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IPFW Engineering Research and Design Conference 
Friday, May 3, 2013—Walb Union G21-G21A 

9:30am-10:00am Welcome and Refreshments 

10:00am-10:15am Overview of the NSF Program 
(Donald Mueller and Carlos Pomalaza-Ráez) 

Morning Session 10:15am—11:35am 
Moderator:  Donald Mueller 

10:15am-10:35am 

Real-Time Software Defined GPS Receiver 
Jeremy Hershberger (Sponsor:  NSF, 

Advisor:  Elizabeth Thompson,  
technical consultant: Timothy Loos) 

10:35am-10:55am 

UHF Antenna Design, Simulation, and  
Implementation for HVAC Variable Speed  

Motor Applications 
Arik Straub (Sponsor:  NSF,  

Advisors:  Abdullah Eroglu and  
Carlos Pomalaza-Ráez) 

10:55am-11:15am 
Study of Wave Propagation Characteristics for Meta-Materials 
Robert Dill (Sponsor:  NSF, Advisors:  Abdullah Eroglu and Carlos 

Pomalaza-Ráez) 

11:15am-11:35am 

Parallel Implementation of Conflict  
Detection for Application to Airspace  

Deconfliction 
Nathan Clem (Sponsor:  NSF,   

Advisor:  Elizabeth Thompson, technical  
consultant:  Raytheon) 

Lunch (Walb Union G08) 
11:40am-12:30pm 



 

IPFW Engineering Research and Design Conference 
Friday, May 3, 2013—Walb Union G21-G21A 

Afternoon Session  12:30pm-2:30pm 
Moderator:  Carlos Pomalaza-Ráez 

12:30pm-12:55pm 

Low Cost RF Signal Detector 
Evan Steinmetz, Brenton Weaver, Thomas Wolf (Sponsor:  IPFW/RF 

Microwave  
Laboratory, Advisor:  Abdullah Eroglu) 

12:55pm-1:20pm 

Implementation of a Real-Time Spectrum Analyzer 
Chinmayi Avasarala, Tracy Cline,  

James Darabi (Sponsor:  JDSU,  
Advisor:  Todor Cooklev) 

1:20pm-1:55pm 

Electric Cable Harness Tester 
Jared Ball, Jeremy Dawson, Dustin  

Hershberger, Andrew Lehman, John Yurek 
(Sponsor:  Parker Hannifin,  

Advisor:  Zhuming Bi, Carlos Pomalaza-Ráez) 
 

1:55pm-2:30pm 

Team of Football-Playing Robots 
Armela Mane, Raihan Mir, Jeremy Nykos,  

Cliff Sidwell, Matt Thompson, Colton Witte 
(Sponsor:  University of Notre Dame,  

Advisors:  Zhuming Bi, Guoping Wang) 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

Morning Session 10:00am-11:35am 
Moderator: Donald Mueller   

  
10:15am-10:35am 
Real-Time Software Defined GPS Receiver 
Jeremy Hershberger (Sponsor: NSF, Advisors: Elizabeth Thompson, technical consultant: Timothy Loos) 
  
Space based global navigation systems have become a mainstay in providing navigation for aviation, ground 
and maritime operations. The US based Global Positioning System (GPS) has been integrated into many aspects 
of daily life. However, GPS receiver design can prove to be challenging depending on the operating 
environment of the user. Some receivers  must perform multipath mitigation, whereas others must combat low 
signal strength. Designing specific environmental operating modes creates application specific hardware 
architectures. The goal of a Software-Defined GPS (SDGPS) system is to create, solely through programming, a 
reconfigurable GPS receiver than can adapt to its environment.  To increase performance, the field-
programmable gate array (FPGA) and general purpose processor (GPP) of the Wireless-Open Access Research 
Platform (WARP) are utilized to perform high-speed processing.  The overall goal of this research is aimed at 
implementing a SDGPS system at or near real-time operation. 
  

10:35am-10:55am 
UHF Antenna Design, Simulation, and Implementation for HVAC Variable Speed Motor Applications 
Arik Straub (Sponsor: NSF, Advisors: Abdullah Eroglu and Carlos Pomalaza-Ráez) 

There is an ever increasing drive towards having homes that are more energy efficient and easier to automate 
and control.  A component of this effort is the work to implement a heating, ventilation, and cooling (HVAC) 
system in combination with a wireless sensor network to minimize energy cost and provide several other 
system improvements.  Research into implementing an ultra-high frequency (UHF) antenna inside an HVAC 
variable speed motor has been started at IPFW in collaboration with Regal Beloit Corporation.  The design of 
the antenna began by designing and simulating a planar antenna considering improvement techniques for the 
antenna gain pattern, antenna bandwidth, and antenna efficiency.   Several operational parameters including 
HVAC  enclosures, antenna placement and orientation in the HVAC enclosures have been studied.   An ideal 
UHF PCB antenna design is being developed and simulated while considering challenges specific to HVAC 
systems. 

GRADUATE ABSTRACTS 



   

 

 

 

 

 

 

 

 

 

 

 

 

GRADUATE ABSTRACTS 

Morning Session 10:00am-11:35am 
Moderator:  Donald Mueller   

  

10:55am-11:15am 
Study of Wave Propagation Characteristics for Meta-Materials   
Robert Dill  (Sponsor: NSF, Advisors: Abdullah Eroglu and Carlos Pomalaza-Ráez)  

Complex materials have been extensively used in device design for military applications due to their several 
benefits including material properties that change with the applied electric or magnetic fields. In 1968 Veselago  
proposed the idea that if the permittivity along with the permeability were to be negative in a material then at 
specific frequencies the E-M wave will have a negative index of refraction causing the energy flux to be opposite 
the phase vector of the wave. It was not until 2001 that Shelby, Smith and Schultz designed and performed an 
experiment at the microwave frequencies to show that when the permittivity along with the permeability of the 
structure is negative, the light will bend around the structure and hide whatever objects might be placed inside 
that structure.  In this paper, the derivation and simulation of the reflection and transmission coefficients for 
anisotropic meta-material media have been obtained.  The characteristics of the waves are analyzed for various 
incident angles and effective permeability and permittivity constants for isotropic-meta-material interface.  The 
complete analysis of the wave propagation for an isotropic-meta-material media such as the one given in this 
paper can be used in the device design for military applications.  

 
 
  

 
11:15am-11:35am 
Parallel Implementation of Conflict Detection for Application to Airspace Deconfliction  
Nathan Clem (sponsor: NSF, advisor: E. Thompson, technical consultant: Raytheon 

Methods for maintaining separation between aircraft in the current airspace system rely heavily on human 
operators.  A conflict is an event in which two or more aircraft experience a loss of minimum allowable 
separation.  Interest has grown in developing advanced automation tools to predict when a traffic conflict is 
going to occur and assist in its resolution.  The term air space deconfliction is used to describe the resolution of 
conflicts after they have been predicted or detected.  Conflict  detection and airspace deconfliction involve 
situational awareness of airplane trajectories in  relation to other aircraft tracks as well as to restricted regions 
of airspace.  As the number of aircraft and restricted regions increase, automating these processes becomes 
challenging due to extreme computational demands.  Real-time constraints intensify this challenge.  Due to the 
extreme computational demands of conflict detection and airspace deconfliction, parallel processing may be 
beneficial to enable real-time processing.  This study investigates a parallel implementation of conflict detection.  
A sequential version of the algorithm will be used as a basis of comparison.   
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Afternoon Session 12:30pm-2:30pm 
Moderator: Carlos Pomalaza-Ráez   

  
12:30pm-12:55pm 
Low Cost Signal Detector 
E. Steinmetz, B. Weaver, T. Wolf   
(Sponsor: IPFW RF/Microwave Laboratory, Advisor: A. Eroglu)  

The Low Cost RF Signal Detector team was created in order to introduce a prototype RF power meter to a market 
of significant costs and little competition. The majority of these meters are produced by companies such as Bird 
Technologies and Agilent Technologies, however they are limited by a small range of compatible couplers.  The 
purpose of this device is to measure the scalar power of a signal with the capability of interfacing with any 
coupler within the detectable range. The meter will be designed to handle a variety of frequency ranges and 
power levels. The most comparable device on the market today is sold commercially for around $2000. It is a 
scalar power meter whose operation is based on the measurement of signals from forward and reverse ports of 
the coupler.  The team was provided an adjustable budget of $500 to design and build a low cost version of the 
signal detector/power meter which can operate from lower frequency range to microwave frequencies, with 
inputs for both forward and reflected power.  A custom printed circuit board (PCB) layout was designed and 
implemented with a dsPIC as a controller, which is interfaced with digital and analog circuits to process the signal 
information. Simulation and programming tools were used to facilitate the implementation of the system. Overall, 
the designed system is user friendly and gives the user several options to monitor the detected power.  

  
  
12:55pm-1:20pm 
Implementation of a Real-Time Spectrum Analyzer 
Chinmayi Avasarala, Tracy Cline, James Darabi  
(Sponsor: JDSU, Advisor: Dr. Todor Cooklev)  

Spectrum analyzers support research and development, testing, and design in countless applications. JDSU has 
requested the design and implementation of a real-time spectrum analyzer (RTSA) to assist field technicians 
with troubleshooting cable television networks. The RTSA requires a processing bandwidth of 85 MHz. The 
analog input signal will be digitized with a 12-bit ADC at a sampling rate of 204.8 MSPS which is equivalent to a 
sampling period of approximately 4.9 ns. The digitized values will be accumulated in a 12-bit by 1024-sample 
buffer. Initially, this buffer will take 5 µs to accumulate 1024 samples at which point the first 1024-point FFT will 
be triggered. In order to avoid information loss in the spectrum being measured, a 1024-point FFT will be 
triggered every 2.5 µs to provide a 50% overlap in the resulting output.  FFT output values will be quantized to 
the nearest magnitude value. Finally, the quantized values will be output to a host PC for display and evaluation. 
A serial output buffer will be designed such that 0.1 to 1 second of data can be accumulated. An FPGA-based 
solution will be realized which meets the high performance design specifications provided by JDSU while 
minimizing cost. 

UNDERGRADUATE ABSTRACTS 



 
 
 
 
 
 
 
 
 
 

UNDERGRADUATE ABSTRACTS 

Afternoon Session 12:30pm-2:30pm 
Moderator:  Carlos Pomalaza-Ráez 

  
1:20pm-1:55pm  
Electrical Cable Harness Tester 
Jared Ball, Jeremy Dawson, Dustin Hershberger, Andrew Lehman, John Yurek  
(Sponsor: Parker Hannifin, Advisors: Dr. Zhuming Bi, Dr. Carlos Pomalaza-Ráez) 

Parker-Hannifin has requested the design and manufacture of a semi-automated tester for electrical cable 
harnesses.  The cable harnesses to be tested deliver power and control signals to components in Parker’s two-
phase liquid cooling systems.  The current method of testing harnesses is completely manual and depends on 
visual inspection and subjective judgment.  Adding automation to the testing process will greatly improve its 
efficiency and reliability.  Requirements for the tester include testing for open and crossed connections while 
minimizing wear on cables and connectors.  Parker would like the design of the workstation to incorporate 
mechanisms which “poka-yoke,” or mistake-proof the testing process.  This is to avoid false test results due to 
operator error.  The testing device the IPFW team designed and built incorporates a linear positioner table for 
repeatable results.  Spring-loaded pins have been used to minimize wear and extend tool life.  In an effort to 
mistake-proof the testing process, the student group has designed tooling which does not allow the operator to 
test the cable’s plugs in the wrong orientation.  The tester workstation is controlled by a Programmable Logic 
Controller, or PLC.  A light curtain is in the opening of the tester in order to keep the operator from being 
exposed to the moving parts in the tooling. 

1:55pm-2:30pm 
Team of Football-Playing Robots 
Armela Mane, Raihan Mir, Jeremy Nykos, Cliff Sidwell, Matt Thompson, Colton Witte 
(Sponsor: University of Notre Dame, Advisors: Dr. Zhuming Bi, Dr. Guoping Wang)  

To accelerate innovation in robotics, the University of Notre Dame plans to create an intercollegiate mechatronic 
football league; the teams in the league compete against each other in robot football games. One of the senior 
design groups of IPFW has been selected as a new robot football team sponsored by the organizer. Due to time 
constrain and limited team size, only three different robots of a complete robotic team will be built. The selected 
robots are the quarterback, receiver, and center.  These three positions are the most critical part to the execution 
of a football game and also provide the most challenging design  opportunities. Some of the key quantifiable 
requirements include; players must fit within a 16x16x24 inch box, and cannot weigh more than 30 pounds with 
an exception for the quarterback who can weigh up to 45 pounds. Major designing and building steps involved in 
this project are, (i) passing mechanism from center to quarterback, (ii) launching mechanism from quarterback to 
receiver, (iii) netting system for  receiver, (iv) locomotion of the robots using driven wheels and omni wheels, (v) 
programming of robotic control, and (vi) improvement of robots via game rehearsal and participation. Our goal is 
to build functional and easy to maintain robots so that a full team of robots can be developed in the future.   
Currently the team is testing all the robots before participating in the competition on April 19, 2013 at University 
of Notre Dame. 


