selector- Do nothing 
3. Photo info/playback - Off 
4. Assign FUNC. button - FUNC. button press 

- Off; FUNC. button + dials - Choose 
image area (FX/DX/5:4) 

5. Assign preview button - Preview button 
press - Preview; Preview + command dials -
None 

6. Assign AE-L/ AF-L button - AE-L/ AF-L 
button press - AE/ AF lock; AE-L/ AF-L + 
command dials - None 

7. Customize command dials - Reverse rota
tion - No; Change main/sub - Off; Aper
ture setting - Sub-command dial; Menus 
and playback - Off 

8. Release button to use dial - No 
9. No memory card? - Release locked 

10. Reverse indicators - +,,,,,,J,,,,,, - (Positive 
left, Negative right - For exposure compen
sation) ;  This is the brightness sensor 

(4) The manual mode settings and calibration procedure 
shall be as follows: 

(a) Turn Nikon on. 
(b) Turn thermal imager on. 
(c) Select "Manual" for the camera exposure mode. 
(d) Set thermal imager facing spatial resolution target 

as specified in 8.1 .4.3. 
(e) Use scroll wheel to acljust aperture setting on 

display to "22" for f/22. 
(f) Set EV value to the center (Hold down the +/

button next to the trigger release and adjust using 
the rear scroll wheel.) .  
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(g) Adjust the shutter speed with the rear scroll wheel 
such that the bi-ightness sensor is in the middle ± 1 
dot (Y3 of a tick) - this is one click with the scroll 
wheel. 

(h) The refresh rate of the display of the thermal 
imager shall be provided by the manufacturer. 

(i) The shutter speed shall be at least twice the refresh 
rate of the thennal imager and less than 3 seconds. 
If this cannot be met with f/22 aperture, adjust the 
apernire to the closest value to t/22 so that the 
conditions can be met. 

U) Use ViewNX or ViewNX 2 to determine if there are 
areas within the regions of interest (ROis) that 
either have lost highlights or lost shadows. Lost 
highlights represent areas of overexposure, and 
lost shadows represent areas of underexposure. In 
the event that areas within the ROI are overex
posed or tmderexposed, adjust the EV button 
toward the negative or positive, respectively, to 
make the image darker or lighter. Once the EV 
value is changed, change the shutter speed accord
ingly to align the brightness sensor to center again. 
The EV compensation value shall be as close to 0 
as possible. 

8.1.4.7.4* The camera focus shall be determined by looking in 
the lower left-hand side of the HUD within the viewfinder. 

8.1.4.8 The visible spectrum camera shall be mounted such 
that the thermal imager display fills at least 90 percent of the 
FOV in the widest dimension. 

8.1.4.8.1 The visible spectrum camera shall not wobble, 
vibrate, or otherwise move out of position during the course of 
the test. 

8.1.4.8.2 A black shroud shall be placed around the visible 
spectrum camera and its view path to block out all light from 
the surrounding environment during all image capture. 

8.1.4.9 The image analysis software shall open 16-bit uncom
pressed color image files, convert the image files to 16-bit 
uncompressed grayscale images, determine the pixel intensities 
of selected pixels, calculate the conu-ast u-ansfer function of the 
selected pixels, and write the results to an electronic text file. 

8.1.5 Spatial Resolution Procedure. 

8.1.5.1 The thermal imager lens and display and the visible 
specffum camera lens shall be cleaned in accordance with the 
manufacnirer's specifications. If any condensation or frost 
exists, it shall be removed. 

8.1.5.2 The thermal imager shall be activated at least 
3 minutes + 1/ -0 minute prior to the beginning of the test. 
Specimens shall operate in the TI BASIC mode. 

8.1.5.3 The spatial resolution source target emitting surface 
temperanire shall be stabilized at 32°C ± l .0°C (90°f ± l .8°F). 

8.1.5.4 The thermal imager shall be oriented such tlrnt it is 
vertically centered and maximizes the visible area of the warm 
ROI. A similarly sized space on the opposite side for a room 
temperanire ROI shall be included. The thermal imager shall 
be normal to the spatial resolution target. 

8.1.5.5 The visible spectrum camera shall be placed at the 
optimum viewing position with respect to the thermal imager 

display, such that the thermal imager display fills at least 
90 percent of the FOV in the widest dimension and is in focus. 

8.1.5.6 A minimum of 10 uncompressed color images at a 
minimum bit depth of 16 bits shall be captured from the visible 
specu-um camera at a rate of one image every 3 seconds 
± 0.1 second. The image having the lowest contrast shall be 
excluded. 

8.1.5. 7 The images capttu-ed from the visible spectrum camera 
shall be converted to uncompressed grayscale images having a 
minimum bit depth of l 6  bits using Equation 8. l .5.7. 

[8.1.5. 7] 

Grayscale = 0.30 x red + 0.59 x green + 0 . 11  x blue 

8.1.5.8 An ROI shall be selected within t\1e warm square on 
the right-hand side of the spatial recognition target that encap
sulates 20 percent, ±5 percent of t\1e available square area 
excluding any text, symbols, and boundary regions; shall be 
centered as far from the bounda1y region as reasonably possi
ble; and shall be labeled 'W."(See Figure 8.1.5.8.)The image 
processing sofhvare shall apply ROis to all images. 

8.1.5.9 A second ROI shall be selected that is equal in size to 
the warm ROI; shall be directly opposite the warm ROI with 
respect to the center vertical axis of the spatial resolution 
target; shall contain ambient temperanire pixels only and shall 
not interfere with the spatial resolution patterns; and shall be 
labeled "A" (See Figure 8.1.5.8.) The image processing software 
shall apply these RO Is to all images. 

8.1.5.10* Two separate pixel smoothing filters shall be applied 
to the ROis. A moving average in two dimensions shall be 
applied to the RO Is, with the average having a period equal to 
t\1e horizontal distance and vertical distance of the thermal 
imager display pixels observed in the capnired images. It shall 
be labeled the IX filter. A second filter shall be applied in the 
same manner as the IX filter but with a period four times 
greater and shall be labeled the 4X filter. Both filters shall be 
applied to the original image; the resulting images shall be 
labeled W1x, W4x, A1x, and A1x. and shall be stored independ
ently for further calculation. 

8.1.5.11 The image processing software shall scan each of the 
four RO Is for the lightest pixel intensity (!..,ax) and the darkest 
pixel intensity (I,n;0) .  The software shall then find t\1e contrast 
of each of the four RO Is using Equation 8. 1 .5. 1 1 .  

[8.1.5.11] 

(/ - /  ) 
C = max min 

([max + /min) 

8.1.5.12 Noise warm (Nw) and noise ambient (NA) shall be 
calculated as follows: Nw is the conu·ast of w·4, subu-acted from 
the conu-ast of V\11,, and NA is the contrast of A4, subtracted 
from the contrast of A1,. 

8.1.5.13 N.,,, and NA shall then be averaged and the resulting 
value is the noise of the image, N. 

8.1.5.14 Noise shall be calculated for all images of the spatial 
resolution test. 
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A 

FIGURE 8.l.5.8 Region of Interest Selection. 

8.l.5.15 The average pixel intensity, p, of the '"'1,ROI shall be 
calculated using Equation 8.1.5.15 and labeled pW0. 

J N 

µ=-[.x; N i�I 

[8. I.5.15] 

8.1.5.16 The average pixel intensity, p, of the A1,ROI shall be 
calculated using Equation 8.1.5.15 and labeled J1Ao. 

8.1.5.17 The conu-ast shall be calculated using Equation 
8.1.5. 1 1  where /max = pW0 and lm;n = p.Ao. N shall be subu-acted 
from this value and the resulting value shall be labeled Gi. 
8.1.5.18 Each of the four sets of converging lines shall be rota
ted such that the center line is vertical before selecting a region 
of interest and performing calculations. 

8.1.5.18.1 The region of interest shall be selected from index 
1 to 5 on the low frequency ba1·s, and from index 5 to 9 on the 
high frequency bars. 

8.1.5.18.2 The ROI shall be drawn along the lines as specified 
in Figure 8.1.5.18.2. 
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FIGURE 8.1.5.18.2 Region oflnterest Selection. 
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8.1.5.18.3 No symbology shall be included in the ROI. In the 
case where symbology interferes with the target, the ROI shall 
be drawn arow1d the interference such that horizontal lines 
are perpendicular to the center line and equal portions of 
white and dark a1·eas are included. The line drawn to bisect the 
target at the "5" mark on the image must be as horizontal as 
possible. 

8.1.5.19 The data processing software shall analyze each row 
in the ROis of the converging lines. For each row, the maxi
mum pixel intensity and the minimum pixel intensity shall be 
1·ecorded. They shall be labeled !,,,." and l,"'"' respectively. For 
each row, the contrast C, shall be found using Equation 
8.1.5. 1 1 .  

8.1.5.19.1 After all of the regions' rows have been analyzed, 
the C, values from the sets of converging lines in quadrant I 
and quadrant 3 shall be concatenated from lowest frequency to 
highest frequency. Likewise, the C, values from the sets of 
converging lines in quadrants 2 and 4 shall be concatenated 
from lowest frequency to highest frequency. All of the C, values 
shall be paired with their respective frequencies. 

8.1.5.19.2 The noise value, N, shall be subtracted from each of 
the C, values and then normalized to Cli as shown in Equation 
8.1.5.19.2: 

[8.1.5.19.2) 

8.1.5.19.3 The two resulting CTF, curves shall be multiplied by 
11"/4 in order to approximate the MTFof each ROI, resulting in 
curves MTF.(up) and MTF,(down)· Each MTF, curve shall be integra
ted resulting in SR,," and SR.town· Negative MTF, values shall be 
set to zero before the integration. 

8.1.5.19.4 The SR,,r and SR.iown values shall be averaged, result
ing in the respective spatial resolution value for each image SR. 
The SR value shall be the average of each of the SR; values. 

8.1.6 Report. The SR value shall be reported after the spatial 
resolution test. 

8.1.7 Interpretation. Any one specimen failing the test shall 
constitute failing performance. 

8.2 Vibration Test. 

8.2.1 Application. This test method shall apply to all thermal 
image rs. 

8.2.2 Samples. Samples shall be complete thermal image rs. 

8.2.2.1 Samples shall be conditioned as specified in 8.1.3. 

8.2.2.2 The p1·etest image 1·ecognition values in the vertical 
and horizontal directions shall be recorded as specified in 
Section 8. 1 ,  Image Recognition Test. 

8.2.3 Specimens. 

8.2.3.1 Specimens for testing shall be complete thermal 
image rs. 

8.2.3.2 A minimum of three specimens shall be tested. 

8.2.3.3 Specimens shall be conditioned at a temperature of 
22°C ± 3°C (72°F ± 5°F), and a relative humidity of 50 percent 
± 25 percent, for at least 4 hours. 

8.2.3.4 Specimens shall be tested within 5 minutes after 
removal from conditioning. 

8.2.4 Apparatus. 

8.2.4.1 Product shall be tested on a typical package tester 
within the compartments specified in 8.2.4.2 through 8.2.4.4. 

8.2.4.2 Compartments shall be set up as specified in Figure 
8.2.4.2(a) and Figure 8.2.4.2(b). 

8.2.4.2.1 The sides and the base of the compartments shall be 
constructed of nominal 6 mm (Y.1 in.) stainless steel, and the 
top of the compartments shall remain open. 

8.2.4.2.2 There shall be no burrs, sharp edges, smface discon
tinuities, or fasteners on the internal surfaces of the holding 
boxes. 

8.2.4.3 The large compartments shall encase the complete 
thermal imager that is larger than 5161 mm2 (8 in.2). 

8.2.4.4 The small compartment5 shall encase the complete 
thermal imager that is smaller than 5161 mm2 (8 in.2). 

8.2.5 Procedure. 

8.2.5.1 Test specimens shall be placed unrestrained in the 
compartments specified in 8.2.4.2, and where present, all prod
uct adjustments shall be fully extended. 

8.2.5.2 Test specimens shall not be tied down. 

370 mm ± 6 mm 370 mm± 6 mm 
x 370 mm ± 6 mm x 370 mm ± 6 mm 
(14:Y• in. ± V. in. (14% in.± '14 in. 

735mm ± 13 mm x 14314 in. ± V. in.) x 14% in.± V. in.) 
x 735 mm ± 13 mm 
(29 in. ± 112 in. 

370 mm ± 6 mm 370 mm± 6 mm 
x 29 in.± V2 in.) 

x 370 mm ± 6 mm x 370 mm ± 6 mm 
(14% in. ± V. in. (14% in.± '14 in. 
x 14314 in. ± V. in.) x 14:Y• in.± V. in.) 

735mm ± 1 3 mm 735 mm ± 13 mm 
x 735 mm ± 13 mm x 735 mm ± 1 3  mm 
(29 in. ± 1/2 in. (29 in.± V2 in. 
x 29 in. ± V2 in.) x 29 in. ± 112 in.) 

FIGURE 8.2.4.2(a) Vibration Table Compartments - Top 
View (Not to Scale). 

370 mm ± 6 mm 370 mm± 6 mm 735 mm ± 1 3 mm 
x 610 mm ± 1 3 mm x 61 O mm ± 13 mm x 610 mm ±13 mm 
(14% in.± V. in. (14% in. ± '14 in. (29 in. ± V2 in. 
x 24 in. ± 1/2 in.) x 24 in. ± V2 in.) x 24 in. ± V2 in.) 

Vibration table surface 

FIGURE 8.2.4.2(b) Vibration Table Compartments - Side 
View (Not to Scale). 
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8.2.5.3 The basic movement of the bed of the test table shall 
be a 25 mm, orbital path such as can be obtained on a standard 
package tester operating in synchronous mode at 250 rpm ± 5 
rpm. 

8.2.5.4 The test duration shall be 3 hours. 

8.2.5.5 Test specimens shall be evaluated for image recogni
tion as specified in Section 8. 1 ,  Image Recognition Test, and 
the image recognition values reco1·ded in the vertical and hori
zontal directions. 

8.2.6 Report. Each of the image recognition values in the 
ho1·izontal and vertical directions shall be recorded and repor
ted. 

8.2.7 Interpretation. One or more specimens failing this test 
shall constitute failing performance. 

8.3 hnpact Acceleration Resistance Test. 

8.3.1 Application. This test method shall apply to all thermal 
image rs. 

8.3.2 Samples. Samples shall be complete thermal imagers. 

8.3.2.1 The pretest image recognition values in the vertical 
and horizontal directions shall be recorded as specified in 
Section 8. 1 ,  Image Recognition Test. 

8.3.3 Specimens. 

8.3.3.1 Specimens for testing shall be complete thermal 
imagers. 

8.3.3.2 A minimum of three specimens shall be tested. 

8.3.3.3 Specimens shall be removed following the specified 
conditioning, and testing shall begin within 60 seconds of 
removal from conditioning. 

8.3.4 Procedure. 

8.3.4.1 Three specimens of product shall be subjected to a 
series of impact acceleration tests. 

8.3.4.1.1 One test specimen for ambient temperature condi
tioning shall be exposed to a temperature of 23°C ± 1°C (73°F 
± 2°F), for at least 4 hours. 

8.3.4.1.2 One test specimen for cold temperature condition
ing shall be exposed to a temperature of -20°C ± l °C (-4°F 
± 2°F), for at least 4 hours. 

8.3.4.1.3 One test specimen for elevated temperature condi
tioning shall be exposed to a temperature of 60°C ± 1°C ( l  40°F 
± 2°F), for at least 4 hours. 

8.3.4.2 Each product tested shall be complete with power 
source. 

8.3.4.3 After conditioning, product shall be turned to the "on" 
position. Testing shall begin within 30 seconds of removal from 
conditioning. 

8.3.4.4 Following each conditioning, the product shall be 
dropped a total of eight times from a distance of 2 m (6\1.i ft) 
onto a concrete surface so that impact is on each face and on 
one corner and one edge of the product. 

8.3.4.5 The entire series of drops shall be completed within 
10 minutes of removal from conditioning. 
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8.3.4.6 Specimens shall be evaluated for image recognition a5 
specified in Section 8. 1 ,  lmage Recognition Test, and the image 
recognition values recorded in the vertical and horizontal 
directions. 

8.3.4.7 Specimens shall be evaluated to determine that the 
thermal imager enclosure has not incurred damage that affects 
normal operation or enclosure integrity. 

8.3.5 Report. The SR value shall be recorded and reported. 

8.3.6 Interpretation. One or more specimens failing this test 
shall constitute failing performance. 

8.4 Corrosion Test. 

8.4.1 Application. This test method shall apply to all thermal 
imagers. 

8.4.2 Samples. Samples shall be complete thermal imagers. 

8.4.3 Specimens. 

8.4.3.1 Specimens for testing shall be complete thermal 
imagers. 

8.4.3.2 A minimum of three specimens shall be tested. 

8.4.3.3 Specimens shall be conditioned at a temperature of 
22°C ± 3°C (72°F ± 5°F), and a relative hrnnidity of 50 pe1·cent, 
± 25 percent, for at least 4 hours. 

8.4.3.4 Specimens shall be tested within 5 minutes after 
removal from conditioning. 

8.4.4 Procedure. 

8.4.4.1 Specimens shall be tested in accordance with ASTM 
B l  17, Standard Practice for Operating Salt Spray (Fog) Apparatus. 
Salt spray shall be 5 percent saline solution, and the test expo
sure shall be for 48 hours, +30/-0 minutes. The chamber shall 
be stabilized at a temperatme of 35°C ± 3°C (95°F ± 5°F). 

8.4.4.2 Specimens shall be placed in the chamber in the typi
cal operating position as used by first responders, as specified 
by the manufacturer. 

8.4.4.3 At the conclusion of the salt spray period, specimens 
shall be stored in an environment of 22°C ± 3°C (72°F ± 5°F) at 
50 percent ± 5 percent, relative humidity for a minimum of 
48 hours. 

8.4.4.4 Following the conditioning period, specimens shall be 
tested within 60 seconds of 1·emoval from conditioning. 

8.4.5 Report. The thermal imager shall be inspected for func
tion of controls and operating feature. Corrosion shall be 
reco1·ded and reported. 

8.4.6 Interpretation. One or more specimens failing this test 
shall constitute failing performance. 

8.5 Viewing Surface Abrasion Test. 

8.5.1 Application. This test shall apply to all thermal imagers. 

8.5.2 Samples. Samples shall be complete viewing sw·faces 01· 
representative plaques from thermal image rs. 

8.5.3 Specimens. 

8.5.3.1 Specimens for testing shall be complete thermal 
imager viewing surfaces or representative plaques. 
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8.5.3.2 Four specimens shall be taken. One of the four speci
mens shall be the setup specimen. 

8.5.3.3 The test specimens shall include all of the following 
criteria: 

( 1 )  The specimen shall be a square measuring 50 mm x 

50 mm (2 in. x 2 in.). 
(2) Two edges of the square section shall be parallel within ±2 

degrees of the axis of the cylinder or cone in the center 
of the sarn pie. 

8.5.3.4 Each of the specimens shall be cleaned in the follow
ing manner: 

( 1 )  The specimen shall be rinsed with clean tap water. 
(2) The specimen shall be washed with a solution of 

nonionic/low-phosphate detergent and water using a 
clean, soft gauze pad. 

(3) The specimen shall be rinsed with deionized water. 
(4) The specimen shall be blown dry with clean compressed 

air or nitrogen. 

8.5.3.5 Specimens shall be conditioned at a temperature of 
22°C ± 3°C (72°F ± 5°F), and a relative humidity of 50 percent 
± 25 percent, for at least 4 hours. 

8.5.3.6 Specimens shall be tested within 5 minutes after 
removal from conditioning. 

8.5.4 Apparatus. The test apparatus shall be constructed 111 

accordance with Figure 8.5.4(a) and Figure 8.5.4(b). 

5 

FIGURE 8.5.4(a) Lens Abrasion Tester. 

COUNTEIU 
CONTRO<.LER 

t 

8.5.5 Procedure. 

8.5.5.1 The haze of the specimen shall be measured using a 
haze meter in accordance with ASTM Dl003, Standard Test 
Method for Haze and Luminotl5 Transmittance of Transparent Plas
tics, and recorded with the following additions: 

( 1 )  The haze shall be measured in the middle 2 mm2 (0.003 
in2) of the specimen. 

(2) The specimen shall be repositioned to achieve the maxi
mum haze value within the area defined in 8.5.5.1 ( 1 ) .  

(3) The haze mete1- shall have a specified apenure of 22 mm 
(0.86 in.). 

(4) The haze meter shall have a visual display showing 
0.1  percent resolution. 

(5) The haze meter shall be calibrated before and after each 
day's use following procedmes specified in ASTM D l003, 
Standard Test Method for Haze and Luminous Transmittance of 
Transparent Plastics. 

8.5.5.2 The setup specimen shall be placed cover side up in 
the test apparatus specimen holder. 

8.5.5.2.1 The specimen holder shall be configured with a flat 
surface under the lens or with an inner radius support. 

8.5.5.3 The pad holder shall consist of a cylinder 9.5 mm 
(0.4 in.) high and 25 mm ( 1  in.) in diameter with a radius of 
cmvature equal to the radius of ctuvature of the outside of the 
lens in the viewing area ±0.25 diopter. 

NOTES 
UNLESS OTHERWISE SPECFIED: 

1 .  ALL DIMENSIONS ARE IN INOIES. 

2. DIMENSIONING AND TOLERANCING PER 

ANSIY14.SM·1982. 

3. SURFACE TEXTURE PER ANSI 846.1·1978. 

4. TOLERANCE 1-.01. 

S. DRAWING TRACED AND 

REDRAWN PER FOSTER GRANT 

CORPORATION DWG#l·403-1&2. 
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FIGURE 8.5.4(b) Lens Abrasion Tester (details). 

8.5.5.3.1 This cylinder shall be rigidly affixed to the stroking 
arm by a #10-32 UNF threaded rod. 

8.5.5.4 The pad shall be a Blue Streak M306M wool felt polish
ing pad 23 mm (0.9 in.) in diameter. 

8.5.5.5 The abrasive disc shall be made from 3M Part Number 
7415, Wood Finishing Pad. 

8.5.5.5.1 A disc 23 mm (0.9 in.) in diameter shall be cut from 
the abrasive sheet. The marked side of the disc shall be placed 
against the pad. Care shall be exercised to maintain this orien
tation for each abrasive disc tlu-oughout the testing. 

8.5.5.6 The pad holder, pad, and abrasive disc shall be in
stalled on the su·oking arm. 

8.5.5.6.1 The su-oking arm shall be leveled to ±3 deg1-ees by 
adjusting the threaded pin. The pin shall be secured to prevent 
rotation of the pad holder. The axis of curvanire of the pad 
holder shall be coincident with the axis of curvature of the 
lens. 

8.5.5.7 The stroking arm shall be counterbalanced with the 
pad holder, pad, and abrasive disc in place. 

8.5.5.8 The setup specimen shall be replaced with one of the 
three specimens to be tested. 

8.5.5.9 A 1000 g ± 5 g (2.7 lb ± 0.16 oz.) test weight shall be 
installed on d1e pin above the test sample. 
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8.5.5.10 The test shall be run for 200 cycles ± 1 cycle. 

8.5.5.10.1 One cycle shall consist of a complete revolution of 
me eccenu·ic wheel. 

8.5.5.11 The length of stroke shall be 1 4  mm (\.'; in.), produc
ing a pattern 38 mm ( 1  � in.) long. 

8.5.5.11 .1  The frequency of the stroke shall be 60 cycles per 
minute ± 1 cycle per minute. The center of the stroke shall be 
within ±2 mm (±0.08 in.) of the cente1· of the specimen. 

8.5.5.12 The specimen shall be removed and cleaned follow
ing the test procedure. 

8.5.5.12.1 The abrasive disc shall be discarded. 

8.5.5.13 The haze of the sample shall be measured following 
me test procedure. 

8.5.5.14 The delta haze shall be calculated by subtracting the 
initial haze from the final haze. 

8.5.5.15 The testing steps specified in 8.5.5.8 through 8.5.5.14 
shall be repeated l:\vo times with a new sample and abrasive 
disc. 

8.5.6 Report. The three delta haze values shall be averaged, 
recorded, and reported. 

8.5.7 Interpretation. The average delta haze shall be evalu
ated to determine pass or fail. 
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8.6 Heat Resistance Test. 

8.6.l Application. This test method shall apply to all thermal 
imagers. 

8.6.2 Samples. Samples shall be complete thermal image rs. 

8.6.3 Specimens. 

8.6.3.l Specimens for testing shall be complete thermal 
imagers. 

8.6.3.2 A minimum of three specimens shall be tested. 

8.6.3.3 Specimens shall be conditioned at a temperature of 
22°C ± 3°C (72°F ± 5°F), and a relative humidity of 50 percent 
± 25 percent, for at least 4 hours. 

8.6.3.4 Specimens shall be tested within 5 minutes after 
removal from conditioning. 

8.6.3.5 Manufacttu-ers shall optimally focus specimens to a 
distance of l m for this test. 

8.6.4 Apparatus. The test oven shall be as specified in ISO 
17493, Clothing and equipment for protection against heat - Jest 
method for convective heat resistance using a hot air circulating oven. 

8.6.5 Procedure. 

8.6.5.l Testing shall be performed in accordance with ISO 
17493, Clothing and equifnnent for protection against heat - Jest 
method for convective heat resistance using a hot air circulating oven, 
using the following parameters: 

( 1 )  A test fixture capable of accommodating the device being 
tested shall be used. 

(2) The test temperature shall be 260°C, +6/-0°C (500°F, 
+10/-0°F). 

(3) Specimens shall be mounted in the "as worn" position on 
a test fixture, shall be operated in an "as used condition," 
and shall not touch any oven surface. 

( 4) The test fixtu1-e shall not degrade the oven recovery time. 
(5) The test fixture shall be designed to allow the specimens 

to be attached in the same configuration as the speci
mens' mounting assembly attaches to the specimens. 

8.6.5.2 The test fixture with the specimen attached shall be 
placed in the test oven perpendicular with the object lens 
facing perpendicular to the airflow of the oven. 

8.6.5.3 The specimen shall be set to the "on" mode. 

8.6.5.4 There shall be no obstructions between the specimen 
and the airflow. The test fixture shall position the specimen 
equidistant from all interior oven surfaces. 

8.6.5.5 The test oven door shall not remain open more than 
15 seconds. The air circulation shall be shut off while the door 
is open and turned on when the door is closed. 

8.6.5.6 The total test oven recovery time shall not exceed 
30 seconds. The thermocouple reading shall 1-emain at 260°C, 
+6/-Q°C (500°F, +10/-0°F) for d1e duration ofd1e test. 

8.6.5.7 The test specimen, mounted as specified, shall be 
exposed in the test oven for 5 minutes, +15/-0 seconds. The 
test exposure time shall begin when the test thermocouple 
recovers to 260°C, +6/-0°C (500°F, + 10/-0°F). 

8.6.5.8 After the specified exposure, the specimen shall be 
removed from the oven and immediately aimed perpendicu-

larly at the spatial resolution target at a distance of 1 m, 
+0.01/-0 m. The highest resolvable index number on the 
spatial resolution target shall be recorded. 

8.6.6 Specific Requirements for Testing Integrated Thermal 
Imaging Cameras. Where an integrated the1-mal image1- is 
configured in such a way that it cannot be immediately aimed 
at the spatial resolution target or its image cannot be evaluated 
afte1- the specified oven exposure without potential health and 
safety hazards to the testing technician, the thermal imager 
shall be immediately placed in d1e mermal imager positioning 
device specified in 8.1 .4.2 and an image shall be taken with the 
visible spectrum camera specified in 8 . 1 .4. The highest resolva
ble index number on the spatial resolution target shall be iden
tified from the image capntred on the visible spectrwn camera. 

8.6. 7 Report. 

8.6.7.l The highest resolvable index number on the spatial 
resolution target shall be reco1-ded and reported. 

8.6.7.2 Observations of melting, dripping, or ignition shall be 
recorded and reported for each specimen. 

8.6.8 Interpretation. 

8.6.8.l One or more specimens failing this test shall constitute 
failing performance. 

8.6.8.2 One or more specimens showing evidence of melting, 
dripping, or igniting shall constitute failing performance for 
this test. 

8. 7 Heat and Flame Test. 

8.7.1 Application. This test memod shall apply to all thermal 
imagers. 

8.7.2 Samples. Samples shall be complete mermal imagers. 

8. 7.3 Specimens. 

8. 7.3.l Specimens for testing shall be complete thermal 
image rs. 

8. 7.3.2 A minimum of three specimens shall be tested. 

8. 7.3.3 Specimens shall be conditioned at a temperanire of 
22°C ± 3°C (72°F ± 5°F), and a relative humidity of 50 pe1-cent 
± 25 percent, for at least 4 hours. 

8.7.3.4 Specimens shall be tested within 5 minutes after 
removal from conditioning. 

8.7.4 Apparatus. 

8.7.4.l A thermal imager test fixture to hold the specimen in 
me test apparatus shall be permitted to be provided by me 
manufacturer and shall not impede the intended operation. 
The manufacnirer-supplied test fixture shall not add any addi
tional protection for the thennal image1· that could alter this 
test. 

8.7.4.2 Where a thermal imager test fixture is not supplied by 
me thermal imager manufacnu·er, the thermal imager test 
fixture shall be as specified in Figure 8.7.4.2(a) and Figure 
8.7.4.2(b). The thermal imager test fixture shall be used in a 
manner that is representative of the end product's intended 
use. 
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I 380 m�· 
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SIDE VIEW 

FIGURE 8.7.4.2(a) Mounted Thermal Imager for Heat and 
Flame Test. 

64 mm (2Y2 in.) long 
6 mm (Y. in.) round stock 

Rotating knuckle 

19  mm ('¥• in.) steel 
mounting rod 

FIGURE 8.7.4.2(b) Thermal Imager Mounting Armature. 

8.7.4.3 The specimens shall be mounted on the test fixtme to 
simulate the intended-use position as specified in the manufac
turer's instructions, ensuring that the orientation of the center 
axis of the thermal imager lens is perpendicular to the burner 
array, horizontally centered, and located 610 mm (24 in.) 
± 25 mm above the base of the lift-cart subassembly. 

8.7.4.4 The heat and flame test apparatus shall be as specified 
in Figure 8.7.4.4. The heat and flame test apparatus shall not 
be supplied by the thermal imager manufacturer. 

8.7.4.5 The test oven shall be a horizontal forced circulating 
air oven with an internal velocity of 61 m/min (200 ft/min) 
± 15 m/min. The test oven shall have minimum dimensions of 
915 mm depth x 915 mm width x 1220 mm (36 in. x 36 in. x 

48 in.) height. 

8. 7 .5 Procedure. 

8.7.5.1 For calibration prior to the heat and flame test, the 
calibration mannequin shown in Figure 8.7.4.4 shall be 
exposed to direct flame contact for 10 seconds using the heat 
and flame test apparatus. 
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8.7.5.2 All peak temperature readings shall be within a 
temperature range of 815°C to 1 1 50°C ( 1 500°F to 2102°F). 

8.7.5.3 The average mean of all peak temperature readings 
shall not be higher than 950°C ( l  742°F). 

8.7.5.4 The test oven 1-ecovery time, after the door is closed, 
shall not exceed 1 .0 minute. 

8.7.5.5 Specimens mounted on the test fixture shall first be 
placed in the test oven, which has been preheated to 95°C 
± 2°C (203°F ± 5°F), for 15 minutes, +15/-0 seconds. The test 
exposure time of 15 minutes shall begin after the door is closed 
and the oven temperature recovers to 95°C (203°F). 

8.7.5.6 At the completion of the 15-minute exposure at 95°C 
± 2°C (203°F ± 5°F), the oven door shall be opened, and the 
specimen mounted on the test fixture shall be moved out of 
the oven and into the center of the burner array. 

8. 7.5.7 The product shall then be exposed to direct flame 
contact for 10 seconds, +Y.,/-0 seconds. This exposure shall 
begin within 20 seconds of the product being removed from 
the test oven. 

8.7.5.8 For integrated d1ermal imagers, the specimens shall be 
mounted on the test mannequin specified in 8 . 1 1 .4 of 
NFPA 1981 in acco1-dance with d1e thermal imager manufactur
er's instructions to simulate the correct wearing position. 

8. 7.6 Report. 

8. 7.6.1 Any afterflame of the test specimen exceeding 
2.2 seconds shall be recorded and reported. 

8. 7.6.2 Anything falling from the test specimen shall be recor
ded and reponed. 

8. 7.6.3 Any test specimen falling from the mounted position 
shall be recorded and reported. 

8. 7. 7 Interpretation. 

8. 7. 7.1 One or more specimens failing this test shall constitute 
failing performance. 

8. 7. 7.2 Any test specimen exceeding 2.2 seconds of afterflame 
shall constitute failing performance. 

8. 7. 7.3 Any test specimen having parts or other items falling 
off shall constin1te failing performance. 

8. 7. 7.4 Any test specimen falling from its mounted position 
shall constitute failing performance. 

8.8 Product Label Durability Test. 

8.8.1 Application. This test method shall apply to all product 
labels. 

8.8.2 Samples. Samples shall be complete thermal imagers. 

8.8.3 Specimens. 

8.8.3.1 Specimens for testing shall be complete thermal 
imagers ,.;ith product labels attached. 

8.8.3.2 A minimum of three specimens shall be tested. 

8.8.3.3 Specimens shall be conditioned at a temperature of 
22°C ± 3°C (72°F ± 5°F), and a relative humidity of 50 percent 
± 25 percent, for at least 4 hours. 
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FIGURE 8.7.4.4 Heat and Flame Test Apparatus. 

8.8.3.4 Specimens shall be tested within 5 minutes after 
removal from conditioning. 

8.8.4 Procedure. 

8.8.4.1 Specimens with all product labels attached shall be 
subjected to the tests specified in Section 8.4, CotTosion Test; 
Section 8.6, Heat Resistance Test; and Section 8.13, Dmability 
Test. 

8.8.4.2 After each test, the specimen product labels shall be 
examined at a distance of 305 mm ( 1 2  in.) +25/-0 mm by the 
unaided eye with 20/20 vision or vision corrected to 20/20. 

8.8.4.3 The product labels shall be permitted to be wiped 
clean with an tmtreated cloth prior to being examined. 

8.8.5 Report. The legibility of each product label shall be 
recorded and reported. 

8.8.6 Interpretation. Any specimen failing the test shall 
constitute failing performance. 

8.9 Cable Pullout Test. 

8.9.1 Application. This test method shall apply to thermal 
imagers and any a5sociated assemblies with interconnecting 
wit-ing. 

8.9.2 Samples. Samples shall be complete thermal imagers. 

8.9.3 Specimens. 

8.9.3.1 Specimens for testing shall be complete thermal 
imagers with any associated assemblies with interconnecting 
wiring. 

8.9.3.2 A minimum of three specimens shall be tested. 

8.9.3.3 Specimens shall be conditioned at a temperature of 
22°C ± 3°C (72°F ± 5°F), and a 1-elative humidity of 50 percent 
± 25 percent, for at least 4 hours. 

Three-line bundle 
1. Breathing air 
2. Mask air press 
3. 12 voe to solenoid 

Two bundles with 
12 thermocouples in each 

8.9.3.4 Specimens shall be tested within 5 minutes after 
removal from conditioning. 

8.9.4 Apparatus. A mass of known weight with the means for 
attachment to wiring shall be provided. 

8.9.5 Procedure. A force of 89 N, +9/-0 N shall be applied 
gradually, in an axial direction to the wiring of the specimen 
tested. 

8.9.6 Report. 

8.9.6.1 Observations of the separation or nonseparation of 
interconnecting wiring shall be recorded and reported. 

8.9.6.2 Observations of the proper specimen functionality 
shall be recorded and reported. 

8.9. 7 Interpretation. 

8.9. 7.1 Separation of interconnecting wiring of any specimen 
shall constitute failing performance. 

8.9. 7.2 Any improper functionality of any specimen, in 
accordance with the requirements of Chapter 6, Design 
Requirements, shall constitute failing performance. 

8.10 Effective Temperature Range Test. 

8.10.1 Application. This test method shall apply to all thermal 
imagers. 

8.10.2 Samples. Samples shall be complete thennal imagers. 

8.10.3 Specimens. 

8.10.3.1 Specimens for testing shall be complete thermal 
imagers. 

8.10.3.2 A minimum of three specimens shall be tested. 
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8.10.3.3 Specimens shall be conditioned at a temperan1re of 
22°C ± 3°C (72°F ± 5°F), and a 1-elative humidity of 50 percent 
± 25 percent, for at least 4 hours. 

8.10.3.4 Specimens shall be tested within 5 minutes after 
1-emoval from conditioning. 

8.10.4 Apparatus. 

8.10.4.1 Testing shall be conducted in a room having an ambi
ent temperanire ( 7�mb) of22°C ± 3°C (72°F ± 5°F). 

8.10.4.2 The test apparanis shall consist of the following: 

( 1 )  A source target as specified i n  8.10.4.3 
(2) A thennal imager positioning device as specified m 

8.10.4.4 
(3) A visible spectrum camera and lens as specified in 

8.10.4.5 
( 4) A visible spectrum camera fixture as specified in 8.10.4.6 
(5) Image capniring software and hardware as specified in 

8.10.4.7 
(6) A computer 
(7) Image analysis software a� specified in 8.10.4.8 
(8) A min-01- with the dimensions of height of203 mm (8 in.) 

± 6 mm (0.25 in.), width of 254 mm ( 1 0  in.) ± 6 mm 
(0.25 in.), and a thickness of 6 mm (0.25 in.) ± 3 mm 
(0.125 in.) 

8.10.4.3 The source target shall consist of surfaces arranged as 

shown in Figure 8.10.4.3. All surfaces shall have an emissivity of 
0.95 ± 0.03. The l!Se of a collimated source target shall be 
permitted. 

8.10.4.3.1 The surface labeled 7;,0, shall range in temperature 
from 50°C to 550°C ( 1 022°F) and shall fill at least 25% ± 5% of 
the FOV. The radiation source producing the 7�°' surface shall 
be a blackbody and shall have an emissivity of 0.95 ± 0.03. The 
source target shall be calibrated at least every 6 months. The 
nonuniformity of the blackbody shall not exceed 0.02. The 
blackbody temperature accuracy shall be ±0.5°C (±1°F). The 
stability of the emitting surface temperamres shall be 0.15°C. 
The mirror specified in 8.10.4.2(8) shall be used to reflect the 

I 
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FIGURE 8.10.4.3 Test Image for Effective Temperature 
Range Test. 
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hot surface into the camera's FOV, if necessary, to meet the 
25% ± 5% requi1-ement. 

8.10.4.3.2 The bars in the right region of the source target 
and the conjugate spaces between the bars shall be 13 mm 
± 0.1  mm (\12 in. ± 0.003 in.) wide. The bars shall maintain a 
constant temperanire ( 1;,.,) of 8°C ± 0.5°C above the surfaces 
in the FOV, excluding the Tho• surface. 

8.10.4.3.3 All surfaces in the FOV, excluding the Tho• and 71"' 
surfaces, shall be held constant at 1:mh• 22°C ± 3°C (72°F 
± 5°F). 

8.10.4.4 The thermal imager shall be positioned so that the 
image center points to the surface labeled 71'°' and the bars are 
in focus and are viewed at a frequency of 0.04 cyc/mrad. The 
thermal imager shall not wobble, vibrate, or otherwise move 
out of position during the course of the test. 

8.10.4.4.1 When placed or replaced in the positioning device, 
the thermal imager shall always be positioned at the same 
distance, angle, and attintde relative to the source target. 

8.10.4.5 The visible spectrum camera shall be a Nikon D3 as 
specified in 8.1 .4.7. 

8.10.4.6 The visible specu-um camera shall be mounted as 
specified in 8.1.4.8 such that the thermal imager display fills 
90 percent of the FOV in the vertical dimension and is in focus. 

8.10.4.7 The image capnu-i.ng software and hardware shall 
permit 16-bit uncompressed color images to be downloaded 
from the visible spectrum camera to a computer or memory at 
a rate of one image every 3 seconds ± 0.1 second. 

8.10.4.8 The image analysis software shall open 16-bit uncom
pressed color image files, convert the image files to 1 6-bit 
uncompressed grayscale images using a lossless conversion, 
select a group of pixels within an image, determine pixel inten
sities within the selected group, and write the results to a text 
file. 

8.10.4.9 The high frequency noise created by oversampling 
the thermal imager's display shall be removed from the 
captured images. A moving average in two dimensions shall be 
applied to the ROI, with the average having a period equal to 
the width and height of the thermal imager display pixels 
observed in the capntred images. 

8.10.5 General Procedure. 

8.10.5.1 The thermal imager lens and display and the visible 
spectrum camera lens shall be cleaned in accordance with the 
manufacntrer's specifications. 

8.10.5.2 The thermal imager shall be equipped with a fully 
charged power source. 

8.10.5.3 The thermal imager shall be activated 3 minutes 
± 1 minute prior to the beginning of the test. 

8.10.5.4 All surface temperanires in the FOV shall be adjusted 
to the assigned temperatures and shall be allowed to come to 
steady-state prior to starting the test. 

8.10.5.5 The visible specu-um camera shall be placed at the 
optimum viewing position with respect to the thermal imager 
display such that the the1-mal imager display fills 90 percent of 
the FOV in the vertical dimension and is in focus. 
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8.10.5.6 A black shroud shall be placed around the visible 
specu·um camera and its view path to block out all light from 
the surrounding environment during all image capture. 

8.10.5.7 The image capniring software and hardware shall 
permit l �bit uncompressed color images to be downloaded 
from the visible spectrum camera to a computer or memory at 
a rate of one image every 2°C ± 0.1°C (3.6°F + 0.2°F), as 
7�01 increases from 500C to 550°C ( 1 22°F to 1022°F) at a rate 
not g1·eater than 15°C/min (27°F/min). 

8.10.5.8 Pixels that represent symbols, icons, and text shall be 
excluded from the analysis. 

8.10.6 Effective Temperature Range Procedure. 

8.10.6.1 The high frequency noise created by oversampling 
the thermal imager's display shall be removed from the 
capnired images. A moving average in two dimensions shall be 
applied to the ROI, with the average having a period equal to 
the width and height of the thermal imager display pixels 
observed in the captured images. 

8.10.6.2 The images shall be converted to uncompressed gray
scale images having a minimum bit depth of 16 bits using Equa
tion 8.1 .5.7. 

8.10.6.3 The bar pixel intensity differential, 1'3.I, as shown in 
the bar region of interest in Figure 8.10.4.3 shall be calculated 
for each row in each image as specified in Equation 8.10.6.3. 
All of the /')./ values for each image shall be averaged and recor
ded as /')./for that image. 

M = l  - I . max mm 

8.10. 7 Report. /')./ shall be reported and recorded. 

[8.10.6.3] 

8.10.8 Interpretation. Any one specimen failing the test shall 
constin1te failing performance. 

8.11 Field of View (FOV) Measurement. 

8.11.1 Application. This test method shall apply to all thermal 
image rs. 

8.11.2 Samples. Samples shall be complete thermal imagers. 

8.11.3 Specimens. 

8.11.3.l Specimens for testing shall be complete thermal 
imagers. 

8.1 1.3.2 A minimum of three specimens shall be tested. 

8.1 1.3.3 Specimens shall be conditioned at a temperanire of 
22°C ± 3°C (72°F ± 5°F), and a relative humidity of 50 percent 
± 25 percent for at least 4 hours. 

8.1 1.3.4 Specimens shall be tested within 5 minutes after 
removal from conditioning. 

8.11.4 Apparatus. 

8.11.4.l Testing shall be conducted in a room having an ambi
ent temperarnre of22°C ± 3°C (72°F ± 5°F). 

8.11.4.2 The FOV test apparan1s shall consist of a calibrated 
1·otary stage having a 0.5 degree angular accuracy and a ther
mal target. The use of a collimated thermal target shall be 
permitted. 

8.11.5 Procedure 1, Horizontal FOV Measurement. 

8.ll.5.1 The thermal imager shall be mounted securely to the 
rotary stage and shall be oriented such that the horizontal axis 
of the display is parallel to the plane of rotation of the stage. 

8.ll.5.2 The thermal image1- shall be powe1·ed on and operat
ing in the TI BASIC mode. 

8.11.5.3 The position of the thermal imager shall be adjusted 
as necessa1·y such that the thermal target is at least 3 m ( 10  ft) 
away and in focus. 

8.11.5.4 The rotary stage shall be nirned to a position in 
which a distinct point on the thermal target is positioned at the 
center of the farthest left active image element of the thermal 
imager FOV. 

8.ll.5.4.1 The angular position, AHl ,  of the rotary stage shall 
be recorded. 

8.11.5.5 The rotary stage shall be turned to a position in 
which the same distinct point on the thermal target is posi
tioned at the center of the farthest right active image element 
of the thermal imager FOV. 

8.11.5.5.l The angular position, AH2, of the rotary stage shall 
be recorded. 

8.11.5.6 The horizontal FOV is the absolute value of the 
difference between AH2 and AHl. 

8.11.5.7 The thermal imager shall be powered off and 
removed from the rotary stage. 

8.11.6 Procedure 2, Vertical FOV Measurement. 

8.11.6.1 The thermal i mager shall be mounted securely to the 
rotary stage. The thermal imager shall be oriented such that 
the vertical axis of the display is parallel to the plane of rotation 
of the stage. 

8.11.6.2 The thermal imager shall be powered on and operat
ing in the TI BASIC mode. 

8.11.6.3 The position of the thermal imager shall be adjusted 
as necessary such that the thermal target is at least 3 m (10 ft) 
away and is in focus. 

8.11.6.4 The rotary stage shall be nirned to a position in 
which a distinct point on the thermal target is positioned at the 
center of the farthest bottom active image element of the ther
mal imager FOV. 

8.11.6.4.1 The angular position, AVl ,  of the rotary stage shall 
be recorded. 

8.11.6.5 The rotary stage shall be nirned to a position in 
which the same distinct point on the thermal target is posi
tioned at the center of the fanhest top active image element of 
the thermal imager FOV. The angular position, AV2, of the 
rotary stage shall be recorded. 

8.11.6.6 The vertical FOV is the absolute value of the differ
ence between AV2 and AVl .  

8.11.6.7 The thermal imager shall be powered off and 
removed from the rotary stage. 

8.12 Thermal Sensitivity Test. 

8.12.1 Application. This test method shall apply to all thermal 
imagers. 
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8.12.2 Samples. Samples shall be complete thermal imagers. 

8.12.3 Specimens. 

8.12.3.1 Specimens for testing shall be complete thermal 
image rs. 

8.12.3.2 A minimum of three specimens shall be tested. 

8.12.3.3 Specimens shall be conditioned at a temperature of 
22°C ± 3°C (72°F ± 5°F), and a relative humidity of 50 percent 
± 25 pe1·cent for at least 4 hours. 

8.12.3.4 Specimens shall be tested within 5 minutes after 
removal from conditioning. 

8.12.4 Apparatus. 

8.12.4.1 Testing shall be conducted in a room having an ambi
ent temperature ( 1:mb) of 22°C ± 3°C (72°F ± 5°F). 

8.12.4.2 The thermal sensitivity test apparan1s shall consist of 
the foLJowing: 

( 1 )  Two source targets as specified in 8.12.4.3 through 
8.12.4.6 

(2) Thermal imager positioning device as specified in 
8.12.4.7 through 8.12.4.10 

(3) Visible specu-um camera and lens as specified in 8.1.4.7 
(4) Visible specu-um camera fixture as specified in 8.1 .4.8 
(5) Image capntring software and hardware as specified in 

8.12.4.12 
(6) Computer and image analysis software as specified in 

8.12.4.13 

8.12.4.3 The source targets shall both be flat-surface 
extended-area blackbodies arranged as shown in Figure 
8.12.4.3, where the emitting surfaces are indicated as T1 and T2• 
The source targets shall be calibrated every 6 months. 

8.12.4.4 The emitting surfaces shall have dimensions of at 
least 102 mm x 102 mm and shaLJ have an emissivity of 0.95 
± 0.03. 

8.12.4.5 The temperature accuracy of the emitting surfaces 
shall be 0.02°C/-0.00°C (0.04°F /-0.00°F) or better. 

8.12.4.5.1 The stability of the emitting surface temperatures 
shall be O.Ol°C/-0.00°C (0.02°F /-0.00°F) or better. 

Tami> = 22°C (72°F) 

T1 T2 

FIGURE 8.12.4.3 Thermal Sensitivity Test Apparatus 
Configuration. 

2021 Edition 

8.12.4.6 The emmmg surface of the source targets shall be 
equal in size ±10 percent, as viewed on the thermal imager's 
display. 

8.12.4.7 The thermal imager positioning device shall position 
the thermal imager in front of d1e source targets such that the 
source targets fill at least 40 percent of the thermal imager's 
FOV. The thermal imager shall not be required to be in focus. 

8.12.4.8 The d1ermal imager shall be centered on d1e space 
between the source targets with the line of sight perpendicular 
to the plane of the source targets. 

8.12.4.9 The thermal imager shall not wobble, vibrate, 01-
otherwise move out of position during the course of the test. 

8.12.4.10 The visible specu-um camera shall not wobble, 
vibrnte, or otherwise move out of position during the course of 
the test. 

8.12.4.1 1  A black shroud shall be placed around the visible 
spectrum camera and its view path to block out all light from 
the surrounding environment during all image capture. 

8.12.4.12 The image capturing software and hardware shall 
permit 16-bit uncompressed color images to be downloaded 
from the visible spectrum camera to a computer at a rate of 
one image eve1y 3 seconds± 0.1 second. 

8.12.4.13 The image analysis software shall be capable of 
opening 16-bit uncompressed color image files, converting 
them to 16-bit uncompressed grayscale images using a lossless 
conversion, selecting a group of pixels within an image, dete1-
mining the mean pixel intensity and standard deviation of 
pixel intensities within the selected group, and writing the 
results to a text file. 

8.12.5 Procedure. 

8.12.5.1 The thermal imager lens and display and lie visible 
spectrum camera lens shall be cleaned in acc01-dance with d1e 
manufacturer's specifications. 

8.12.5.2 The thermal imager shall be equipped with a fully 
charged power source. 

8.12.5.3 The thermal imager shall be activated 3 minutes 
±1 minute prior to lie beginning of the test. 

8.12.5.4 Both source targets shall be stabilized to within 
±0.02°C of their initial set-point temperatures. The tempera
ture setting of the 7� source target shall remain constant 
throughout the test. 

8.12.5.5 The thermal imager shall be positioned such that d1e 
source targets fill at least 40 percent of the FOV and the axis of 
the thermal imager's outermost lens is perpendicular with the 
source target surface. The thermal imager shall not be 
required to be in focus. 

8.12.5.6 The visible spectrum camera shall be placed at the 
optimum viewing position with respect to the thermal imager 
display such that the thermal imager display fills 90 percent of 
d1e FOV in lie vertical dimension and is in focus. 

8.12.5.7 Each the1-mal imager shall be tested with the source 
target 7� at a set-point temperature of 30°C (86°F). 

8.12.5.7.1 The 1; source target shall be set at 1; = 1:mh - 5°C 
and shall then be increased at a rate of 0.5°C/min until 7; = 

1:mh + 5°C. Uncompressed color images at a minimum bit 
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depth of 16 bits shall be captured from the visible spectrum 
camera at a rate of one image every 15 seconds ±0.1 second, 
while the T2 temperature is increasing. 

8.12.5.8 The images captured from the visible spectrum 
camera shall be converted to uncompressed grayscale images 
using a lossless conversion. The images shall have a minimum 
bit depth of 16 bits using Equation 8.1.5. 7. 

8.12.5.9 Two ROis shall be used to select pixels for analysis in 
each image. Pixels representing the 1; source target shall make 
up one of the ROls, shall encompass at least 90 percent of the 
72 source target, and shall not include pixels located along the 
edge of the 72 emitting surface. 

8.12.5.9.1 Pixels representing ambient conditions shall make 
up the other ROI, which shall include the same number of 
pixels as the T2ROI. The same ROls shall be used on all images 
captured throughout the test. 

8.12.5.9.2 Pixels that represent symbols, icons, and text shall 
be excluded from the analysis. 

8.12.5.10 The high frequency noise created by oversampling 
the thermal imager display shall be removed from the captured 
images. A moving average in two dimensions shall be applied to 
the ROI with the average having a period equal to the width 
and height of the thermal imager display pixels observed in the 
captured images. 

8.12.5.11 * The mean pixel in tensity of each ROI in each 
image shall be calculated using Equation 8.1.5.15 and shall 
then be divided by 65,536. For each image, the resulting 
normalized pixel intensities for the 1:mbROI shall be subtracted 
from the 1;ROI, and the difference shall be plotted with 
respect to the 1; source target temperattn-e. 

8.12.5.11.l  A linear U'end line shall be fit to the plotted data 
using a least squares fit method. The slope of the trend line 
shall be the response slope. The goodness of fit of the data to 
the U'end line shall be the con-elation coefficient. 

8.12.6 The response slope and the correlation coefficient shall 
be calculated, recorded, and reported. 

8.12. 7 Interpretation. Any one specimen failing the test shall 
constitute failing performance. 

8.13 Durabilily Test. 

8.13.1 Application. This test method shall apply to all thermal 
imagers. 

8.13.2 Samples. Samples shall be complete thermal imagers. 

8.13.3 Specimens. 

8.13.3.1 Specimens for testing shall be complete thermal 
imagers. Where the thermal imager is equipped with a reten
tion device, the retention device shall be permitted to be 
removed prior to testing. 

8.13.3.2 A minimum of three specimens shall be tested. 

8.13.3.3 Specimens shall be conditioned at a temperature of 
22°C ± 3°C (72°F ± 5°F), and a relative humidity of 50 percent 
± 25 percent for at least 4 hours. 

8.13.3.4 Specimens shall be tested within 5 minutes after 
removal from conditioning. 

8.13.4 Apparatus. 

8.13.4.1 An environmental conditioning test chamber shall be 
capable of accepting complete specimen thermal imagers. 

8.13.4.2 The environmental conditioning test chamber shall 
be capable of maintaining and continuously monito1,ing the 
required conditions throughout the envelope of air surround
ing the complete thermal imagers. 

8.13.4.3 A water dunk container capable of covering and 
maintaining the uppermost point of the specimen thermal 
imagers with a depth of 1 m ± 0.1  m (40 in. ± 4 in.), of de
ionized water shall be used. 

8.13.4.4 The water temperature in the water dunk container 
shall be 22°C ± 3°C (72°F ± 5°F). The water temperature shall 
not change mo1,e than 3°C (5°F) for the duration of the test. 

8.13.4.5 A tumble test apparatus shall be as specified in Figure 
8.13.4.5. 

8.13.5 Procedure I. 

8.13.5.1 The pretest image recognition values in the vertical 
and horizontal directions shall be recorded as specified in 
Section 8.1 ,  Image Recognition Test. 

8.13.5.2 The test specimen shall be placed in the environmen
tal conditioning test chamber that has been stabilized at 60°C, 
+3° /-0°C ( 1 4Q°F, +5° /-0°F) and maintained for 4 homs. 

8.13.5.3 The test specimen shall be removed following the 
conditioning specified in 8.13.5.2, and within 30 seconds the 
specimens shall be inunersed in the water dunk container 
containing the deionized water for 30 minutes, +5/-0 minutes. 

8.13.5.3.1 The test specimens shall be removed from the water 
dtmk container, wiped d1y, and placed in the environmental 
conditioning test chamber that has been stabilized at -20°C, 
+3°/-0°C (-4°F, +5°/-0°F) and maintained for a minimum of 
4 hOlffS. 

8.13.5.3.2 Following the 4-hour conditioning of the test speci
men at -20°C (-4°F), the test specimen shall be removed from 
the environmental conditioning test chamber and within 
30 seconds shall be re-immersed in the water dunk container 
for 30 minutes, +5/-0 minutes. 

8.13.5.4 The test specimens shall be t'emoved from the water 
dunk container, wiped dry, and placed in the tumble test appa
ratus. 

8.13.5.4.1 Only one specimen shall be tested in the nunble 
test apparatus at a ti me. 

8.13.5.4.2 All specimens shall be unrestrained. 

8.13.5.4.3 The nimble test apparatus shall be run at a speed of 
15 rpm ± 1 rpm. 

8.13.5.4.4 The test shall be run for 30 minutes, 
+5/-0 minutes. 

8.13.5.4.5 Upon completion of the test duration, the speci
mens shall be immersed in the water dunk container for 
30 minutes, +5/-0 minutes. 

8.13.5.4.6 The test specimens shall be blown dry with clean 
compressed air or nitrogen until the lens and viewing windows 
are free from all moisnire. 
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Note: Not to scale. 

FIGURE 8.13.4.5 
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Note: Removable 
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in side cover to 
insert test sample 

Tumble Test Apparatus. 
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8.13.5.4.6.1 Evaluation of the three specimens shall begin 
within 5 minutes of completion of drying. 

8.13.5.4. 7 The specimens shall be evaluated for post-test 
image a5 specified in Section 8 . 1 ,  Image Recognition Test, and 
the post-test image 1·ecognition values in the vertical and ho1·i
zon tal directions shall be recorded. 

8.13.5.4.8 One test specimen shall be selected at random, and 
its electronics compartment shall be opened and checked for 
water leakage. 

8.13.6 Procedure 2. 

8.13.6.l One test specimen shall be selected at random from 
the remaining specimens submitted for testing to this section. 

8.13.6.2 The random specimen shall be re-immersed in the 
\vater dunk container for 5 minutes. The power source 
compartment(s) shall be open, and the power source shall not 
be installed. 

8.13.6.3 After the 5 minutes, +1/-0 minutes, the random 
specimen shall be removed from the \vater dunk container and 
shall be wiped dry. 

8.13.6.4 The power source shall be reinstalled, and the 
random specimen shall be evaluated for post-test image as 
specified in Section 8. 1 ,  Image Recognition Test. The post-test 
image recognition SR value shall be recorded. 

8.13.6.5 The elecu·onic comparunent(s) of the random speci
men shall be opened and inspected for \vater leakage. 

8.13.7 Procedure 3. 

8.13.7.1 The remaining test specimen shall be submitted for 
testing in accordance with Procedure 3. 

8.13. 7.2 The second random test specimen shall be activated 
and then immersed in the \vater dunk container for 5 minutes. 
After 5 minutes, +1/-0 minutes, the specimen shall be 
removed from the test water container and shall be wiped dry. 

8.13.7.3 The second random test specimen shall be evaluated 
for post-test image as specified in Section 8.1 ,  Image Recogni
tion Test, and the post-test image recognition SR value shall be 
recorded. 

8.13. 7.4 The second random test specimen shall be deactiva
ted and any power supply compartment(s) and external power 
supplies shall be opened and inspected for \vater leakage. 

8.13.8 Reports for Procedures 1, 2, and 3. 

8.13.8.1 In Procedures 1, 2, and 3, the proper functioning of 
image recognition SR value shall be determined as specified in 
Section 8 . 1 ,  Image Recognition Test, and shall be calculated, 
recorded, and reported. 

8.13.8.2 In Procedures 1 ,  2, and 3, any \vater leakage into any 
elecu·onic compartment(s) shall be recorded and reported. 

8.13.8.3 In Procedme 3, any water leakage into any power 
supply compartment(s) or external power supply shall be 
recorded and reported. 

8.13.9 Interpretation. Any one specimen failing any test shall 
constitute failing performance. 
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Annex A Explanatory Material 

Annex A is not a part of the requirements of this NFPA document but is 
included for informational purposes only. 17iis annex contains e:>.plan
atory material, numbered to correspond with the applicable text para

graphs. 
A.1.1.2.1 Users of thermal imagers certified to earlier editions 
of this standard can incorporate updated parts, components, or 
soft\vare to allow certification to d1e latest edition of this stand
ard. This paragraph has been added so that the latest revision 
of the standard can be used for devices containing new pa1·ts, 
components, or soft\vare to upgrade the certification to the 
current edition. 

A.1.1.5 Purchasers and manufacturers of thermal imagers 
should understand that NFPA 1801 addresses minimum 
requirement5 for thermal imagers wid1 the TI BASIC opera
tional format. The TI BASIC PLUS operational format permits 
accessories and enhancements for a mermal imager as long as 
they meet me applicable requirements and can be easily disa
bled or removed, 1·everting the camera back to the certified TI 
BASIC mode. Thermal imaging technology is advancing 
quickly. Potentially usefol d1ermal imaging accessories and 
enhancements should be considered as long as mey do not 
negatively affect the thermal imager's performance. 

Thermal imager enhancements and accessories include wire
less video transmitters, image and video capture, alternative 
uses of color in me thermal image, user-set color-temperature 
transition points, and icons on me screen for other fi.mctions. 
Purchasers interested in enhanced thermal imager capabilities 
(TI BASIC PLUS) should consider the benefits and limitations 
of the additional capabilities before making a purchase. Fire 
deparunents vary greatly in size, response types, and capabili
ties. For example, fire deparunents on the west coast are more 
likely to encounter large wildland fires than New York City, 
Boston, or Chicago, which are more likely to experience 
multiple-alarm tenement or row house building fires. Flood
prone regions are less likely to have underground garages, sub
basements, or subway systems. These examples provide 
different challenges for me utilization of thermal imagers and 
any accessories. 

Some thennal imaging enhancements and accesso1·ies utilize 
radio signal technology. Radio signals react differently in varia
ble and different environments and present different chal
lenges to radio signals. Transmission of radio signals is affected 
by topography, weather conditions, building layout and design, 
and construction materials, and other obstructions in a given 
area. 

In me testing lab environment, wireless thermal imaging 
accessories such as video transmitters, image capturing devices, 
and alarm devices cannot be "tested" in me total environment 
in which d1ey could be used. Prospective end-users can conduct 
field testing of such devices in the total environment in which 
they could be used. Antennas or repeaters can be incorporated 
into radio frequency (RF) systems used in large indusu-ial and 
commercial facilities. Realistic and rigorous on-site testing of 
systems and component5 will help enstu-e satisfacto1y coverage 
and help the user develop reasonable expectations. Physical 
testing of d1ermal imagers utilizing any form of RF technology 
should be conducted in an actual or realistic environment. 
Current RF laboratory testing methods cannot take into 
account the commonly found variety of construction and 
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obstructions. Fire service organizations should take into consid
eration the local factors in their immediate response areas. 

Based on actual jurisdictional performance testing, fire serv
ice organizations can make informed decisions regarding the 
purchase, use, and development of operational procedures to 
be used in providing tl1e maximum level of protection for fire 
and rescue personnel in meir jurisdiction. Purchasers should 
develop operational procedures to ensure that their thermal 
imager's enhancements and accessories will function as expec
ted. 

In consideration of the factors previously noted, the 
purchaser should develop testing and performance criteria 
similar to me following: 

( 1 )  Prior to using o r  purchasing a product or system, the 
local fire service organization should select several differ
ent typical target hazard test scenarios likely to be 
encountered in me normal response area for field testing 
of me product or system. 

(2) These target hazard test locations should provide rigor
ous testing scenarios and should include RF dead spots (if 
applicable), unusual building complexes, aboveground 
and belowground configurations, and typical local 
construction materials. 

(3) A person (s) designated by the fire service organization(s) 
should participate in site selection and field testing. 

(4) Testing should be conducted by simulation of actual 
emergency operations and conditions. 

(a) The fire service official should designate an area 
(i.e., a base station) where accessory receiving 
components of me thermal imager system would be 
located if me incident were real. 

(b) Fire service responders should use the devices just 
as they would during an actual emergency and 
travel to all areas of the simulated emergency scene 
test area. 

(c) The test scenarios fo1- RF testing should be made as 
difficult and as challenging as possible so problem 
areas where an RF signal might have difficulty pene
trating a building or structure can be isolated and 
addressed. 

(d) Testing results should be recorded along wim envi
ronmental factors such as the type of occupancy 
(residential, commercial, industrial, etc.) ,  construc
tion feamres, weather conditions, and location. 

(5) Enhancement devices (leaky coaxial feeders, repeaters, 
enhanced radio receivers) can be used as necessary, wim 
placement and effectiveness recorded. 

(6) Fire service responders who would routinely have multi
ple receiving components on the scene of an acmal emer
gency should place multiple receiving devices in service 
during field-testing scenarios in accordance with their 
standard operating procedures. 

(7) NFPA 5000 outlines me eight basic types of construction 
mat should be considered as part of me field-test criteria 

(8) Users should evaluate the effectiveness of tl1e device as it 
relates to the developed operational procedures. 

By conducting these recommended field tests, fire service 
organizations can witness the performance of me product in 
me environment in which it is intended to be used, determine 
wim reasonable accuracy whether me product meets their 
expectations, and tl1en make an appropriate decision. 
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A.1.3.4 See A.1 .1 .5.  

A.3.2.1 Approved. The National Fire Protection Association 
does not approve, inspect, or certify any installations, proce
dures, equipment, or materials; nor does it approve or evaluate 
testing laboratories. In determining the acceptability of installa
tions, procedures, equipment, or materials, me authority 
having jurisdiction may base acceptance on compliance wim 
NFPA or oilier approp1-iate standards. In me absence of such 
standards, said aumority may require evidence of proper instal
lation, procedure, or use. The authority having jurisdiction 
may also refer to me listings or labeling practices of an 01-gani
zation mat is concerned wim product evaluations and is mus in 
a position to determine compliance with appropriate standards 
for me current production oflisted items. 

A.3.2.2 Authoricy Having Jurisdiction (AHJ). The phrase 
"authority having jurisdiction," or its acronym AHJ, is used in 
NFPA documents in a broad manner, since jurisdictions and 
approval agencies vary, as do meir responsibilities. vVhere 
public safety is primary, me authority having jurisdiction may 
be a federal, state, local, or oilier regional department or indi
vidual such a� a fire chief; fire marshal; chief of a fire preven
tion bureau, labor department, or healm department; building 
official; electrical inspector; or omers having statutory author
ity. For insurance purposes, an insurance inspection depart
ment, rating bureau, or oilier insurance company 
representative may be the aumority having jurisdiction. In 
many circumstances, tl1e property owner or his or her designa
ted agent assumes me role of me aumority having jurisdiction; 
at government installations, the commanding officer or depart
mental official may be me authority having jurisdiction. 

A.3.2.4 Listed. The means for identifying listed equipment 
may vary for each organization concerned with product evalua
tion; some organizations do not recognize equipment as Listed 
unless it is also labeled. The authority having jurisdiction 
should utilize me system employed by me listing organization 
to identify a listed product. 

A.3.3 The following terms are commonly used in the thermal 
imaging field but do not have official definitions: 

( 1 )  2X Zoom. A method to change a distant view to a closer 
view by enlarging tl1e image by a factor of 2, the1-eby 
reducing the field of view. 

(2) Digital Zoom. The enlargement of a viewable image 
achieved by digitally enlarging a portion of me optical 
image. 

(3) Ge. Germanium. 
(4) Hand Held. Refen-ing to a mermal imager design mat is 

intended to be held in the hand and normally operated 
in such fashion. 

(5) Hands Free. An operational mode whereby, once activa
ted, the device no longer requires manipulation by hand 
for regular use. 

(6) Infrared (IR). Elecu·omagnetic radiation having a wave
length in me range from c.75 x 10-6 cm to c.100,000 x 10-0 
cm (0.000075 to 0.1  cm). 

(7) Optical Zoom. The enlargement of a viewable image 
achieved through me physical movement of optical 
elements to change me focal length. 

(8) Phase Alternating line (PAL). A composite video stand
ard that displays 25 interlaced frames per second (50 half 
frames per second) at 625 lines of resolution. 

(9) Radio Frequency Interference (RFI). The unwanted 
reception of radio signals. 
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A.3.3.21 Product Label. The product label is not the certifica
tion organization's label, symbol, or identifying mark; however, 
the certification organization's label, symbol, or identifying 
mark is attached to or part of the product label. 

A.4.5.3 In September of 2015, a 1·evised edition of ISO 9001 ,  
Quality management systems - Requirements, was issued. Both the 
2008 and 2015 editions are referenced in this revision of the 
standard to allow manufactu1·ers a sufficient amount of time to 
transition their quality management system's regisu·ation to this 
new edition. 

A.5.1.11 The thermal imager labeling might or might not 
include the standard number. 

A.5.2.3 Information and materials regarding preoperational 
use (a user's manual) provides the user with information about 
the operation of the TIC, Basic and Basic Plus features, its care, 
and maintenance. The organization of the user's manual is not 
specified. The checklist in Table A.5.2.3 can help assure that 
the supplied documentation addresses all requirements. The 
column labeled "Page no./Paragraph" should identify the page 
and paragraph number where the requirement in the column 
labeled "Description" is addressed. This will ensure that all 
requirement5 have been met and manufacturers may provide 
the table to the certification organization with their user's 
manual to assist with the verification of their compliance witl1 

Table A.5.2.3 Checklist 
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the standard. Including this checklist, or some form of it, as 
part of the user's manual will also assist users in becoming 
familiar with the camera. 

A.6.1.2 All power sources cons1sung of battery cells and 
battery packs should be evaluated by a national recognized test
ing laborato1y (NRTL) in accordance with the regulations 
outlined in UL 1642, Lithium Batteries, or UL 2054, Homehold 
and Commercial Batteries, or both. 

A.6.3.1 An FMEA provides an approach to identifying and 
ranking thermal imager failure modes that could lead to prod
uct hazard. The FMEA is organized based on safety functions 
provided by the thermal imager. These functions can be imple
mented in a single component or across multiple components. 

The FMEA should address, at a minimum, all failure modes 
of components that would result in the following failure effects 
for TI BASIC functions: 

( 1 )  Failure to indicate inadequate power source 
(2) Failure to provide shutdown notification due to an over-

heat condition 
(3) Failure to meet image quality requirements 
(4) Failure to turn on 
(5) Failure to be restarted to the TI BASIC operational 

format 

SECTION DESCRIPTION 
PAGE NO. / 

PARAGRAPH 

5.2.3 Information and materials regarding preoperational use shall be provided on at least the 
following areas: 

1 .  Safety considerations 
2. Preuse checks 
3. Limitations of use 
4. Power source requirements, type, and brand 
5. Estimate operation time on fully charged power source in each available mode 
6. Low-power source signals and power supply replacement, where applicable 
7. Charging and recharging procedures 
8. Marking recommendations and restrictions 
9. Warranty information 
l 0. Recommended storage practices 
1 1 .  Mounting on/in vehicles or fire apparatus 
12. Explanation and identification of the features and functions of TI BASIC/Tl BASIC PLUS 
13. Symbols and functions with associated temperature references in available operating modes 
14. If equipped with a temperature bar, adequate description of the use of the temperature bar 
15. If equipped with a numeric temperature indicator, adequate description of the use of the 

numeric temperature indicator 
16. If equipped with colo1·ization, adequate description of the temperature tlu-esholds for 

colorization 
5.2.4 Information and operational materials regarding periodic inspections shall be provided on at 

least inspection frequency and details. 
5.2.5 Information and operational mate1·ials regarding proper operational use shall be provided. 
5.2.6 Information and operational materials regarding periodic maintenance and cleaning shall be 

provided on at least the following areas: 
l .  Cleaning insu-uctions and precautions 
2. Disinfecting procedures 
3. Maintenance frequency and details 
4. Guidelines for service and repair 

5.2.7 Information and operational materials regarding replacement and retirement considerations for 
thermal image1·s and components shall be provided. 
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The FMEA should be conducted in accordance with the 
indusu·y standard JEDEC Publication JEP131A, Potential Failure 
Mode and l!,1fects Analysis (FMEA). 

The effect of the failure mode is determined by the system's 
1·esponse to the failure. The FMEA identifies subassemblies and 
their functions, the failure mode for those suba5semblies, the 
failure effect on other subassemblies as well as the whole 
system, and the con-ective action to be taken. 

Step 1:  Select function. The FMEA process begins by select
ing a thermal imager function to be analyzed. Record the 
requirement number and the requirement desc1·iption on the 
FMEA form (see Figure A.6.3.1 ). 

Step 2: Identify equipment components. Step 2 identifies all 
the equipment components that implement the function 
requirement. List the components in column 1 of the FMEA 
form. 

Step 3: Specify failure mode for identified components. For 
each component listed in column 1 of the FMEA form, list 
potential failure modes in column 2. A failure mode is any 
component failure that results in failm·e of the component to 
deliver part or all of its intended functionality. 

Step 4: Identify failure effects. For each component failure 
mode included in column 2, step 4 identifies one or more fail
ure effects that the identified failure mode would have on 
delivery of the thermal imager function being analyzed. 
Include the failm·e effect in the third column. A failure effect is 
a deviation in function output value (e.g., "crosschairs" in 
wrong location) or timing (e.g., "instant on" takes 2 minutes 
instead of 10 seconds). 

Step 5: Determine severity (S) of failure modes and effects. 
Table A.6.3. l (a) provides the criteria for determining the 
severity offailtu-e modes and effects. 

For each component failure mode and effect included in 
column 3 of the FMEA form, the value for the severity level is 
1·ecorded in column 4. Base the value of the severity level, on 
the criteria provided in Table A.6.3.1 (a). 

Step 6: Determine the causes of failure and their probability 
(P). Table A.6.3.1 (b) lists the probability of the failure for each 
potential failure mode and effect combination in column 5. 
For each root cause, list in column 6 the probability that the 
failure would occur using the categories in Table A.6.3.1 (b). 

Step 7: Determine design controls and detectability (D). For 
each likely cause of failure, Table A.6.3.1 (c) lists whether the 
design controls will help ensure that the failure can be detec
ted. The design control is identified in column 7 of the FMEA 
form. \i\lhen causes are identified, discuss and document the 
design controls that will prevent, 1·emove, or detect and recover 
from the effects of the failure mode. For each design control, 
assign a detectability value based on the criteria in Table 
A.6.3. l (c) and list it in column 8 of the FMEA fo1·m. 

Step 8: Compute risk priority number (RPN). Step 8 
computes a risk priority number (RPN), listed in column 9 of 
the FMEA fo1·m, based on the values of risk, probability, and 
detectability, as follows: 

RPN= Sx P x D  
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The lower the value of the RPN, the lower the risk that a 
given failure will occur. The RPN value is the measure used as 
input to the risk analysis. 

A.6.3.4 The FMEA process includes a step for computing a 
measme identified as the risk priority number, or RPN 
(column 9),  in Figure A.6.3.1. Higher RPN values imply higher 
risks. RPN values can be used to determine the ALARP region. 
Using the ALARP region provides a consistent criterion for 
stopping the FMEA for a required thermal imager function. 

A5 shown in Figure A.6.3.4, the ALARP region has an upper 
and a lower limit. The uppe1· limit is the horizontal line that 
separates the ALARP region from the intolerable region, where 
risk is refused. The lower limit is the horizontal line that sepa
rates ALARP from the broadly acceptable region, where the 
risk is insignificant. When the design controls implemented 
have reduced the risk to fall in the ALARP region, the FMEA 
might be stopped. 

Specifying an ALARP value of 25 reduces the risk of remain
ing failures to the following: 

(1)  .Minor severity failures that are occasional and that might 
or might not be detected 

(2) Major B severity failures that are improbable and that 
might or might not be detected 

(3) Major B severity failures that are occasional and that will 
be detected 

The value of 25 thus seems reasonable for a more quantita
tive definition of an ALARP upper limit for thermal imagers. 

Specifying an ALARP value of 10 reduces the risk of remain
ing failures to the following: 

( 1 )  Minor severity failures that are improbable and that will 
not be detected 

(2) Minor severity failures that are frequent and that might 
01· might not be detected 

(3) Critical or Major A severity failures that are improbable 
and that will be detected 

The value of 10 thus seems reasonable fo1· a more quantita
tive definition of an ALARP lower limit for thermal image rs. 

Table A.6.3.4 maps the target ALARP upper and lower limit5 
to exposure. 

A.6.4.2 The TI BASIC functions feature is designed to allow 
the user who might be unfamiliar with a particular model of 
thermal imager to pick it up and use it. In the TI BASIC mode, 
the thermal imager is Limited to tl1ose features that are stand
ard on all thermal imagers. Operators with NFPA-compliant TI 
BASIC operational format u·aining should be able to operate 
any other NFPA-compliant TI BASIC thermal imager. 

A.6.5.2 Manufacturers can offer additional features, but the 
user should obtain instruction from a manufacturer's 1·ecog
nized trainer before placing the thermal imagers into service. 
TI BASIC PLUS features are limited to those who have received 
such advanced operational training. 

The AHJ should have the option to go directly into the TI 
BASIC PLUS mode once they have determined t11eir personnel 
have sufficient knowledge to operate in the TI BASIC PLUS 
mode. 
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Table A.6.3.1 (a) Severity (S) Criteria 

Severity 
(S) Description Value 

Critical A product hazard that judgment and experience indicate is likely to result in a condition 10 
immediately dangerous to Life or health (IDLH) for individuals using or depending on the 
compliant product. 

If an IDLH condition occurs, the user will sustain or will be likely to sustain an injury of a severity 
that could result in loss of life or in significant bodily injury or loss of bodily function, either 
immediately or at some point in the future. 

Major A A product hazard other than Critical that is likely to result in failure to the degree that the 10 
compliant product either does not provide any protection or reduces protection and that is not 
detectable to the user. 

The term "reduces protection" means the failure of specific protective design (s) or feature (s) that 
results in degradation of protection in advance of reasonable life expectancy to the point that 
continued use of the product is likely to cause physical harm to the user, or where continued 
degradation could lead to IDLH conditions. 

Major B A product hazard other than Ct-itical 01- Major A that is likely to result in reduced protection and 5 
that is detectable to the user. 

The term "reduces protection" means the failure of specific protective design (s) or feature (s) that 
results in degradation of protection in advance of reasonable life expectancy to the point that 
continued use of the product is likely to cause physical harm to the user, or where continued 
degradation could lead to IDLH conditions. 

Minor A product haza1-d othe1- than Critical, Major A, 01- Major B that is not likely to materially reduce the 1 
usability of the compliant p1-oduct for its intended purpose 01- a product hazard that is a departure 
from the established applicable standard and has little bearing on the effective use or operation of 
the compliant product for its intended purpose. 

Table A.6.3.1 (b) Probability (P) Criteria 

Category Description Probability 

Frequent The failure will occur often in the equipment life cycle. 10 

Occasional The failure will occur at least once in the equipment 5 
life cycle. 

Improbable So unlikely that it can be assumed that the failm-e will 1 
not occur in the equipment life cycle. 

Table A.6.3.1 (c) Detectability (D) Criteria 

Category Description Value 

Undetectable The1-e is no way to detect the occurrence of the 10 
failure mode and effect. Effective design controls 
are not in place. 

Not Sure The design controls in place might not always detect 5 
the failure mode and effect. 

Detectable The design controls in place will always detect the 1 
failure mode and effect. 
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Table A.6.3.4 Target AIARP Upper and Lower Exposure 
Limits 

Exposure Category ALARP Region 

Hostile, fire 10 $ RPN $ 25 

Hostile, non-fire 10 $ RPN $ 25 

Intolerable Risk is region refused 

ANNEX B 

RPN = 25 

ALA RP Risk is as low 
region as reasonably 

practical 

RPN = 1 0  
Broadly Risk is 

acceptable insignificant 
region 

FIGURE A.6.3.4 Upper and Lower Limits of ALARP Region 
Based on RPN. 

A.6.5.5 Access to the TI BASIC PLUS functions should have 
an alternative method of limiting user access to personnel who 
the AHJ has determined have sufficient knowledge of thermal 
imagers to operate in the TI BASIC PLUS operational format. 

A.8.1.4. 7.4 If the camera is in focus, a small dot appears. If it is 
out of focus, an arrow pointing to the left or to the right 
appears. Arrows alternating back and forth means the camern 
is in focus. Arrows blinking simultaneously means the camera is 
unable to determine focus. 

A.8.1.5.10 W1x is the l X  filter warm ROI, W4x is the 4X filter 
warm ROI, A1x is the l X  ambient ROI, and A1x is the 4X ambi· 
ent ROI. 

A.8.12.5.11 A u-end line determined by the least squares fit 
method is consistent \vi th the follmving set of equations: 

[A.8.12.5. lla] 

y = mx + b  

where: 
y = point on the trend line 
m = slope of the line as defined in Equation A.8.12.5. l lb 
x = point on the x-axis 
b = value at which the trend line crosses the zero point of the 

x·axis as defined in Equation A.8.12.5.l l c  

m = 
[(x - x)(y - y) 

[(x - x)2 

b = y  - mx 

whe1-e y and mx are the mean x and y values. 
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[A.8.12.5.llb] 

[A.8.12.5.llc] 

The correlation coefficient (!!!) of the data \vith respect to 
the trend line is determined by Equation A.8.12.5.1 ld: 

[A.8.12.5.lld] 

R2 = 1JCx - x)]b - y) 
[ ]2 

�L,(x - x)'"[,C,• - y)2 

Annex B Informational References 

B.l Referenced Publications. The documents or portions 
thereof listed in this annex are referenced \vithin the informa
tional sections of this standa1-d and are not part of the 1-equire
men ts of this document unless also listed in Chapter 2 for 
other reasons. 

B.1.1 NFPA Publications. National Fire Protection Associa
tion, 1 Batterymarch Park, Quincy, MA 02169-7471 .  

NFPA 500r.JID, Building Construction and Safety Codd®, 2021 
edition. 

B.1.2 Other Publications. 

B.1.2.1 ISO Publications. International Organization for 
Standardization, ISO Central Secretariat, BIBC II, Chemin de 
Blandonnet 8, CP 401, 1214 Vernie1� Geneva, S\vitzerland. 

ISO 9001, Quality management systems - Requirements, 2008. 

ISO 9001, Quality management systems - Requirements, 2015. 

B.1.2.2 JEDEC Publications. Joint Electron Device Engineer
ing Council, 3103 North 10th Street, Suite 240--S, Arlington, 
VA 22201.  

JEP131A, Potential Failure Mode and .Effects Analysis (FMEA), 
2005. 

B.1.2.3 UL Publications. UnderwTiters Laboratories Inc., 333 
Pfingsten Road, Northbrook, IL 60062-2096. 

UL 1642, Lithium Batteries, 2012, revised 2015. 

UL 2054, H<nlsehold and Commercial Batteries, 2004, revised 
2011.  

B.2 Informational References. (Reserved) 

B.3 References for Extracts in Informational Sections. 
(Reserved) 
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