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In addition to serving as the Samuel Reynolds Pritchard Professor of Engineering in the Charles E. Via, Jr. 
Department of Civil and Environmental Engineering and a Courtesy Professor in the Bradley Department of 
Electrical and Computer Engineering, Dr. Rakha directs the Center for Sustainable Mobility at the Virginia Tech 
Transportation Institute. His research focuses on large-scale transportation system optimization, modeling and 
assessment. He works on optimizing transportation system operations, including vehicle routing, developing 
various network and traffic signal control algorithms, developing freeway control strategies (speed harmonization 
and ramp metering), and optimizing vehicle motion (lateral and longitudinal control of connected automated 
vehicles (CAVs)) to reduce their energy consumption while ensuring their safety. A key component of these control 
algorithms are the tools needed to predict the system evolution while capturing the inherent stochasticity in the 
system. In this area, Dr. Rakha and his team develop and apply modeling, artificial intelligence, and statistical 
techniques to predict the spatiotemporal evolution of the system. Additionally, Dr. Rakha and his researchers 
apply machine-learning techniques, as needed, in the development of the control systems that can adapt to the 
dynamic changes in the surrounding environment. In the area of large-scale transportation system modeling, Dr. 
Rakha and his researchers have expanded the domain of knowledge (in traveler and driver behavior modeling) and 
developed a suite of multi-modal agent-based transportation modeling tools, including the INTEGRATION 
microscopic traffic simulation software. This software was used to evaluate the first dynamic route guidance 
system, TravTek in Orlando, Florida; to model the Greater Salt Lake City area in preparation for the 2002 Winter 
Olympic Games; to model Beijing in preparation for the 2008 Summer Olympic Games; to optimize and evaluate 
the performance of alternative traveler incentive strategies to reduce network-wide energy consumption in the 
Greater Los Angeles area; and to develop and test an Eco-Cooperative Automated Control (Eco-CAC) system. In the 
area of transportation system assessment, Dr. Rakha and his researchers continue to develop the theory and 
models needed to quantify the efficiency, safety, energy, and environmental impacts of these systems. In this 
domain, one of Dr. Rakha’s distinctive technical contributions is in the area of transportation energy modeling and 
optimization. Specifically, he has developed various vehicle energy and fuel consumption models that are used 
world-wide to assess the energy and environmental impacts of Intelligent Transportation System (ITS) applications 
and emerging Connected Automated Vehicle (CAV) systems. The models include the VT-Micro, VT-Meso, the 
Virginia Tech Comprehensive Fuel consumption Model (VT-CPFM), the VT-CPEM, and the VT-CPHEM models.  

Dr. Rakha is an IEEE Fellow and a Professional Engineer in Ontario. He is an Editor for Sensors (the Intelligent 
Sensors Section), a former Academic Editor for the Journal of Advanced Transportation, a Senior Editor for the IEEE 
Transactions of Intelligent Transportation Systems and an Associate Editor for the Journal of Intelligent 
Transportation Systems: Technology, Planning and Operations and the SAE International Journal of Sustainable 
Transportation, Energy, Environment, & Policy. Furthermore, he is on the Editorial Board of the Transportation 
Letters: The International Journal of Transportation Research, the IET Intelligent Transport Systems Journal, and the 
International Journal of Transportation Science and Technology. 

EDUCATIONAL BACKGROUND 
• Queen’s University, Kingston, Canada, Civil Engineering, Post Doctorate Fellow (1993~95). 
• Queen’s University, Kingston, Canada, Civil Engineering, Ph.D. (1993). 
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• Queen’s University, Kingston, Canada, Civil Engineering, M.Sc. (1990). 
• Cairo University, Cairo, Egypt, Civil Engineering (Honors), B.Sc. (1987). 

APPOINTMENTS 
• Samuel Reynolds Pritchard Professor of Engineering, Charles E. Via, Jr. Department of Civil and Environmental 

Engineering, Virginia Polytechnic Institute and State University, April 2014~Present. 
• Courtesy Professor, Bradley Department of Electrical and Computer Engineering, Virginia Polytechnic Institute 

and State University, May 2014~Present. 
• Professor, Department of Civil and Environmental Engineering, Virginia Polytechnic Institute and State 

University, June 2007~April 2014. 
• Associate Professor, Department of Civil and Environmental Engineering, Virginia Polytechnic Institute and 

State University, Aug. 2003~June 2007. 
• Assistant Professor, Department of Civil and Environmental Engineering, Virginia Polytechnic Institute and 

State University, 1999~2003. 
• Director, Center for Sustainable Mobility, Virginia Tech Transportation Institute, Aug. 2004~Present. 
• Leader, Transportation Systems and Operations Group, Virginia Tech Transportation Institute, Aug. 1999~Aug. 

2004. 
• Research Scientist, Virginia Tech Transportation Institute, Sept. 1997~Aug. 1999. 
• Adjunct Assistant Professor, Department of Civil and Environmental Engineering, Queen’s University, Sept. 

1995~Sept. 1997. 
• Transportation Systems Analyst, Science Applications International Corporation (SAIC), Sept. 1995~Sept. 

1997. 
• Project Manager, M. Van Aerde & Associates Ltd., Sept. 1993~Sept. 1997.   

PROFESSIONAL ACTIVITIES 
• Editor, Sensors, Intelligent Sensors Section. 
• Senior Editor, Journal of IEEE Transactions on Intelligent Transportation Systems. 
• Academic Editor (2018~2022), Journal of Advanced Transportation. 
• Associate Editor, SAE International Journal of Sustainable Transportation, Energy, Environment, & Policy. 
• Associate Editor, Journal of Intelligent Transportation Systems: Technology, Planning and Operations. 
• Editorial Board, Transportation Letters: The International Journal of Transportation Research. 
• Editorial Board, IET Intelligent Transport Systems Journal. 
• Editorial Board, International Journal of Transportation Science and Technology. 
• Associate Editor (2012-2021), Journal of IEEE Transactions on Intelligent Transportation Systems. 

 
• Guest Editor, Special Issue "Vehicle Energy Consumption and Emissions in Intelligent and Sustainable 

Transportation Systems", Energies (2022). 
• Editor, Special Issue of IEEE Transactions on Intelligent Transportation Systems (2006). 
• Editor, Special Issue of Journal of Computer-Aided Civil and Infrastructure Engineering on Traffic 

Computational Models (2006). 
 
• International Program Committee Member, 9th International Conference on Vehicle Technology and 

Intelligent Transport Systems, VEHITS 2023, April 26-28, 2023, Prague, Czech Republic. 
• Program Committee Member, 12th International Conference on Advances in Vehicular Systems, Technologies 

and Applications, VEHICULAR 2023, March 13-17, 2023, Barcelona, Spain. 
• International Program Committee Member, 8th International Conference on Vehicle Technology and 

Intelligent Transport Systems, VEHITS 2022, April 27-29, 2022, Prague, Czech Republic. 
• Program Committee Member, 10th International Conference on Advances in Vehicular Systems, Technologies 

and Applications, VEHICULAR 2021, July 18-22, 2021, Nice, France. 
• Associate Editor, 32nd IEEE Intelligent Vehicles Symposium, Nagoya University, Nagoya, Japan, July 11-15, 

2021. 
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• Associate Editor, 16th IFAC Symposium on Control in Transportation Systems, Lille, France, June 8-11, 2021. 
• International Program Committee Member, 7th International Conference on Vehicle Technology and 

Intelligent Transport Systems, VEHITS 2021, April 28-30, Virtual. 
• Program Committee Member, 21st IEEE International Conference on Autonomous Robot Systems and 

Competitions (ICARSC2021), Santa Maria da Feira, Portugal, April 28-29, 2021. 
• Associate Editor, 23rd IEEE International Conference on Intelligent Transportation Systems Conference, 

September 20-23, 2020, Rhodes, Greece. 
• Associate Editor, 2020 IEEE Intelligent Vehicles Symposium (IV) (IV 2020), June 23-26, 2020, Las Vegas, NV, 

USA. 
• International Program Committee Member, 6th International Conference on Vehicle Technology and 

Intelligent Transport Systems, VEHITS 2020, May 2-4, 2020, Prague, Czech Republic. 
• Associate Editor, IEEE Forum on Integrated and Sustainable Transportation Systems (ISTS), June 30 - July 2, 

2020, Delft, The Netherlands. 
• Associate Editor, 22nd IEEE International Conference on Intelligent Transportation Systems Conference, 

October 27 - 30, 2019, Auckland, New Zealand. 
• Associate Editor, 2019 IEEE Intelligent Vehicles Symposium (IV) (IV2019), June 9-12, Paris, France. 
• Scientific Committee, 6th IEEE International Conference on Models and Technologies for Intelligent 

Transportation Systems, June 5-7, 2019, Krakow, Poland. 
• International Program Committee Member, 5th International Conference on Vehicle Technology and 

Intelligent Transport Systems, VEHITS 2019, May 3-5, 2019, Crete, Greece. 
• Associate Editor, 21st IEEE International Conference on Intelligent Transportation Systems Conference, 

November 4 - 7, 2018, Hawaii, USA. 
• Associate Editor, IEEE Intelligent Vehicles Symposium, June 26 - July 1, 2018, Changshu, Suzhou, China. 
• Scientific Committee Member, 7th International Conference on Advances in Vehicular Systems, Technologies 

and Applications, VEHICULAR 2018, June 24-28, 2018, Venice, Italy. 
• International Program Committee Member, 15th IFAC Symposium on Control in Transportation Systems 

(CTS2018), June 6-8, 2018, Genoa, Italy. 
• International Program Committee Member, 4th International Conference on Vehicle Technology and 

Intelligent Transport Systems, VEHITS 2018, March 16-18, 2018, Madeira, Portugal. 
• Associate Editor, 20th IEEE International Conference on Intelligent Transportation Systems (ITSC), Oct. 16-19, 

2017, Yokohama, Japan.  
• Scientific Committee Member, 6th International Conference on Advances in Vehicular Systems, Technologies 

and Applications, VEHICULAR 2017, July 23-27, 2017, Nice, France. 
• Associate Editor, IEEE International Conference on Vehicular Electronics and Safety (IEEE ICVES'17), June 27-

29, 2017, Vienna, Austria. 
• Scientific Committee Member, 5th IEEE International Conference on Models and Technologies for Intelligent 

Transportation Systems, June 26-28, 2017, Naples, Italy. 
• Associate Editor, IEEE Intelligent Vehicles Symposium, June 11-14, 2017, Redondo Beach, CA, USA. 
• Scientific Committee Member, 19th EURO Working Group on Transportation Meeting, Sept. 5-7, 2016, 

Istanbul, Turkey. 
• Associate Editor, 19th IEEE International Conference on Intelligent Transportation Systems (ITSC), Nov. 1-4, 

2016, Rio de Janeiro, Brazil. 
• Associate Editor, IEEE Intelligent Vehicles Symposium, June 19-22, 2016, Gothenburg, Sweden. 
• Associate Editor, 18th IEEE International Conference on Intelligent Transportation Systems (ITSC), Sept. 15-18, 

2015, Las Palmas de Gran Canaria, Spain. 
• Associate Editor, 16th IEEE International Conference on Intelligent Transportation Systems (ITSC), Oct. 4-9, 

2013, The Hague, The Netherlands. 
• Conference Chairperson, Conference on “Agent-Based Modeling in Transportation Planning and Operations,” 

Blacksburg, Sept. 30-Oct. 2, 2013. 
• Associate Editor, 15th IEEE International Conference on Intelligent Transportation Systems (ITSC), Sept. 17-20, 

2012, Anchorage, Alaska, USA. 
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• Associate Editor, 14th IEEE International Conference on Intelligent Transportation Systems (ITSC), Sept. 17-20, 
2011, Washington DC, USA. 

• Co-Chair, 13th IEEE International Conference on Intelligent Transportation Systems (ITSC), Sept. 17-20, 2010, 
Madiera, Portugal. 

• Editor, 9th IEEE International Conference on Intelligent Transportation Systems (ITSC), Sept. 17-20, 2006, 
Toronto, Canada. 

• Associate Editor, 8th IEEE International Conference on Intelligent Transportation Systems (ITSC), Sept. 13-16, 
2005, Vienna, Austria. 

• Associate Editor, 7th IEEE International Conference on Intelligent Transportation Systems (ITSC), October 3-6, 
2004, Washington D.C., USA.  

 
• Fellow, American Society of Civil Engineers (ASCE). 
• Fellow (M’04, SM’18, F’20), Institute of Electrical and Electronics Engineers (IEEE). 
• Member, Professional Engineers of Ontario (PEO). 
• Member, Society for the Advancement of Science and Technology in the Arab World (SASTA). 
• Member, Transportation Research Board (TRB). 
• Member, ITS America Mobility on Demand Alliance Standing Committee. 
• Member, Transportation Research Board Committee on Air Quality. 
• Former Member, Transportation Research Board AHB40 Committee on Highway Capacity and Quality of 

Service (2009-2012). 
• Former Member, Transportation Research Board Committee on Traffic Flow Theory & Characteristics (AHB45) 

(2013-2017). 
• Former Member, ITS America Benefits Evaluation and Cost Committee. 
• Friend, Transportation Research Board Committee on Highway Capacity and Quality of Service (AHB40). 
• Friend, Transportation Research Board Committee on Artificial Intelligence (ABJ70). 

AWARDS 
• Most Cited Article Award (2023), International Journal of Transportation Science and Technology (IJTST) for 

paper Du, J.; Rakha, H.A.; Filali, F.; Eldardiry, H. COVID-19 Pandemic Impacts on Traffic System Delay, Fuel 
Consumption and Emissions. International Journal of Transportation Science and Technology 2020, 
https://doi.org/10.1016/j.ijtst.2020.11.003. 

• American Society of Civil Engineers (ASCE) Fellow, 2022. 
• Davis Miller Memorial Prize: Best Paper Presented at ATRF 2022 by a Young Researcher, Australian Transport 

Research Forum 2022, Adelaide, Australia, September 28-30.1 
• IEEE ITS Outstanding Research Award (2021), IEEE Intelligent Transportation Systems Society (https://ieee-

itss.org/awards/outstanding-research/).  
• First Place, IEEE ITSC 2020 UAS4T Competition. 
• IEEE Fellow (Class of 2020) for contributions to optimization, modeling and assessment of transportation 

systems. 
• User Information Systems (AND20) 2019 Best Paper Award, Transportation Research Board Annual Meeting, 

Washington DC, January 12-16, 2020. 
• Best Paper Award (2018), 4th International Conference on Vehicle Technology and Intelligent Transport 

Systems (VEHITS), Madeira, Portugal, March 15-18. 
• Most Cited Article Award (2018), International Journal of Transportation Science and Technology (IJTST) for 

paper Rakha H., Ahn K., and Moran K., (2012), INTEGRATION Framework for Modeling Eco-routing Strategies: 
Logic and Preliminary Results, International Journal of Transportation Science and Technology, Vol. 1, no. 3, 
pp. 259-274. 

• Best Paper Award (2016), 2nd International Conference on Vehicle Technology and Intelligent Transport 

 
1 Yang, Z.; Zheng, Z.; Kim, J.; and Rakha, H.A. (2022), Cooperative Eco-driving System for Mixed Traffic on Urban 
Roads, 43rd Australasian Transport Research Forum 2022, Adelaide, Australia, September 28-30. 

https://doi.org/10.1016/j.ijtst.2020.11.003
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Systems (VEHITS), Rome, Italy. 
• Best Scientific Paper Award (2013), 20th ITS World Congress, Tokyo, Japan. 
• Best Scientific Paper Award (2012), 19th ITS World Congress, Vienna, Austria. 
• Best Paper Award in the TRB Truck and Bus Safety Committee (2011), Transportation Research Board 

Meeting, Washington DC, USA. Paper was one of six papers nominated for the Patricia Waller Award for the 
best safety-related paper of the year at the 2011 TRB Annual Meeting. 

• Dean's Award for Excellence in Research (2007), College of Engineering at Virginia Tech. 
• Faculty Fellow Award (2004~2006), College of Engineering at Virginia Tech. 
• Dean's Award for Outstanding New Professor (2002), College of Engineering at Virginia Tech. 
• Queen's Graduate Fellowship (1991~1993), Queen's University. 
• McLaughlin Award (1990), Queen's University. 
• Ontario Graduate Scholarship (1989), Queen’s University. 
• Dean's Award (1988), Queen's University. 
• Civil Engineering Student Excellence Award (1982~1987), Cairo University. 

SCHOLARLY PUBLICATIONS 
Google Scholar (https://scholar.google.com/citations?user=JRbK06UAAAAJ&hl=en accessed February 14, 2023) 
provides a breakdown of the various citations, as illustrated below. 

 All Last Five Years 
Citations 19,261   9,606 
h-index1        69        48 
i10-index2      320      208 

1. h-index is the largest number h such that h publications have at least h citations. The second column has the 
"recent" version of this metric, which is the largest number h such that h publications have at least h new citations 
in the last 5 years. 
2. i10-index is the number of publications with at least 10 citations. The second column has the "recent" version of 
this metric, which is the number of publications that have received at least 10 new citations in the last 5 years. 

News Releases 
NR-1. Collegiate Times, “VTTI writes algorithm to predict traffic flow,” September 17, 2014. 

http://www.collegiatetimes.com/news/state/article_db6ac06c-3ebd-11e4-84f7-001a4bcf6878.html.  
NR-2. The Wall Street Journal, “Slowing Down Will Get You Through a Traffic Jam Faster,” Nov. 7, 2014. 

https://www.wsj.com/articles/traffic-engineers-say-slowing-down-will-get-you-through-a-jam-faster-
1415386073.  

NR-3. Virginia Tech News, “Virginia Tech Transportation Institute Launches Effort to Make Traveling Through 
Traffic Lights Safer, Smarter and Cheaper,” May 2015. http://www.vtnews.vt.edu/articles/2015/05/052015-
vtti-trafficlighttests.html.  

NR-4. ASHE Blue Ridge Section, “Virginia Tech Transportation Institute Launches Effort to Make Traveling Through 
Traffic Lights Safer, Smarter and Cheaper,” May 2015.  

NR-5. Current Issues Tambah Pedas, “Caught in CNY traffic jam? Here are 3 reasons why they happen…according 
to science!” January 26, 2017. https://cilisos.my/caught-in-cny-traffic-jam-here-are-3-reasons-why-they-
happen-according-to-science/.  

NR-6. National Public Radio Morning Edition, “Self-Driving Cars Could Ease Our Commutes, But That'll Take A 
While,” February 10, 2017. http://www.npr.org/sections/alltechconsidered/2017/02/10/514091049/self-
driving-cars-could-ease-our-commutes-but-thatll-take-a-while.  

NR-7. Virginia Tech News, “Certificate in urban computing trains grad students to become data scientists,” 
February 20, 2017, https://vtnews.vt.edu/articles/2017/02/ncr-urbancomputingcertificate.html.  

NR-8. Las Vegas Review-Journal, “Nevada transportation department wishes for bliss on Las Vegas freeways,” 
March 7, 2017, https://www.reviewjournal.com/opinion/opinion-columns/steve-sebelius/nevada-
transportation-department-wishes-for-bliss-on-las-vegas-freeways/.  

NR-9. Virginia Tech News, “Virginia Tech expert: Rolling back emission standards for automobile companies will 

https://scholar.google.com/citations?user=JRbK06UAAAAJ&hl=en
http://www.collegiatetimes.com/news/state/article_db6ac06c-3ebd-11e4-84f7-001a4bcf6878.html
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http://www.vtnews.vt.edu/articles/2015/05/052015-vtti-trafficlighttests.html
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https://cilisos.my/caught-in-cny-traffic-jam-here-are-3-reasons-why-they-happen-according-to-science/
https://cilisos.my/caught-in-cny-traffic-jam-here-are-3-reasons-why-they-happen-according-to-science/
http://www.npr.org/sections/alltechconsidered/2017/02/10/514091049/self-driving-cars-could-ease-our-commutes-but-thatll-take-a-while
http://www.npr.org/sections/alltechconsidered/2017/02/10/514091049/self-driving-cars-could-ease-our-commutes-but-thatll-take-a-while
https://vtnews.vt.edu/articles/2017/02/ncr-urbancomputingcertificate.html
https://www.reviewjournal.com/opinion/opinion-columns/steve-sebelius/nevada-transportation-department-wishes-for-bliss-on-las-vegas-freeways/
https://www.reviewjournal.com/opinion/opinion-columns/steve-sebelius/nevada-transportation-department-wishes-for-bliss-on-las-vegas-freeways/
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impact future production of electric cars, harm the environment,” March 8, 2017, 
http://vtnews.vt.edu/articles/2017/03/unirel-emissions-rakha.html.  

NR-10. Newswise, “Virginia Tech Expert Says Rolling Back Emission Standards for Automobile Companies Will 
Impact Future Production of Electric Cars, Harm the Environment,” March 8, 2017, 
http://www.newswise.com/articles/virginia-tech-expert-says-rolling-back-emission-standards-for-
automobile-companies-will-impact-future-production-of-electric-cars-harm-the-environment.  

NR-11. Mid-Atlantic Transportation Sustainability (MATS) University Transportation Center e-Newsletter, “Research 
Spotlight: Eco-Speed Control for Diesel and Hybrid Electric Buses in the Vicinity of Signalized Intersections,” 
April 6, 2017, http://www.matsutc.org/2017/03/research-spotlight-eco-speed-control-for-diesel-and-
hybrid-electric-buses-in-the-vicinity-of-signalized-intersections/.  

NR-12. TechZone360, “Self-Driving Cars and Their Impact on Your Commute,” by Lindsey Patterson, April 12, 2017, 
http://www.techzone360.com/topics/techzone/articles/2017/04/12/431189-self-driving-cars-their-impact-
your-commute.htm#.  

NR-13. Wired, “Red Light Cameras May Issue Some Tickets Using the Wrong Formula,” by Aarian Marshall, May 1, 
2017. https://www.wired.com/2017/05/red-light-cameras-may-issuing-tickets-based-bogus-math/.  

NR-14. MACH NBC News, “If Elon Musk Can't Solve Our Traffic Woes, These Technologies Just Might,” by Joseph 
Bennington-Castro, June 7, 2017, https://www.nbcnews.com/mach/mach/if-elon-musk-can-t-solve-our-
traffic-woes-these-n769171.  

NR-15. The Roanoke Times, “Highway traffic in Botetourt County is headed for a new kind of roundabout,” by 
Laurence Hammack, September 22, 2017, 
http://www.roanoke.com/news/local/botetourt_county/highway-traffic-in-botetourt-county-is-headed-
for-a-new/article_89434d2e-0509-509c-97bd-02ae70b38d0a.html.  

NR-16. KOIN 6 News, “Wrongly timed Beaverton light catches many drivers,” Dan Tilkin, November 30, 2017, 
http://koin.com/2017/11/30/wrongly-timed-beaverton-light-catches-many-drivers/.  

NR-17. Traffic Technology International Magazine, “Roadside Revolution,” James Gordon, April/May 2018, 
www.TrafficTechnologyToday.com, http://www.ukimediaevents.com/publication/895ce3b9/48.  

NR-18. Baltimore Sun, “Why is it so hard for Baltimore to synchronize its traffic lights? Here’s what we found,” 
Colin Campbell, October 15, 2019. https://www.baltimoresun.com/ask/bs-ask-traffic-lights-20191015-
ietjxqoqkngcvle6xywze65f2e-story.html.  

NR-19. Transport Topics, “TuSimple Reports Its Autonomous Trucks Reduce Fuel Consumption,” Roger Gilroy, 
December 18, 2019. https://www.ttnews.com/articles/tusimple-reports-its-autonomous-trucks-reduce-
fuel-consumption.  

NR-20. Virginia Tech, “Hesham Rakha awarded the 2021 IEEE Intelligent Transportation System Outstanding 
Research Award,” Nov. 30, 2021. https://vtx.vt.edu/articles/2021/11/vtti-hesham-rakha-ieee-
transportation-research-
award.html?utm_source=cmpgn_news&utm_medium=email&utm_campaign=vtUnirelNewsDailyPublicCM
P_120121-public.  

NR-21. WSET, “When buying an electric vehicle is good for your wallet,” April 12, 2022. 
https://wset.com/news/local/when-buying-an-electric-vehicle-is-good-for-your-wallet-electric-vs-gas-car-
gas-prices-fuel-electric-vehicle-charging-station-lynchburg-virginia-april-12-
2022?utm_source=cmpgn_news&utm_medium=email&utm_campaign=vtUnirelNewsDailyCMP_042122-fs.  

NR-22. WSLS 10 News, ‘We cannot afford to be California’: Gov. Youngkin vows to fight against gas-vehicle ban, 
October 4, 2022. https://www.wsls.com/news/local/2022/10/04/we-cannot-afford-to-be-california-gov-
youngkin-vows-to-fight-against-gas-vehicle-ban/.  

NR-23. WalletHub, “2022’s Best & Worst Cities to Drive in,” October 11, 2022. https://wallethub.com/edu/best-
worst-cities-to-drive-in/13964#expert=Hesham_A._Rakha.  

NR-24. Virginia Tech, “Buying a car just got more efficient, thanks to Virginia Tech Transportation Institute's 
Hesham Rakha,” Oct. 19, 2022.  https://vtx.vt.edu/articles/2022/10/vtti-icev-bev-cost-comparison-
tool.html?utm_source=cmpgn_news&utm_medium=email&utm_campaign=vtUnirelNewsDailyCMP_10192
2-fs.  

NR-25. Civil Engineering Source, “Rakha elevated to Fellow status,“ Jan. 27, 2023. 
https://www.asce.org/publications-and-news/civil-engineering-source/article/2023/01/27/rakha-elevated-
to-fellow-status.  
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http://www.roanoke.com/news/local/botetourt_county/highway-traffic-in-botetourt-county-is-headed-for-a-new/article_89434d2e-0509-509c-97bd-02ae70b38d0a.html
http://koin.com/2017/11/30/wrongly-timed-beaverton-light-catches-many-drivers/
http://www.traffictechnologytoday.com/
http://www.ukimediaevents.com/publication/895ce3b9/48
https://www.baltimoresun.com/ask/bs-ask-traffic-lights-20191015-ietjxqoqkngcvle6xywze65f2e-story.html
https://www.baltimoresun.com/ask/bs-ask-traffic-lights-20191015-ietjxqoqkngcvle6xywze65f2e-story.html
https://www.ttnews.com/articles/tusimple-reports-its-autonomous-trucks-reduce-fuel-consumption
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System (Eco-CAC)," Transportation Research Board (TRB) 101st Annual Meeting, Washington DC, Jan. 9-13 
[Paper: TRBAM-22-00245] 

P-149. Chen, H. and Rakha, H.A. (2022), “A Smart City Signalized ECO-Cooperative Adaptive Cruise Control and 
Multi-Objective Dynamic Routing System,” 2022 IEEE International Conference on Smart Mobility (ICSM’22), 
Al-Alamein, Egypt, March 6-7. 

Archived Papers 
A-1. Elhenawy M.*, Jahangiri A.*, and Rakha H.A. (2019), “Impact of Narrow Lanes on Arterial Road Vehicle 

Crashes: A Machine Learning Approach,” https://arxiv.org/abs/1911.04954.  
A-2. Chen H.* and Rakha H.A. (2019), “Automatic Freeway Bottleneck Identification and Visualization using Image 

Processing Techniques,” https://arxiv.org/abs/1911.07395.  
A-3. Rakha, H. INTEGRATION Framework for Modeling Tolls Considering Different Subpopulations with Different 

 
11 Keynote presentation at the 7th International Conference on Vehicle Technology and Intelligent Transport 
Systems (VEHITS) and the 10th International Conference on Smart Cities and Green ICT Systems (SMARTGREENS). 
12 Keynote presentation at the International Conference on SmartRail, Traffic and Transportation Engineering. 

http://www.vehits.org/
http://www.icstte.org/kn2021
https://arxiv.org/abs/1911.04954
https://arxiv.org/abs/1911.07395
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Values of Time. Preprints 2021, 2021040425 (doi: 10.20944/preprints202104.0425.v1). 
A-4. Osman, O.; Rakha, H.; Mittal, A. Application of Long Short Term Memory Networks for Long- and Short-term 

Bus Travel Time Prediction. Preprints 2021, 2021040269 (doi: 10.20944/preprints202104.0269.v1). 
A-5. Du, J.; Ahn, K.; Farag, M.; Rakha, H. Environmental and Safety Impacts of Vehicle-to-Everything Enabled 

Applications: A Review of State-of-the-Art Studies. Preprints 2022, 2022010144 (doi: 
10.20944/preprints202201.0144.v1).  

A-6. Aredah, A.; Fadhloun, K.; Rakha, H.; List, G. NeTrainSim: A Network Freight Train Simulator for Estimating 
Energy/Fuel Consumption. Preprints 2022, 2022080518 (doi: 10.20944/preprints202208.0518.v1). 

A-7. Shafik, A.; Eteifa, S.; Rakha, H. Optimization of Vehicle Trajectories Considering Uncertainty in Actuated Traffic 
Signal Timings. ArXiv 2022, (doi: 10.48550/arXiv.2208.13709). 

A-8. Alazemi, F.*; Fadhloun, K.*; Rakha, H.; Mittal, A. Towards Building a Naturalistic Cycling Dataset Capturing 
Bicycle/Car Interactions. Preprints 2022, 2022090275 (doi: 10.20944/preprints202209.0275.v1). 

A-9. Farag, M.*; Rakha, H.A. Development and Evaluation of a Cellular Vehicle-to-Everything Enabled Energy-
Efficient Dynamic Routing Application. Preprints 2023, 2023010468 (doi: 10.20944/preprints202301.0468.v1). 

Reports 
R-1. Van Aerde M. and Rakha H. (1995), TravTek Evaluation Modeling Study, FHWA-RD-95-090, 184p. 
R-2. Perez, W., Van Aerde, M., Rakha, H., and Robinson, M. (1995), TravTek Evaluation Safety Study, FHWA-RD-

95-188, 124p. 
R-3. Rakha H.A. and Van Aerde M. (1996), Genesis Modeling Evaluation, FHWA-RD-96-118, 161p. 
R-4. Wetherby B., Rakha H.A., and Van Aerde M (1998), SWIFT Architecture Evaluation, Washington State 

Department of Transportation WSDOT Y-5908, 173p. 
R-5. Medina A., Lee S., and Rakha H. (2000), “A Preliminary Evaluation of the Operational and Safety Levels of I-

81.” Report submitted to the Virginia Department of Transportation, 27p. 
R-6. Dion F., Rakha H., and Zhang Y. (2000), “Modeling the Impacts of Integrating Transit Signal Priority and 

SCOOT Adaptive Signal Control: The Columbia Pike Case Study.” Report submitted to the Virginia 
Department of Transportation (VDOT), 100p. 

R-7. Zimmerman C., Marks J., Jenq J., Cluett C, DeBlasio A., Lappin J., Rakha H., and Wunderlich K. (2000), 
Phoenix Metropolitan Model Deployment Initiative Evaluation Report, FHWA-JPO-00-015, 122p. 

R-8. Carter M., Cluett C., DeBlasio A., Dion F., Hicks B., Lappin J., Novak D., Rakha H., St-Onge C., and Van Aerde 
M. (2000), Metropolitan Model Deployment Initiative San Antonio Evaluation Report, FHWA-OP-00-017, 
116p. 

R-9. Dion F. and Rakha H. (2001), “State-of-the-art of Spatial Travel Time Estimation Technologies, Systems, and 
Field Tests.” Report submitted to the Virginia Department of Transportation, 38p. 

R-10. Crowther B. and Rakha H. (2001), “A Comparison of CORSIM and INTEGRATION for the Modeling of 
Stationary Bottlenecks.” Report submitted to the Virginia Department of Transportation, 140p. 

R-11. Dion F. and Rakha H. (2001), “Field and Simulation Evaluation of the Columbia Pike SCOOT Adaptive Traffic 
Signal Control System.” Report submitted to the Virginia Department of Transportation, 21p. 

R-12. Katz B. and Rakha H. (2002), “Field and Modeling Framework and Case Study of Truck Weigh Station 
Operations.” Report submitted to the Virginia Department of Transportation, 80p. 

R-13. Rakha H., Medina A., Ahn K., El-Shawarby I., and Arafeh M. (2003), “Simulation Study of the 
Roanoke/Blacksburg Section of I-81”, Report submitted to the Virginia Department of Transportation, 5p. 

R-14. Ahn K. and Rakha H. (2003), “Study of Traffic Use on Virginia State Route 24 at Appomattox Court House 
National Historic Park”, Report submitted to the National Parking Services, 48p. 

R-15. Hranac R., Sterzin E., Krechmer D., Rakha H., Farzaneh M., and Arafeh M. (2006), “Empirical Studies on 
Traffic Flow in Inclement Weather,” FHWA-HOP-07-073. 

R-16. Fitch, G. Rakha, H.A., Arafeh, M., Blanco, M., Gupta, S., Zimmermann, R., and Hanowski, R. (2008), “Safety 

https://doi.org/10.20944/preprints202104.0425.v1
https://doi.org/10.20944/preprints202104.0269.v1
https://www.preprints.org/manuscript/202201.0144/v1
https://doi.org/10.20944/preprints202208.0518.v1
https://doi.org/10.48550/arXiv.2208.13709
https://doi.org/10.20944/preprints202209.0275.v1
https://doi.org/Farag,%20M.;%20Rakha,%20H.A.%20Development%20and%20Evaluation%20of%20a%20Cellular%20Vehicle-to-Everything%20Enabled%20Enerhttps:/doi.org/10.20944/preprints202301.0468.v1
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Benefit Evaluation of a Forward Collision Warning System: Final Report.” DOT HS 810 910, 113p. 
R-17. Rakha, H., Medina, A., Arafeh, M., Abdel-Salam, A., Dua, D., and Abbas, M. (2008), “Access Control Design 

on Highway Interchanges,” VTRC 08-CR7. 
R-18. Rakha H., Krechmer D., Cordahi G., Zohdy I., Sadek S., and Arafeh M. (2009), “Microscopic Analysis of Traffic 

Flow in Inclement Weather,” FHWA- JPO-09-066, 111p. 
R-19. Krechmer, D., Rakha, H., Howard, M., Huang, W., Zohdy, I. and Du, J. (2010), “Data Mining and Gap Analysis 

for Weather Responsive Traffic Management Program,” FHWA-JPO-11-037, 149p. 
R-20. Rakha, H., Zohdy, I., Park, S., and Krechmer, D. (2010), “Microscopic Analysis of Traffic Flow in Inclement 

Weather,” FHWA- JPO-11-020, 93p. 
R-21. Rakha H., El-Shawarby I., and Amer A., (2010), “Signalized Intersection Red Light Running and Dilemma 

Zone Study,” VTRC 08-001, 74p. 
R-22. Rakha, H., Du, J., Park, S., Guo, F., Doerzaph, Z. Vitta, D., Golembiewski, G., Katz, B., Kehoe, N., and Rigdon, 

H. (2011), “Feasibility of Using In-Vehicle Video Data to Explore How to Modify Driver Behavior That Causes 
Nonrecurring Congestion,’” SHRP 2 Report S2-L10-RR-01, ISBN: 978-0-309-12898-8, pp. 127. 

R-23. Rakha H., Ahn K., and Park S. (2011), “Eco-Driving Application Development and Testing,” FHWA, pp. 45. 
R-24. Rakha H., Kamalanathsharma R.K., and Ahn K. (2011), “Eco-Vehicle Speed Control at Signalized 

Intersections using I2V Communication,” FHWA, pp. 36. 
R-25. Tawfik A. and Rakha H. (2012), “Human Aspects of Route Choice Behavior: Incorporating Perceptions, 

Learning Trends, Latent Classes, and Personality Traits in the Modeling of Driver Heterogeneity in Route 
Choice Behavior,” U.S. Department of Transportation’s University Transportation Centers Program,, 203p. 

R-26. Rakha H., Ahn K. and Park S. (2013), “Predictive Eco-Cruise Control (ECC) System: Model Development, 
Modeling and Potential Benefits,” U.S. Department of Transportation’s University Transportation Centers 
Program, 92p. 

R-27. Rakha H., Sangster J. and Du J. (2013), “Naturalistic Driving Data for the Analysis of Car-following Models,” 
U.S. Department of Transportation’s University Transportation Centers Program, 48p. 

R-28. Rakha H., Zohdy I. and Kamalanathsharma R. (2013), “Agent-Based Game Theory Modeling for Driverless 
Vehicles at Intersections,” U.S. Department of Transportation’s University Transportation Centers Program, 
43p. 

R-29. Rakha H., Chen H., Haghani A., and (2013), “Assessment of Data Quality Needs for use in Transportation 
Applications,” U.S. Department of Transportation’s University Transportation Centers Program, 123p. 

R-30. Rakha H. and Ahn K. (2014), “Developing Eco-Adaptive Cruise Control Systems,” U.S. Department of 
Transportation’s University Transportation Centers Program, 38p. 

R-31. Rakha H. and Ahn K. (2014), “Developing an Eco-routing Application,” U.S. Department of Transportation’s 
University Transportation Centers Program, 33p. 

R-32. Rakha H. and Kamalanathsharma R. (2014), “Green Cooperative Adaptive Control Systems in the Vicinity of 
Signalized Intersections,” U.S. Department of Transportation's University Transportation Centers Program, 
52p. 

R-33. Rakha H. and Chen H. (2014), "Developing Freeway Travel Time Prediction Algorithms: Algorithmic 
Development and Testing," Virginia Department of Transportation, 64p. 

R-34. Du J. and Rakha H. (2014), "CapTOP Enhancements: DMS Module, Data Visualization and Social Media 
Analysis," District of Columbia Department of Transportation, p13. 

R-35. Du J., Rakha H. and Guo F. (2015), “Investigate Attractiveness of Toll Roads,” U.S. Department of 
Transportation's University Transportation Centers Program, 24p. 

R-36. Hale D., Phillips T., Ma X., Raboy K., Su P., Lu X., Rakha H., and Dailey D. (2016), "Introduction of 
Cooperative Vehicle-to-Infrastructure Systems to Improve Speed Harmonization," FHWA-HRT-16-023, 50p. 

R-37. Rakha H., Elhenawy M., and Jahangiri A. (2016), “Bicycle Naturalistic Data Collection,” U.S. Department of 
Transportation's University Transportation Centers Program, 35p. 
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R-38. Rakha H., Chen H., Almannaa M. and El-Shawarby I. (2016), “Field Testing of Eco-Speed Control Using V2I 
Communication,” U.S. Department of Transportation's University Transportation Centers Program, 37p. 

R-39. Rakha H. and Yang H. (2016), “Connected Vehicle Freeway Speed Harmonization Systems,” U.S. 
Department of Transportation's University Transportation Centers Program, 26p. 

R-40. Rakha H., Bichiou Y., Hassan A. and Zohdy I. (2016), “Intersection Management Using In-Vehicle Speed 
Advisory/Adaptation,” U.S. Department of Transportation's University Transportation Centers Program, 
51p. 

R-41. Rakha H., Wang J. and Abdelmegeed M. (2016), “Energy Consumption and Emission Modeling,” U.S. 
Department of Transportation's University Transportation Centers Program, 52p. 

R-42. Rakha H. and Yang H. (2016), “Eco-Cooperative Adaptive Cruise Control Systems,” U.S. Department of 
Transportation's University Transportation Centers Program, 82p. 

R-43. Talley W., Ng M., Cetin M., Rakha H.A., and Park B. (2016) “Multimodal Freight Distribution to Support 
Increased Port Operations,” U.S. Department of Transportation's University Transportation Centers 
Program, 57p. 

R-44. Nichols A., Abbas M., Park B., and Rakha H. (2016), “Enhancing Traffic Control Systems to Reduce Emissions 
and Fuel Consumption,” U.S. Department of Transportation's University Transportation Centers Program, 
124p. 

R-45. Rakha H., Aljamal M., Du J. and El-Shawarby I. (2016), “Comparison of Microscopic and Mesoscopic Traffic 
Modeling Tools for Evacuation Analysis,” U.S. Department of Transportation's University Transportation 
Centers Program, 19p. 

R-46. Iftikharuddin K., Elbakary M., Afrifa K., Cetin M., Rakha H. and Abdelghaffar H., (2017), “LiDAR for Air 
Quality Measurement,” U.S. Department of Transportation's University Transportation Centers Program, 
16p. 

R-47. Elhenawy M. and Rakha H. (2017), “Applying Cluster Analysis Techniques to Traffic Operations,” Virginia 
Department of Transportation, 59p. 

R-48. Rakha H., Elbery A. and Wang J. (2017), “Developing and Field Implementing a Dynamic Eco-routing 
System,” U.S. Department of Transportation's University Transportation Centers Program, 38p. 

R-49. Rakha H., Chen H., Almannaa M., El-Shawarby I., and Loulizi A. (2017), “Developing and Field Implementing 
an Eco-Cruise Control System in the Vicinity of Traffic Signalized Intersections,” U.S. Department of 
Transportation's University Transportation Centers Program, 13p. 

R-50. Rakha H., Wang J. and Abdelmegeed M. (2017), “Develop Multi-scale Energy and Emission Models,” U.S. 
Department of Transportation's University Transportation Centers Program, 56p. 

R-51. Klenk M., Rakha H.A., Du J., Bichiou Y., Elbery A., Wang J., Ghanem A., Mohan S., Yan F. (2018), 
“Collaborative Optimization and Planning for Transportation Energy Reduction (COPTER),” US Department 
of Energy, Advanced Research Projects Agency-Energy (ARPA-E), Contract DE-AR0000612, 42p. 

R-52. Rakha H.A., Ahn K., and Abdelghaffar H. (2019), “Development of Multimodal Traffic Signal Control,” 
UMEC-005, p. 69. Grant 69A43551747123. [Link].  

R-53. Rakha H.A., Almannaa M., Ashqar H., Elhenawy M., and Ghanem A. (2019), “Traffic State Prediction: A 
Traveler Equity and Multi-model Perspective,” UMEC-005, p. 141. Grant 69A43551747123. [Link].  

R-54. Du J., Bichiou Y., Rakha H.A., Lee Y-J, and Nickkar A. (2020), “Improving Public School Bus Operations 
Boston and Baltimore County Public Schools,” UMEC-019. p. 47. Grant 69A43551747123. [Link].  

R-55. Chen H., Rakha H.A., Jeihani M., and Ahangari S. (2020), “Developing and Testing an ECO-Cooperative 
Adaptive Cruise Control System for Buses,” UMEC-010, p. 28. Grant 69A43551747123. [Link].  

R-56. Abdelghaffar H., Ahn K., and Rakha H.A. (2020), “Developing a Connected Vehicle Transit Signal Priority 
System,” UMEC-011, p. 26. Grant 69A43551747123. [Link].  

R-57. Du J.* and Rakha H.A. (2020), “Impact of Ridesharing on Vehicle Miles Traveled,” Report for the National 
Surface Transportation Safety Center for Excellence. [Link]. 

R-58. Chen H.*, Rakha H.A., Bas Vicente J., Cirillo C., Zofío J. (2020), “Developing an ECO-Cooperative Adaptive 

https://www.morgan.edu/school_of_engineering/research_centers/urban_mobility_and_equity_center/research/completed_research/traffic_control.html
https://www.morgan.edu/school_of_engineering/research_centers/urban_mobility_and_equity_center/research/completed_research/traffic_state_prediction.html
https://trid.trb.org/view/1700654
http://hdl.handle.net/11603/18067
https://www.morgan.edu/Documents/ACADEMICS/CENTERS/NTC/UMEC-011%20-%20Final%20Report_TSP.pdf
https://vtechworks.lib.vt.edu/handle/10919/97981
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Cruise Control System for Electric Vehicles,” UMEC-018, p. 46. [Link]. 
R-59. Ghanem, A.*; Wang, J.*; Rakha, H.A.; and Du, J.* (2020), “Energy Efficient Transportation Modeling,” 

UMEC-021. 
R-60. Chen, H.*; Rakha, H.A.; Jeihani, M.; and Ahangari, S. (2020), “Developing and Testing an Advanced Hybrid 

Electric Vehicles Eco-Cooperative Adaptive Cruise Control System at Multiple Signalized Intersections,” 
UMEC-023. 

R-61. Breuer H.*, Du J.*, and Rakha H.A. (2021), “A Study of the Impact of Ride-hailing on Public Transit 
Ridership,” UMEC-029, p. 59. [Link] 

R-62. Aljamal M.*, Abdelghaffar H.*, and Rakha H.A. (2021), “Estimating Traffic Stream Density Using Connected 
Vehicle Data,” UMEC-030, p. 61. 

R-63. Eteifa S.*, Rakha H.A., and Eldardiry H. (2021), “Estimating Switching Times of Actuated Coordinated Traffic 
Signals: A Deep Learning Approach,” UMEC-039. 

R-64. Aljamal M.*, Farag M.*, Abdelghaffar H.*, Abdelrahman A.*, and Rakha H.A. (2022), “Developing an 
Intelligent Connected Vehicle based Traffic State Estimator,” UMEC-038. 

R-65. Hubbard, S., Kefauver, K., Kallepalli, P., Joslin, M., Ellis, T., Andrews, J., Ahn*, K., Hatchett, A., Erisman, J., 
Rakha, H. (2022). Methods for Simulating Real-World Conditions in Virtual Test Environments (Report No. 
DOT HS xxx xxx). National Highway Traffic Safety Administration. 

R-66. Chen, H.*; Rakha, H.A.; Jeihani, M.; and Ahangari, S. (2022), “Integrated Optimization of Vehicle 
Trajectories and Traffic Signal Timings: System Development and Testing,” UMEC-036. [Link].  

R-67. Rakha, H.A.; Fadhloun, K.; Jeihani, M.; Ansariyar, A.; Vaziri, E.; and Ardishiri, A. (2022), “Bicyclist 
Longitudinal Motion Modeling,” UMEC-035. [Link]. 

R-68. Du, J.* and Rakha, H.A. (2022), “Impact OF COVID-19 on Ridehailing and Other Modes of Transportation,” 
UMEC-040. [Link].  

R-69. Rakha, H.A. and Fadhloun, K.* (2023), “Two-Dimensional Modeling of Bicycle Behavior,” UMEC-048. [Link]. 

Invited Keynote Presentations or Lectures 
March 2022 

 
September 2021 

 
April 2021 

 
June 2017 

 
December 2016 

 
May 2014 

September 2012 
April 2011 
April 2011 

February 2010 
July 2004 

February, 2001 
 

 

KEYNOTE SPEAKER, 2022 IEEE International Conference on Smart Mobility (ICSM’22), Al 
Alamein, Egypt, March 6-7, 2022. 
KEYNOTE SPEAKER, 5th International Conference on SmartRail, Traffic and Transportation 
Engineering (ICSTTE 2021), Frankfurt, Germany. September 17-19, 2021. 
KEYNOTE SPEAKER, 7th International Conference Vehicle Technology and Intelligent 
Transport Systems, Online. April 28-30. 
KEYNOTE SPEAKER, 5th IEEE International Conference on Models and Technologies for 
Intelligent Transportation Systems, Napoli, Italy.  
INVITED PRESENTATION, Transportation Engineering and Safety Conference, Pennsylvania 
State University. 
KEYNOTE SPEAKER, Texas Sothern University, USA. 
INVITED PRESENTER, University of Twente, Netherlands. 
INVITED PRESENTER, Catholic University of Leuven, Leuven, Belgium. 
INVITED PRESENTER, McGill University, Montreal, Canada, Graduate Seminar. 
INVITED PRESENTER, University of California, Irvine, CA. 
INVITED PRESENTER, University of Maryland, MA. 
INVITED PRESENTER, US-Japanese Consortium on Traffic Signals. Title of presentation 
“Modeling the Impacts of Integrating Transit Signal Priority and SCOOT Adaptive Signal 
Control: The Columbia Pike Case Study.” Tokyo, Japan.  

Intellectual Properties 
Microscopic Vehicle Energy and Emission Models - Invention 00.019 VTIP (2000): Models will be used by Jamar 

https://www.morgan.edu/Documents/ACADEMICS/CENTERS/NTC/UMEC-018%20-%20Final%20Report_EcoCACC%20BEVs.pdf
https://www.morgan.edu/Documents/ACADEMICS/CENTERS/NTC/UMEC-029%20-%20Final%20Report_Ridesharing.pdf
https://www.morgan.edu/Documents/ACADEMIA/CENTERS/ntc/umec/UMEC-040%20-%20Final%20Report_COVID-19%20Ridehailing.pdf
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Technologies as part of their PC-Travel software. 

TEACHING AND STUDENT ADVISING 
• Dr. Rakha taught 40 undergraduate and graduate courses at Virginia Tech and co-taught two 

undergraduate courses at Queen’s University. 
• Dr. Rakha has supervised 17 postdocs that have moved on to faculty and industry positions. He is 

currently mentoring 2 Research Scientists, 1 Senior Research Associate, and 3 Research Associates. 
• Dr. Rakha advised 35 Ph.D. and 47 M.Sc. students to graduation at Virginia Tech.  
• Dr. Rakha is currently advising 4 Ph.D. students and 1 MS student. 

SPONSORED RESEARCH AND GRANT AWARDS 
Dr. Rakha’s funding includes more than 110 research projects from private, federal, state, and international 
organizations. A summary of the funding breakdown is provided in the table below. 
 

 
 
1. External funding refers to funding from agencies outside of Virginia Tech. 
2. Internal funding refers to funding from within Virginia Tech. 
3. The equipment category refers to equipment donations that were given as match for federal projects. 

Category Total Funding Responsible Share
Category I (External): 42,196,557$       17,849,795$         
Category II (Internal): 1,937,941$         1,658,147$           
Category III (Equipment): 947,000$            941,000$             
Total: 45,081,498$       20,448,942$         
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