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10 new faculty lines … so far10 new faculty lines 10 new faculty lines …… so farso 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 & PlannedLaboratory Facilities: Current & PlannedLaboratory Facilities: Current & Planned

Electromagnetics & 
Microphysics Lab (EML)
Electromagnetics & Electromagnetics & 
Microphysics Lab (EML)Microphysics Lab (EML)
• 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 
measurements and radar observations 

• $1.3M value of test equipment and software
• Up to 50 GHz test and fabrication capability
• Shielded screen room and EM chamber 
• Dedicated to radar technology R&D

Radar Innovations Lab (RIL)Radar Innovations Lab (RIL)Radar Innovations Lab (RIL)

OU-PRIME
Polarimetric Radar for Innovations in Meteorology and Engineering
OUOU--PRIMEPRIME
PPolarimetricolarimetric RRadar for adar for IInnovations in nnovations in MMeteorology and eteorology and EEngineeringngineering

• Operates on OU’s
Research Campus

• C-band, 1 MW peak 
power

• 0.5 degree beamwidth

• Flexible design for 
student projects

• Platform for advanced 
signal processing and 
hardware innovations

NWC

LIF
2PP

1PP



Phased Array Radar (PAR)Phased Array Radar (PAR)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
Atmospheric Imaging Radar (AIR)Atmospheric Imaging Radar (AIR)
Next Generation of Remote SensingNext 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

Rx Beams
Tx Beam

Subarray
Antennas



TUTOR (proposal pending)TUTOR (proposal pending)TUTOR (proposal pending)

• Designed by 
students during 
capstone 
experience

• Expanded design 
for education

• Mobile classroom 
facilities

• Reconfigurable for 
student 
projects/classes
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• 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

Over-Arching Educational GoalsOverOver--Arching Educational GoalsArching Educational Goals

Design of Knowledge ExpectationsDesign of Design of Knowledge ExpectationsKnowledge Expectations

•• Started with Started with clean slate (Fall 04)clean slate (Fall 04)
•• 1 existing Radar Meteorology course (1 existing Radar Meteorology course (SoMSoM))
•• 1 existing Weather Radar Signal Processing course (ECE)1 existing Weather Radar Signal Processing course (ECE)

•• Assessed backgrounds of prospective students Assessed backgrounds of prospective students 
(Meteorology and ECE)(Meteorology and ECE)

•• Mathematics same (DEQ + 1)Mathematics same (DEQ + 1)
•• Physics samePhysics same
•• ECE students need basic physical meteorologyECE students need basic physical meteorology
•• Meteorology students need Meteorology students need electromagneticselectromagnetics and signal and signal 

processingprocessing

•• Fundamental Question: Fundamental Question: 

What should an expert in 
weather radar know?



Example Knowledge ExpectationsExample Example Knowledge ExpectationsKnowledge Expectations

Prof. Robert Palmer



Course List ... evolving with timeCourse List ... evolving with timeCourse List ... evolving with time
Course Name Course  # Department Semester

Weather Radar Theory and Practice 4673/5673 ECE/METR Fall

Digital Radar Systems 4973/5283 ECE Fall

Adaptive Digital Signal and Array Processing 4973/5283 ECE Fall

Weather Radar Polarimetry 6613 ECE/METR Fall

Radar Meteorology 4624 METR Spring

Radar Engineering 4663/5663 ECE/METR Spring

Hazardous Weather Detection and Prediction 4803 METR Spring

RF and Microwave Engineering 4973/5973 ECE/METR Spring

Weather Radar Applications 5683 ECE/METR Spring

Antennas 5973 ECE Spring

Remote Sensing of Precipitation 5020 CEES Spring



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

Example CourseExample CourseExample Course

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)

Emphasize interdisciplinary team 
projects using raw radar data

Weather Radar Applications (METR/ECE 5683)
Background and Review of Radio-wave Scatter
Principles of Precipitation Measurements with Radar
Basics of Radar Polarimetry
Wind Measurements with Doppler Radar
Higher-Level Radar Products
Weather Radar and Meteorological Data Visualization
Clear-Air Radar Techniques

Example CourseExample CourseExample Course

Students engage in theoretical and 
programming based assignments using 
actual radar observations and pursue an 
independent radar related research project, 
which results in a paper and oral 
presentation.



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 

Information from Radar Signals 

Tracking Radar

Example CourseExample CourseExample Course
Pulse

modulator

Power
amplifier

Duplexer
T/R switch

COHO
fc

Mix

IF
amplifier

Phase 
detector

STALO
fl

Mix

Delay-line
Canceller

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 PartnersActive Integration with NOAA PartnersActive Integration with NOAA Partners

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



Student FeedbackStudent FeedbackStudent Feedback

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 I started. This curriculum combined with my exposure to 
the variety of radar research projects that are ongoing here will no doubt prove invaluable in my future 
job search.”

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
“I think that the curriculum provides a solid foundation for those students who want to use radar to 
further meteorological research. I 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, I believe that the curriculum has provided me the tools to be 
successful in the job market.”
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Course, Curriculum, and Laboratory Improvement (CCLI)Course, Curriculum, and Laboratory Improvement (CCLI)Course, Curriculum, and Laboratory Improvement (CCLI)

2009 Unidata Users Workshop

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

NSF CCLI Phase II
MOVING TO THE NEXT LEVEL: Refining and
Disseminating a Pedagogical Taxonomy and Hands-On 
Curriculum
Materials for an Interdisciplinary Program and Multi-Function 
Weather

Prof. Mark Yeary (PI)

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

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



• Retrieving and analyzing weather radar data is crucial to accurately 
predicting everyday weather and natural disasters such as tornadoes and 
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: 

Learning 
Objectives:

http://arrc.ou.edu/modules

Learning ModulesLearning ModulesLearning Modules

1.  Phased Array 
Antennas
1.  Phased Array 1.  Phased Array 
AntennasAntennas
•• Learn about antenna Learn about antenna 

patterns for linear patterns for linear 
and phased arraysand phased arrays

•• Design tradeDesign trade--offs offs 
((beamwidthbeamwidth, , 
sidelobessidelobes, etc.), etc.)

•• SPYSPY--1A antenna 1A antenna 
studystudy

http://arrc.ou.edu/modules



2.  Doppler 
Spectrum
2.  Doppler 2.  Doppler 
SpectrumSpectrum
•• Compute Compute 

Doppler spectraDoppler spectra
•• Understand zeroUnderstand zero--

padding and padding and 
windowingwindowing

http://arrc.ou.edu/modules

3.  Time Series & 
Power
3.  Time Series & 3.  Time Series & 
PowerPower

•• Learn about I & Learn about I & 
Q data and how Q data and how 
to compute the to compute the 
power and power and 
Doppler velocity.Doppler velocity.

http://arrc.ou.edu/modules



4. Visualization of 
WX data
4. Visualization of 4. Visualization of 
WX dataWX data
•• Learn about Learn about 

WeatherScopeWeatherScope and and 
the NCDC Java the NCDC Java 
ViewerViewer

•• Plot WX data at Plot WX data at 
specific locationsspecific locations

http://arrc.ou.edu/modules

5.  Intermods5.  5.  IntermodsIntermods

•• Learn about Learn about 
compressive amplifierscompressive amplifiers

•• Compute location and Compute location and 
strength of strength of 
intermodulationintermodulation
productsproducts

•• Use measured lab Use measured lab 
datadata

http://arrc.ou.edu/modules



6.  Reflectivity & 
Statistical 
Properties

6.  Reflectivity & 6.  Reflectivity & 
Statistical Statistical 
PropertiesProperties
•• The radar equation The radar equation 

and reflectivity factorand reflectivity factor
•• Simple rainfall Simple rainfall 

estimatesestimates
•• Correlation sequences Correlation sequences 

and and PDFsPDFs. . 

http://arrc.ou.edu/modules

7.  NN for Tornado 
Detection
7.  NN for Tornado 7.  NN for Tornado 
DetectionDetection

•• Learn about the Learn about the 
LMS algorithm LMS algorithm 
and neural and neural 
networksnetworks

•• Network design Network design 
via Matlab via Matlab 
toolboxtoolbox

•• Tornado Tornado 
detectiondetection

http://arrc.ou.edu/modules



8. Scattering RCS8. Scattering RCS8. Scattering RCS

•• Learn about Learn about 
radio wave radio wave 
scattering, scattering, 
absorption, and absorption, and 
WX radar cross WX radar cross 
sections.sections.

•• Rayleigh and Mie Rayleigh and Mie 
regimes regimes 

http://arrc.ou.edu/modules

9.  Z-R 
Relationships
9.  Z9.  Z--R R 
RelationshipsRelationships

•• Learn about Learn about 
single parameter single parameter 
rainfall rainfall 
estimationestimation

•• ZZ--R relationships R relationships 
for different for different 
regionsregions

•• Comparison to Comparison to 
ground truthground truth

http://arrc.ou.edu/modules



10.  Supercell 
Signatures
10.  Supercell 10.  Supercell 
SignaturesSignatures
•• WeatherScopeWeatherScope

and the NCDC and the NCDC 
Java ViewerJava Viewer

•• Hail, heavy rain Hail, heavy rain 
and radar and radar 
reflectivitiesreflectivities

http://arrc.ou.edu/modules

11. Patch 
Antennas
11. Patch 11. Patch 
AntennasAntennas

•• Learn about Learn about 
patch antennaspatch antennas

•• Plot antenna Plot antenna 
patternspatterns

•• Study chamber Study chamber 
datadata

http://arrc.ou.edu/modules



12. Data 
Compression
12. Data 12. Data 
CompressionCompression
•• Learn about Learn about 

compression techniquescompression techniques
•• Importance of Importance of 

compressing WSRcompressing WSR--88D 88D 
datadata

•• Various forms of preVarious forms of pre--
processing are studiedprocessing are studied

http://arrc.ou.edu/modules

13.  DBF13.  DBF13.  DBF

•• Learn about Learn about 
digital digital 
beamformingbeamforming

•• Digital, complex Digital, complex 
coefficient design coefficient design 
for beam for beam 
formation.formation.

http://arrc.ou.edu/modules



14. Signal 
Modeling
14. Signal 14. Signal 
ModelingModeling
•• For level I dataFor level I data
•• AR modelingAR modeling
•• PSD is based on PSD is based on 

the AR modelthe AR model
•• Use the KF to Use the KF to 

adaptively yield adaptively yield 
more accurate more accurate 
estimates of the estimates of the 
model. model. 

http://arrc.ou.edu/modules

15. Adaptive, 
Temporal Clutter 
Filtering

15. Adaptive, 15. Adaptive, 
Temporal Clutter Temporal Clutter 
FilteringFiltering
•• Discussion of adaptive Discussion of adaptive 

noise cancellation noise cancellation 
architecturesarchitectures

•• LMS and RLS LMS and RLS 
algorithmsalgorithms

•• Leverage differences Leverage differences 
in autocorrelation in autocorrelation 
sequencessequences

http://arrc.ou.edu/modules



16. Polarimetric
Radar Variables
16. 16. PolarimetricPolarimetric
Radar VariablesRadar Variables
•• Reflectivity, differential Reflectivity, differential 

reflectivity, specific reflectivity, specific 
attenuation, differential attenuation, differential 
specific attenuation, specific attenuation, 
specific differential phasespecific differential phase

•• Measured Measured DSDsDSDs
•• TT--matrix calculation matrix calculation 
•• Hydrometer classification Hydrometer classification 
•• Microphysics retrievalMicrophysics retrieval

http://arrc.ou.edu/modules

17. F-Factor17. F17. F--FactorFactor

•• Learn about how Learn about how 
to compute the to compute the 
FF--FactorFactor

•• Importance of Importance of 
wind shearwind shear

•• Compute hazard Compute hazard 
mapmap

http://arrc.ou.edu/modules



Module AssessmentModule AssessmentModule Assessment

•• For all of the modules, a For all of the modules, a 
standard onestandard one--page page 
assessment tool has been assessment tool has been 
prepared. It was prepared prepared. It was prepared 
via three principles: via three principles: 

•• a.) with compliance and annual a.) with compliance and annual 
oversight by oversight by OUOU’’ss Institutional Institutional 
Review Board (IRB); Review Board (IRB); 

•• b.) to be relatively simple so b.) to be relatively simple so 
that a standard instrument that a standard instrument 
could be implemented for all of could be implemented for all of 
the modules; and the modules; and 

•• c.) under guidance by the c.) under guidance by the 
teamteam’’s external assessment s external assessment 
specialist.specialist.
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Atmospheric Radar Research CenterAtmospheric Radar Research CenterAtmospheric Radar Research Center

2009 Unidata Users Workshop

Based on a foundation of interdisciplinary education

From OU to CanadaFrom OU to CanadaFrom OU to Canada
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MST12 Radar School
University of Western Ontario
London, Canada

MST12 Radar SchoolMST12 Radar School
University of Western OntarioUniversity of Western Ontario
London, CanadaLondon, Canada

May 12-16
2009 

Building a Radar !!Building a Radar !!Building a Radar !!



Visiting a Radar Site

O-QNet

Analyzing the Radar DataAnalyzing the Radar DataAnalyzing the Radar Data



Bringing It All TogetherBringing It All TogetherBringing It All Together

Meteor Echo Observed Using the “School Radar”

Build a RadarBuild a RadarBuild a Radar

•• What was your impression of the radar building exercise?What was your impression of the radar building exercise?
•• ““Brilliant.  Helps to show to a theoretical guy itBrilliant.  Helps to show to a theoretical guy it’’s not such a big deal s not such a big deal 

getting your hands getting your hands ‘‘dirtydirty’”’”
•• ““Best part of conferenceBest part of conference””
•• ““I was amazed how well it worked I was amazed how well it worked –– good fun.good fun.””
•• ““This was an excellent idea.  I learned a lot and had funThis was an excellent idea.  I learned a lot and had fun””



Visit a Radar SiteVisit a Radar SiteVisit a Radar Site

•• Did you find the radar visits useful / informative?Did you find the radar visits useful / informative?
•• ““It was the first radar I had seenIt was the first radar I had seen””
•• ““This is one of the main reasons I enrolled.This is one of the main reasons I enrolled.””
•• ““Yes. It was also nice to get out of the lecture theatre and see Yes. It was also nice to get out of the lecture theatre and see some of some of 

CanadaCanada””
•• ““Meteor radar visit was very useful, informative and gave me an Meteor radar visit was very useful, informative and gave me an 

understanding of where I get my data.  Really enjoyed itunderstanding of where I get my data.  Really enjoyed it””

Most enjoyed / helpful Most enjoyed / helpful Most enjoyed / helpful 

•• What did you enjoy most / find most helpful?What did you enjoy most / find most helpful?
•• ““The diversity of fields and speakers helped me to get the big piThe diversity of fields and speakers helped me to get the big picture.cture.””
•• ““Dedication and energy of Prof. HockingDedication and energy of Prof. Hocking””
•• ““Interacting with so many learned and experienced teachers and Interacting with so many learned and experienced teachers and 

students from the field from all over the world made it a very ustudents from the field from all over the world made it a very unique nique 
experience. I am impressed by the enthusiasm and motivation of texperience. I am impressed by the enthusiasm and motivation of the he 
teachers in the school.teachers in the school.””

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



Overall impressionsOverall impressionsOverall impressions

•• What is you overall impression of the school?What is you overall impression of the school?
•• ““If you are working or planning to work with radars this school iIf you are working or planning to work with radars this school is a must s a must 

have.have.””
•• ““Absolutely brilliant would definitely go again.Absolutely brilliant would definitely go again.””
•• ““Quite useful it is nice to be able to discuss topics with studenQuite useful it is nice to be able to discuss topics with students from ts from 

different research groups and backgrounds.different research groups and backgrounds.””
•• ““Great atmosphere, putting all these people together, learning a Great atmosphere, putting all these people together, learning a lot lot 

about each others fields. A big about each others fields. A big ““thank youthank you”” to the organizers for running to the organizers for running 
this so smoothly and for the vast amounts of time you invested tthis so smoothly and for the vast amounts of time you invested to make o make 
this pay off big time.this pay off big time.””

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

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


