Curriculum Materials for an Interdisciplinary Program on
Multi-Function Radar

Phillip: Chilson??
M. Yearyl2 and R. Palmerl2

M. Biggerstaffl2, J. Crainl3, K. Droegemeier?, Y. Hong?, T.-Y. Yuls3,
G. Zhang'?, and Y. Zhang!:3

1Atmospheric Radar Research Center, University of Oklahoma.

2School of Meteorology, University of Oklahoma

3School of Electrical and Computer Engineering, University of Oklahoma
4School of Civil Engineering and Environmental Science, University of Oklahoma

2009 Unidata Users Workshop

Overview / Big Picture

2009 Unidata Users Workshop




2009 Unidata Users Workshop

10 new faculty lines ... so far

Name Current Title Department Start Year
Mark Year Assoc. Professor  Elect. Comp. Eng. 2002
Tian-You Yu Assoc. Professor  Elect. Comp. Eng. 2002
Rovert Palmer Professor Meteorology 2004
Amy McGovern Asst. Professor Computer Science 2005
Phillip Chilson Assoc. Professor  Meteorology 2005
Guifu Zhang Assoc. Professor  Meteorology 2005
Yan Zhang Asst. Professor Elect. Comp. Eng. 2007
Yang Hong Assoc. Professor  Civil Eng. & Env. Sci. 2007
Chris Weaver Asst. Professor Computer Science 2008
Xuguang Wang Asst. Professor Meteorology 2009
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Laboratory Facilities: Current & Planned

Radar Innevations; Lab (RIL)
$1.3M value of test equipment and software EIeCtrO mag netics &

Up to 50 GHz test and fabrication capability MiCI’O p hySiCS Lab (EML)

Shielded screen room and EM chamber

Dedicated to radar technology R&D . Need for an environmentally controlled anechoic
chamber to perform scattering experiments — unique
in the world!

Development of innovative radar designs —
polarimetric phased arrays, passive radar, cognitive
radar

Polarimetric radar signatures of man-made (e.g., wind
turbines) and natural hydrometeors

In-door measurements to verify out-door in-situ
measurer

OU-PRIME

Polarimetiic. Radar fior Innevations in Meteorology and Engineering
* Operates on OU’s
Research Campus

e C-band, 1 MW peak
power

« 0.5 degree beamwidth

= Flexible design for
student projects

« Platform for advanced
signal processing and
hardware innovations




Phased Array Radar (PAR)

Operated by NSSL on North Campus.
Integral component of radar class
projects and NSF CCLI grants.

Atmospheric Imaging Radar (AIR)

Next Generation of Remote Sensing

* Mobile imaging radar for
weather sensing

* Built by students in the
ARRC

= Ideal for situations that
require high temporal
resolution... tornadogenesis

= Digital Beam Forming
(DBF) techniques allow for
high-speed data collection
while maintaining spatial
resolution of conventional
radars




TUTOR (proposal pending)

= Designed by
students during
capstone TUTOR:

experience Transportable

s University
= Expanded design Teaching and

for education

e Mobile classroom
facilities

= Reconfigurable for
student
projects/classes
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Over-Arching Educational Goals

* Provide a comprehensive interdisciplinary education
in both the theoretical and practical aspects of radar
meteorology at both undergraduate and graduate
levels

Combine talents of faculty in School of Meteorology,
School of Electrical/Computer Engineering, and local
Norman scientists

» Extensive hands-on experience for students

Design of Knowledge Expectations

o  Started with clean slate (Fall 04)
» 1 existing Radar Meteorology course (SoM)
» 1 existing Weather Radar Signal Processing course (ECE)

»  Assessed backgrounds of prospective students
(Meteorology and ECE)
Mathematics same (DEQ + 1)
Physics same
ECE students need basic physical meteorology

Meteorology students need electromagnetics and signal
processing

. Fundamental Question:

What should an expert in
weather radar know?
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Course List ... evolving with time

Weather Radar Theory and Practice 4673/5673 ECE/METR

An Interdisciplinary Approach Bridges the Gap
Between Engineering and Science

Ir. w’.wm & Practice (ECE{METR 58?3)

Radar Meteorology (METR4624)

Haz Wx Detection & Prediction (METR 4803/5803)
Wx Radar Applications (ECE/METR 4683/5683)
Remote Sens & Exp Design (ECE/METR 4673/5673)
Remote Sens Precipitation (CEES 4020/5020)

Interpretation/Applications




Example Course

Weather Radar Theory & Practice (METR/ECE 4673/5673)
Motivation and Historical Perspective
Electromagnetic Waves and Propagation - introduction to basic physical meteorology
Weather Radar Design Principles
Signal Statistics and Weather Radar Equation - introduction to random processes
Doppler Spectra of Weather Signals - introduction of Fourier theory
Doppler Moment Estimation - Time & Frequency Domain
Techniques for Improved Data Quality

This graduate-only course has had significant
interest from students: Fall 05 (25 met, 5 ECE), Fall
06 (11 met, 9 ECE), Fall 07 (8 met, 9 ECE, 1
CEES), Fall 08 (8 met, 10 ECE)

mphasize interdisciplinary team
projects using raw radar data

Example Course

Weather Radar Applications (METR/ECE 5683)

Background and Review of Radio-wave Scatter Students engage in theoretical and
programming based assignments using

X s actual radar observations and pursue an
Basics of Radar Polarimetry independent radar related research project,

Wind Measurements with Doppler Radar which results in a paper and oral
Higher-Level Radar Products presentation.

Weather Radar and Meteorological Data Visualization

Clear-Air Radar Techniques

Principles of Precipitation Measurements with Radar




Example Course

Radar Engineering (ECE 4663/5663, METR 5663)
An Introduction to Radar
The Radar Equation
Phased Array Radar
MTI and Pulse Doppler Radar
Detection of Signals in Noise
OiInformation from Radar Signals

Tracking Radar

The course introduces various radar system designs and their
applications. Radar system architecture and the functionalities and
limitations of subsystems are discussed. Existing technologies and
advanced techniques to improve radar performance are provided. Hands-
on projects are designed enhance student’s learning experience.

Active Integration with NOAA Partners

During the 2005 - 2008 academic years our students within
OU’s Weather Radar Program have received extensive
lectures from:

Dick Doviak (NSSL)

Alexander Ryzhkov (CIMMS/NSSL)
Sebastian Torres (CIMMS/NSSL)
Rich Ice (ROC)

Kurt Hondl (NSSL)

Terry Schurr (CIMMS/NSSL)

NSSL: National Severe Storms Laboratory (NOAA)
ROC: Radar Operations Center (NOAA)
CIMMS: Cooperative Institute of Mesoscale Meteorological Studies




Student Feedback

Meteorology Graduate Student
“I think that the curriculum provides a solid foundation for those students who want to use radar to

further meteorological research. | do think that it covers a broad swath of topics that are appropriately
geared towards current research and does prepare the student well for a career in this area whether in
the public or private sector... In all, | believe that the curriculum has provided me the tools to be
successful in the job market.”

Electrical Engineering Graduate Student

“From the perspective of a current electrical engineering student in this program, this curriculum
provides a balanced study:of both fields without compromising the science and fundamental knowledge
of either one. Additionally, this curriculum graduates students with the skill to communicate the needs
between meteorologists and radar engineers that cannot be obtained anywhere else.”

Meteorology Graduate Student

“OU's Weather Radar Curriculum has opened my eyes to a wide field of weather radar technologies and
techniques that I.had no idea existed before | started. This curriculum combi with my exposure to
the variety of radar research projects that are ongoing here will no doubt prove invaluable in my future
job search.”
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Course, Curriculum, and Laboratory Improvement (CCLI)

University of Oklahoma
School of Meteorology &
School of Electrical and Computer Engineering

NSF CCLI| Phase |
Hands-On Interdisciplinary Laboratory Program: An Approach to
Strengthen the Weather Radar Curriculum

NSF CCLI Phase I

MOVING TO THE NEXT LEVEL: Refining and
Disseminating a Pedagogical Taxonomy and Hands-On
Curriculum

Materials for an Interdisciplinary Program and Multi-Function
Weather

Prot. Mark Yeary (P1)

2009 Unidata Users Workshop

Taxonomy of Significant Learning

Creating Significant Learning Experiences:
An Integrated Approach to Designing College Courses
L. Dee Fink, 2003




Learning Modules

. « Retrieving and analyzing weather radar data is crucial to accurately
Learning predicting everyday weather and natural disasters such as tornadoes and

Objectives: supercell storms.

Modules are used in the 11 weather radar classes at OU. In general, the
modules may be used in a stand alone basis.

The modules use data that are available for downloading with each module.

Explore the utility of incorporating alternate data sources into your weather
radar analysis.

The modules appear below:

Science/Physics/Computing >

Adapive Advanced Weather Amospheric
Systems  Hyorometeors  Radar Applications  Interpretations

Beginning Modue 4
— —

Sequence

Module 10
-—

Modules 14,15 Module 16 Module 17
— — -—

http://arrc.ou.edu/modules

1 . P h as ed A r ray Phased Array Antenna
A n ten nas 1 E,(-:!ruiu ¢ Objectives:
e |Learn about antenna

patterns. for linear
and phaSed arrays Introduction

* Design trade-offs
(beamwidth,
sidelobes, etc.)

e SPY-1A antenna
study

Hands-On Activities

http://arrc.ou.edu/modules




2. Doppler

Spectrum

» Compute
Doppler spectra

» Understand zero-
padding and
windowing

3. Time Series &
Power

o Learn about | &
Q data and how
to compute the
power and
Doppler velocity.

elocity Distribution

http://arrc.ou.edu/modules

Weather Radar Theory and Practice
Signal Processing Assi went #1
Phased Array Radar: Time-Series and Power

Duer October 1, 2007 by the end of class

1 Learning Objectives

ality of the Phased Array Hadar (PAR

http://arrc.ou.edu/modules



4. Visualization of
WX data ;

The tallowing are the leaming objectives for this assignment:

- Le a.r n ab O ut = Learn how to request and redrieve NEXRAD data from the NCDC data sarver

= Usa the NCDC Java NEXRAD Viewar to display NEXAAD data

We ath e rS CO p e an d « Familiarize yourself with the WeatherScope GLI and how 1o plot multiple fields on ane map.
« Explore the utility of incorparating alternate data sources indo your weather radar analysis
the NCDC Java

V I ewe r Data from the network of WSR-88D weather surveillance radars (NEXRAD) operated by NOAA
are available from the National Climate Data Center (NCDC). These data are provided in Level
Il and Leved IIl formats. Basically, Level Il data contain the radar moments (reflectivity, radial ve-
° P I Ot WX d ata at lacity, and spocirum widih) contained on 3 coordinate grid carsistent wilh the partcular volume
coverage pattern (VCP) used for data collection. Level Il data are processed products, which
can be displayed as images. For more information see:
hetp: //www.node . noaa, gov/calradar/radarresources . htal.

specific locations T dts v 51008 n 3 NEXPAD nrmation Dlssomination Sori (NIDS) bmat. Visualiza

tion software ane available and two of these are described balow.

radar data

Learning Objectives

2 Introduction

21 WeatherScope

The WeatherScope program, written and distributed by the Oklahoma Clmalclagical Survey

ielimate. ok, gov/aat teare) provides a user-tiendly, cross-platiorm framawork for the
visualization of meteorological data. It is also highly customizable, allowing users 10 generase
datasets for their gwn needs for use inside of the program.

Installing WeatherScope
Inside a wet browser, visit the address isted above and you will see two software packages avail-
able for downlcad. The WixScope Plugin allows you 1o view animations of Oklahoma Mesanet
data inside your browser window, but is not necessary for the operation of WeatherScope itsel
Select the platicem on which you desire 1o install the program, and the downiload will begin im-
mediately (.dag file for Macinlosh, _exae file for Windows). Note: WeatherScope is not currently
available for UNIDXLinux distributions. If you do not have access 1o either a Mac or a Windows
PC, the student computer lab on the Sth floce has WeatherScope installed already.

http://arrc.ou.edu/modules

Intermodulation Produet Computin foues
5. Intermods

1 Learning Objectives

» |earn about
compressive amplifiers

¢ Compute location and
strength of
intermodulation
products

http://arrc.ou.edu/modules




6. Reflectivity &
St a‘t | (S tl Cc al Weather Radar Theory and Practice

Signal Processing Assignment #2

P ro p e rtl es Reflectivity Factor and Statistical Propertics of Weather
s The radar equation e

and reflectivity factor | Jonrming Objectives

Simple rainfall

estimates

Correlation sequences
and PDFs.

PR ata O 55an o SO0SOHT saning o
B

http://arrc.ou.edu/modules

7 . N N fo r TO rn ad 0 Adaptive Pattern Recognition for Tornado Detection
Detection nE

Learn about the

LMS algorithm

and neural
networks 2 Introduction

Network design
via Matlab
toolbox

Tornado
detection

http://arrc.ou.edu/modules



8. Scattering RCS

o | earn about

radio wave
scattering,
absorption, and
WX radar cross
sections.

Rayleigh and Mie
regimes

9. Z-R
Relationships

Learn about
single parameter
rainfall
estimation

Z-R relationships
for different
regions
Comparison to
ground truth

Rayleigh & Mie ttering cross 1s and

implications for weather radar observations

1 Learning Objectives

The following are the learning cbjectives for this assignment.

« Familiarize yoursell with some basic concepts related to radio wave scatioring, absorption,
and radas cross sections

« Bacome acquainted with some of the fundamental definttions and foundations connected
wilh the Mie 1heory

» Explore under what condiions the Rayleigh approximation can be applied and to what
edent it accurately represents radio wave scatier and absorplion

» Study the dependence of various radar cross sections on wavelength and temgerature

2 Introduction

As radiation gates though our . it interacts with air molacules,
dust particles, water vapor, rain, ice particles, insects, and a host of other entities. These interac-
tions result primaily in the form of scatter and absarption, bath of which are impartant for remate
‘sensing studies of the atmosphere. Typécally, the degree to which a “target” can scatter or absort
electromagnetic radiation is described through its cross section «, When a target is illuminated
by & wave having a power density (iradiance) given by <., it will scatier/absorb & portion of the
wive. The cross section represents an apparent area, used 1o describe by what amourt the
radiation interacts with tha target. An observer located &t a particular location (described by &
and ¢ with respect 1o the wave's propagation vector) will be detect radiation scattered by the
larget with a power density given by by 5. Assuming that the target has scatiered the incident
alactromagnetic radiation isotropically, then tha cross section « can ba directly calculated using

(1

whare ¢ is the distance between the target and the cbserver. In general, the scattering cross
section will depend the angles ¢ and o. That is, the scatter |s not truly isotropse. Also nate that
the value of » does not in general commespond 10 the geomaetric cross section of the target

Here wa will consider four differant types of cross sections, which are commenly usad in con-
nection with radar. They are the scatlering cross saction o, the extinclion cross section .. the
absorption cross section o, and the backscaltering cross section #,. The scatiering cross sec-
tion muttiplied by the power density of the incident wave is equivalent to tatal amount of energy

1

http://arrc.ou.edu/modules

Z-R Relationships

‘Weather Radar Applications
ECE / METR 5683
Spring 2008
Prof. Chitson

1 Learning Objectives

Thea fllcwing ane the leaming cbjectives for this assignmant

= Learn how NEXRAD cata stored in the NIDS format can be converted 1o the poputar
netCOF data format.

« Familiarize yourself with the netCDF data format and how it is manipulated.
» Discover how netCOF cata can be imported into MATLAB

« Explore and understand the erors and banelits associated with single-parameter raintall
estimation.

2 Introduction

Remote measurement of the rainfal rate /7 is of considerable practical interest. For many years
matecroiogists have attlempbed to find a usetul relation betwaen the radar refiectivity factor 2 and
the rainfall rate K. Unfortunately, there is no single relation that can satisty all metearalogical
phenomena - Battan (1973) ksts no fewer than 60 separate  — [ relationships that have been
propesed by vanaus investigators. More importantly, chsarved drop size distribusions, of which
baoth  and I are functions, can be expressed in an indelinite number of parameters. Single-
paramater maasuremant of raintal constrains the DSD to one free parametar, which may vary
strongly in both space and time, and as a resull mast 7 — K relationships are axprossed as a
power law:

£ T (8]
Inwhich Z i expressed in inear units (mm* m*) and # is in mm hr

‘Your task is 1o investigate the appropriabenass (or lack thereal) of various  — i relations which
are implemented for the WSR-880 network. You wil also begin to tamilarize yoursell with the
nelCOF data format, which is widely used in scientific applications because of its ability to embed
matadata inio the Me itselt, and its ease of integration with MATLAB. Finally, the WealherScope

http://arrc.ou.edu/modules




10. Supercell
Signatures

WeatherScope
and the NCDC R _
Java Viewer T R

VOCABULARY

Hail, heavy rain o e e e o G

Madar: A 5 ‘ebjocts (wuich a8 their ahility to
reflect and scalber micromeaies hack 3 eceher

Hellectivity= A measure of the fraction of radiation reflected by a given surfsce; defined 22 8 ratio
ana radar o b e e e et e
is weed im place of the phrase “radar reflectivity factor” or “equivalent radar reflectivity factor.”
Supercell: A barge, k d fu | il T ty upedrudt-
downedralt cosuphed that is generally cagable or producing the most sever weather (lomadoes, bigh

reflectivities T s e

regim of high sk
Digrpder radar; A radar that deseemises the veloeity of fallisg proci pitation cither nward of sway
froam the radar usit by takisg into scoosnt the Doppler shift
Dogrpbet shill: The chasgr (5 toe frrurncy of waves that ocurs whes e sinitier af the abservers

s mevving boward cr gy from e cther

http://arrc.ou.edu/modules

11. Patch
A n e n n aS Spatial Response of Practical Patch Antenna Systems

Learning Obfecrives:

» Learn about
patch antennas

* Plot antenna
patterns

» Study chamber
data

http://arrc.ou.edu




12. Data

Compression

» Learn about
compression technigues

Importance of
compressing WSR-88D
data

Various forms of pre-
processing are studied

13. DBF

» Learn about
digital
beamforming

 Digital, complex
coefficient design
for beam
formation.

Real-Time Adaptive Data
Compression for Weather Radars

http://arrc.ou.edu/modules

Digital Beamforming and Imaging Radar

Learning Objectives:

http://arrc.ou.edu/modules




14. Signal
I\/Iodellng
For level | data
AR modeling

PSD is based on
the AR model

Use the KF to
adaptively yield
more accurate
estimates of the
model.

15. Adaptive,
Temporal Clutter
Fllterlng

Discussion of adaptive
noise cancellation
architectures

LMS and RLS
algorithms

Leverage differences
in autocorrelation
seguences

Level I Signal Modeling and Adaptive Spectral Analysis

Introduction

http://arrc.ou.edu/modules

Temporal Clutter Filtering vin Adaptive Techniques

2 Introduetion

http://arrc.ou.edu/modules




16. Polarimetric
Radar Variables

Caleulation of Polarimetric Radar Variables

I Learning Objectives

» Reflectivity, differential
reflectivity, specific
attenuation, differential
specific attenuation,
specific differential phase
Measured DSDs
T-matrix calculation
Hydrometer classification

Microphysics retrieval

Rellecthdty (2}, dBZ Difterential reflectvity(Z ), 4B

he ratio of ihe refl Vil
— - r - [’ 't s and is expeessed by
50
&!m | | L= "::. 48] 2
ol it

y i kL

il El
Ay N

] a0l 1
e e http://arrc.ou.edu/modules

17. F_Factor A Wind Shear Hazard Index

1 Learning Objectives

Learn about how o s s o e sen
to CompUte the 2 Introduction

*  Students will learn about hazard assessment calculation.

F F t Low level wind shear (a sudden change in elther the speed or direction of the wind)
— aC Or is recognized as a severe flight hazard. An aircraft exposed to wind shear of
sufficient intensity and duration, may lose flight performance with a critical

reduction of airspeed or fight altitude. A microburst in connection with this strong

wind shear sometimes causes serious problems for either landing or departing

|m portan ce Of ireratt, ca the alrcralt ara ok o athisdes o tramaling ot st O 2595 abens
stall speed The typical scenario for an aircraft encountering a microburst on

approach is shown in figure 1. A strong downdraft spreads out as the air nears the

ground. The aircraft initially speeds up to increase the headwind, and the increased

WI n d S h e ar lift causes it to rise above its intended flight path. Sensing that, the pilat may reduce
thrust to get back to the intended flight path. But, when the aircraft enters the core

of the microburst, tail wind and downdraft reduce its air speed and push the airraft
toward the ground.

In order to ch cterize this hazard, a | index, known as the F-factor
was developed based on aerodynamic principals and understanding of wind shear
phenomena as

http://arrc.ou.edu/modules




Module Assessment

» For all of the modules, a 4 Assessment
standard one-page
assessment tool has been
prepared. It was prepared o On e, h g v s e o

. [ . & {utromgly sgrovp 4 (o autrad] 2 (disagroe) 1 (strongly disagree)
via three pl’ll’]CIp|es: 1w, which spcific chjoctives wete problmatie?
* a.) with compliance and annual ) )
= " i & 1 wonld revemmnd this lab 1o anothor stdo? feirela sma)
oversight by OU’s Institutional 2iuronsly sgre) 4 (ouras) 3{meniral) 3 (disgre] 1 fetzonaly dres)
Review Board (IRB);
b.) to be relatively simple so . e b, s o) s
; E 3 A {agroe) 3 {woutral] 2 (dissgree) 1 (strongly disagres}
that a standard instrument
could be implemented for all of
the modu|es; and » How masy totad homm 4 you gl comyleting this smbgnment?
c.) under guidance by the
team’s external assessment
specialist.

of alfcet was reonalibe for what |

L istrogly sgroe) 4 (ngroe) 3 (meutral) 2 (dissgree) 1 (strongly disgres)

o Pl provide atty sgrintions fot tmpeving the bearning axpatisnos provided by this siansl
Proceslig eIt

2009 Unidata Users Workshop




Atmospheric Radar Research Center

2009 Unidata Users Workshop

From OU to Canada

South
Jakota

Nebraska

shand »

Georgia

5
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MST12 Radar School
University of Western Ontario
London, Canada

May 12-16
2009




Visiting a Radar Site
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Bringing It All Together

Meteor Echo Observed Using the “School Radar”

Build a Radar

» What was your impression of the radar building exercise?

» “Brilliant. Helps to show to a theoretical guy it's not such a big deal
getting your hands ‘dirty”

» “Best part of conference”
» “l was amazed how well it worked — good fun.”
e “This was an excellent idea. | learned a lot and had fun”




Visit a Radar Site

e Did you find the radar visits useful / informative?

“It was the first radar | had seen”

“This is one of the main reasons | enrolled.”

“Yes. It was also nice to get out of the lecture theatre and see some of
Canada”

“Meteor radar visit was very useful, informative and gave me an
understanding of where | get my data. Really enjoyed it”

Most enjoyed / helpful

* What did you enjoy most / find most helpful?

“The diversity of fields and speakers helped me to get the big picture.”
“Dedication and energy of Prof. Hocking”

“Interacting with so many learned and experienced teachers and
students from the field from all over the world made it a very unique
experience. | amiimpressed by the enthusiasm and motivation of the
teachers in the school.”

“Discussion with the lecturers as well as the students about the
different interests in MST.”




Overall impressions

» What is you overall impression of the school?
» “If you are working or planning to work with radars this school is a must
have.”
“Absolutely brilliant would definitely'go again.”
“Quite useful itis nice to be able to discuss topics with students from
different research groups and backgrounds.”

“Great atmosphere, putting all these people together, learning a lot
about each others fields. A big “thank you” to the organizers for running
this so smoothly and for the vast amounts of time you invested to make
this pay off big time.”

“The university environment was a comfortable setting for the school.”
“Brilliant. Would recommend it for other students.”

Summary

“Education is what remains after one has forgotten
what one has learned in school.”

2009 Unidata Users Workshop



