
FALL 2017 ECE 487 Senior Design Projects 
 

ECE 487 Project 1: Wireless Power Transfer Based on Resonant Inverter 
 
Advisor:  Dr. Yucheng Zhang 
Student Group Members: Eric Gonzalez, Adam Daniels, Cameron Parks, and Alexander Atkinson 
 
Our project is to design a 200-Watt pilot testing system utilizing wireless power transfer, which is based on 
the principle of a resonant inverter. Using this principle makes a wireless power transfer (WPT) system 
more efficient and flexible. The number of different methods available for WPT has been limited in the past 
to a single method which revolves around an inductive, magnetic type coupler, for contactless power 
transfer. Recently, however, a new method for WPT is becoming more popular, one of which applies a 
capacitive, electric field type coupler, for contactless power transfer possible. We will test the potential 
energy efficiency of our capacitive WPT to power an electric load. 

 

Figure 1: Block Diagram of WPT System (source: Journal of Power Electronics 16.5, 2016) 

 

This block diagram in Figure 1 displays a simplified diagram for our Capacitive Power Transfer system, 
with a DC power supply of 20(±5) V, and a Resonant Power Converter on the primary side of the system.  
The Resonant Power Converter changes from DC to AC and is transferred between two capacitive plates to 
the secondary portion of the WPT system.  On the secondary side, a rectifier will change the AC back to 
DC before powering the load.  

The circuit will consist of a primary side used for autonomously mounting a transmitter and secondary side 
containing a rectifier circuit and load. Capacitive plates between them facilitating power transfer. High 
efficiency for our circuit will necessitate the use of soft-switching and resonant circuit technologies, as well 
as an appropriate capacitive plate design. This technology requires multiple circuit components, including 
MOSFETs, inductors and capacitors. After the simulation process determined the high efficiency, we began 
construction of a physical circuit based off the simulated design. The hardware will ultimately be retrofitted 
onto the RC car and charging pad to provide capacitive wireless power to a resistive load. 

Implementing WPT systems based on resonant inverters will allow for more efficient use of power transfer 
techniques. In the near future, electrical systems that might be dangerous or hard to reach will utilize this 
method to deploy remote controlled or autonomous vehicles to reach and wirelessly charge them.  

 



ECE 487 Project 2: Vision Guided Mobile Robot for Automated Surveillance 
 
Advisor:  Dr. Khan Iftekharuddin 
Student Group Members:  Robert Prestridge, Donald Stith, Daniel Sciortino 
 

 
Figure 1-MARCbot IV Robotic Platform 

 

Goal of Project: The goal of this project is to design and implement real-time automated object detection 
and tracking system for the robotic platform MARCbot IV. The capabilities of the robotic platform include 
remote navigation and observation through real-time video feedback from a pan-tilt camera mounted on an 
extendable arm. Currently, the robotic platform has been used to implement limited scale object detection 
and tracking capabilities using its pan-tilt camera. The planned project includes: the development of a 
vision-based navigation system for the MARCbot IV platform, the installation of an algorithm that detects 
and recognizes human face, or objects of special interest, and identification of the object location in the 
visual frame and usage of the location information to send navigation control signals using the 
aforementioned navigation system. 
 
Summary of Progress: Foremost, hardware upgrades were required to facilitate continued operation of the 
2004 produced robot. The wheels were deteriorating, and required replacement. Batteries were showing 
signs of fatigue, and required backup replacement. The digital to analog converter used for remote control 
of the robot movements by the computer showed signs of misuse. Lastly, the Camera installed on the robot 
was upgraded from 0.3 megapixels to 450 TVL. Due to transmission rate of 1.2 GHz, the camera was limited 
to below 525 TVL. Next, we commenced on determining the facial recognition algorithm. Eigenface, 
LBPH, and Fisher were considered for the facial recognition algorithm. Due to the ability to detect a face 
moving within frame, LBPH was chosen for its ability to adjust to the face within the frame. The facial 
recognition algorithm is currently in testing phase with 70% accuracy. The use of LabVIEW to control the 
robot was already present from previous projects, so the group will interface using a soon to be determined 
driving toolbox to interface via UDP and OpenCV libraries to control the robot based on the facial 
recognition algorithm.  
 
Impact: Currently, the United States military uses multiple ground robotic platforms for improvised 
explosive device detection and remote reconnaissance. The use of cheap robotic platforms removes human 
counterparts from the dangers associated with the mission critical roles performed by the robots. The use of 
fully automated robots to identify objects or facial recognition from a pre-determined database will be 
critical toward the continued combat environment. Fully automated robots can potentially increase the 
accuracy of object and facial recognition without putting human lives at risk.  
 
 



ECE 487 Project 3: ZnO Nanorod Gas Sensor Testing System 
 
Faculty Advisor: Dr. Helmut Baumgart, ECE 
Student Group Members: Matthew DeHaven, Zach Kabalan, Rayhana Kabiri, Jeremy Reade, Linyang 
Wang 
 
The purpose of creating a gas sensor testing system is to help detect harmful gases in our environment. Our 
project objective is to design a gas sensor testing system that will be able to test the sensing performance of 
metal oxide gas sensors using Atomic Layer Deposition (ALD). The ALD is combined with the Zinc Oxide 
(ZnO) nanorod structure gas sensor of Ethanol Vapor under various temperature settings. This gas sensor 
testing system will indicate the resistance of ZnO gas sensor and record the resistance change. Additionally, 
will provide control signals to a mass flow controller (MFC) for Ethanol vapor volume control, power to 
the heating belt to maintain the temperature by using a proportional–integral–derivative (PID) method. The 
project is separated into two main tasks: controller design and the testing hardware design. The controller 
design contains controller hardware setup that will be using LabVIEW graphic design software. Hardware 
design will contain the setup of a reaction chamber and Ethanol vapor generator. 
 

 
          (a)                   (b) 

Figure 1 a) Schematic of ZnO Sensor Testing        b) Schematic of ZnO Sensor Testing Circuit 

 
The two parts are integrated, controller and hardware, to create the gas testing system. In figure 1 part a, 
shows the mechanism of the testing system that has to indicate the resistance changes of the ZnO nanorod 
structure gas sensor after exposure to the Ethanol vapors. Also, the voltage response of the ZnO gas sensor 
needs to be detected that is shown in the circuit in figure 1 b. The hardware that will be utilized for this 
project includes an MFC, a four-channel analog input module, a four-channel voltage output module, a 
multi-function input/output module, eight-channel digital output modules, and a fiberglass tube. These 
components will be used to test the efficiency of the gas sensor. 
 
 
  



ECE 487 Project 4: Perovskite Photodectors 
 
Faculty Advisor: Dr. Gon Namkoong 
Student Group Members: Bandy, Brandon; French, Devaunte; Ghadiri, Padideh; Kriparos, Daniel; 
Olson, Patrick 
 
The experiment that our group is working on is to increase the efficiency of perovskite photodectors. A 
photodector is a device that can convert light into electricity. Photodectors have many important applications 
that people use every day without knowing. A few of these applications are automatic opening doors, remote 
controls and communications. A perovskite is a material that has a certain type of crystal formation. 
Perovskite materials have shown promising because they are cheap, easy to produce and the material is 
overall flexible which can make it easier to apply it to things. Using these materials together we hope to 
achieve a higher efficiency in converting light into electricity. The perovskite material has a long grain 
crystal structure that the material to absorb more light. If we can absorb more light, then the photodector 
can convert more of that light into electricity.  
 
The project has many real-world applications but none may be bigger than to use this design with solar cells. 
If this material can continue to increase in efficiency, then it can be applied to make solar cell more efficient. 
They could increase the amount of electricity that a solar cell could create reducing power consumption 
from power plants that use fossil fuel. Which would reduce our pollution of carbon dioxide into the 
atmosphere. This also could reduce the amount of money a costumer spends on their power bill. 
 
This research is being conducted at Old Dominion University in Norfolk, Virginia and at Jefferson Lab in 
Newport News, Virginia. The research will follow the safety guidelines provided both by ODU and 
Jefferson Lab. The United States military has given a grant of $1500 to help accelerate the research. They 
are also interested in the many different applications that this technology could be used for.  
 

 
 Figure 1: Perovskite Structure    Figure 2: Solar Cell Circuit 

 
 
 

 
 



ECE 487 Project 5: LiCoO2 Thin Film Battery 
 
Advisor: Dr. Hani Elsayed-Ali 
Student Group Members: Ibrahim Alamir, Bryan Brevard, Shaher El Ramma, Kimberly Woods 
 

 
 
This semester, our design team is designing and fabricating a LiCoO2 thin film battery. The method for 
material deposition on the cathode will be spray coating. For an aqueous solution we will use LiPF6 which 
can be obtained from multiple manufacturers already in a suspension for use in spray coating techniques. 
The non-aqueous solution would be to use magnetron sputtering of a LIPON solution, but this method is 
almost 5 times more costly than the aqueous solution. The anode is made from functionalized nanotubes in 
a suspension using spray coating method. The metals chosen are copper and aluminum, for cathode and 
anode, respectively. The actually design only uses aluminum for the first prototype, and will use copper foil 
for the second prototype. 
 
The battery will be tested using an electrochemical station. There will also be a custom holder for the plates 
of the battery to ensure proper conduction and isolation. The holder will most likely be made of Teflon with 
plastic screws. 
 
Once the testing is complete the second prototype will be built and the result will be compared to ensure it 
has better power capacity than the previous model.   
  



ECE 487 Project 6: Spectrum Agile Wireless Communications 
 
Faculty Advisor: Dr. Chunsheng Xin ECE 
Student Group Members: Benjamin Zeke Chancey (EE), Jonathan Rigney (CE), Jason Jameson 
(EE/CpE); Patrik Harden (EE) 
 
The ever-growing popularization of wireless communications has created such a demand on wireless 
technology that current methods of wireless networking will not likely be able to withstand much more 
expansion. With everyone using personal laptops and tablets and cell phones and wearable technology that 
all utilize WiFi networks, these networks are beginning to drown each other out.  The purpose of our design 
project will be to develop spectrum agile communications for WiFi networks so that they may be more 
efficiently utilized. Our design process will incorporate two main phases.  
 
Phase one is to create a bandwidth agile signal to transmit out over a WiFi network. This will require 
modification within the communication channel to alter the bandwidth.  Current standards for WiFi, have 
channels set at a specified bandwidth of 22 MHz per channel. To allow room for more users, these channels 
can overlap. However, problems can occur when this happens, such as loss of signal, and therefore, loss of 
data or extra, undesirable signals, called noise. Our goal for phase one is to configure the signal to be capable 
of shrinking to 11MHz if more channels are needed, or expanding to 44 MHz if there is less traffic.  
Ultimately, expanding our available bandwidth for low traffic; and shrinking it for high traffic is key. This 
would reduce the likelihood of noise or of losing data across overlapped signals and would give users a 
much faster connection when user traffic is low. Once this goal has been accomplished, we will take it a 
step farther and attempt to expand our signal to utilize the full bandwidth of 80 MHz.  We will first aim to 
expand our signal to 66MHz, expanding to 80 if constraints allow.  
 
In phase two, we will develop methods to transmit multiple channels simultaneously over a single antenna. 
Currently, WiFi routers can communicate effectively (but not efficiently) with several users by switching 
back and forth, receiving or transmitting only a single channel at any given moment. Our design will involve 
one central station (such as the WiFi router), which can efficiently communicate back and forth with two 
users. Eventually, the number of users can be increased.  
 
To realize these goals, we will make use of the Ettus USRP N200, a dynamic Software Defined Radio made 
specifically for developmental purposes. We will use these with GNU Radio, a free and open-source 
programming toolkit for Software Designed and MATLAB will be used for manipulation of virtual signals 
and will help us to theorize methods of how GNU Radio will handle those signals in real time. 
 
We will be restricted in our endeavor by several factors: FCC regulations; IEEE 802.11 standards as well 
as other engineering standards as required by our design; budget limits in our funding; time and scheduling 
constraints; and our own abilities as engineers as well. 
 
  



ECE 487 Group 7: Autonomous Surface Vehicle 
Faculty: Dr. Chung-Hao Chen (ECE) and Dr. Gene Hou (MAE) 
Student Group Members: Jose Dominguez, Yizhou Feng, Will Menzies, Doug Pierce, Yisen Zhang, 
Tianfan Zhuo 
 

 
 

The goal for the Old Dominion University (ODU) Autonomous Surface Vehicle (ASV) team is to continue 
and improve upon the design of past teams to allow ODU to compete in the annual Autonomous Unmanned 
Vehicle Society International’s (AUVSI) RoboBoat competition. Each year, AUVSI publishes a list of 
required and optional tasks for each team to complete during the competition. Past years’ tasks include 
navigation of a predetermined path, obstacle detection and avoidance, automated docking, and 
deployment/recovery of a separate autonomous underwater vehicle. 
  
The project is multidisciplinary in nature, consisting of students from the departments of Electrical and 
Computer Engineering, Mechanical and Aerospace Engineering, and Computer Science. The MAE students 
are primarily focused on the physical structure of the boat and the dynamics of the vehicle on the water. The 
ECE team is focused on the electrical and electronic subsystems which include a video camera, ultrasonic 
sensors, and an inertial measurement unit (IMU). Techniques in autonomous vehicle navigation, automatic 
control, computer vision, and sensor fusion will be used to optimize the overall design in preparation for the 
RoboBoat competition.  
 
The ASV is currently capable of navigation via remote control, however, the autonomous mode is still in 
development. The primary means of navigation will be input data from the video camera. Computer vision 
functions such as color detection and object recognition will be employed to allow the vehicle to react to 
objects seen by the camera. Ultrasonic sensors will complement the camera, with the data being fused to 
facilitate distance determination and collision avoidance. IMU inputs will be also be used to determine a 
final navigation solution. Different priorities will be assigned to each sensor input depending on their current 
state as well as the overall state of the boat. Since the ASV project is planned to continue indefinitely, the 
ECE team will also focus on continually improving the overall design for future teams. 



 
ECE 487 Group 8: Intelligent Ground Vehicle 
Advisor: Dr. Belfore 
Members: Michael Micros, Ntiana Sakioti, Malik Johnson 
 
The objective of this project is to modify and improve the pre-existing design of the IGV from previous 
teams and submit the resulting vehicle to the 26th Annual Intelligent Ground Vehicle Competition at 
Oakland University in Rochester, Michigan. In recent years both the automobile industry as well as the 
military have shifted focus and resources to developing self-driving autonomous vehicles for both civilian 
and military applications. This new trend highlights the importance and relevance of this project. The main 
concerns in this evolving field are public safety and transportation efficiency. Therefore, in order to be 
successful, an intelligent or self-driving vehicle must ensure the safety of passengers, pedestrians and other 
cars, as well as navigate effectively through complicated environments. 
 
In the competition, the vehicle will be required to complete the following two tasks while carrying a 20 
pound payload: path navigation, and navigation via GPS to predefined locations. Both tasks require the 
vehicle to avoid potholes and obstacles.  
 
The IGV vehicle is a modular design incorporating several 
interconnected hardware and software components. These 
components are: an electric wheel chair base upon which all 
of the components will be mounted, a motor driver that 
drives the wheelchair, a motherboard running a Linux 
operating system which is equipped with a Robot Operating 
System (ROS), a camera utilized in path detection, and two 
Arduinos to link the IMU to the motherboard, and the 
motherboard to the motor driver. Two 12 V batteries power 
the entire system.  
 
The software design connects all the peripheral devices and 
sensors, and controls them with the use of the Robot 
Operating System (ROS) located on the motherboard. ROS 
is an open source framework containing libraries designed 
for specific functionalities and components, making 
communication more simplistic. ROS will receive signals 
from each peripheral device and process the information in 
order to instruct the vehicle on its next action.        Figure 1: Intelligent Ground Vehicle 
 
The current problem with the IGV is that the modular components are not interfacing properly and the 
individual components do not have the appropriate functionalities to offer a fully functioning vehicle 
meeting competition standards. The obstacle detection functionality using the LIDAR, and the line detection 
algorithm have been successfully implemented. The main challenge our group faces is successfully 
integrating all the information received from the peripheral components into a decision-making program 
using the Robot Operating System. Our goal is to achieve full integration and test the vehicle under 
simulated competition conditions. 
  



ECE487 Project 9: CubeSat Constellation 
 

Faculty Advisor:  Dr. Dimitrie C. Popescu, EC 
Student Group Members: Ronald Sanders (EE); William Rinehart (EE); Tefade Simon (EE) 
 

 
 Our Project is to work on Old Dominion University’s first spacecraft 
that will orbit in Low Earth Orbit (LEO).  Working in multi-disciplinary 
teams is imperative because of the diverse knowledge and research that 
constitutes this project. Three other universities will participate in the 
project: Virginia Tech and University of Virginia will design their own 
version of the CubeSat, while Hampton University is responsible for 
data collection for each satellite.   
 
The primary objective of the project is to retrieve data from an object regarding its drag characteristics 
created by the low earth orbit and the drag forces effected by the deployment of a drag brake will be 
analyzed. The Mechanical Engineering team will be responsible for the design and testing of the drag brake 
system that will accelerate deorbiting.    
                   
 The Electrical Engineering team will be involved in designing the Printed Circuit Boards (PCBs) and the 
software. There are three subsystems: communications, processing, and power. The communication 
subsystem is to make sure all data and communication between satellites and ground station is established. 
Three radios to be used: transmit/receive data between satellites; a link between satellite and ground station; 
an auxiliary radio as a back-up for the link between satellite and ground station. The processing subsystem 
to compute drag data, distance between satellites, and deorbiting speed. The power subsystem to supply 
efficient power ensure data is received, transmitted, and collected during flight-durations.  Plus, 
rechargeable batteries via solar panels will be incorporated.  
  
The ECE 487 team will need to design and fabricate the PCBs, antenna pattern analysis, software code being 
written for the different subsections. Once all PCBs have been designed and fabricated, they will be 
assembled into the chassis and verify the center of mass for the satellite. Along with the mechanical team 
assembly of the chassis and installation of the drag break system, the complete satellite will be verified for 
accuracy of center mass. During this time all necessary modifications will be determined and implemented 
as necessary. Once this is complete then system testing can commence.   
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