
michael.jenson@ucdenver.edu
https://crcdenver.wordpress.com   

CREATIVE RESEARCH 
COLLABORATIVE (CRC)

2021 FELLOWS 
3 RESEARCH TEAMS
                             1 of 3

ABSTRACT

Poor air quality is the leading environmental cause of premature mortality worldwide and has been linked to 
a range of cardiovascular and respiratory ailments, including asthma and COVID-19. Despite this, there is a 
relative lack of air quality monitoring, especially indoors, where most people spend a majority of time.              
A promising solution is low-cost air quality sensors that are connected to the internet for communications 
and data transmission. These networked sensors are part of the Internet of Things (IoT), a rapidly growing 
network of technical objects (things) embedded in sensors, software, and other technologies to connect and 
exchange data. IoT deployments have enormous transformative potential for interdisciplinary research and 
educational applications at universities (including development of new teaching tools), though there remain 
technological barriers for individual investigators to implement IoT systems. As such, the overall research 
objectives of this collaboration are to investigate indoor air quality and evaluate educational tools using 
novel IoT systems and to build a scalable and programmable IoT framework to share with other researchers 
and educators. Specifically, we will i) build a custom network of IoT air quality sensors to monitor indoor air 
quality in schools, homes, and workplaces (Crawford), ii) develop classroom activities and evaluate these 
sensors as teaching tools for K-12 and undergraduate students (Talbot), and iii) build an online dashboard 
(for sensor data access and visualization) that will serve as flexible, prototype infrastructure to accommodate 
future IoT-based research and education projects at CU Denver (Connors). 

TEAM FELLOWS’ BIOS

Ben Crawford is an Assistant Professor in the Geography and Environmental Sciences 
Department, CLAS, at the University of Colorado Denver. Before coming to Denver in 2019, Ben 
was a postdoc at MIT and the University of Reading (UK); worked for a wind energy start-up; and 
completed his PhD at the University of British Columbia.  His background is in atmospheric 
science and current research interests are focused on air quality, urban climates, and developing 
sensor networks to observe complex surface-atmosphere interactions. 

Dan Connors is an Associate Professor of Electrical Engineering and Director of the Edge 
Computing group, CEDC, at the University of Colorado Denver. His research interests span 
computer vision, machine learning, edge computing, Internet-of-Things (IoT), and parallel 
computer systems. His group focuses on creating computing systems that enable and accelerate 
the analysis of visual information. Connors’ research lab has been supported by the National 
Science Foundation, Department of Energy, Department of Transportation, and NASA. 

Dr. Robert (Bud) Talbot is a science educator, teacher, and researcher. He is an Associate 
Professor of Science Education, SEHD, at the University of Colorado Denver. Dr. Talbot currently 
teaches pre-service and in-service science teachers, undergraduate peer Learning Assistants 
(LAs), and doctoral students. Broadly, his research focuses on peer learning support in 
undergraduate science courses across the disciplines, and student success in large enrollment 
“gateway” STEM courses. Specifically, his disciplinary research interest is in physics education 
research (PER). 
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ABSTRACT

Proposed Collaborative Research and its impacts: In this project, we propose to investigate and develop an 
artificial intelligence (AI) platform on top of a commercially available video conferencing software to help 
instructors "read" their students’ expressions. The proposed platform will provide instantaneous feedback 
to the instructors during remote instructions. We plan to accomplish this by leveraging the incoming audio 
and/or video streams of the attendees who would agree to make the stream(s) available. A facial landmark 
detection followed by a generalizable recurrent neural network based event categorization method that we 
design and develop will measure the level of attention of the attendees. We will leverage the existing 
application programming interfaces (APIs) of the commercial video conferencing tools to obtain the 
multimedia input streams allowed by the attendees during a class-session so that each can be fed to the 
proposed machine learning module running in parallel to provide summary statistics to the main module 
connected to a dashboard application of the instructor to be overlaid on top of the existing video conference 
tool. The dashboard is going to be a single pictorial visual guide that provides anonymized real-time 
summary of students’ engagement/disengagement to the materials during lecture. This pedagogical toolkit 
could also help identifying patterns and characteristics amongst the students to help make decisions related 
to how fast to cover a topic, students’ engagement/disengagement, and/or other instructional tool 
development. Knowing the real time summary statistics on the dashboard overlay, the instructor could 
change pace of the lecture, revisit harder topics, encourage group discussions, tell examples/stories in 
ice-breaking situations whenever appropriate. Then, utilizing the data obtained as the summary statistics 
about the classroom dynamics we propose a recommender system fueled by deep neural network 
algorithms for the instructor that will suggest her/him an intervention on the proposed dashboard to adapt 
during a live lecture (e.g., “It’s time for a break”, or “Time for a pop quiz”, etc.).

TEAM FELLOWS’ BIOS

Ashis Kumer Biswas is an Assistant Professor, Department of Computer Science/Engineering 
and Director of Machine Learning Lab, CEDC, at the University of Colorado Denver. He earned 
his Ph.D. in computer science at the University of Texas at Arlington in 2016. He is involved in 
interdisciplinary research activities centering broadly around machine learning, deep learning, 
Bioinformatics, and Cybersecurity. He is currently participating in a GAANN fellowship program 
from the U.S. Department of Education as a co-PI to study data-driven cybersecurity. He also is 
actively working on a Google funded COVID-19 research project utilizing the deepfake 
technology to eliminate issues in the online asynchronous learning paradigm. 

Geeta Verma is a Professor of Science Education, SEHD, at the University of Colorado Denver. 
Her research interests focus on (in)equity issues in science education and she focuses on 
creating equitable, imaginative, and innovative Science, Technology, Engineering, and 
Mathematics (STEM) learning environments. Her publications include journal articles in 
high-impact journals, books, book chapters, and monographs. She is currently serving as the 
Co-PI for a national science foundation grant focused on using computer modeling and flight 
simulation to create STEM pathways for elementary-aged underrepresented students. 
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ABSTRACT

Software solutions have been increasingly deployed in air/ground/underwater vehicles to provide value- 
added features, especially with the coming era of vehicle electrification and automation. However, the 
ever-increasing cyber components of vehicles --- i.e., computing, communication, and control --- prove to 
be a double-edged sword that incurs new reliability/safety risks, as evident by the millions of vehicle recalls 
due to software defects, the ever-increasing cyber-attacks against vehicles, and the two crashes of Boeing 
737 Max in 2018--19 caused due to erroneous sensor readings. These cyber-induced anomalies degrade 
vehicle reliability/safety and disrupt the automotive industry --- the market of vehicle diagnostics is expected 
to reach $30.22 billion by 2021.

To mitigate these risks, we propose to design a novel diagnostic system for vehicles to improve their 
reliability/safety. The design philosophy is to diagnose vehicle anomalies by cross-validating a vehicle’s 
operational parameters with data-driven approaches. To effectively identify the sources that cause the 
anomalies, a relatively new sensitivity analysis technique, global sensitivity analysis, which considers 
variations of all model input parameters at the same time to detect interactions among different inputs and 
reduce type II errors (failure to identify a significant parameter), will be adopted. We will carry out this 
research with a 4-layer architecture.

 Abstraction Layer: Constructing Vehicles’ Digital Twins as Correlation Graphs (08/2020-11/2020)
 Detection Layer: Detecting Anomalies Using Automotive Batteries (11/2020-02/2021)
 Identification Layer: Identifying Faulty Vehicle Modules via Graph Analysis and Global Sensitivity 
  Analysis (02/2021-05/2021)
 Mitigation Layer: Mitigating Anomalies via Information Recovery (05/2021-08/2021)

TEAM FELLOWS’ BIOS

Dr. Yaning Liu is an Assistant Professor, Department of Mathematical and Statistical Sciences, 
CLAS, at the University of Colorado Denver. He received his PhD degree in Applied and 
Computational Mathematics at the Florida State University. His main research interests are 
uncertainty quantification, statistical modeling and scientific computing. He focuses on 
employing machine learning methods to construct reduced-order models (ROM) that can serve 
as efficient surrogates in forward uncertainty propagation, probabilistic inverse modeling, and 
both variance-based and moment-independent global sensitivity analyses. 

Dr. Liang He is an Assistant Professor, Department of Computer Science, CEDC, at the 
University of Colorado Denver. He worked as a research fellow at The University of Michigan at 
Ann Arbor during 2015-2017. His research focuses on cyber-physical systems and 
internet-of-things, with particular interests on batteries, their management, and their roles in 
system operation. Dr. He    has published over 80 research papers at premier conferences and 
journals such as IEEE TMC/TON/TC/TSG/TPDS, and ACM TOSN/TECS/TCPS. He is the 
recipient of the best paper/poster awards of MobiSys’17, QShine’14, GLOBECOM’11, and 
WCSP’11. Dr. He is a senior member of IEEE and member of ACM. 

2021 FELLOWS 
3 RESEARCH TEAMS
                             3 of 3


