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Welcome ITEA family 
and friends! I hope you 
are healthy and enjoy-
ing the holiday season. 

We just completed a full year of outstanding 
ITEA Workshops, including an excellent 
annual Symposium. I could not be more 
pleased with the excitement and attendance 
at these events. I am extremely grateful to 
ELK Management Group and all our volun-
teers for making this year so successful! 

Since the writing of September’s President’s corner, 
we held our 39th International Test and Evaluation 
Symposium in Virginia Beach, Virginia on September 
27th-30th with a theme of “Forging the 21st Century 
T&E Tools in an Era of Great Power Competition.” This 
event was hosted by the ITEA Hampton Roads Chapter. 
The Symposium was highlighted by many prominent 
speakers in the Test and Evaluation (T&E) community. 
The audience was thrilled to have a joint panel between 
Test Resource Management Center (TRMC) and Depart-
ment of Homeland Security (DHS) on Critical and 
Emerging Technologies that was co-facilitated by George 
Rumford (SES), Director (acting), TRMC and Daniel 
Cotter (SES), Executive Director, Office of Science and 
Engineering, Science and Technology Directorate, DHS. 
The Symposium concluded with a US Coast Guard Sta-
tion & Cutter tour hosted by DHS. If you were able to 
brave the hurricane, it was well worth attending. 

I especially want to thank the Symposium Chair, 
Erwin Sabile, the committee chairs, and all the volun-
teers who helped make this year’s Symposium success-
ful. I was particularly impressed by how Erwin treated 
all the presenters and T&E audience as family and 
friends. His warm introductions and his summaries of 
speaker comments throughout the Symposium were 
done to perfection. 

Our final ITEA event for 2022 was the 8th Cyber-
security Workshop in Destin, Florida held on October 
18th-20th with a theme of “New Domains in Cybersecu-
rity T&E.” This event was hosted by the ITEA Emerald 
Coast Chapter which has successfully hosted past 
Cybersecurity workshops. The Program Chair was 
Shelby Pearce, who was the recipient of the 2022 ITEA 
Energizer award; and together with the Technical Chair, 
Andy Overbay, made a great team resulting in another 
outstanding workshop. The seven-phased, hands-on 

Red Team and Blue Team laboratory exercise 
was especially popular with the workshop 
attendees. I would like to thank the chairs, 
all committee members, and the numerous 
volunteers who, once again, made this event 
so successful! 

ITEA continues to provide outstanding 
educational courses to Test Ranges and T&E 
organizations, such as The Fundamentals of 
T&E Course offered by Matt Reynolds and 

Larry Damman. These two gentlemen have been teaching 
this class for many years each time, they receive applause 
from their students — most recently from Naval Surface 
Warfare Center, Pt Hueneme. These students were lucky 
to hear such expertise from these two masters.  

In addition, the Lunch and Learn Series schedule 
grew monthly and we are most thankful to our speakers 
and their diverse topics. These presentations greatly 
contribute to our overall education mission. Please 
check the ITEA website for details. 

The ITEA 2023 calendar will begin in late January 
with a Systems Engineering joint conference with the 
Directed Energy Professional Society in Albuquerque, 
New Mexico. The spring and summer calendar will 
include our annual Test Instrumentation and Multi-
Domain Operations workshops. We will close out the 
year with a celebration at our 40th ITEA Annual T&E 
Symposium in December. More information can be 
found on the ITEA website. 

We just completed elections for new and renewing 
Directors on the ITEA Board of Directors. This election 
included three-year elected positions and  a one-year 
appointed position. It is with great honor and appreci-
ation that we welcome our newly elected and 
appointed ITEA Board of Directors for 2023: Van 
 Sullivan, Robin Poston, Ph.D., Malcomn Tutty, Ph.D., 
and  Keith Joiner, Ph.D. We also welcome Mark Neice 
to the Senior Advisory Committee. 

As we welcome our newest Board and Senior Advi-
sory Committee members, we must sadly say farewell 
to three departing elected board members who have 
made exceptional contributions to the ITEA organiza-
tion — Peter Crump (Past President), Mark Brown 
(Ways and Mean Chair), and Brian Moore (Corporate 
Membership Chair).  

Our association had a fantastic year, and we remain 
fiscally healthy! We are finalizing our strategic plan and 

Bruce Einfalt



have established a grants committee to seek future 
funding to support T&E interns. The Board also 
approved several bylaw changes in September, one of 
which was to rename the President’s title to Chairman 
and Vice President to Vice Chairman. This means I was 
your last ITEA President and first Chairman of the 
Board. What a great honor! 

Finally, my term as your Chairman for the ITEA 
Board is ending. I have enjoyed my time as your Board 
leader and I am forever grateful for the support of the 
Board, the individual members, and the corporate 
sponsors who have made our association so strong. I 

also want to thank Eileen Redd, Lena Moran, and Kathi 
Swagerty of ELK Management for their strong leader-
ship and unwavering support. I am so glad they are part 
of our association. 

I wish you a great Christmas and holiday season! 
 
Sincerely, 
 
 
 
  
Bruce Einfalt 

Einfalt  
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Issue at a Glance

To close out 2022, we have two 
new additions for our Workforce 
of the Future column. The first 
article comes from a Navreeta 

Singh, Princeton University, who interned 
with Jeremy Werner, Ph.D., at Director 
Operational Test and Evaluation (DOT&E). 
In their article, “Uncertainty Analysis 
Demonstration: A Missile Case Study,” they 
highlight that validation is a key component 
of modeling and simulation (M&S) and role 
uncertainty quantification plays in the validation using 
sample missile test. The second student article comes 
from a team at the Virginia Tech National Security Insti-
tute.  In her internship Cassidy Honea, Virginia Tech 
worked with researchers at VTNSI to develop the article, 
“Synthetic Aperture Radar (SAR): Utilizing Radon 
Image Transformations to Enhance the Detection of 
Ship Wakes.” Erik Higgins, Daniel Sobien, and Justin 
Kauffman, Ph.D., worked with Ms. Honea to conduct 
the research, where they show that using simulated SAR 
that Radon Transformation improves the probability of 
ship wake detection.  

The first technical article on “Chaos Engineering” is 
authored by Jenn Bergstrom, Fellow at Parsons.  

• Abstract: Chaos engineering, developed at Netflix, 
is a new approach for software testing at scale in 
an operational environment. The adoption of 
chaos engineering follows the pattern of other 
now popular public domain applications and 
tools, like Hadoop, TensorFlow, and PyTorch. 
Large tech companies dependent on web traffic 
and distributed software applications for their suc-
cess have developed chaos experiment tools and 
released them to the open-source community. 
Early adopters have created as-a-Service chaos 
tools that are used by companies across multiple 
domains to validate the resiliency of their systems. 

The background and principles of chaos engi-
neering are introduced and demonstrated for 
distributed systems operating in public cloud 
environments. Application to other domains, 
such as security, personnel, and to organiza-
tions, is also described. 

In the second technical article, Michael 
Leite, Test Area Manager, R&D Programs at 
Department of Homeland Security, Science 
and Technology Directorate discusses, “Test-
ing of Research and Development Projects.” 

• Abstract: The conduct and management of testing 
for research and development (R&D) programs 
involves different goals from the test and evalua-
tion (T&E) efforts typically applied within acqui-
sition programs. The Department of Homeland 
Security (DHS) has established a separate testing 
group to work with R&D program managers to 
ensure that testing of their projects is adequate to 
support the transition to acquisition, procure-
ment, or commercialization. 

Our final technical article comes from William 
“Data” Bryant, Ph.D. at Modern Technology Solutions, 
Inc.  and discusses, “Measuring the Measurers: Using 
Test to Validate Cyber Risk Assessments.” 

• Cyber risk assessment processes claim to be able 
to predict the success of cyber-attacks against 
weapon systems and platforms in a range of 
highly contested cyber environments, but what 
evidence do we have that they are more accurate 
than random guesses or tea leaves? Fortunately, 
on systems that are also undergoing cyber test, we 
can leverage this test to validate that the risk 
process is effective by having risk assessors also 
provide predictions on what test cases will be suc-
cessful and comparing the predictions and test 
results. 

Enjoy the issue! 

Laura Freeman, Ph.D.
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Introduction 
Satellite imaging platforms like the TerraSAR-X [1] 

and Sentinel-1a/1b [1] are examples of operating satel-
lites that can offer real-time and large-scale observations 
in maritime environments. Our research focus is on the 
detection of wakes produced by surface ships to aid in 
applications such as ways to combat smuggling and 
sanction avoidance. It is extremely beneficial if the satel-
lite is also SAR capable, meaning that it can filter 
through frequencies to pick up on ship wakes that are 
impossible to observe with the naked eye. 

According to Capella Space, Synthetic Aperture Radar 
(SAR) is a way of creating an image using radio waves 
[2]. SAR is a candidate for remote sensing since the 
environmental conditions of the atmosphere do not 
affect the data return. Conditions such as time of day, 
clouds, or even smoke do not impact images generated 

from SAR. There are different bands of SAR that are 
dependent on the wavelengths of the waves sent from 
the sensor. The primary bands utilized in SAR are in the 
radio and microwave portions of the electromagnetic 
spectrum (see Figure 1). SAR bands from lowest fre-
quency to highest respectfully include P-Band, L-Band, 
S-Band, C-Band, and X-Band [3]. Table 1 shows the 
range of frequencies and wavelengths for each band. 

Most wakes that are easily detectable in SAR images 
are made by larger boats traveling on a linear path. Hav-
ing a linear trajectory allows the characteristics of a 
wake to be more distinguishable in SAR imagery by 
highlighting the crests and troughs of waves through 
the expression of grayscale lines on the image. 

Ship wakes on the sea surface can be easily obscured 
by wind waves on the surface, tidal currents, bottom 
topography, and other phenomena [4]. These obstacles 
can make it difficult to determine whether a wake is 

~ WORKFORCE OF THE FUTURE: STUDENT ARTICLE ~

Synthetic Aperture Radar: Utilizing Radon  
Image  Transformations to Enhance the Detection  

of Ship Wakes 
 

Cassidy Honea 
Erik Higgins 

Virginia Tech, Blacksburg, VA 
 

Daniel Sobien 
Justin Kauffman, Ph.D. 

National Security Institute, Virginia Tech, Arlington, VA 
 

The output images from Synthetic Aperture Radar (SAR) simulations, highlighting surface ship 
wakes, are fed into a common image transformation to detect and enhance wakes that are present 
in the images. The image processing technique utilized in this work is the Radon Transform, 
commonly used in the medical field. Its corresponding inverse are used to obtain enhanced images. 
The goal of the Radon Transform is to detect “pixels of importance” and enhance the images 
overall. Results from using the Radon Transform and Inverse Radon Transform show that on 
simulated L-Band SAR images the enhanced images enable easier detection of a wake within the 
image compared to those without this processing step. 
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 portion of the image where we performed the radon 
transform to produce a sinogram as shown in Figure 2b. 

 
Methodology 

We demonstrate the Radon Transform and its 
inverse on synthetically generated L-band images, 
details on how these images are generated can be found 
in [9] and [10]. Passing these images through these two 
transforms enable us to filter the image and reevaluate 
the resulting image in terms of a wake being present or 
not. We first took a synthetic image with a “clear wake” 
and performed the Radon Transform to analyze the 
sinogram, the output image from the Radon Transform 
[11], and then identify how the ship wake is represented 
within the sinogram. The detection of a ship wake 
within the sinogram could reduce the processing time 
in half if we are able to accurately identify a wake. We 
then performed the Inverse Radon Transform, which 
includes filtering, to demonstrate the noise reduction 
have a sense of the resulting output image through the 
entire image processing pipeline. Once we were familiar 
with the pipeline and how to identify ship wakes in the 
sinogram we repeated the procedure with images that 
were originally labeled as “no wake” or “half wake.” 
Once we obtained all the resulting images, we com-
pared the original images to the enhanced images to see 
if any of the results changed and if they need to be 
moved to a different category (i.e., move an image 
labeled “half wake” to “clear wake”). 

 
Results 

Figure 3 shows all three steps of our methodology 
used on the image subsets within the L-Band Head Seas 
Case, where the waves are moving against the direction 

of motion for the ship. From each group, you can see a 
difference from the far-left columns to the right 
columns. This is caused by Forward Back Projection 
(FBP) within the Inverse Radon Transform where the 
original image undergoes some noise reduction, result-
ing in the same image but with a higher resolution and 
enhanced features. Descriptions of the SAR platform 
parameters that were varied are defined on the left most 
portion of Figure 3. 

Figure 3a, labeled “clear wake,” shows the syntheti-
cally produced full turbulent wake. Turbulent wakes 
appear on the surface of the water for a longer period 
due to their effect on surface roughness. Figures 3b and 
3c are the resulting sinogram and denoised image from 
the Radon Transform and Inverse Radon Transform, 
respectively. The wake appears smoother for a longer 
period compared to shorter waves propagating because 
their phase velocity is slower than that of long (turbu-
lent) waves [12]. Figure 3d, labeled “half wake,” shows 
a similar synthetically produced turbulent wake with 
some energy loss after some time. Figures 3e and 3f are 
the resulting sinogram and denoised image from the 
Radon Transform and Inverse Radon Transform, respec-
tively. Over time, the energy in the waves of water settle 
down, making the amplitude of the wave decrease. The 
water is only stagnant again once all the induced tur-
bulence from the ship has died down, leading us into 
Figure 3g: “no wake.” Figures 3h and 3i are the resulting 
sinogram and denoised image from the Radon Trans-
form and Inverse Radon Transform, respectively.  

It can be observed that as the parameters of the SAR 
platform change, the resulting synthetic wake changes 
as well. Noise in the original image can impact positive 
identification of a ship wake, leading to a designation 

Synthetic Aperture Radar: Utilizing Radon Image  Transformations to Enhance the Detection of Ship Wakes 

Figure 2: COSMO-SkyMed SAR image (a) where the Radon Transform is preformed on the section outlined in red. The wake is 
lined in yellow which can be seen in the sinogram (b). [8]. 

(a) (b)
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Background 
Validation is a key component of modeling and sim-

ulation (M&S). Rigorous validation requires quantifica-
tion of the uncertainty between live data and simulation 
output. The following demonstration supposes that we 
have data from a live-fire missile explosion test and sim-
ulated explosions [1]. A statistical analysis determines 
the extent to which the data and simulation agree. 

 
Primer on Uncertainty 

Uncertainty quantification estimates the extent to 
which a quantity, as measured, may differ from its 
actual value. The uncertainties themselves arise from 
limitations in measurements or M&S and can be cate-
gorized as statistical or systematic. Figure 1 below high-
lights the differences between the two. 

Statistical uncertainty arises from stochastic effects 
(probabilistic effects that occur by chance) in a meas-
urement process and is an estimate of imprecision. As 
the cause is random, statistical uncertainty may be 
reduced by accumulating more samples, and it 
approaches zero as the number of samples goes to infin-
ity. Take determining the mean weight of a basketball 

approved for NBA games as an example. Weighing 
1,000 different balls and then calculating the mean 
would yield a measurement with a much smaller sta-
tistical uncertainty than weighing only 10 balls.   

On the other hand, systematic uncertainty is due to 
unknown but constant errors in measurement or M&S, 
which makes it independent of the number of samples. 
A systematic uncertainty estimates inaccuracy, and cal-
ibration error is a common source. If the scale used to 
measure the weight of the basketballs was calibrated 
only to a tolerance of 10 grams, then the systematic 
error in the mean weight of the basketballs will always 
be 10 grams, no matter the number of samples. 

 
A Case Study [2]  

A model that characterizes a missile’s impact on the 
target can significantly aid design and testing of that 
missile. By depicting the number of fragments that per-
forate the target at a given distance from missile burst, 
the model can predict the amount of damage caused. 
For example, model output can then be used to inform 
a proximity sensor on the missile and help maximize 
area coverage on its target.  

Uncertainty Analysis Demonstration: A Missile  
Case Study 
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Figure 1: Visualization of the Difference Between Statistical and Systematic Uncertainty 


















































































