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/ÕÒ -ÉÓÓÉÏÎ 
The TECHLAV Center  is (1) 
addressing fundamental problems in 
mo de l i ng ,  a n a l y s i s ,  co n t r o l , 
coordination, test and evaluation of 
autonomous systems (2) serves as a 
national resource in education and 
research in Autonomy, (3) provides 
outreach services in autonomy related 
areas, and (4) fosters linkages among 
national institutions of higher 
education, government agencies and 
private companies (5) commercializes 
TECHLAV technologies for the benefit 
of the national economy. 

 

/ÕÒ 6ÉÓÉÏÎ 
The TECHLAV Center will serve as a 
recognized national leader in control 
and autonomy to develop tools, 
techniques, and algorithms for 
mode l l i ng ,  ana lys i s ,  con t ro l , 
coordination, testing, evaluation of 
large scale systems of autonomous 
vehicles, and to provide advanced 
education in autonomy related areas.  

The TECHLAV Center is a Center of Excellence in 
Autonomy, led by Dr. Abdollah Homaifar at N.C. 
A&T and funded by the Department of Defense. The 
Center is comprised of a strong multi -disciplinary 
team and synergizes expertise in Control, 
Communication, and Human Cognition from N.C. 
A&T and its collaborator, the University of Texas San 
Antonio (UTSA). The Center also partners with the 
Southwestern Indian Polytechnic Institute (SIPI) to 
provide and promote education, outreach activities, 
and curriculum development to a larger Native 
American community.  

The research activities are addressing two 
fundamental grand challenges: 
1) Teaming and Cooperative Control of Large-scale 
Autonomous Systems of Vehicles (LSASVs) 
integrated with human operators, and 2) Testing, 
Evaluation, Validation, and Verification of LSASVs.  

 

These challenges are met through three interleaved 
research thrusts: 
ω Thrust 1: Modeling, Analysis and Control of 
LSASVs 

ω Thrust 2: Resilient Control & 
Communication of LSASVs 
ω Thrust 3: Testing, Evaluations and 
Verification of Large -scale 
Autonomous Vehicles (TEVLAV)  
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Demonstration, Implementation 
and Integration (DII) - Test and 
validate the performance of the de-
veloped tools and protocols in real 
world scenarios. 

 



¶ A fuzzy -logic based application placement 
controller that determines where an 
application should be placed in the cloud -
edge-end model was implemented. There 
was success in minimizing the overall loop 
delay, though there is room for 
improvement. Scenarios from the cruise 
ship disaster were changed to a swarm of 
UAV sensors operating under a consensus 
paradigm. This scenario was selected due 
to its ability to test the validity of a cloud -
edge-end model, where a speed layer 
could use the aforementioned application 
placement controller so as to minimize the 
total delay of its applications. Despite the 
advancements above, the impact of 
network uncertainties on control of 
LSASVs is not negligible, and as such, we 
are exploring the effectiveness of a cloud-
based, nonlinear model predictive control 
algorithm to mitigate the effects of said 
non-idealities. In our implementation, we 
have begun discussion with the Cloud Lab 
for Engineering Application Research 
(CLEAR) to have permission to access to 
their OpenStack Cluster to circumvent the 
implicit and explicit costs of implementing 
it ourselves. 

¶ In control engineering, even if task 
planning and path planning are widely 
studied areas, most existing methods are 
not applicable to non-holomonic systems. 
We are addressing this challenge by 
modelling a non -holominic system as a 
unicycle to generate appropriate control 
signals so as to guide the system to the 
desired goal. In this particular work, we 
provided the problem formulation for a 
system to accomplish a set of global tasks. 

 

ǘƘǊǳǎǘ м IƛƎƘƭƛƎƘǘǎ 
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Thrust 1 led by Dr. Mo Jamshidi at UTSA, 
develops scalable methodologies to improve 
modeling, analysis, localization, navigation, and 
control of Large-scale Autonomous Systems of 
Vehicles (LSASVs). The highlights of this quarter 
are listed as follows: 

¶ Improvements to the multi -vehicle mapping 
testbed were made in the localization, 
coordination and image processing capabilities. 
Localization of multiple vehicles was obtained 
by careful calibration of modeled coordinate 
transforms on the master vehicle which is the 
signal positioning source. Coordination of multi
-vehicle motion is enabled through use of ROS 
coordinate transform listeners, where each 
vehicle in the network has access to system-
wide positioning information on other agents. 
A test of system-wide image processing 
capabilities was performed onboard the master 
vehicle with six mapping agents using YOLOv3 
on seven image streams.
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ǘƘǊǳǎǘ н IƛƎƘƭƛƎƘǘǎ 
Thrust 2, led by Dr. Ali Karimoddini at N.C. 
A&T , develops systematic techniques, tools, and 
algorithms to enhance the reliability and efficacy of 
the control structure and the communication 
backbone for Large-scale Autonomous Systems of 
Vehicles (LSASVs) integrated with human 
operators in dynamic and uncertain environments 
such as the battlefield. The highlights of this 
quarter are listed as follows: 
 
¶ Despite uncertainties in information provided 

regarding the initial conditions of the system, 
an algorithmic approach for constructing a 
semi-asynchronous diagnoser to detect faults 
has successfully been developed. The benefit of 
this method is that it does not require the 
running system under diagnosis to be restarted 
in order to synchronize the diagnoser. This 
quarter we derived the conditions to realize the 
semi-asynchronous disposability via 
synchronous disposability and vice versa. 

¶ After proving that the fault diagnostic deep 
neural network as well as the fuzzy logic 
controller were individually performing as 
expected, further tests were performed to verify 
the accuracy of fault detection and 
compensation system as a whole. This was 
done by collecting a validation set of data 
which was then used to measure the 
probability of the system executing the 
required action.  

¶ When satisfactory evaluation of the fault 
detection and compensation system was 
completed, different fault anomalies were 
inspected. Specifically, the anomalies of interest 
were cyber-security anomalies that could 
potentially cause catastrophic failure to a 
system of systems paradigm. A centralized 
formation control experiment was created 
where each agent in the system depends on the 
consistent and secure transmission of data.  

¶ Delay in a directional D2D communication 
stems from two main components, namely, 
peer association and beamwidth selection. 
The delay minimization problem is modeled 
as an NP-hard optimization problem, which 
is complicated and requires high 
computational power to solve, which is not 
available in D2D communication. We 
attempted to solve the optimization problem 
by decomposing it into two separate 
problems. A matching game framework is 
proposed for solving the D2D peer 
association problem in a distributed manner. 
In addition, since the matching cannot be 
solved using classical approaches (due to the 
externalities), we proposed a novel 
algorithm that enables users to select and 
pair with their optimal pair to maximize 
network data transfer rate.  

¶ A neural network -based control is combined 
with an adaptive law, which is called the 
modified MIT (Massachusetts Institute of 
Technology) rule, to make the plant output 
robustly follow the output of the reference 
model even with unexpected disturbances. 
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ǘƘǊǳǎǘ о IƛƎƘƭƛƎƘǘǎ 
Thrust 3 led by Dr. Younho Seong at N.C. A&T , 

provides technologies and tools for testing, 
evaluation, validation, and verification of 
heterogeneous Large-scale Autonomous Systems of 
Vehicles (LSASV). The highlights of this quarter are 
listed as follows: 
 
¶ A major goal in automatic deployment and 

control of swarm of robots is to be able to specify 
a task in a high-level, expressive language and 
have the robots automatically convert the 
specification into a set of low-level primitives, 
such as motion controllers and deployment 
strategies, to accomplish the task. An expressive, 
high-level, human-like specification language 
allows for temporal and logical statements about 
satisfaction of the properties of interest. 

¶ The deployment strategies and approaches used 
to determine the number of groups needed to 
accomplish the task(s), the number of robot in 
each group, the initial location of each group and 
the initial location of every member robots in 
each group are some of examples of low-level 
primitives. Accordingly, we formulated the 
problem definition, strategies, and approaches 
for a verified deployment of a swarm of robots to 
execute tasks given by Linear Temporal Logic 
formulas.  

¶ In the earlier period, an evidence-based 
multisensory data fusion was proposed to 
address the problem of uncertainty in target 
classification with every attribute of the observed 
target considered a source of evidence to induce a 
belief function. It becomes imperative to devise a 
strategy to reduce the number of variables. In this 
reporting period, we proposed a new variable/
feature selection method based on the average 
pairwise discordance index (APDI) and 
demonstrated its effectiveness using nearest 
neighbors and decision trees on both the real-
world datasets as well as a synthetically 
generated dataset. 

¶  In an attempt to lay out ways to quantify 
trust in autonomous systems, an extensive 
literature review on the subject was carried 
out. This included research results with re-
gard to trust in human machine interaction, 
self-driving cars, and autopilot systems. 
The revision has also helped identify fac-
tors affecting such trust with respect to the 
human operator, the machines and the en-
vironment.  

¶ The robustness of previously developed 
perception inference engine (PIE) was ana-
lyzed by introducing noise in sensor meas-
urement and developed an ambiguous sce-
nario to test the performance of PIE. Two 
machine learning techniques were com-
pared with decision tree algorithms.  

¶ We performed a literature review regard-
ing user interfaces for remote operations of 
swarms of unmanned vehicles; found pos-
sible modes of communication for interfac-
es and concepts to support human needs to 
promote mission success. 



ƘƛƎƘƭƛƎƘǘ 9ŘǳŎŀǝƻƴ ŀƴŘ hǳǘǊŜŀŎƘ 
TECHLAV promotes a diverse, productive, and prepared workforce with more STEM graduates. The 
Center will strengthen planned academic programs at N.C. A&T, and will increase multidisciplinary and 
cross-listed courses across these three campuses. The Education and Outreach component is led by Dr. 
John C. Kelly at N.C. A&T and Mrs. Dorothy Wester at SIPI.  
 
¶ Organized bi -weekly seminar series for faculty and students at N.C. A&T, UTSA and SIPI to present, 

share ideas and update one another on the progress of the respective tasks. The details can be found 
on the TECHLAV Website at the following URL address: http://techlav.ncat.edu/seminars.html.  

 
¶ During this period, research assistantships were provided to 21 PhD and 8 Master students, as well as 

16 undergraduate students at N.C. A&T, UTSA, and SIPI. These students, in collaboration with their 
respective faculty advisors are involved in various research tasks and testbed preparations. 

 
¶ A paper entitled: "Device -to-Device Communication in Millimeter -Wave Band: Impact of Beam 

Alignment Error" was selected as the most outstanding paper accepted and presented in the 2019 
Wireless Telecommunications Symposium (WTS) conference. Authors: Ms. Niloofar Bahadori and 
Mr. Nima Namvar (N.C. A&T PhD students), Drs. Brian Kelley and Abdollah Homaifar.  

 
¶ A team from the College of Engineering at N.C. A&T, the Aggies Autonomous Auto (A3) team, led 

by Dr. Ali Karimoddini and partially supported by TECHLAV, celebrated a great achievement in the 
Autodrive Challenge. Organized by SAE International and General Motors, the Autodrive Challenge 
is a three-year competition to develop and demonstrate a fully autonomous passenger vehicles.  The 
technical goal of the competition is to navigate an urban driving course in an automated driving 
mode as described by SAE Standard (J3016) level 4 definition by year three. Through this competition, 
GM provided N.C. A&T team with a Chevrolet Bolt EV as the vehicle platform. Strategic partners and 
suppliers such as Intel provided the team the vehicle parts and software. In this competition, the A3 

team placed second across North America , staying above Virginia Tech, Michigan Tech, Michigan 
State, Texas A&M, Waterloo and Ketter-
ing.   

 
¶ In addition to the second place in overall 

ranking, the A3 Autodrive team placed 
2nd in the following dynamic challenges:  
Traffic Control Sign; Intersection Chal-
lenge; Mcity Challenge; and placed 3rd in 
the Pedestrian Challenge. The team was 
also placed 3rd in the Mapping Challenge 
and Cost Effective Design Challenge. 
From the  TECHLAV team, the students 
Kenneth Lindsay, Wendell Bates, Karreem 
Hogan, Tadewos Getahun Tadewos, and 
Solomon Genene Gudeta, and the faculty 
advisors Drs. Sun Yi and Younho Seong 
participated in this Challenge.  
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