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Using Deep Hybrid Modeling to Determine Treatment Strategies for COVID-

19 Patients 
  

David Alonge, Francis Kanwanya-Nwajueboe, Karolina Kowal, Chinonye Uzowuru 
Mentor: Soheil Saghafi  

Advisor: Casey Diekman  
Department of Mathematical Sciences  

New Jersey Institute of Technology, Newark NJ 07102 
 
COVID-19 has had a devastating impact on the world in terms of high infection rates and mortality. 
Though social distancing, PPE, and vaccination has helped reduce the transmission rate, more 
effective therapeutic solutions are still needed. Goyal et al. developed a differential equations 
model for the immune system response to SARS-CoV-2 based on data derived from 25 patients 
from different parts of the world. They then used their mathematical model to determine the best 
time to administer therapeutics, including two small molecular agents (remdesivir and selinexor), 
along with broadly neutralizing antibodies (bNAbs) and cellular immuno-therapies. Our goal is to 
explore the role of each parameter in this model using the Deep Hybrid Modeling (DeepHM) 
software package provided by IBM Research [1]. DeepHM uses conditional Generative 
Adversarial Networks (cGANs) as an inverse surrogate model to distinguish the parameter regions 
corresponding to the distributions of various features (peak viral load, time of peak viral load, and 
time to clear the virus) extracted from the original data. Then we can provide the feature values of 
the 25 patients to check how the cGAN maps these feature values to parameter space. We 
hypothesize that by taking into account the distributions of parameters that produce these features, 
we can get a more accurate picture of how patient heterogeneity affects response to therapy.  
 
 
1. Parikh J, Kozloski J, and Gurev V (2020). Integration of AI and mechanistic modeling in 
generative adversarial networks for stochastic inverse problems. arXiv, arXiv:2009.08267v2 
[stat.ML]. 
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Quantifying Gait Abnormalities in Children with Cerebral Palsy through 3-D 
Motion Analysis Techniques Before and After Functional Electrical 

Stimulation 
 

Gabriela De Carvalho, Advisor: Dr. Saikat Pal 
Department of Biomedical Engineering 

New Jersey Institute of Technology, Newark NJ 07102 
 

Cerebral palsy (CP) is the most common cause of childhood disability that results in gait 
abnormalities, which may require patients to use assistive devices, such as walkers, crutches, ankle 
foot orthoses, and functional electrical stimulation (FES), to improve locomotion. FES is of 
interest because it delivers a small electrical pulse to impaired muscles that simulates proper 
muscle contraction. FES has been used to assist with ankle dorsiflexion in children with drop foot 
or jump gait. The goal of my summer research at NJIT’s Life Sciences Motion Capture (LSMC) 
lab is to understand the effects of FES devices by quantifying gait improvements using joint 
kinematics and gait deviation metrics estimated through 3-D gait analysis. We recruited a CP 
subject with jump gait to assess the effects of FES devices. The subject wore a commercially 
available WalkAide FES device on both legs during our study. The subject was asked to walk at a 
self-selected speed on an instrumented walkway with and without the devices while measurements 
of 3-D marker trajectories, ground reaction forces, and electromyographic (EMG) data were 
collected simultaneously. Joint kinematics at the knee, hip, and ankle were estimated using Vicon 
Nexus processing, and custom MATLAB algorithms were used to estimate gait abnormality 
metrics: Gait Deviation Index (GDI) and Gait Profile Score (GPS)/Movement Analysis Profile 
(MAP).  
 Our results showed a 7.16% and 2.4% increase in GDI with the use of FES device on the 
left and right sides, respectively (Figure 1). There were no changes in GPS values. However, MAP 
for ankle dorsi-/plantarflexion showed greater deviation with the use of FES device. Ankle 
kinematic data (Figure 2) shows a clear improvement in ankle dorsiflexion for both the right and 
left sides. The peak differences in ankle joint kinematics were 15.22 and 22.04 degrees for the left 
and right sides, respectively. Overall results indicate the success of FES devices in assisting 
dorsiflexion for children with CP and reducing the effects of drop foot. Future work consists of 
the recruitment of additional subjects to further investigate the effectiveness of FES technology. 

 
  Figure 1. GDI with & without FES    Figure 2. Ankle kinematics with & without FES 
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Pain Biosensors in Forensic Identification 
 

Christopher Henni  
Advisor: Dr. Omowunmi Sadik, Mentor: Dr. Francis Osonga, Dr. Farah Rezae 

Department of Chemistry and Environmental Science 
New Jersey Institute of Technology, Newark NJ 07102 

 
Abstract: Often, victims of domestic violence, trauma, and abuse often suffer from emotional pain 
that may result in physical damage to their bodies. The conventional method of assessing violence 
of physical abuse uses witness testimony. The witness testimony is influenced by the victim's state 
of mind during and after the attack or trauma and can affect the victim’s ability to communicate 
their pain. It is important to develop an objective measure of a subjective account. The goal of this 
research is to discover biomarkers for pain, develop a biosensor to be used forensically in 
medicine, and allow for a greater understanding of certain pain biomarkers in diagnostics. To 
determine the types of biomarkers used for these biosensors, analytical techniques such as cyclic 
voltammetry (CV) and enzyme-linked immunosorbent assay (ELISA) were used. The following 
biomarkers are currently or will be tested and processed: Contactin-1, Dopamine, and Oxytocin. 
CV results have been shown to detect dopamine at different concentrations in a phosphate-buffered 
saline, as well as Contactin-1 particles in an absorbance scan (Figure 1).  Future research and 
development will be on introducing simulated blood in the detection of the different biomarkers 
and the development of a biosensor device to detect these biomarkers. 
 
A B C 

 

 

 

Figure 1:  A) Cyclic Voltammetry test with Au working electrode, Pt counter Electrode, Ag/AgCl reference electrode in PBS 
solution B) Cyclic Voltammetry test with Au working electrode, Pt counter Electrode, Ag/AgCl reference electrode in PBS + 
Dopamine solution C) ELISA Contactin-1 Absorbance scan for 8 wells(D1-Zero) at 450 nM 
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Study of Targeted Platinum Nanoparticles as Treatment for Triple-Negative Breast 
Cancer 

Ashish Kokkula 
Biomedical Engineering 
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Temperature Entrainment of Cyanobacterial Circadian Clocks 
Sahitya Kulkarni 

Biology BS 
 
Jet lag afflicts hundreds of thousands of people every year in the United States alone. This 

disorder occurs due to an individual’s circadian clock, which is an internal clock that allows our 
bodies to regulate specific chemicals and biochemical processes according to the time of day. For 
example, the circadian clock allows our body to know to secrete more melatonin at night to make 
us sleepy, or to start secreting cortisol and other hormones to wake us up in the morning. These 
circadian clocks are synchronized with the external day/night cycle and when we travel to a new 
time zone, the synchronization gets thrown off, resulting in the exhaustion and illness we have 
termed jet lag. Entrainment is a unique property of these clocks that allows them to alter their 
cycles to match the external cycle that they are in. This demonstrates why people tend to start 
feeling better after a few days in a new time zone: their circadian clock successfully entrains to the 
new day/night cycles. This entrainment process tends to take at least a few days and can even take 
over a week, which can become severely problematic for those traveling for business. Until 
entrainment completely occurs, our circadian clocks are not fully synchronized with the external 
environment and thus, we feel jet lag symptoms. Therefore, better understanding the process of 
entrainment can lead to potential treatments that speed it up, thus reducing the amount and length 
of jet lag symptoms. 
 Based on this need, my research project focuses on better understanding the process of 
entrainment. Specifically, I am studying whether changes in cycle length impact entrainment 
ability. I am exposing cyanobacterial circadian clocks to three different time cycles (12, 14, and 
16 hours) of high and low temperatures. The low temperature of 30 degrees Celsius represents 
night and the high temperature of 45 degrees Celsius represents day. These temperature values 
were chosen because the proteins we are studying will denature at temperatures higher than 45 
degrees Celsius. In each trial, I will determine whether the clock samples were able to successfully 
entrain to their external environment by analyzing a specific protein, KaiC, within the clocks. 
Temperature regulation will be conducted using machines that heat water to a specific temperature 
and pump it through vinyl tubing to an area where the samples are kept. Each trial will run for 
approximately five days to give the clocks time to re-synchronize their rhythms. 
 This study will contribute to the current body of knowledge on circadian clock entrainment 
and will provide literature for future researchers to reference when studying potential treatments 
for circadian disorders like jet lag. Our research is currently ongoing, so the results are still 
unknown; however, we do have hypothesized results. Based on previous literature, we hypothesize 
that the circadian clocks will be able to properly entrain to the 12- and 14-hour cycles, but not to 
the 16-hour cycles. 
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Examining Parameter Estimation Unidentifiability in Oscillatory Systems 
 

Dylan Lederman; Advisors: Horacio Rotstein and Omar Itani  
Department of Biological Sciences 

 
Mathematical modeling of biological systems is a crucial tool for understanding complex 
dynamics that would otherwise be impossible to study in a real world setting. When building a 
model, a researcher must choose values for parameters that produce an output that matches the 
system it is built to represent. To accomplish such, researchers use parameter estimation algorithms 
(PEAs), which evaluate thousands of parameter combinations and return those which minimize 
the error between the simulated candidates and experimental data. The goal of this research is to 
categorize the behavior of these PEAs when the model in question is degenerate, or in other words, 
has an infinite number of parameter sets which produce an output identical to the ground truth data 
(GTD).  
 
Several PEAs were tested using a highly degenerate toy model with oscillatory behavior called 
the ƛ⍵ model, which was developed for the purposes of this research. The model was then 
simulated with a predetermined set of values for four of its parameters (ƛ = ⍵ = α = β = 1) to act 
as the GTD in the absence of experimental data. The PEAs are expected to return a normal 
distribution of values for each parameter about 1, as was used to simulate the GTD. However, 
the distributions produced in practice were almost entirely random, despite the error being 
minimized. When noise is added to the GTD, as would be seen in experimental data, the 
estimation only becomes more challenging with longer completion times, and greater inaccuracy. 
While adding this general noise only complicates estimation, perturbing the system at a specific 
point reveals the system’s transience, which is how long the model takes to return back to its 
original trajectory after a deviation. This attribute is dependent on only one parameter in the 
model, ƛ, hence, making it identifiable. Subsequently, since the amplitude of oscillations is only 
controlled by ƛ and ꞵ, ꞵ becomes identifiable when the amplitude of the candidate solution is 
matched to that of the GTD. However, ɑ and ⍵ remain unidentifiable in theory because there are 
still infinite combinations of them that produce the same frequency of oscillations to the GTD.  
 
In future work, these results will be expanded on by evaluating parameter identifiability of a more 
complex model, specifically a Hodgkin-Huxley type CA1 hippocampal model, which depicts the 
flow of ions into and out of cells of the hippocampus. Such work is needed because the implications 
of unidentifiabilty in model parameters has largely gone overlooked, despite the pervasiveness and 
importance of these models. Hodgkin-Huxley type models are some of the most heavily used in 
computational neuroscience and are often the first step in studying neurological diseases such as 
parkinsons and alzheimers, among many others. Therefore, understanding their inadequacies and 
developing estimation methods to avoid such issues is of great importance to the scientific 
community.  
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Design of Adjustable Instrumented Crutch for Compressive Force Analysis 
 

Thomas Martinez, Advisor: Dr. Saikat Pal 
Department of Biomedical Engineering 

New Jersey Institute of Technology, Newark NJ 07102 
 
Crutches are a key part of rehabilitation for patients with varying conditions. The Lofstrand crutch, 
in this case, offers a lightweight yet sturdy option during recover. It is important to gain an 
understanding of the forces the crutch withstands during use by a patient as it gives an idea of how 
particular gait patterns interact while also allowing techniques to model patient movement during 
use and the forces the patient may experience as well. In order to properly analyze these forces, 
adjustments to the crutch model need to be made to accommodate the force measurement devices 
that are implemented. This research aims to modify the current Lofstrand crutch we have available 
in the lab and implement force sensors that would allow the compressive forces in the crutch to be 
measured accurately and consistently while retaining the original lightweight, adjustable, sturdy, 
and unobstructive features from the original. The new features were modeled using Creo 
Parametric 7.0 and were tested in static loading simulations to ensure structural integrity during 
the loading. The load measurement system would use strain gauges in order to convert the strain 
measurements into a digital load measurement to give a quantifiable measurement of the forces at 
the given locations. Based on the simulations after applying the new design, the modified design 
is both structurally sound and lightweight. The next step would involve manufacturing the new 
parts, implementing circuitry and strain gauges onto the model to allow data collection and testing 
the physical model to ensure the measurements collected are accurate and precise. This modified 
crutch opens future study opportunities to understand how the crutch and the patient react during 
use for many afflicting conditions. 
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Pure-Tone Audiometric Clinical Testing of the Mapping Auditory Processing 
Disorder (MAPD) Application 

 
Stuti Mohan, Advisor: Dr. Antje Ihlefeld  

Department of Biomedical Engineering 
New Jersey Institute of Technology, Newark NJ 07102 

 
Abstract: Approximately a quarter of Americans with normal audiometric thresholds report 
hearing difficulties but receive inadequate clinical care. In part, this is due to a lack of standardized 
screening tools for identifying signs of hearing difficulty that do not originate in the ears, including 
Auditory Processing Disorder (APD). The Mapping Auditory Processing Disorder (MAPD) 
application intends to fill this gap by deploying audiometric tests that screen for hearing problems 
that originate in the brain. Prior work led to the development of the MAPD interface, database, 
and audiometric routines. At current, MAPD needs to demonstrate noninferiority with normative 
testing procedures. Therefore, the goal of the current project was to compare MAPD’s novel pure 
tone audiometry test with a standardized test under traditionally controlled conditions in the lab. 
Using an audiometer (GSI 39) with 10 participants seated in a sound attenuation chamber, we 
recorded individual audiometric thresholds in 20 ears. We further recorded audiometric thresholds 
using MAPD in a quiet room. Order of presentation was counterbalanced across participants. The 
MAPD-measured threshold did not appreciably differ from the traditionally-recorded threshold 
[F(1,19) = 0.079, p>0.05], supporting the idea that MAPD is not inferior to the existing traditional 
auditory assessment practices. 

 
 The method used for measuring audiometric thresholds in both ears did not have a 
significant impact on the reported thresholds, [F(1,19) = 0.079, p>0.05]. Toward FDA approval, 
next, this promising result will need to be replicated in a clinical trial with a larger group of 
participants. Successful replication would enable MAPD’s diagnostic capability, allowing it to 
diversify to patients outside traditional clinical settings, as well as add tests of central auditory 
dysfunction that are not currently part of routine audiological assessment. The ultimate goal of this 
additional capability is to help improve diagnosis and treatment options for those individuals who 
currently have symptoms of hearing loss that do not originate in the ears.  
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Bacterial Inactivation by Ultra Narrow Spectrum LEDs 
 

Jason Ong, Mengyan Li, and Hieu P. Nguyen 
Department of Chemistry and Environmental Science & Electrical and Computer Engineering 

 
Background: Light within the ultraviolet range is typically used in treating bacteria, however, 
prolonged exposure to UV light can prove to be detrimental to humans and food; visible light 
between 400-500 nm is capable of producing the same antimicrobial effect. But it is much more 
safe for use. This study sets out to analyze the effect of these types of LED systems on bacterial 
cultures without specialized additives. The matter of this study finds relevance in the hospital 
setting and in food safety as a promising alternative to inactivate bacteria in comparison to using 
chemical treatments.  
Materials and Methods: The bacterial strains studied are E.coli K12 (the selected model species 
for gram-negative bacteria), Chryseobacterium indologenes P12 (a gram-negative, antibiotic and 
UV resistant), and Rhodococcus jostii RHA1 (the selected model species for gram-positive 
bacteria). Samples with an approximate concentration of 106 CFU/mL were exposed to  
commercial LED systems (395 and 460 nm) producing an irradiance of 7.5 mW/cm2 over 8 hour 
at a set temperature. A negative control will be put in an incubator at the same temperature. The 
bacterial samples were withdrawn every two hours, serially diluted, and plated. The cell amount 
on plates was counted and recorded as CFU/mL.  The bacterial reduction will be measured using 
a log-scale of the ratio of bacteria present in the treatment and initial bacterial cells.  
Results: The commercial LED system at 395 nm showed a better efficiency at inactivating bacterial 
species in comparison to 460 nm. The differences between the inactivation curves for each 
wavelength were statistically significant for any given species after two hours. From the analysis 
of differing gram-type bacteria, gram-negative bacteria was found to be more susceptible to all 
wavelengths of light used in this experiment.  
Implications: The implementation of the experiment is promising for endeavors revolving around 
treating bacteria using the more efficient 405 nm light. The next logical step in continuing this 
research is to utilize customized ultra-narrow bulbs that emit light exclusively within the 395-405 
nm range in order to analyze the differences in reduction between customized ultra-narrow and 
commercial LED systems . 
 
Figure: Inactivation curves of (from left to right) E. coli K12, Chryseobacterium indologenes P3, and Rhodococcus jostii RHA1) 
when exposed to 405 (red) and 460 (blue) nm light 
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The effect of microglial NLRP3 inflammasome upregulation on astrocyte 
Piezo1 dysfunction and the release of pro-inflammatory cytokine, IL-1β 

 
Seejal Padhi 

Biomedical Engineering 
New Jersey Institute of Technology, Newark NJ 07102 

 
More than 1.2 million Americans sustain Traumatic Brain Injuries (TBIs) annually. Approximately 
80,000 of these individuals experience long-term cognitive, behavioral, or motor deficits. TBIs 
can occur very easily from contact sports, motor vehicle crashes, and falls. More research needs 
to be done on the pathophysiology of TBIs to develop better prevention and treatment protocols. 
This allows us to decrease severity of long-term effects. Research has shown the release of pro-
inflammatory cytokines, Interleukin-1β (IL-1β). While research has been conducted on the levels 
of IL-1β from astrocytes and microglia post-injury, research on the interactions between both are 
limited. My experiment has two goals: 1) Determine the effect of NLRP3 inflammasome on 
astrocyte Piezo1 expression and cytokine release 6 hours and 24 hours post-injury and 2) 
Determine whether blocking microglial NLRP3 inflammasome with MCC950 activation leads to 
an increase in astrocyte Piezo1. 

Piezo1, a calcium-mediated mechanosensitive ion channel on astrocytes, has been 
observed to have a negative correlation with IL-1β release post-injury. Anecdotal studies have 
shown an upregulation of IL-1β post-injury. Since IL-1β has been observed to be detrimental, it is 
important to understand what changes occur in the brain post-TBI. Fluctuation of NLRP3 
inflammasome levels in have also been seen post-injury. NLRP3 inflammasome is a multiprotein 
oligomer that is found on microglia. Previous research has not established connections between 
Piezo1 and NLRP3 post-injury. We believe that the upregulation of NLRP3 inflammasome leads 
to a decrease of Piezo1 levels in astrocytes, which therefore leads to the release of IL-1β. 

To simulate the mechanical force exerted by TBIs, a stretch injury model with a strain rate 
of 30% - 35% will be used. To cultivate an astrocyte culture, a microglia culture, and an astrocyte-
microglia co-culture, embryonic cortices will be isolated. Cells were fixed at the pre-determined 
time points of 6 hours and 24 hours. The media will be saved to conduct an instant ELISA assay. 
Each time point had 6 wells, with 3 being control and 3 being injury. After fixing the cells, we 
conducted an immunohistochemistry and took pictures of the cell. Using Image J and GraphPad 
Prism, the intensity and standard deviation of the stained parts were calculated and graphed, 
respectively. First, this process was followed to verify Piezo1 and GFAP expression post-injury. 
Next, NLRP3 and microglia expression was verified. Lastly, NLRP3 will be blocked with 
MCC950 to determine whether blocking would lead to an increase in Piezo1 on astrocytes and no 
release of IL-1β. 

We have determined Piezo1, GFAP, NLRP3, and microglia levels in controls, and 6 hours 
post-TBI, and 24 hours post-TBI. An ELISA was also conducted to determine IL-1β levels.  
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Neuronal Cell Death in Repeated Low-Level Blast Induced Traumatic Brain 
Injury 

 
Sheetal Padhi; Faculty Advisor: Dr. Ying Li  

Biomedical Engineering 
New Jersey Institute of Technology, Newark NJ 07102 

 
Service members and law enforcement officers in training frequently experience repeated low-
level blasts multiple times per day. Unlike a moderate blast, the impact of repeated low-level blasts 
(rLLB) on long term consequences are ignored due to the lack of instantaneous symptoms that can 
be noticeable for diagnosis. Earlier studies in blunt traumatic brain injuries and a few studies in 
moderate blast traumatic brain injuries (bTBIs) have observed neuronal cell loss after the injury. 
However, the influence of rLLB on neuronal cell loss is not well explored, and limited knowledge 
is available.  
 
Preliminary data in the rat model has shown that anxiety, memory loss and a decrease in motor 
skills can occur after a rLLB. After a rLLB, the brain receives injury signals which triggers the 
resting microglia into an activated state. Microglial cells are a part of the immune system of the 
brain, and while a small amount is helpful to healing the brain, an upregulation of microglia is 
harmful. The activated microglia will release cytotoxic factors which lead to neural cell death in 
specific brain regions that correlate to behavior. To understand what causes these behavioral 
changes, the impact of rLLB on neuronal cell death and microglia activated inflammation is being 
investigated. The hippocampus region of the brain, which relates to memory, will be stained with 
NeuN (neuron marker) and Iba1 (microglia marker) at day 1 and day 30. The NeuN stain will be 
compared in the blast and control groups to check for intensity and neuron numbers. The intensity 
and morphology of the amount of activated vs resting microglia will be compared in the Iba1 stain.  
Through this, we can gain a better understanding of how a rLLB impacts the neurons and 
microglial cells.   
 
By obtaining more knowledge of the pathophysiology of rLLB and its effects, therapeutic 
interventions can be created for service members and law enforcement officers. After results are 
obtained, other brain regions which pertain to behavioral changes, such as the Amygdala (relates 
to anxiety), can be examined for neuronal loss. In the future, other causes of behavioral changes 
such as oxidative stress, excitotoxicity, and apoptosis will also be investigated to gain a more 
comprehensive understanding of rLLBs.  
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Peptide-based Therapeutic for COVID-19  
 

Disha Panchal, Abhishek Roy, Zain Siddiqui, Amanda Acevedo-Jake, Advisor: Vivek A. 
Kumar, PhD  

Department of Biomedical Engineering 
 
Abstract: COVID-19 is a novel and highly infectious disease that has been labeled a global 
pandemic in the spring of 2020. We would like to contribute to treatments of COVID-19 by 
developing a peptide therapeutic which targets the virus for destruction by the body’s cells. The 
mechanism of action would be to deliver mRNA encoding for Spike protein of SARS-CoV-2, 
which would elicit antibody formation. Thus, we will evaluate the use of positively-charged 
peptides for delivering nucleic acids such as DNA and mRNA. Nucleic acids are highly susceptible 
to cleavage by nucleases found in the body. With low toxicity and immunogenicity, and a greater 
inherent stability than their non-self-assembling analogues, self-assembling peptides are viable 
delivery systems. This summer, we aimed to use our designed, positively-charged peptide K₂ 
(sequence K₂(SL)₆K₂) to deliver plasmid DNA which codes for green fluorescent protein (GFP) 
into lung cells and mouse cells after subcutaneous injection. This will provide a proof of concept 
for potentially delivering mRNA into cells, including mRNA encoding for SARS-CoV-2 Spike 
protein. The GFP-encoding DNA was transformed into E. coli and maxiprepped for use. K₂ was 
synthesized through solid-phase peptide synthesis then added to the DNA solution. The material 
was added to lung A549 cells cultured at 37°C. The cells were visualized under fluorescent 
microscopy after 48 hours. The same peptide-DNA complex was also subcutaneously injected into 
8 week old mice in order to evaluate the physiological response.  
The stability of the peptide-DNA complex was confirmed by the formation of a hydrogel (Figure 
1). The gelation is caused by the noncovalent ionic cross-linking of the nanofibers into a 
viscoelastic network, aided by the negative phosphate groups present in all nucleic acids including 
DNA. The lung cell study showed that in comparison to a positive control, which was with 
liposomes, the peptide-DNA complex did not successfully deliver the GFP DNA (Figure 2). In 
future work, we will use peptides with greater amounts of lysine (K), a positively-charged amino 
acid which is responsible for the electrostatic interaction between the peptide and the negatively-
charged DNA. We anticipate that this will allow the DNA to remain stable on its way to the nucleus 
to get encoded, since it will be given more sites to bind on the peptide. We will apply the same 
experiments with K6 (K₆(SL)₆K₆) and K8 (K₈(SL)₆K₈), which have 6 and 8 lysines, respectively, 
whereas K2 has 2.  
 

                                                                                                            
Figure 1: Hydrogel formation of peptide-DNA complex, signifying 
stability of  complex. The viscoelastic network forms from the ionic 
crosslinking between the peptide nanofibers, facilitated by the 
positively charged lysine (K) groups and negatively charged phosphate 
groups 

 
 
 
Figure 2: A)Plasmid DNA encoding GFP was successfully 
transfected into A549 cells using liposomes (Lipofectamine 
3000). B) Incubation with DNA-K₂ peptide complexes did 
not deliver DNA. (scale bar = 50 µm). 
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The Role of Dmrt3a in Rhythmic Pectoral Fin Movements in Zebrafish  
  

Nikitha Pappachen, Advisor: Dr. Kristen Severi, Ph.D. 
Department of Biological Sciences 

New Jersey Institute of Technology, Newark NJ 07102 
 
Abstract: The study of the coordination of zebrafish pectoral fins is the key to understanding 
human limb locomotion. In zebrafish, it is hypothesized to be regulated by the gene Dmrt3a. This 
gene descended from the common ancestor of the mammalian gene, Dmrt3. Studying the function 
of the gene Dmrt3a will allow us to understand its function in humans. Previous studies found 
electrophysiological evidence for Dmrt3a-expressing neurons making inhibitory connections to 
pectoral fin motor neurons, activating their muscles at the right time. However, the study did not 
look at behavioral effects of a live zebrafish. Therefore, in this project, the contribution of Dmrt3a 
can be further understood by studying gaits and gait transitions in live models. The zebrafish's 
distinct slow swimming gait is similar to basal tetrapod groups, which gave rise to land dwelling 
animals. This is another evolutionary connection of the pectoral fins to human limbs. We will use 
the findings about the different gaits, gait transitions, and coordination of pectoral fins and apply 
that to the coordinated movement of human limbs. In turn, this will be crucial in understanding 
and treating neurological locomotive disorders.  

The behavioral aspects of zebrafish pectoral fin motion were studied by comparing control 
zebrafish larvae without Botox expression, which silences the synapse, to larvae with Botox 
expression in the Dmrt3a neurons. The larvae were head-embedded in agarose gel thus pectoral 
fins and tail were free. The larvae responded to varying speeds of visual stimuli in multiple 30 
second trials per fish and videos collected shown by Figure 1, Right. By altering the speed of visual 
stimulus, the experimenter can induce a desired slow or fast swimming response which are two 
distinct gaits. Tracking of these videos was done using an open-source tool called DeepLabCut by 
marking 20 points of the larvae on some frames across a random sampling of videos selected from 
the data set. These hand marked frames were used to generate a training set to train the neural 
network of DeepLabCut, generating frame-by-frame tracking data. 

Successful tracking was obtained and early analysis through R programming depicts data 
as wave plots with observable differences between control and experimental larvae. If statistical 
analysis shows the differences as significant, Dmrt3a is involved in the coordination of pectoral 
fins. The data and analysis will be compiled into a publication for Severi Lab in the coming 
months. Additionally, this is the first project in Severi Lab using DeepLabCut, setting a precedent. 
In the future, instead of silencing the Dmrt3a neuronal synapses with Botox, optogenetics may be 
used to activate them. A partner experiment was set up and given a test run and with repeated 
tracking, data can be collected for nuanced analysis of the role of Dmrt3a.                                           

 
Figure 1: Left: Image of larval zebrafish 
to the right. Rostral at top. Overlap of 
successful tracking by DeepLabCut where 
the two pectoral fins (left is abducted, 
right is adducted) and the tail are visible.  
Right: Severi lab behavior rig schematic.  
Zaki, H., Lushi., E., Severi, K.E. Larval 
zebrafish exhibit collective motion 
behaviors in constrained spaces.  
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Mechanics and Deformation of Cell Membranes 
 

Ryan Retino1  

Research Advisor: Dr. Fatemeh Ahmadpoor2, Mentor: Ghada AlFraih2 

Mechanical and Industrial Engineering Department 

New Jersey Institute of Technology, Newark, NJ 07102 

1Johns Hopkins University, Baltimore, MD 21218 | 2New Jersey Institute of Technology, Newark NJ 07102 

 
The cell membrane is the main barrier between the internal and external environment of a cell, 
only allowing selected particles through. Composed of a lipid bilayer, the membrane is hydrophilic 
on the surfaces of the membrane, and hydrophobic on the inside of the membrane. The cell 
membrane acts like an elastic sheet that can undergo bending deformations. The main mechanical 
property of a cell membrane is its bending stiffness, which is very small and that makes the cell 
membranes quite flexible. The objectives of this research are to develop a mechanical model to 
describe cell deformations while interacting with a drug carrying nanoparticle. We use principles 
of solid mechanics and variational methods to minimize the bending energy of the cell membrane 
and numerical methods to solve the equilibrium differential equations. Finding the equilibrium 
configuration will determine how much energy is being used to absorb a particle, and this value 
depends on the size, shape and stiffness of the nanoparticle. The research can lead to advancements 
in targeted drug delivery, where understanding how a cell absorbs a particle can reduce side effects 
of drug treatments, and have the treatments affect the desired body part, as opposed to circulating 
in the bloodstream and affecting parts of the body that do not need the treatment.  
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Opsonization of SARS-CoV-2 to develop a COVID-19 antiviral  
Sreya Sanyal 

Faculty Advisor: Dr. Vivek Kumar and Mentors: Z. Siddiqui, A. Roy, J. Dodd-o  
NJIT KumarLab;  Department of Biomedical Engineering,  Newark NJ 07102 

 
SARS-CoV-2 is a novel respiratory virus whose spread has caused the COVID-19 global 

pandemic. Two of three coronavirus vaccines are mRNA-based and therefore face challenges with 
storage and distribution. Emerging SARS-CoV-2 mutant strains necessitate ongoing antiviral 
development to address newly emerging variants with Spike protein mutations that may evade 
existing antibodies. The SARS-CoV-2 receptor-binding domain (RBD) crystal structure shows 
high conservation with SARS. Newly identified spike binding peptides (SBP) – SBP2 and SBP3, 
may prevent infection by coating the viral spike protein and preventing binding. Newly identified 
spike binding peptides – SBP2 and SBP3, may prevent infection by coating the viral spike protein 
and preventing binding. To improve their stability and efficacy, the short peptides were covalently 
attached to a self-assembling peptide domain (SAP) with the residue sequence 
ESLSLSLSLSLSLE. We are proposing an innovative approach to the treatment of viruses. We 
aimed to generate and characterize a self-assembling peptide that specifically targets the SARS-
CoV-2 virus and promotes endocytosis by behaving as an opsonin. We hypothesize that ESBP2 
and ESBP3 formulations coat SARS-CoV-2 viral particles and therefore may be effective antiviral 
therapeutics (Figure 1A). 

SAP peptides were formulated in neutral DI water with equimolar 10x Ca2+ (E terminated) 
as a counterion to promote extended fibrillization. ESBP2 and ESBP3 (0.01 wt% concentration) 
assembly and secondary structure was probed using circular dichroism (CD) and Fourier 
Transform infra-red spectroscopy (FT-IR). After confirming the physical characteristics of ESBP2 
and ESBP3 (Figure 1B-E), I investigated their toxicity and efficacy in A549 cells, which are 
adenocarcinomic human alveolar basal epithelial cells. I exposed the cells to rising concentrations 
of ESBP2 and ESBP3 and stained them to measure the proportion that survived. The results 
showed that both peptides are well-tolerated and are not toxic (Figure 1). Ongoing work primarily 
concerns animal toleration and efficacy. Sprague-Dawley rats were dosed with 1wt% peptides over 
a 14-day period for an on-going pharmacokinetics study; analysis of clearance, stability, and 
potential metabolites will be monitored via HPLC. Infection transmission inhibition will be 
evaluated in Syrian Golden Hamsters once preliminary studies have been completed. 

 
Figure 1:(A) Representative nanofiber self-assembly scheme. (B) AFM image of SAP with E2 domain. (C) SEM image of SAP 
with E2 domain. (D) FTIR of ESBP2. (E) CD of ESBP2. (F) Absorbance CCK8 assay of A549 cells with ESBP2 and ESBP3 

F 
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Can Cold Atmospheric Plasma Improve Neural Regeneration? 
  

Esha Shah, Advisor: Gal Haspel, Ph.D. 
Department of Biological Sciences 

New Jersey Institute of Technology, Newark NJ 07102 
  
When neurons in the central nervous system of mammals are damaged, they are rarely capable of 
regeneration. This means that patients afflicted by traumatic brain and spinal cord injuries often 
face permanent loss of neural function because rehabilitation treatments for such conditions are 
limited in their effectiveness. Increasing the rate of regeneration of spinal and brain neurons has 
been a major challenge that has been difficult to overcome.  
 
Reactive oxygen species (ROS) enhance neurite extension and regeneration after trauma, as well 
as neuron differentiation. However, reliable and safe introduction of ROS to injured tissue is a 
hurdle for using this effect. Cold atmospheric plasma (CAP) is a reliable, controllable, and 
convenient source for ROS under ambient conditions. Previous research of plasma-facilitated 
axonal extension and neural regeneration in vitro has been promising, but its effects in vivo are 
largely unexplored.  
 
Our goal is to determine how CAP implemented in a flexible dielectric barrier discharge (DBD) 
device affects neural recovery in C. elegans after precise laser microsurgery. This device operates 
at a frequency of 40 kHz, power density of ~0.5 W/cm2, and at temperatures below 40℃, to 
provide a flux of ROS to the nematodes without a measurable current. Our rationale is that 
exposure to plasma will accelerate neural regrowth due to an increase in ROS. 
 
The objective of this project is to characterize the effect of exposure to cold atmospheric plasma 
on live C. elegans by measuring general morphology and locomotion behavior pre- and post-
plasma exposure. This will allow us to identify the window of conditions in which plasma effects 
will promote growth without compromising the health of the nematodes. We exposed live animals 
to different amounts of plasma from the DBD, measured by optical emission spectroscopy and 
FTIR spectroscopy, for different durations. The nematodes’ viability, morphology, and locomotion 
were assessed immediately after and 24 hours after treatment in order to evaluate any deficits 
caused by plasma exposure. We expect that there will be a threshold between sustainable and 
unsustainable plasma levels, beyond which C. elegans will exhibit physiological and neural 
degeneration.  
 
The results of this project will set the parameter range for later projects that will feature injured 
nematodes imaged and tracked following plasma exposure to determine the efficacy of the 
treatment.  
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ROGER (Reduced Oxygen and Gravity Emulating Rotation) Device 
 

Will Suero Amparo, Hana Fatima, Yarjelis Gutierrez & Medha Sala 
Advisor: Dr. Eun Jung Lee, Ph.D  

Biomedical Engineering 
New Jersey Institute of Technology, Newark NJ 07102 

 
Abstract: Microgravity simulating devices have been used for many years as a “ground-based” 
alternative to study the effects of microgravity on organisms and biological systems. Astronauts 
are exposed to this environment when in outer space, which can have an adverse effect on their 
health, such as bone loss similar to osteoporosis and as well as their hearts becoming spherical-
like while losing muscle mass which leads to cardiac problems. This highlights the importance of 
understanding the cellular processes that occur when in the microgravity environment, by utilizing 
systems that simulate it, without having to travel to the far depths of space. The ROGER is a device 
that utilizes rotation to simulate microgravity and hypoxic conditions while housing cells. This 
device will be mostly composed of 3D printed components using acrylonitrile butadiene styrene 
filament (ABS). It will rotate along two axes independent of, and perpendicular to each other with 
a hypoxic (inner) chamber that is subject to this biaxial rotation, illustrated in Figure 1. The 
rotation will be achieved using two DC motors positioned at each axis and an Arduino Uno. Cells 
or other biological samples will be housed within a flask that will also be subject to biaxial rotation 
as it will be situated inside of the hypoxic chamber. This sort of motion is characteristic in the 
simulation of microgravity for biological samples. Different operational configurations exist to 
achieve the simulation of microgravity, depending on the number of rotational axes, speed, and 
direction of rotation. This was taken into consideration when selecting a biaxial configuration for 
this device. To ensure proper cell culture containment, our device must be small enough to fit 
inside a standard Thermo Class 100 incubator, while also being able to also house T12.5 cell 
culture flasks shown in Figure 2. A mechanical analysis was performed based on how much torque 
would be required to rotate the frame and the hypoxic chamber of the device. This was done to 
determine the appropriate torque rating needed when procuring a suitable motor. The ROGER 
device will increase researcher’s accessibility to conduct long term research on cell cultures in a 
hypoxic and microgravity environment. Future work includes implementation of a hyper-gravity 
(force of gravity exceeds that than of the surface of the Earth) environment, optimization of cell 
culture housing space and all-around reliability of the device. 
 

 
 
 
 

 
 
 

 
 

Figure 1: Illustration showing biaxial rotation 
and biological sample in center 
 

Figure 2: (A) 3D model of Hypoxic chamber (closed.) (B) Clamp to secure the 
flask to inside of chamber. (C) Bottom portion of hypoxic chamber (opened.) 
(D) Bottom half of chamber without clamp that secures flask. (E) Indentation 
on the based of chamber to house flask. (F) Clamp-chamber interface. 
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Using BODIPY-based Photobase Generators to Create Physiologically-
Compatible Hydrogel Photopolymerization Systems 

John Tobia  
Chemistry and Environmental Science 

New Jersey Institute of Technology, Newark NJ 07102 
 
Research Problem: This experiment seeks to use a novel photoinitiator, in the form of a photobase 
generator (PBG), that is capable of being applied to physiological conditions using safer and lower-
energy light. The application of this research is to be used for the synthesis of hydrogels which 
serve as highly controllable drug carriers in clinical settings. 
Significance: The proposed photobase generator seeks to harness the cross-linking capabilities of 
the market’s polymerization systems while retaining the biocompatibility of BODIPY. Since 
photopolymerization has multiple points of control, the synthesis of the hydrogel can be finely 
tuned to suit the needs of the living organism. Furthermore, the proposed method of hydrogel 
polymerization would be the first BODIPY-based PBG to be applied to polymer synthesis.  
Research Methods: The following experiment 
will begin with the chemical synthesis of the 
precursor to the photoinitiator: BODIPY-OAc. 
The product is then run through column 
chromatography twice to ensure the purity of the 
precursor. BODIPY-OAc will then be converted into the BODIPY core structure ( BODIPY-OH), 
which will serve as the starting material to produce the Photo Base Generator-1 (PBG-1). Upon 
absorption of green light photons, PBG-1 produces TMG which serves to initiate the 
polymerization reaction at hand. Demonstration of polymer formation will be performed using 
varying concentrations of PBGs to produce crosslinked hydrogels (TMPTMA and PETMA). 
Conclusion: (results, analysis, future work) Positive confirmation of BODIPY-OAc was achieved 
via H-NMR analysis in which a peak at δ=5.2 was observed. Following purification of the 
BODIPY product, the compound was placed through absorption and fluorescence emission 
analysis. What was concluded from this analysis was that the compound has optimal absorbance 
of low-energy green light at 495nm and fluorescence emission at 512 nm. This research has 
supported the biocompatibility of BODIPY with living systems given its ability to serve as a 
photobase generator precursor at biofriendly light ranges (495-512 nm). This research applications 
to regenerative medicine with preliminary findings among other photopolymerization reactions 
safely producing scaffolds of resin polymers in living subjects.  
 
 
 
 
 
 
 
 
 

Figure 1 
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Effects of Osteopontin on Cardiomyocytes as Related to Myocardial Infarction 
Nishita Vootukuru 

Advisor: Dr. Alice Lee, Department of Biomedical Engineering; NJIT, Newark NJ 07102 
 

800,000 Americans suffer from a heart attack per year; for a quarter of them, it is not their 
first. A heart attack, or myocardial infarction (MI), occurs when blocked blood vessels stop the 
heart muscle from receiving enough oxygen. The area affected during an attack, the “infarcted 
area,” remains damaged even after surgical intervention, leaving patients susceptible to further 
cardiovascular comorbidities, such as additional MIs or reduced cardiac function. 

This study looks into Osteopontin (OPN) to address the infarcted area’s persisting damage. 
OPN is a matricellular protein that has remodeling effects on tissues. Macrophages, which are cells 
of the immune system and an important player in MI recovery, release OPN and other molecules 
after MI. Since the role of OPN during MI recovery is currently unknown, our aim is to observe 
the effects of OPN on cardiomyocytes (CMs), or major heart cells, under conditions mimicking 
MI. If OPN is shown to affect growth, proliferation or function of CMs, then OPN likely has a role 
in MI recovery and can be utilized in a treatment post-MI. 

To evaluate this, I am culturing human pluripotent stem cells differentiated into 
cardiomyocytes (hiPSC-CMs). With preliminary experimentation, I am determining the amount 
and duration of OPN needed to observe changes. Depending on those results, I will treat cells with 
the following: no OPN, OPN, and OPN with an inhibitor, in both normoxic and hypoxic (1% 
oxygen) conditions, with the latter mimicking MI conditions. I will then conduct a gene expression 
analysis with RT-PCR of select cardiac, calcium entry, and action potential genes to observe if 
OPN increases the expression of cardiac functioning genes. If greater gene expression is observed 
in the OPN and hypoxic conditions compared to our controls, our hypothesis that OPN bolsters 
cardiac functioning may be supported. Currently, we are in the process of differentiating hiPSC-
CMs (Fig. 1) and refining the methodology, as well as preparing primers for gene expression 
analysis. 
 

Figure 1. CM 
differentiation from Day 

-1 to Day 3. Day -1: 
Dissociate and plate 

cells from hiPSC vial. 
Day 0: Mesoderm (germ 

cell layer) induction. 
Day 3: Cardiac 

specification. Day 9-10 
(not pictured) full 

differentiation.  
Results from this project will not only allow us to understand the role of OPN in MI 

recovery, but also allow us to further understand MI. This, in turn, leads us closer to a clinical 
treatment for post-MI using OPN, in order to remedy what we currently label as irreversible 
damage. 
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Investigating the Role of Developmental Environment and Mauthner Cell Morphology on 
Neuronal Plasticity and Escape Behavior 

 
Pranati Ambati, Advisor: Dr. Kristen Severi,   

Biological Sciences 
New Jersey Institute of Technology, Newark NJ 07102 

  
The Mauthner cell plays a key role in escape behaviors, specifically the ventral dendrite, which 
receives visual input to mediate such behaviors. Previous research has established a significant 
effect on ventral dendrite morphology in species that are raised in environments deprived of visual 
stimuli. The aim of our project is to investigate how the variation in structure caused by such 
developmental differences will affect escape behavior. Understanding how escape behaviors are 
influenced by changes in the ventral dendrite morphology will shed light on how behavior is linked 
with phenotypic plasticity. The startle circuit relevant to the behavior being studied is important 
for several species and regulates a behavior that is necessary for survival and predation avoidance. 
Determining how pertinent morphology may be manipulated in a way that affects the escape 
response will change how neuroplasticity is considered when analyzing the evolutionary and 
developmental history of such animal behavior. Conducting this research will provide insight into 
the relationship between developmental and neurobiological spheres of neural morphology and 
related behaviors. Zebrafish were raised in control (12 hour dark, 12 hour light) and experimental 
(24 hour dark) and then screened 5 days post fertilization. Different parameters measured include 
the width of the ventral dendrite, number of dendritic tips (branching), point of first branching, 
and length of the dendrite (measured using longest dendritic tip). These parameters quantify 
differences in development of the ventral dendrite in response to varied developmental conditions, 
which can then be compared with differences in corresponding escape behavior. There is a 
significant difference between the number of dendritic tips observed between control and 
experimental conditions (Figure 1). This indicates that in absence of visual stimuli, the ventral 
dendrite responds with increased branching. Future research will include analyzing escape 
behavior between control and test conditions and using kinematic analysis to quantify the 
relationship between Mauthner cell morphology, neuronal plasticity, and escape behavior.  

 
 
 
 
 
 
 
 
 
 
Figure 1: Larvae raised in 24 hour dark 
conditions have significantly more branched 
dendrites (higher number of dendritic tips).  
 
 
 



2021 URI Summer Research and Innovation Symposium 
Book of Abstracts 

 35 

Application of a Weighted Simple Kalman Filter to Phase Unwrapping in 
Optical Coherence Tomography 

  
Roan Back, Advisor: Dr. Xuan Liu 

Department of Electrical and Computer Engineering 
New Jersey Institute of Technology, Newark, NJ 07102 USA 

  
Abstract: Optical Coherence Tomography (OCT) is an imaging technique used to image biological tissue 
on a micrometer scale. The phase of OCT signal is in principal, or wrapped, form.  When wrapped signals 
contain high levels of noise, the conventional unwrapping process becomes less accurate and the resultant 
reconstructed signal is not often reflective of the original signal.  In efforts to create a reconstructed signal 
of higher accuracy, we applied a Simple Kalman Filter (SKF) to a wrapped OCT signal and subsequently 
unwrapped the signal.  The SKF uses a predictive-correction method to estimate a more accurate parameter 
of interest. OCT data used in this study was collected in the form of a cube with parameters (x,y,t) 
respectively representing lateral position, vertical position, and time point.  When separate SKFs were 
applied to each (x,y) position across all time points, the accuracy of the reconstructed signal minorly 
improved in comparison to the reconstructed signals of the same (x,y) positions with no filter applied. 
However, when separate SKFs were applied to each (x,y) position that included an optimized weighted 
influence of surrounding (x,y) position values, the accuracy of the reconstructed signal greatly improved, 
as shown in Figure 1.  
 

 
Figure 1: Three (x,y) positions of the phase cube are shown against all time values. The solid color lines show the phase values of 
each respective (x,y) position that had a weighted SKF applied prior to unwrapping. The dashed lines show each (x,y) position 
with no filter applied after unwrapping. The solid black line shows the theoretically accurate unwrapped phase values.  
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Utilizing fMRI to Examine Functional Brain Changes in COVID Patients  
 

Alicja Bil, Advisor: Dr. Bharat Biswal  
Department of Biomedical Engineering 

New Jersey Institute of Technology, Newark NJ 07102 
 

SARS-CoV-2 is a virus that induces a respiratory condition called Coronavirus Disease 19 
(COVID-19). Though research is limited for this novel disease, studies have indicated neurological 
manifestations of this disease post-infection. This summer’s research investigated the relationship 
of the novel coronavirus (SARS-CoV-2) with brain functional connectivity by producing and 
analyzing brain activity maps.  

To explore this illness, we leveraged a technique called functional magnetic resonance 
imaging (fMRI) to assess functional activity across various regions of the brain. fMRI is an 
effective tool that takes advantage of the diamagnetic and paramagnetic properties of brain blood 
oxygenation to produce images at a high spatial resolution. The changes in local brain blood flow 
and oxygenation are picked up by an fMRI machine as a blood-oxygen-level-dependent (BOLD) 
signal, which is coupled to underlying neuronal activity. This data was collected using resting-
state fMRI (rs-fMRI) scans, which do not require subjects to perform a task or respond to stimuli. 
This data helped identify significant abnormalities in signals across two subject groups, healthy 
controls versus subjects post-infection. Affected subjects had all tested positive with a PCR test 
and were scanned about two weeks after hospitalization.  

Preprocessing of data was used to prepare images for analysis. Steps included manually 
reorienting anatomical images, cutting the first few volumes for magnetic stabilization (TR=2.00s 
indicated to cut first 5 volumes), within series alignment (realignment), framewise displacement, 
aligning functional to anatomical scans (coregistration), unifying head shape to fit MNI 152 T1 
Template (deformation), generating white matter (WM) and cerebral spinal fluid (CSF) masks, 
extracting first 5 PCA components, removing nuisance signals and 6 motion parameters, removal 
of spatial noise (smoothing, 8 mm FWHM), and removal of signals not within 0.01 - 0.1 Hz 
(bandpass filtering). Statistical Parametric Mapping Version 12 (SPM12) and Analysis of 
Functional Neuroimages (AFNI) software packages were used.  

After performing preprocessing, group independent component analysis (ICA) was 
accomplished using MatLab’s GIFT toolbox. This method facilitated identification of local altered 
functional brain connectivity in the sensorimotor, visual, thalamus, and hippocampus with other 
brain regions in SARS-CoV-2-affected subjects. Second-level analysis (2 Sample T-Tests) and 
model estimation were run to identify these significant differences between independent 
components of both subject groups as well as RSFA, ALFF, fALFF, and Z-Scored ReHo results. 
Results were compared on a voxel-wise axis to those of healthy controls.  

The completion of these steps not only allows for the production of visual representations 
of networks and statistical results to review abnormal signal differences but also to serve as an 
exploratory, observational study that could help identify Regions of Interest (ROI’s) that should 
be researched at greater depth. The next steps could involve a joint-analysis, combining the fMRI 
modality with Diffusion Tensor Images (DTI) to gain a more comprehensive understanding of the 
intrinsic connections behind fMRI responses and the WM pathways mapped by DTI.  
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Global Network Analysis of Alzheimer’s with Minimum Spanning Trees 
Author: Edgar Canario, Donna Chen, Bharat Biswal 

Department of Biomedical Engineering 
New Jersey Institute of Technology, Newark NJ 07102 

 
Abstract: Many neuroimaging methods exist for the characterization of brain disorders such as 
Alzheimer’s. All such methods face the problem of effectively capturing the brain network of a 
subject in such a way as to capture all the essential elements of the network. Due to the need for 
thresholding to weed out low-impact connections in a network, there can be quite a great deal of 
variation in the type of networks found depending on the thresholding used. Minimum spanning 
trees (MSTs) is a method that allows one to avoid this issue by generating a unique efficient 
network comprised of only the necessary connections needed to connect all regions in a brain 
network while also retaining the lowest possible cost in terms of connection weight. This allows 
for potentially more accurate characterization of the essential connections in a network, providing 
more definitive information on how brain topology arranges itself. 
 
The aim of this study, therefore, was to utilizing fNIRS to analyzing brain activity in different 
regions and then attempt to construct an MST based on these regions to characterize the different 
brain topologies of subjects with Alzheimer’s, mild cognitive impairment, and healthy controls. A 
46 channel fNIRS setup was used on subjects, after which was determined the level of correlation 
each channel pair possessed. These correlation values were used to determine the weight, here 
taken as the distance between regions, of the connections between channels where a high 
correlation meant a low weight. An MST was constructed, from which were calculated six 
common graph theory metrics used to characterize the network. The average number of 
connections within a lobe in the left vs right hemisphere was also calculated to identify which 
lobes displayed an unusual amount of connectivity. Results showed a less integrated network 
structure for Alzheimer’s patients compared with mild cognitive impairment controls, showing a 
lower amount of highly connected regions and a higher average distance between pairs of regions 
in a network. Alzheimer’s patients also showed a higher number of connections in the frontal lobe 
within the left hemisphere and between hemispheres as compared to mild cognitive impairment 
patients. Both groups displayed an imbalance in connections within certain lobes across 
hemispheres. These results indicate a breakdown in network structure and balance for patient 
groups where some regions display lower connectivity across one hemisphere and where 
information throughout a network appears poorly integrated in terms of how regions connect. 
These results indicate interesting topological features for brain networks that may be used to 
further understand and characterize Alzheimer’s and mild cognitive impairment patients. Further 
research may be interested in fully expanding on these features by using them as part of a 
classification paradigm that attempts to automatically differentiate between patient groups and 
healthy controls. 
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Highlander Ankle Brace 
 

Hans Elijah Hugo, Maria Pepper, Laila Glover-Hill, Dr. Alex Zhou, John Crombie 
New Jersey Institute of Technology, Newark NJ 07102 

 
Ankle overpronation, which is easily detectable in high jump athletes but unaddressed, 

decreases performance and can cause various injuries. The current solutions are ineffective, for 
example, ankle taping which needs professional application is uncomfortable and wasteful, and 
most commercial ankle braces are restrictive, not customizable, and bulky. The team aims to 
prevent overpronation for high jumpers to increase performance, increase safety, and prevent 
injury with a novel ankle brace design. Once established for use in elite athletes, this technology 
will serve to alleviate the pain and mobility issues felt by the broader community. 

20 interviews were conducted on high jumpers of all levels, high jump coaches, and 
volleyball players. From these interviews and research conducted, the researchers were able to 
confirm our hypothesis that ankle overpronation is unrecognized and untreated severe 
biomechanical ankle inefficiency.  

When designing the prototype, the team will follow FDA guidelines and identify user 
needs, design inputs and outputs, and find value drivers, all of which are precise descriptions 
needed to be implemented in the device to be safe and effective. The team will then develop a 
prototype that meets design verification and design validation. Once the team develops a prototype, 
the team will then test it alongside existing solutions in our motion capture laboratory: performing 
clinical trials to quantify extensions, flexions, and forces of the foot, ankle, and tibia, which will 
allow us to make comparisons that will aid in device development and refinement. This step in our 
project is ongoing. 
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Structures of Highly Substituted Cyclopropylcarbinyl Nonclassical 
Carbocations  

 
Sean Larmore 

Department of Chemistry and Environmental Science 
New Jersey Institute of Technology, Newark NJ 07102 

 
Abstract: The goal of this project is to investigate and characterize the possible structures and 
energy pathways that are open to cyclopropylcarbinyl carbocations. Carbocations, nonclassical or 
otherwise, are extremely common in organic chemistry and biology, and often play a major role 
as intermediates in organic reactions. Researchers have devoted many resources into 
understanding their behavior and prevailing structures such that most carbocations are easily 
classified and predictable. Yet, some unique sets of carbocations evaded understanding; termed 
nonclassical carbocations, these are carbocations which have unconventional bonding character 
and structures. The cyclopropylcarbinyl cation is an example of a nonclassical carbocation, and 
while its base system C4H7+ (simple, symmetric) is well understood, more complex cases of the 
cyclopropylcarbinyl cation are not.  
 
Recent experimental data focusing on a complex version of the cyclopropylcarbinyl cation was 
used as the basis for this computational chemistry project. Structures of the cyclopropylcarbinyl 
cation were found and optimized using the Gaussian 16 program on NJIT’s Lochness cluster. 
ωB97X-D and mPW1PW91 Density Functional Theory (DFT) methods were use along with a 
Dichloromethane SMD solvation model. A potential energy surface (PES) was generated for this 
cation, describing the possible isomeric shifts it can undertake. Two possible isomeric pathways 
were found (Figure). The first leads between two structurally different cyclopropylcarbinyl cations 
(right). The PES for this pathway shows that a bicyclobutonium cation (middle, right) is an 
unstable transition state (TS) structure, deviating from base system predictions, where this 
structure is a stable minimum. The second pathway, which is not possible in the base system, leads 
to a more classical carbocationic structure (left). The deviations from the base system shown here 
undoubtedly stem from the addition of substituents onto the cyclopropylcarbinyl structure. 
Understanding how each substituent affects these isomeric pathways is key to fully understanding 
the cyclopropylcarbinyl cation and will be the focus of future research.  
 

 
 

Figure: Isomeric pathways open to the cyclopropylcarbinyl cation. Cyclopropylcarbinyl cation (middle left), 
Bicyclobutonium TS (middle right), Cyclopropylcarbinyl isomer (right), Classical carbocation (left). Energy 
values are in kcal/mol. 
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Nanoparticle Tracking Analysis of Polymer Particles in Blood Plasma 
 

Kaylin McQuillan, Advisor: Dr. Kathleen McEnnis  
Department of Chemical and Materials Engineering 

New Jersey Institute of Technology, Newark NJ 07102 
 
Abstract: Polymer particles, such as polystyrene (PS), are frequently investigated as prospective 
drug delivery vehicles, but more knowledge of their behavior in the biological milieu is required 
to develop a successful drug delivery system. Once injected into the blood, particles must face the 
hurdle of an immune response in order to circulate long enough to reach the intended target. 
Current literature demonstrates that the set of proteins that adsorb to the nanoparticle, referred to 
as a protein corona, allows the immune system to more easily identify and remove the foreign 
object. Before in vivo studies can occur, the protein corona must be understood and characterized. 
This work presents a method to measure both the hard (less dynamic) and soft (more dynamic) 
protein corona utilizing a nanoparticle tracking analysis (NTA) system. Orange fluorescent PS 
nanoparticles were introduced to saline and a 35% goat blood plasma solution, where they were 
then analyzed by a NTA system for size. The plasma solution was triple washed with saline to 
effectively remove the soft corona and was then analyzed by the NTA. The process was repeated 
with particles PEGylated with polyethylene glycol (PEG) to determine the effect of PEGylation 
on the protein corona size. Contrary to current literature, our results demonstrate a larger protein 
corona formed on PEGylated particles than on unmodified particles (see Table 1). Future work 
includes varying the PEG molecular weight, utilizing higher concentrations of blood plasma, and 
increasing the RPM for the saline wash. 
 
 
 
 
Table 1: Mode hydrodynamic diameters of unmodified and 1k PEGylated PS particles and their respective calculated corona sizes 
measured by NTA. 

PS Particle 

Mode 
hydrodynamic 

diameter in saline 
(nm) 

Mode hydrodynamic 
diameter in goat 

blood plasma (nm) 

Mode hydrodynamic 
diameter triple 

washed in saline (nm) 
Calculated hard 

corona size (nm) 
Calculated soft 

corona size (nm) 

Unmodified 234.8 260.6 256.9 11.1 1.8 

1k PEGylated 234.1 362.7 351.1 58.5 5.8 
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Dynamics of Generalized Half-Center Oscillator Neuronal Networks 
 

Shiva Senthilkumar 
Advisor: Dr. Horacio Rotstein, Mentor: Rodrigo Pena PhD    

Department of Biological Sciences 
New Jersey Institute of Technology, Newark NJ 07102 

 
 
This project aims to study the synaptic and intrinsic properties of Central Pattern Generators, 
primarily Half-Center Oscillators. This neural network has many interesting characteristics and 
the mechanism of it is largely unknown. We are keen on answering the question of how we can 
classify the identity of a Half-Center and Central Pattern Generator based on the response of motor 
cells to the perturbations made on the network. Furthermore, we want to learn how Central Pattern 
Generators respond to specific, external manipulations done on biophysical and synaptic properties 
of the network. This project will also serve to study how different biophysical and synaptic 
parameters affect the activity in Half-Center Oscillators and if these changes are consistent in 
networks with a larger number of cells. Using Matlab, we have developed a code simulating a T-
type calcium cell network that can be expanded to an “n” number of cells. Within this code, we 
have defined many relevant biophysical parameters that have both direct and indirect effects on 
how the network functions, which we were able to study by plotting its electrical activity. In 
addition, we studied the effects of altering the configuration of both 2 cell and 3 cell networks, 
mainly experimenting with how the number of resonators within the network can affect the 
function of Half-Center Oscillators. We were able to characterize the changes associated with 
varied connectivity values as well as differing configurations of networks. In addition, we were 
able to quantify the results in terms of frequency and amplitudes of the oscillations. We are still 
interested in how these changes will affect larger networks, specifically larger than 3 cells. Overall, 
we were able to make great progress in understanding how these networks work in 2 cell and 3 
cell variations. We are continuing to record the data that results in oscillatory activity and will be 
able to expand on the results to deliver a publication that will answer the questions we are 
concerned with. 
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Contact Angle Measurement for Implementation in Passive Plasma 
Separation  

 
Nikesh Shrestha, Advisor: Dr. Eon Soo Lee, Mentor: Yudong Wang 

 
Mechanical and Industrial Engineering Department. 

New Jersey Institute of Technology, Newark NJ 07102 
 

Early detection and diagnosis of cancer antigens in a patient’s body allows for a more 
suitable treatment which increases the chances of survival. A new micro-device that takes only a 
few microliters of a patient’s untreated blood to detect the cancer type and progression is being 
developed. A crucial step in cancer detection from whole blood is the separation of plasma from 
other blood cells. Plasma is the biofluid which contains the cancer antigens and antibodies. 
Traditional method of separating plasma using a centrifuge device takes a larger amount of blood 
and a longer amount of time for a successful separation. Therefore, passive self-separation 
method is sought after. There are various other techniques for passive separation, without use of 
external forces, such as filtration, sedimentation, bifurcation law, wettability control etc.  

To self-separate the plasma, the method of wettability control utilizes the surface tension 
forces acting between the fluid and the microchannel walls, and the difference in the velocity 
gradient caused by the disparate viscosity of blood cells and plasma. The flow is highly depended 
on the surface tension forces which can be regulated depending on the wettability nature of the 
microchannel walls. The microchannel is fabricated on Polydimethylsiloxane (PDMS) by etching. 
PDMS is naturally hydrophobic, but after treatment with Oxygen Plasma, the hydrophobic state 
is conditioned to a hydrophilic state. The result of Oxygen Plasma treatment can be quantified by 
measuring the contact angles a liquid droplet makes on a PDMS substrate. The apparent contact 
angle is determined from the angle between tangent vector at the point of contact and the 
substrate. 

A MATLAB code will process the image taken of the droplet on a treated PDMS. With the 
use of image processing feature on MATLAB, the code will automatically detect the substrate 
(PDMS), and the droplet. The code will fit an ellipse which best matches the droplet using least-
square fitting and identify the substrate, which is a straight line, using Hough Transform. The 
tangent vector at the intersection of the ellipse and the line will be generated to measure the 
contact angles. The static measure of contact angles larger than 90° will act hydrophobic, while 
angles less than 90° will act hydrophilic. The static angle measurements will determine the 
hydrophobic level of the PDMS which will be utilized in the fabrication of micro-channel for passive 
self-separation of blood plasma using the method of wettability control.  
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A MATLAB toolbox for Quality Validation of Functional Near-Infrared 
Spectroscopy (fNIRS) Data Collected from the Human Brain 

Jailene Silveri, Advisor: Dr. Xiaobo Li, and Mentor: Meng Cao, PhD Student 
Department of Biomedical Engineering 

New Jersey Institute of Technology, Newark, NJ 07102 USA 

Abstract: For the past 29 years, functional infrared-spectroscopy (fNIRS) has become an 
increasingly advantageous neuroimaging modality due to its ability to noninvasively capture 
neuronal activation in the brain. During resting or cognitively-demanding states of neural activity, 
sensors administer light and capture the scattering rays as they propagate throughout the brain’s 
tissues. These recorded optical intensities, known as hemodynamic responses, are easily acquired 
from participants ranging from infancy to elderly age due to the affordability and portability of 
fNIRS. However, despite existing software toolboxes designed preprocess and denoise fNIRS raw 
data, there are no standard validation methods to evaluate and assure the quality of preprocessed 
data. Therefore, to address the scarcity of quality control, we have developed a MATLAB toolbox 
to utilize quality validation metrics to fNIRS data collected from the human brain. The toolbox 
succinctly employs (i) user functions crucial for preprocessing, such as the conversion of optical 
intensities to both oxy- and de-oxygenated hemoglobin concentrations via the modified Beer’s 
Lambert Law (MBLL); (ii) signal filtering, such as bandpass, high-pass, and low-pass filters to 
minimize noise; and (iii) signal validation calculations, such as Signal to Noise Ratio (SNR) and 
Contrast to Noise Ratio (CNR) to effectively evaluate the reduction of noise and redundancy in 
functionally different channels of interest. Moreover, the aforementioned user functions are 
seamlessly integrated into a MATLAB-based graphical user interface (GUI) to ensure that all 
users, regardless of software proficiency, will perform fNIRS signal analysis with less time 
consumption, a lesser probability of involuntary mistakes, and a more consistent and clear 
approach to navigating signal artifacts. 

 
 

Figure 1: Proposed MATLAB Graphic User Interface (GUI) model 
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SEIAQRVn Model of Spread of Covid-19 with cGAN Parameter 
Estimation 

 
Kevin Yotongyos Mentor: Soheil Saghafi 

Advisor: Casey Diekman 
Department of Mathematical Sciences 

New Jersey Institute of Technology, Newark NJ 07102 
 
The objective of this research is to simulate the spread of COVID-19 in New Jersey using an 
SEIAQRVn (Susceptible, Exposed, Infectious Symptomatic, Infectious Asymptomatic, 
Quarantined, Recovered, Vaccinated) compartmental model. The model is a system of ordinary 
differential equations with parameters representing the rate of flow of the population among the 
different compartments. Our goal is to explore the role of each parameter in this model using the 
Deep Hybrid Modeling (DeepHM) software package provided by IBM Research [1]. DeepHM 
uses conditional Generative Adversarial Networks (cGANs) as an inverse surrogate model to 
distinguish the parameter regions corresponding to the distributions of various features (the peak 
values and times of active cases) extracted from data on active cases. Pseudorandom parameter 
values for the rate of people moving from Susceptible to Exposed (β) and people moving from 
Infected to Recovered (η) are generated monthly for one year spanning from the beginning of 
January 2021 to the end of December 2021. Therefore, our synthetic dataset comprises 24 
different parameters and 4 different features which cGAN is going to train on and produce some 
samples in parameter space that correspond to the active case load features in order to complete 
the parameter estimation process. 

 
1. Parikh J, Kozloski J, and Gurev V (2020). Integration of AI and mechanistic modeling in 
generative adversarial networks for stochastic inverse problems. arXiv, arXiv:2009.08267v2 
[stat.ML]. 
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Evaluation of a Phase-Transfer Catalyst Toward the Synthesis of Chiral 
Alkylboronic Esters 

Rebecca Zaki, Advisor: Dr. P.A Champagne, and Mentor: Dr. Floris Buttard 
Department of Chemistry and Environmental Science 

New Jersey Institute of Technology, Newark NJ 07102 
 
Abstract: The aim of this project is to synthesize a chiral phase-transfer catalyst and test its use for 
enantioselective 1,2 – migrations on alkenylboronates. The desired products of this reaction, chiral 
alkylboronic esters, can then be used as building blocks when synthesizing molecules of higher 
complexity. They also embody characteristics that are of interest in medicinal chemistry and are 
proven to aid in drug discovery, such as saturation and solubility. To this day, these desirable 
molecules are synthesized under either substrate or electrophile control meaning that the chirality 
of the final product is dependent on the chirality of the substrate or electrophile. This project is 
unique in that the chirality is not introduced by either the substrate or the electrophile, but rather 
the phase transfer catalyst which allows for a more flexible process. Once the synthesis of this 
catalyst was completed, it was placed alongside known substrates and electrophiles, in order to 
obtain chiral alkyl boronic esters (Figure 1). Many skills useful for work in an organic lab were 
perfected such as purification of products with flash chromatography, and the use of nuclear 
magnetic resonance spectroscopy for further analysis. The enantioselectivity was then analyzed 
with high - pressure liquid chromatography in order to measure the success of the catalyst if any. 
Reaction conditions were also altered over time incorporating different techniques such as 
oxidation of the product and addition of a crown ether in order to better isolate and analyze the 
product.  
 

 
 

Figure 1: Phase-transfer catalyzed 1,2-rearrangement of alkenyl boronates.  The expected chiral center is highlighted in red.  
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Securing Deep Learning: Attack/Defense Implementations on Federated 
Learning  

Carlos Maranon, Advisor: Abdallah Khreishah, Ph.D.                                                          
Department of Electrical and Computer Engineering                                                                                

New Jersey Institute of Technology, Newark, NJ 07102 USA 
 
For this research study, the task and aim of this project are to develop and look into new 
offensive/defensive security implementations on artificial intelligence. With the increased use of 
machine learning/deep learning applications in the business and technology industries, federated 
learning seems to be a promising solution to solve the problem of bettering performance without 
disturbing data privacy and security. To clarify, federated learning is a new type of machine 
learning technique that trains machine learning models across multiple decentralized 
servers/devices holding local data samples without exchanging them. After training the local 
models, all the model weights from them are averaged out and are sent to a new global machine 
learning model. In theory, this global model would be better at generalizing on new data without 
being exposed to it at all. 
This study aims to research and analyze adversarial attacks on machine learning models so that a 
potential defense can be made to counter the attack. Based on past research, it is possible to 
implement a backdoor attack on federated learning by simply poisoning a local model’s dataset 
and implementing a corresponding trojan label/output for those poisoned datapoints. After 
poisoning the local dataset, the adversary must scale the local model weights to maliciously replace 
the global model with the adversarial model [1].  
However, the research did not elaborate on the effects of implementing this trojan/backdoor attack 
on two types of locally generated data. These types are Independent and Identically Distributed 
Random Variables (IID) and Non-Independent and Identically Distributed Random Variables 
(Non-IID). In this research, we are studying the effects of implementing the trojan attack on these 
two types of data to see if there are any changes in performance/accuracy to the global model. So 
far, when implementing the attack on IID data, the global model performance is stable and mostly 
very accurate on test data. When utilizing Non-IID data for the attack, the global model 
performance fluctuates and is not stable. Going forward, more research can be conducted to 
implement a defense measure based on this fluctuating behavior.  
 
References 
[1] Eugene Bagdasaryan, Andreas Veit, Yiqing Hua, Deborah Estrin, & Vitaly Shmatikov. (2019). How 

To Backdoor Federated Learning 
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Bauhaus Medievalism: Gropius' Medieval Ideals and their Manifestation in 

Bauhaus Pedagogy 
 

Elizabeth Kowalchuk, Advisor: Dr. Louis Hamilton 
Hillier College of Architecture and Design, Albert Dorman Honors College 

New Jersey Institute of Technology, Newark NJ 07102 
 

When the Nazi Party dissolved the Bauhaus in 1933, the German design school’s teachers 
and students sought refuge in institutions across the globe, imbuing the pedagogies of architecture 
and design schools with avant-garde thinking. The Bauhaus fostered a stylistic shift from historical 
eclecticism to modernist functionalism, however, medieval themes and concepts were at the heart 
of the Bauhaus’ formation. Walter Gropius, the school’s founder, included several explicit 
medievalisms in the Bauhaus’ foundational manifesto, but his interpretation of the Middle Ages is 
best represented in the cover image he chose for the text: an image of a medieval cathedral depicted 
in modern cubist style by Bauhaus instructor Lyonel Feininger. 

The first goal of my project was to situate the ideas surrounding the Bauhaus’ formation 
into its historical context through a literature review, tracking the medieval influences from the 
nineteenth-century gothic revival to the post-WWI discussions of “the machine” in an 
industrialized Europe. I curated the relationships between these ideas into a visual timeline using 
the program Scalar. The second goal of the project was to understand how Gropius’ written 
medievalisms manifested in the teaching practices of the Bauhaus pedagogy, and to understand if 
the medievalisms were maintained as the Bauhaus developed. Turning to the primary source 
materials, I analyzed the pedagogical methods of the three teachers who successively directed this 
required Preliminary Course (Johannes Itten (1919-1923), Lazlo Moholy-Nagy (1923-1928), and 
Josef Albers (1928-1933)), to see how medievalisms were continued by each.  

Gropius’ medieval ideals culminate in his understanding of “Gesamtkunstwerk,” or the 
“total work of art,” that is exemplified in medieval cathedrals through their union of the arts and 
crafts. Each lesson taught students to master not only the theories of form, color, and materials, 
but also to act upon “spiritual” impulses and experimentation with craft. Teaching students to 
embrace these metaphysical acts of design was imperative to achieving Gropius’ goal to create “a 
new guild of craftsmen.” Attempting to reverse engineer Feininger’s image of the cubist gothic 
cathedral using Itten’s geometrical method from one of his lessons exposes his Pythagorean basis 
as a spiritual medievalism.  

Invented ideas about the Middle Ages led to the formation of the most influential school 
of design, and continued to be reinvented based on the schools’ needs. Future work in this project 
will explore how the Bauhaus’ romanticisation of the medieval cathedral was integrated into the 
schools (generally) socialist political views while a competing medievalism was being developed 
at the same time by the Nazi Party. 
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Visualizing Space and Place: Lessons for the Young Architect (V.5) 

 
Dhruvi Rajpopat, Advisor: Dr. Gabrielle Esperdy  

Hillier College of Architecture and Design 
New Jersey Institute of Technology, Newark NJ 07102 

 
In the course of their education, students of architecture rarely reflect on the decisions they make 
in the studio and the ideas that inform those design decisions. In the architecture studio, a rigorous 
design process always begins by considering the nature of the design problem, but this does not 
mean immediately picking up a pencil or moving a mouse. Instead, there is a considerable amount 
of reflection done beforehand. This consists of reading, writing, and drawing in a process that is 
guided by our critics and our own intuition. In this typical scenario, the analysis is always “a means 
to an end” in the service of the design solution. For my summer research project, I am shifting my 
design priorities to reflect on the means of the architectural process as an end in itself. By making 
this essential and organic part of design more explicit, I am cultivating a practice that is more 
intentional and self-conscious, and applicable to my own architectural work. 
 
In order to expand and draw out this act of reflection in practice, I have selected a subject of 
inquiry, concentrating on one of the fundamental characteristics of architecture: the transition of 
mere space into significant place. "Place-making" is the combination of memories, time, 
experiences, and intentions that a person brings to a space, endowing it with the special importance 
that will make it a "place." Architecture can be defined as the act of thoughtfully designing spaces 
in order to make them places; in this way, it is directly related to “place-making." Hence, 
examining the origins of how "place" comes into existence is an ideal starting point for my 
reflections on architectural practice.   
 
Within this project, my process included developing iterative interpretations in the form of drawing 
and writing in response to a selection of diverse readings by a series of ten experts on the subject. 
The outcomes resulted in ten corresponding visualizations with accompanying texts. Each of the 
pairs are reflections on “place” derived from my readings, ultimately constructing a visual 
literature review, or a set of architectural theorems. To begin, as a method of visual notetaking, I 
produced five sketches that interpret each reading. I then created one final visualization per 
definition of “place”, as it relates to the ideas of each expert, producing an exegesis on the reading. 
I concluded each exploration by writing a 300-word text to support the visualization, and to provide 
an intuitive look into my process by formally documenting the act of revision.  
 
To further develop my practice, I would like to create a digital archive of my findings to not only 
produce a student handbook that can lay out the step-by-step instructions for critical reflection, but 
also provide an illustrated guide in understanding “place-making.” Overall, this entire process will 
highlight reflection and production as a critical and equivalent part of the architecture practice.  
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Drones Swarms for Payload Transportation  

 
Paul Ogunleye, Advisor: Dr. Pramod Abichandani, Mentor: Deepan Lobo 

School of Applied Engineering Technology 
New Jersey Institute of Technology, Newark NJ 07102 

 
According to the United States Fire Administration, the total deaths per year from fires has 
increased every year since 2012. The most important thing during an emergency response is time. 
If the time it takes to locate points of interest is reduced, then the amount of lives saved can be 
increased. Drones can be used during rescue operations by searching a larger area faster along with 
different types of visual aids. The purpose of this research is to make multiple drones swarm 
together in order to control their actions from a ground station computer. From the computer flight 
path, payload deployment, and any equipment connected to the drones can be controlled. The 
pixhawk 2.1 is the autopilot used to control the drone along with a raspberry pi which is used to 
send and receive commands from the ground station computer. Python scripts are used to control 
the drone’s flight path and can be changed at the discretion of the user. Using the flight controller, 
Mission Planner, it is possible to connect multiple drones in a swarm to control them. We tested 
several different python scripts ranging from a simple triangle pattern to a scanning “Lawnmower” 
pattern. We plan to conduct further research of multiple drone swarms flying together linked to 
different ground station computers. 
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The Challenges of Cohousing from the Architect’s Perspective  
 

Jacob Swanson1, Advisor: Dr. Maurie Cohen2 
1School of Architecture, 2Department of Humanities and Social Sciences 

New Jersey Institute of Technology, Newark NJ 07102 
 
Abstract: Participatory design practices have long been recognized in fields like urban planning, 
product design, and policy making, however architectural applications remain scant. One such 
example is cohousing, a housing model that pairs smaller-than-usual private dwellings with 
generous shared spaces to facilitate community-building. Here, prospective residents are 
intimately involved in the design of their new neighborhood. In addition to creating a built 
structure, scholars and practitioners generally consider the development process integral to 
building the future community’s social fabric. In the current literature, this multifaceted approach 
has been underexplored from an architectural perspective. Thus, this project aims to answer two 
central research questions: What makes an architect successful in cohousing? And how is codesign 
practiced in cohousing and how do architects understand their role?  
 To answer these questions, I conducted ten semi-structured interviews with professionals, 
mostly architects but including developers and development consultants, with varying levels of 
experience in cohousing. Differences in experience level are important because it offers a chance 
to get insight at the project-, as well as field-, scales. Architects were originally identified through 
an online directory maintained by the Cohousing Association of the United States and additional 
interviewees were identified through snowball sampling. Consistent with a grounded theory 
approach, the interview instrument was iteratively refined throughout the interview sequence. A 
literature review of published material authored by practitioners was carried out in parallel. 
 Preliminary analysis suggests three mechanisms by which the participatory design process 
becomes a way of building social solidarity among future residents. The first is professional 
guidance that only allows the group to engage in productive conflict. Professionals must make sure 
that the design questions they pose to the group are important to the design’s direction and have 
answers that are sufficiently objective. Because most groups use consensus governance, all 
members must be able to agree to a specific solution. The most common example is that of paint 
colors; because this is subjective and unlikely to present a good forum for community-building, 
architects make that decision themselves instead of asking the group. Doing this allows the project 
to stay on-schedule and gives residents a sense of accomplishment at moving forward. 

The second process is the transformation of design questions into conversations to 
reconcile residents’ values. A question about how many parking spaces to have or prioritization of 
amenities becomes a way to talk about how the community wants to live and allows them to 
coalesce around shared values, providing further guidance to the architectural team. 

The third mechanism is making the design process an event. A design workshop gives 
residents a time to get together. Interactions before, during, and after can lead to further 
relationship-building activities outside of the formality of group processes. Workshops also serves 
a marketing purpose to help grow groups from a few families to the necessary 20 or 30 by giving 
them the chance to shape the final building. 

Thus, the central professional challenge of cohousing is balancing a complex social 
development process with an already complicated development process. 
 Further work on this project will include data analysis completion, a potential second round 
of interviews, and a reintegration with existing literature on participatory design and cohousing. 
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Exploring Image Compression Using Deep Neural Networks 
 

Aaron Gibbs 
 

Department of Electrical and Computer Engineering 
New Jersey Institute of Technology, Newark NJ 07102 

 
 
Image Compression is the processing of an image to reduce its size to take up less space. This is 
seen all the time through the usage of JPEGs and PNGs, trading off between size and quality. An 
autoencoder is an Unsupervised Machine learning algorithm, sets target values to be equal to the 
inputs. Used to reduce size of inputs to smaller representation. Able to learn non-linear 
transformations. It is able to be used in image compression as a neural network. Deep Learning in 
Image Compression already exists, however efficiency is the main focus of the research, being 
able to expand upon what has already been done. Is there another method to improve efficiency 
with Deep Learning Image Compression? What is the quality trade off? Using Stochastic 
Binarization, you are able to have control of the network compression, the rate is achieved simply 
by putting constraints on the bit allowance. Also, a binary bottleneck helps force the network to 
learn efficient representations which doesn’t have many redundant bit patterns.  
 
 
 

 
 

 
 

Dual-Layer, Millimeter-Core, Coil Wrapping Machine 
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Bilal Adra, Advisors: Balraj S. Mani, Dr. Nuggehalli Ravindra 
Department of Mechanical and Industrial Engineering, Department of Physics  

New Jersey Institute of Technology, Newark NJ 07102 
 

Systems capable of intricate placement of heterogeneous devices on substrates in the field 
of electronic packaging at wafer level are in increasing demand. Such systems can integrate 
miniature components into a large assembly. Magnetic field assisted assembly techniques are 
being explored as a novel approach. The research into such innovative techniques involves 
magnetic field assisted robotic assembly which uses a large array of milli-scale electromagnets. 
Milli-scale electromagnetic coils are required in varying lengths and core diameters of 0.5mm to 
2mm. Dual-layer coils will double the magnetic field strength compared to mono-layer coils. In 
addition the leads will terminate at the same end of the coil, enhancing manufacturability by 
reducing clutter in future electrical wiring. Therefore, a custom-built Coil Winding Machine was 
pursued to establish a long-term solution capable of producing custom designed electromagnetic 
coils. The prototype was designed to execute five required operations: to wind, to provide support 
at either ends of the core, to maintain tension of the wire, to steer coil including dual layering, and 
to release wire out. Winding is realized by wire being fed onto the rotating core, secured and driven 
by the stepper motor. Integrating an Arduino and motor driver controls the speed of the motor and 
the number of turns of the core. Support at either ends of the core is required during the winding 
process to prevent deflection of the core due to wire tension. An Idler subassembly was developed 
to secure and support the free end of the core. The wire should be kept taut as the coils are being 
wound. A spring-loaded Dancer subassembly was developed to keep the wire taut at the feeding 
and delivery ends. As the wire is wound onto the core, the wire must translate laterally to form a 
tight-coil structure. A Coil Steering subassembly was developed to control the pitch of the coil. 
The motor driving the core concurrently drives a double-helix lead screw via a pulley drive and a 

gear-train. The Coil Steering subassembly is also able to 
achieve the dual-layer coil structure. The left-hand and 
right-hand threads machined in continuation provide 
continuous reverse motion to form the second layer. The 
wire must be bailed out continuously from the bobbin in 
a controlled manner. A special Bobbin Support 
subassembly was developed using a ratchet mechanism 
to ensure the coordinated release of the wire. These five 
operations work in conjunction to produce dual-layer 
coils for electromagnetic applications.  

The Coil Winding Machine has been an ongoing 
development. Figure 1 shows the machine designed 
using Creo Parametric 6.0, a CAD software. Arduino 

microcontroller and a motor driver were implemented into 
the electrical circuit. Production drawings were created for manufacturing of the parts. Machine 
building is in progress for the prototype.  

A special wire wrapping technique for core diameters less than 1mm will be implemented 
into the Coil Winding Machine in the future, transforming it into a Coil Wrapping Machine. 

 
 

Figure 1: Dual-layer Coil Winding Machine 
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Statistical Study of Mini-filament Eruptions 

Lazar Agoev 
Computer Engineering 

 
 

Since the first encounter of Parker Solar Probe (PSP), the ubiquitous presence of the 
variation of the magnetic radial components, so-called “switchbacks,” have been observed in 
the near-Sun solar wind. One highly possible source could be the frequently occurring small-
scale eruptive events in the solar atmosphere that propagate the disturbance and Alfvenic 
fluctuation into the solar wind. In this work, we study the mini-filament eruptions and the 
associated jets/macrojets from May 10 to Jul 30 2020, using the full-disk Halpha images 
observed by Big Bear Solar Observatory (BBSO). We estimate the eruption speed of a 
significant mini-filament eruption and use the Yet Another Feature Tracking Algorithm 
(YAFTA) to statistically study the physical properties of these events, such as lifetime, size, 
and mass ejections. In addition, the power-law distribution of mini-filaments shows a slope of 
-2.7 matches the expectation. 
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The Impact of Clutter on Multiple Object Search in Naturalistic Settings 
Elizabeth Brogna & Sophie Jedrysek, Advisor: Yelda Semizer 

Department of Biomedical Engineering, Department of Humanities & Social Sciences 
New Jersey Institute of Technology, Newark NJ 07102 

 
Looking for a beloved player on a soccer field, someone in a crowded store, or the ketchup 

bottle in the fridge are a few instances of our constant search for objects in cluttered environments. 
In order to better understand the extent to which clutter impedes visual search, we have created an 
experiment that studies individuals’ performance while looking for targets in Where’s Waldo 
images. Our goal is to examine the effect of clutter on speed and accuracy, particularly while 
searching for multiple objects just as natural environments have us looking for several instances 
of a target. 

Previous research has shown how clutter affects multiple object search in abstract settings, 
but fails to consider the complexity of the physical world. This data provides a new understanding 
of the connection between clutter and multiple object search utilized in everyday activities such as 
radiology, public safety, and cyberpsychology. It is already known that the density of breast tissue 
on a mammogram degrades radiologists’ search performance, but the cause is unknown. We hope 
to find a relationship between tissue density and clutter to explain this trend as well as provide 
insight into how and when the radiologists stop searching and decide they have found all 
abnormalities. Our findings can be applied to public safety workers searching through luggage at 
an airport or a large crowd of people for weapons or suspicious activities. Clutter also impacts 
web-users’ interactions with online sites. Our research can inform where advertisements or 
important information should be placed so that they are easily located by the viewer. 

After preparing the stimuli, running the 
images through a clutter metric, and coding our 
virtual experiment, we created a study that tests 
our participants’ search time and accuracy. In 
the task, participants are given a word 
representing their search target and presented 
with an image. They are asked to look for as 
many instances of the target they can find and 
record their response. In the image to the right 
for example, participants are asked to look for 
lounge chairs, of which there are two. There 
are three particular phenomena that we are looking for: how quickly participants find all the targets, 
their accuracy in their responses, and satisfaction of search, which is when the participant decides 
to terminate their search and sacrifice accuracy for speed.  

We are currently piloting our experiment to give us insight on the statistical power of our 
data and how many participants to include in our virtual study. The results of this virtual study will 
be used as a basis for a future lab study implementing eye-tracking software to further help us 
understand participants’ behavior during the search task. 

Figure 2: From Martin Handford’s 1987 "Where's Waldo"  



2021 URI Summer Research and Innovation Symposium 
Book of Abstracts 

 55 

 
 

Eruption of Polar Crown Filaments  
Hao Massimo Chen  

Computer Science 
 

Polar Crown Filaments (PCFs) are formed above the polarity inversion line (PIL), which 
separates unipolar polar fields and the nearest dispersed fields. They are important features in 
studying solar polar fields and their cyclical variations. Due to the relatively weak field strength 
and projection effects, measuring polar magnetic fields is more difficult than obtaining the field 
strengths concentrated in active regions at lower latitudes. It is well known that PCFs migrate to 
the polar area, while other kinds of filaments migrate towards the equator. Also, a recent 
preliminary study shows that most PCFs erupted eventually, however, other filaments vanish either 
via eruption or thermal disappearance. This study presents details of the eruption of a PCF, which 
splits into two segments, one erupted and the other one became highly twisted. The projected 
eruption speed is about 6 km/s, which is comparable with the "true" velocity of 12 km/s measured 
with stereotroscopic data. 
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An Exploration of Intern Socialization During Remote Internships 
 

Reesha Gandhi and Advisor: Dr. Yvette Wohn  
Department of Informatics 

New Jersey Institute of Technology, Newark NJ 07102 
 

Since the COVID-19 pandemic, many companies have closed their offices and required 
their employees to work from home. Subsequently, interns do not get the same experience they 
would have in a collocated, or in-person, workplace. Their socialization with coworkers may be 
impacted due to the differences in remote and collocated work. The same holds true for how interns 
build connections and relationships with employees. As such, this exploratory research study 
focuses on how interns socialize and build professional relationships within their partial or fully 
remote internships.  

  
Many have researched remote work, socialization habits, and the effects of remote work 

on the physical and mental health of employees. However, little is known about how interns 
socialize and build professional relationships in work-integrated learning. This includes how their 
learning process and methods of socialization are affected by their physical location during an 
office-based internship. My goal is to understand this influence on full-time students and how 
educators and employers can create a more constructive environment for undergraduate student 
interns. This study may shed some light on intern and employee relationships in the office 
environment, as well as discerning motivations for professional relationships during internships 
and the implication of those behaviors on learning. Additionally, many companies in recent months 
have announced their shift towards opening full-time remote work positions; as such, many 
internships may be transitioned fully remote as well. This research will allow universities and 
employers to develop programs focused on providing student interns a more enriching and 
productive learning experience.  

  
During the summer research program, I first posted recruitment messages to open-forum 

student and intern communities. From this, I conducted 24 interviews (12 remote interns, and 12 
remote + in-person interns), and completed transcriptions for each. Due to some delays earlier in 
the summer program, my new main goal was to finish the data collection portion of my study. The 
next steps include going through data and conducting analysis using a grounded-theory approach.  

  
Preliminary results show that many students believe their networking skills and ability to 

build a rapport with professional employees in the industry were not as strong as they may have 
been in person. The remainder of the data, as well as the analysis, will be published in my 
undergraduate thesis towards the end of the following academic year. Future work from this study 
may include conducting a large-scale quantitative study to further understand these implications 
on specific industry sectors. Different industries may benefit from certain types of socialization 
over others to help interns acclimate to the professional world.  
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YouMatter: Doctor-patient matching application designed for the LGBTQ+ 
community 

 
Cindy Gonzalez and Hannah Benjamin 

Ying Wu College of Computing 
New Jersey Institute of Technology, Newark NJ 07102 

 
The LGBTQ+ community still faces significant discrimination when seeking medical care. 

There are too few doctors who have experience working with the LGBTQ+ community and many 
medical professionals still utilize antiquated medical practices and theories. Many LGBTQ+ 
patients often fear being misunderstood or discriminated against when seeking medical care. Also, 
doctors may not always be knowledgeable on the best specialists to direct their patients to when 
addressing LGBTQ+ healthcare needs.   

YouMatter is a doctor-patient matching application aimed towards alleviating any anxiety 
the LGBTQ+ community might face when looking for healthcare providers by guiding patients to 
the right specialists, resources, and organizations.  

The goal of this project is to explore the commercialization of the application and conduct 
customer exploration in order to take the first steps towards prototyping the application. An in-
depth interview process was designed and conducted to determine what obstacles potential users 
have faced in their search for LGBTQ+ friendly doctors. Interviewees were asked about their 
previous experiences when looking for specialists, and their experiences while being treated. 
Interviewees were also questioned about their experience with current doctor-patient matching 
applications.  

Customer exploration  via virtual interviews helped create a list of features and functions 
necessary for the success of YouMatter. One of the most emphasized features was a detailed doctor 
profile for each doctor including education, years of practice, and  experience working with 
LGBTQ+ community. Patients emphasized the importance of having access to reviews and 
testimonials by other patients. Potential customers also expressed their need to have access to other 
information such as an FAQ page, LGBTQ+ events, and relevant organizations. Other features 
include targeted keyword search and photos of the medical office.  
 Most importantly, the YouMatter team was able to connect with a network of LGBTQ+  
healthcare providers through the interview process. The YouMatter team aims to move into the 
prototyping phase by analyzing the data collected through research.   
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Unity for Spatial Research 
 

Jason Kurzer, Advisor: Dr. Burcak Ozludil 
Ying Wu College of Computing, ADHC 

New Jersey Institute of Technology, Newark NJ 07102 
 
Abstract: Being able to view data in a 3D space helps us understand information that otherwise 
would not be easily understood, such as spatial and temporal data. Through the popular game 
development software Unity, we are working on improving a temporospatial analysis  tool called 
SpatioScholar, which has been developed at NJIT. Unity is a software that is primarily associated 
with game development, but its engine has extraordinary potential for spatial research. With 
SpatioScholar, researchers and users can interact with the 3D simulation of extinct or extant 
spaces. This phase of the research is focused on interacting with information in first-person within 
the simulation and annotating 3D models. This spatial annotation and shared scholarship feature 
is managed through a live database. I am helping with SpatioScholar by improving the spatial 
annotation feature through upgrading the user interface and user experience, and helping future 
proof its database. A large part of my work on the project was on the “information bubbles” in the 
simulation, making them interactive and more intuitive, while keeping them easy to understand. 
In the solution I created, the user's gaze triggers the information bubble of interest, indicated by 
highlighting the bubble when they hover over it. The user can click to see the annotation that is 
stored within that specific location.  
 
 

 
Figure 1: A scene in SpatioScholar showing information bubbles. The user is interacting with the  one in the middle. 
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aVisual Memory and Shifting Ability in Chess Players 
Ruchi Shah 

Advisor: Dr. Yelda Semizer 
Department of Humanities 

New Jersey Institute of Technology, Newark NJ 07102 
 
The human visual system allows us to process and categorize information within 

milliseconds, but it also has limitations in storage and is slow to switch between processing 
different types of visual information. Visual working memory is the ability to store pieces of visual 
information in a person’s working memory. It allows us to visually interact with the world. On 
average, a person can store about seven items in their visual memory, with a standard deviation of 
two items. Shifting, along with updating working memory and inhibition, are subsets of executive 
functioning. Executive functioning is a term which refers to a wide variety of skills that allow us 
to function normally and is involved in regulation and decision making. Shifting is a person’s 
ability to shift between multiple tasks in their mind. This can be helpful in multitasking or 
refocusing attention quickly. Studying how experts in particular fields, such as chess, use 
visualization can help us to understand if and how individuals can exceed these limitations.  

In order to test whether expert chess players had a better visual system than people who do 
not play chess, two tests were developed and administered to both chess players and non-chess 
players of different skill levels. Chess players were asked their official USCF (United States Chess 
Federation) rating and how long they had been playing chess, along with their age, to determine 
expertise. The Picture Span Test was developed to examine visual working memory and the Plus 
Minus test to examine shifting. Most of the summer was spent coding the tests and piloting the 
experiment, which will be continued in the fall semester. Tests were coded in PsychoPy, a python-
based programming software, and uploaded to an online website to administer to participants. 

We will continue this study in the fall to obtain a larger sample size and include chess 
players of more skill levels. Although the sample size for the pilot study is too small to be 
statistically significant, a difference has been shown between the scores of chess players and non-
chess players. 

 

     
Figure 1: Two screenshots taken from the picture span test, showing the image         Figure 2: Screenshot of the plus-minus test.  
and the multiple choice question that participants answer.           This test is graded for both accuracy and  
                speed of completion. 
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Interface Implementation of the Edicole Sacre Database 
 

Meredith Westrich 
Computer Science 

New Jersey Institute of Technology, Newark NJ 07102 
 

Quantitative data surrounding public religious devotion is often expensive, inaccurate, or 
inaccessible. This becomes a problem for anthropologists, historians, architects, and many others, 
who could benefit from insight into the relationships between religious devotion and the structure 
of a city. Street shrines (edicole sacre), which have been a part of Mediterranean Catholic culture 
for centuries, can provide these valuable insights. Since 2015, undergraduate researchers as part 
of the Rome Research Group (RRG) have been cataloguing these shrines and documenting active 
and passive devotion in the city of Rome. Their findings have been compiled into the Edicole Sacre 
Database. The database contains over 600 shrines with a dozen attributes to each, including 
geographical coordinates, political affiliation, and active devotion.  

 
However, this database previously existed only as an excel sheet, accessible only to 

members of the RRG and affiliated mentors. This database has the potential to be used as a 
powerful tool across disciplines, which encouraged the group to look towards publication, but 
halted at the idea of a static database. For the database to function the way the group was looking 
for it to function, it would have to be presented to the public as a tool, rather than a publication. 
This presented the challenge of keeping the data private enough to protect it, while also functioning 
as a public tool for all to use. Users should be able to query the database without having full access 
to the database, only accessing the data they queried for. The database would also have to be 
dynamic to remain accurate, with the ability to be updated with more recent devotion dates and 
potentially the addition of shrines.  

 
For the purposes of the research institute, 

I divided the project into two parts, a front end 
and a back end, that would be linked in the last 
few weeks of the project. The front end consisted 
of a web based interface coded in HTML, CSS, 
and JavaScript. The prototype was designed in a 
photoshop mockup (see figure 1). The back end 
consisted of the database in MySQL, connected 
to the front end with Java and an HTML form. The database was redesigned and organized to be 
optimized for the queries.  

 
This web interface is only a small section of the work being done by the RRG, but serves 

as a place for the publication of any future projects. By serving as a tool to be used by other 
researchers, the Edicole Sacre database will provided valuable insights across disciplines. We are 
looking to add a component for location based queries, as well as adding additional shrines to the 
database through user submissions. We hope to expand this database to encompass the entire 
Catholic Mediterranean, hopefully through user submissions and social media.  
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Developing Interactive Educational Animation  
to Visualize Financial Concepts for Students 

 
Allison Wong, Adviser: Dr. Hyejin Hannah Kum-Biocca 

School of Art + Design, Hillier College of Architecture and Design 
New Jersey Institute of Technology, Newark NJ 07102 

 
Abstract: The United States faces a problem of financial illiteracy in its citizens. A lack of financial 
knowledge and planning can hinder a person throughout their life. Bad financial habits are often 
passed down from parents to children, perpetuating the issue for generations. To combat this, more 
and more states are mandating personal finance classes in high schools. These courses will equip 
people with essential skills about managing money at a young age. However, traditional methods 
of learning through textbooks and lectures can decrease interest and be less effective in conveying 
information to students. This is where animation can excel. Animation is a popular form of 
entertainment and it is also a powerful tool for education. It creates content that is engaging and 
visual and helps accommodate more learning styles. The use of motion, imagery, and colors 
provide a lot of possibilities for explaining a concept. Existing educational animations lack 
interactive elements and can also be improved to be clearer. This summer, I created an interactive, 
animated, educational video to help enhance the learning of personal finance for high school 
students. It covers the topics of budgeting, interest rates, and types of investment accounts with 
multiple choice questions after each section. The project can be expanded to cover other subjects 
in the future. 
 

 
 
 

Figure 1: Screenshot of scene from animation demonstrating a budget 
 
 
 
 



2021 URI Summer Research and Innovation Symposium 
Book of Abstracts 

 62 

Establishing Flare Database for Advancing Space Weather Research  
 

Rui Zhang 
Physics Department 

New Jersey Institute of Technology, Newark NJ 07102 
 
Abstract: As one of the major parts of the Advancing Space Weather Research Cyberinfrastructure 
(SolarDB), using SDO (The Solar Dynamics Observatory) flare database plays an important role 
in analyzing adverse space weather effects and predicting extreme space weather events, e.g. large 
solar flares. The goal of this project is to establish a database of significant solar flares and control 
group occurred during the last ten years with corresponding quick look movies.  
 
In the first stage, the M5 class or larger flare events and control group events were selected and 
downloaded from JSOC webpage. Each flare event contains (extreme) ultraviolet emission data 
and magnetic field data of AIA and HMI abroad on SDO, respectively. AIA data of 9 wavelengths 
and HMI data of line of sight magnetograms, vector magnetograms and white light images are 
included in each data set. Each data set covers 30 hours of 12 minutes cadence HMI and AIA data, 
as well as full cadence AIA data during the flaring time. In the second data processing stage, the 
full disk data was cut and used to make quick look movies. The hmi.sharp information was used 
to select correct region and the rescale image contrast technique was used to reduce the 
inconsistence of brightness. Left column in Figure 1 shows the examples of HMI (top) and AIA 
(bottom) data from AR12673, the most flare productive active region in our database. In the last 
stage, the data was archived in the following structure showed in right column of Figure 1. For 
each type of data, a corresponding quick look movie is made for the users to preview before they 
decide to download the data in the format of “fits” files.  
 

 
.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
The completed SDO database will be the first well-established flare database that contains the 
active regions with both significant flares and control group data for advancing space weather 
research. The collected data can be used to analyze and predict solar activities and space weather 
events. 

Figure 1: Left: The example of HMI (top) and AIA (bottom) data. Right: The SDO flare database on SolarDB. 
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spDCC: Model-based deep embedding with spatially constrained k-nearest 
neighbor for single-cell RNA sequencing clustering analysis 

 
Nathan Whitener, Ashley Ahmed, Advisors: Zhi Wei, Xiang Lin  

Department of Computer Science  
New Jersey Institute of Technology, Newark NJ 07102 

 
Single cell RNA sequencing (scRNA-seq) is a valuable biological tool for profiling cell 
heterogeneity with integrative views of gene expression at high resolutions. Despite recent 
achievements in addressing the computational challenges associated with scRNA-seq data such as 
high degree of dimensionality and sparsity, essential spatial information remains uncaptured, 
overlooking cellular organization and intercellular communication networks. Spatially resolved 
single cell transcriptomics provides a method to conserve cellular spatial distributions. This 
research aims to integrate spatial organization into the single cell deep constrained clustering 
(scDCC) model as constraints in order to achieve improved clustering performance, allowing for 
better interpretable biological results. Ultimately, improving the model’s clustering capabilities 
will aid researchers in novel cell type identification and discovery, understanding heterogeneity of 
cellular responses, allow for inferences regarding cell relationships, etc.  
 
Previously, the scDCC framework implemented a zero inflated negative binomial (ZINB) model-
based autoencoder and a deep embedded clustering algorithm, simultaneously optimizing latent 
feature learning and clustering. Utilizing the previous model’s framework, we present a model-
based deep embedding with spatially constrained k-nearest neighbor clustering analysis of scRNA-
seq data named spDCC. Spatial transcriptomics data containing exact cell locations are utilized to 
identify neighboring cell positions and connect edges using the principle of k-nearest neighbor 
(kNN) algorithm. Spatial constraints are built upon these premises and introduced to the model via 
the loss function for optimization of clustering and performance.  
 
As the model continues to undergo extensive testing and evaluation, preliminary experiments on 
simulated datasets generated by Splatter were performed. The dataset simulated four clusters of 
cells and put each cluster in a region of physical space (Cartesian plane). Metrics such as clustering 
performance, measured by Normalized Mutual Index (NMI), and spatial organization, assessed by 
kNN accuracy (kNN ACC), were used to evaluate the model’s and other state of the art competing 
methods’ capabilities. The data shows that spDCC is capable of outperforming other notable 
clustering models such as Seurat, SC3, Kmeans + PCA, and Tscan, demonstrating spDCC is able 
to better cluster cells by integrating spatial organization information and gene expression patterns. 
With further experimentation, the model will be evaluated using publicly available, real scRNA-
seq datasets using NMI, kNN ACC, and additional performance metrics, and compared to 
additional competing methods for a holistic, robust performance analysis.  
 
In future studies, the model may potentially be evaluated using alternative base loss functions, 
various parameter tunings, and methods to improve scalability could be investigated.  
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Contrast Effect Bias in Finance: Pattern Deviations Conditioned on Industry 
Structures 

 
Pedro D’Avila, Zhipeng Yan, Xinyuan Tao 

Martin Tuchman School of Management 
New Jersey Institute of Technology, Newark NJ 07102 

 
Abstract: The contrast effect is an intensified perception of difference between two consecutive 
signals causing the observer to inversely relate the observations in a biased manner. Hatzmark and 
Shue (2018) explored evidence for contrast effect bias in complex financial markets using 
consecutive earnings announcements. Their findings indicate that investors mistakenly perceive 
earnings news today as more impressive if yesterday’s earnings surprise was bad and less 
impressive if yesterday’s surprise was good. We adopt a similar methodology to test whether the 
contrast effect bias presents a different return pattern when using firms in the same 4-digit SIC 
(Standard Industrial Classification) industry and whether different industry structures (i.e. 
monopoly, oligopoly, monopolistic competition) yield distinguishable deviations on the pattern 
depending on their rivalry degree and information transfer idiosyncrasies. We will also account 
for the content of the earnings announcements and the information spillover between the firms 
competing in the same industry. 
 
Although within-industry contrast effect was briefly mentioned in Hartzmark and Shue (2018), 
they used a Fama French 5 industry classification, making the industry definition extremely broad. 
In other words, many firms that were assigned to the same industry were not part of the same 
comparison set for many investors. A 4-digit SIC classification is a better proxy for industry 
closeness between firms. Having a narrower comparison set also allows us to explore the 
possibility of the bias using a longer time interval between firms’ announcements, which coils not 
be proved in Hartzmark and Shue.  
 
A secondary goal of the research is to expand on the literature of contrast effect bias using 
empirical evidence. Most of the studies around the bias were conducted in quasi-laboratory settings 
(i.e. Bhargava and Fisman (2012)), so being able to find similar results empirically will strengthen 
the literature and comprehension of the irrationality of human decisions in complex environments. 
The research will also contribute to the understanding of the comparison set boundaries for the 
contrast effect that was not fully explored by previous studies. We have worked on replicating the 
exact methodology in Hartzmark and Shue (2018). Future research will focus on adjusting this 
methodology for testing the contrast effect in each industry. 
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Indigenous Data Sovereignty and Accessibility in Rowasu’u, an A’uwẽ-
Xavante Scientific Archive 

 
Authors: Pia Kapoor & Jada Evans; Collaborator: Varun Pai; Advisor: Dr. Rosanna Dent 

Federated Department of Biological Sciences and Federated Department of History 
New Jersey Institute of Technology, Newark, NJ 07102 

 
Abstract: A’uwẽ-Xavante Indigenous communities in Central Brazil have been the subject of 
research and documentation for decades without their members having access to or ownership of 
the data created about them. Research on these communities is embedded in systems of oppression 
and has at times made sensitive knowledge accessible to non-Indigenous researchers in ways that 
are contrary to Indigenous systems of morals and values. Lack of Indigenous control over their 
data has resulted in limited ability for data-informed governance and misuse of sensitive and sacred 
knowledge and artifacts by non-Indigenous researchers. It is thus necessary to return control of 
Indigenous data to those that it documents, and to empower Indigenous communities, ensure 
ethical handling of materials, and decolonize Indigenous data. 
 
Our objective is to make A’uwẽ-Xavante data available to them through the digital archive 
Rowasu’u, helping protect culturally and politically sensitive documentation while making it 
accessible and useful for individuals with limited computer and Portuguese-language literacy. 
Rowasu’u aims to give the A’uwẽ-Xavante people governance of their data by working 
collaboratively with community members. The archive is built on the Mukurtu content 
management system, a platform designed for Indigenous cultural materials management. As a 
means towards this goal, we reviewed literature on Indigenous data sovereignty and digital 
archives and created an interactive, digital timeline using widely accessible and non-sensitive 
audiovisual materials. We also created a protocol for a system of data categorization, visibility, 
and access in accordance with A’uwẽ-Xavante principles and transcribed an audio interview from 
James Welch, a researcher who frequently works with these communities. 
 
As a community-based research program that is predicated on community consultation, our work 
has focused on creating prototypes to be responded to and critiqued during fieldwork. With 
COVID-19 limitations on in-person fieldwork, we have had to embrace longer time frames. While 
the general consensus of the scientific community is that data should be open access, considering 
Indigenous data sovereignty makes us think differently about access to data in regards to 
communities that have been exploited and marginalized and reconsider how data should be 
regulated. Our digital timeline will serve as a prototype for community consultation regarding 
future displays that will be more private and contain community-sensitive materials. When 
conditions allow, we will consult with A’uwẽ-Xavante communities virtually to obtain feedback 
regarding the implementation of the timeline and the data protocol we have developed to ensure 
greater data protection and privacy and facilitate the digital return of materials.  
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Social Media Deplatforming Effects on User Interest in Alternative Platforms 

 
Larissa Gao  

Department of Computing & Software Systems 
University of Washington Bothell, WA 98011 

 
Abstract: For the purpose of enhancing the safety of its users, social media platforms may moderate 
their content by removing users’ messages or suspending users. The effects of such deplatforming 
efforts remain unclear, however, as we do not know if deplatforming users pushes them to 
alternative, more toxic social media platforms. Increased engagement of users on alternative 
platforms, where moderation is laxer, may encourage users towards more extreme ideologies and 
potential radicalization risks. In this research, we are particularly interested in assessing interest in 
alternative platforms in the two months before and after the U.S. Capitol insurrection on January 
6, 2021, as, following this event, Twitter banned many U.S. election misinformation accounts and 
topics. To examine this deplatforming’s impact on interest in alternative spaces, we analyze trends 
in daily frequencies of links shared on Twitter to alternative platforms BitChute, Gab, and Parler 
before and after January 6, 2021, as well as the daily frequency of Google searches for these 
platforms in this time period. As a control, we assess the same trends for all tweets that contain 
links, as well as links shared to non-alternative-platform domains, namely Facebook and YouTube. 
We find that both the frequency of links shared to BitChute, Gab, and Parler and searches for these 
platforms on Google Trends increased shortly after January 6 compared to before, although the 
frequency of interest declined in the months following this date. Our findings suggest that, 
following deplatforming on Twitter, interest in alternative platforms has increased – a concerning 
possibility given the extreme partisan content in these alternative spaces. 
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Quantified Customer Requirement Analysis 
 

Gagandeeep Kaur, Carlos Ruiz, Advisor: Paul Ranky, Ph.D. 
Department of Mechanical and Industrial Engineering 

Martin Tuchman School of Management 
New Jersey Institute of Technology, Newark NJ 07102 

 
Abstract: The “Pandemic” has modified the way businesses operate and provided ample of 
opportunity to focus on cost reductions by finding ways to build business models that reduce costs 
considerably. The pursue to reduce costs and direct the resources to develop the business, increase 
R&D, and focus on growth presents an opportunity for a Quantified Customer Requirement 
Analysis tool. The focal point of the tool would not only be centralizing customer requirements 
but also to provide an integrated solution that would efficiently monitor and inform customer 
requirements’ changes/updates.  
 
With this objective in mind, we conducted several customer discovery interviews and filtered the 
scope of our project to center on the Construction, Pharmaceutical, and Meical Device industries.  
As depicted in Figure 1, the cost of change increases exponentially towards the later stage of the 
product/process design. Consolidating the impact of these high costs and understanding the 
wasteful construction and medical industries, our tool would help alleviate the system design and 
implementation costs by at least 33%. This enhances our project/tool’s scope and presents a 
possibility of further our research and study. 
 

 
Figure 1: Cost of design change in US $ at various stages of product/process design and implementation 
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Social Media Misinformation in Covid19  
 
 

Wara N. Laura1 ,  Dr. Cody Buntain2 
Department of Informatics 

1Rutgers University, Newark NJ 07102 
  2 New Jersey Institute of Technology, Newark NJ 07102  

 
Social media and social networks have played a significant role in the management of health-
related information. However, social media misinformation is growing, and misinformation about 
the origin, treatment and severity of the COVID19 epidemic has unfortunately become part of this 
pandemic . Misinformation about the COVID19 has included conspiracy theories, ill-informed 
treatments and most dangerous are popular chain letters citing that the pandemic is an ‘overhyped 
media hoax’. The extent of this misinformation makes it difficult to control the pandemic. 
Therefore, understanding how the spread of the coronavirus relates to social media misinformation 
could be a key to developing successful strategies to contain the spread of public health issues in 
the future. This project seeks to compare the location of misinformation networks to COVID19 
case rates outside of the U.S. Here, we construct both networks of social interaction and networks 
of information sharing in Twitter. We then examine differences in indigenous and international 
news sharing among these networks to characterize national discourse in several distinct countries. 
For this project we seek to identify the spatial extent of identified social network exploitation 
pathways in targeted countries (Bolivia, India, South Africa and the United Kingdom). In each of 
these datasets, we constructed an interaction network of coordinated Twitter accounts marking the 
accounts that tweets and the accounts that get retweeted labeling them as native or international of 
the country of origin. We utilized social network analysis that focuses on patterns of relations 
among people and groups of news sharing. Among some of the libraries used in this project we 
have used the Networkx package, and the PageRank algorithm that helped us measure the 
importance of some Twitter accounts. Using the information obtained throughout this project, we 
plan on using these two types of networks(social and info sharing) to identify native vs cross-
national discussion of COVID-19 and CV19 misinformation.  
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Customer Churn Prediction in Grocery Store Setting 

 
Ariane Lee, Andy Mao, Ethan Lee, Jeremy Stevens 

Ying Wu College of Computing 
New Jersey Institute of Technology, Newark NJ 07102 

 
Customer churn refers to customers who no longer purchase products or subscribe to services 
within a given company. Existing research shows that the cost of acquiring a new customer can be 
anywhere from five to twenty times more expensive than retaining an existing customer, and 
increasing customer retention rates by 5% can potentially increase profits by 25% to 95%. 
Therefore, it is very important for companies to reduce their customer churn rate to stay 
competitive in the market. In order to reduce customer churn rate, it is critical to forecast which 
customers are vulnerable to churning. This gives companies the opportunity to gain back their 
loyalty before they churn.  
 
While customer churn prediction has been extensively performed, most existing work has focused 
on contractual settings, most prominently in the telecommunication industry. These types of 
studies typically use customer demographic data and examine how this data is connected to 
churned customers in the past with different prediction models. Our study focuses on a more 
challenging task: churn prediction in a grocery store setting. This setting has notable differences 
compared to contractual settings. Firstly, most supermarkets do not collect customer demographic 
data. The prediction methods used to predict churn in the telecommunication industry cannot be 
applied in our study. Secondly, identifying whether a customer has churned is not as 
straightforward as that in telecommunication, where a client can simply end a contract.  
 
Addressing the first challenge, various customer purchase behavior attributes were constructed not 
from customer demographic data, but from transactional data. To address the second challenge, 
the distribution of customer shopping intervals was studied. Analysis of this distribution was 
utilized to identify past churned customers. With six classical prediction methods, including 
Logistic regression, Neural Networks, Support Vector Machine, Random Forests, Decision Trees, 
and Naive Bayes, the Random Forest method turned out to be the best performing method with 
customer purchase behavior attributes, including monthly transaction number regression 
coefficient, monthly spending regression coefficient, total number of transactions, monthly 
average transactions, and maximum time between transactions to achieve a high accuracy of 86%. 
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Determining Conditions for the Optimal Immunization Strategy: Ring or 
Mass Vaccination 

 
Bhumi Patel, Advisor: Dr. Esra Büyüktahtakın Toy 
Department of Mechanical and Industrial Engineering 
New Jersey Institute of Technology, Newark NJ 07102 

 
The COVID-19 pandemic has shaken the world and wreaked havoc across all sectors of 

life. Another such outbreak was the Ebola virus in West Africa in 2014. It caused major loss of 
life and disrupted socio-economic patterns whose effects are still prevalent. The catastrophic loss 
in terms of human lives was attributed to the highly contagious virus, unavailability of vaccines, 
and improper and insufficient allocation of essential treatment resources. In this research work, we 
address the issue of the optimal allocation of the limited vaccine supply to people to reduce the 
transmission rate as much as possible under different vaccination strategies. 

In our study, we consider the two most common vaccination strategies: mass vaccination 
and ring vaccination. The mass vaccination strategy focuses on immunizing the whole population 
of a particular region, while the ring vaccination strategy aims to immunize infected people's close 
contacts. We develop a multi-stage stochastic optimization model for each mass and ring 
vaccinations integrated into an epidemiological model to predict the epidemic's growth. The 
mathematical model's objective is to determine the optimal number and location of vaccines under 
each immunization strategy while minimizing deaths and infections. We apply our multi-period 
optimization model to the case of controlling the 2018-2020 Ebola Virus Disease (EVD) in the 
Democratic Republic of the Congo (DRC). We find that the ring vaccination strategy helps in 
minimizing the total number of infections than the mass vaccination strategy considering different 
budget levels, as shown in Figure 1. Our results in Table 1 designate the allocation of vaccines to 
different stages and in total under different budget levels for ring and mass vaccinations. In 
addition, we develop a solution for vaccine allocation in various regions of the DRC under different 
budget levels for mass and ring vaccinations, as seen in Figure 2 and Figure 3, respectively.  

 

                              
    
Figure 1: Total Infections under different budget levels                               Table 1: Vaccine Allocation to different stages under                                 
                                                                                                                                                      different budget levels  
 

                       
 
Figure 2: Mass Vaccination for different regions                                             Figure 3: Ring Vaccination for different regions 
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SecurList: Web Application to Proactively Protect Consumer Data and 

Privacy  
 

Adrianna Brzezinska, David Preciado, Roberto Rutherford, Advisor: Dr. Sameh S  
Department of Informatics 

New Jersey Institute of Technology, Newark NJ 07102 
 
Abstract: Consumers' concern about cybersecurity and data privacy is rising as the media covers 
one hacking story after another. Unfortunately, besides the rarely used password manager, the 
popular solutions, such as identity theft monitoring, only help after something terrible has 
happened. Therefore, we decided to explore a more proactive solution that helps consumers protect 
their data before it is found on the dark web or in a hacker's hands.  
 
Our research aims to assess consumer sentiment towards cybersecurity and privacy risk.  
We seek to learn: 

1. What action do consumers take to protect their data and privacy? 
2. What are consumer trust levels for the cloud platforms they use? 
3. What do consumers fear most about their online privacy and data?  

Ultimately, we endeavor to know what services may be in demand, who our ideal customer and 
early adopter may be, and their buying patterns.  
 
As of July 19, 2021, we have conducted 18 generative interviews. We broke the interviews into 
two sets of three cohorts. Each cohort had up to five participants grouped by psychographic, 
demographics, and behavioral parameters. Using this method, we quickly drew insights from 
potential segments and identified potential early adopter segments.   
  
Our most prominent finding is that most people feel overwhelmed by the abundance of research 
required to protect privacy and data. Unfortunately, this feeling leads to apathy and a "whatever is 
convenient" approach. We also found that parents and professionals over 40 represent a better 
market than their younger and childless counterparts due to risk levels. 
 
We refined our target consumers to those with families and assets they want to protect from 
malicious actors without restricting social media, online shopping, or digital communication 
through these interviews. Moreover, early adopters will be consumers who distrust cloud software 
platforms but are highly active on them. 
 
Insights from the research will support additional field research and prototype testing as we 
continue to work towards product-market-fit and scale. Once we identify and define a target 
segment, we will conduct a Wizard-of-Oz-style prototype to test demand. The prototype will be a 
landing page with product messaging, mockup images of our solution, and a call to action that 
captures email addresses. We will drive traffic to the site tracking each segment.  
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Quantified Customer Requirement Analysis 
 
 

Gagandeeep Kaur, Carlos Ruiz, Advisor: Paul Ranky, Ph.D. 
Department of Mechanical and Industrial Engineering 

Martin Tuchman School of Management 
New Jersey Institute of Technology, Newark NJ 07102 

 
Abstract: The “Pandemic” has modified the way businesses operate and provided ample of 
opportunity to focus on cost reductions by finding ways to build business models that reduce costs 
considerably. The pursue to reduce costs and direct the resources to develop the business, increase 
R&D, and focus on growth presents an opportunity for a Quantified Customer Requirement 
Analysis tool. The focal point of the tool would not only be centralizing customer requirements 
but also to provide an integrated solution that would efficiently monitor and inform customer 
requirements’ changes/updates.  
 
With this objective in mind, we conducted several customer discovery interviews and filtered the 
scope of our project to center on the Construction, Pharmaceutical, and Meical Device industries.  
As depicted in Figure 1, the cost of change increases exponentially towards the later stage of the 
product/process design. Consolidating the impact of these high costs and understanding the 
wasteful construction and medical industries, our tool would help alleviate the system design and 
implementation costs by at least 33%. This enhances our project/tool’s scope and presents a 
possibility of further our research and study. 
 

 
Figure 1: Cost of design change in US $ at various stages of product/process design and implementation 
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Design of Blockchain-Enabled Standardized Testing System  

 
Joseph Schaedler 

Dept. of Computer Science 
New Jersey Institute of Technology, Newark NJ 07102 

Advised by Aichih Jasmine Chang from Martin Tuchman School of Management, NJIT 
 
 
The aim of this project is to design a blockchain-enabled system to reform the standardized testing 
process. Since standardized testing scores hold inherent value to students, colleges, and testing 
organizations, there have been a multitude of ways for corruption and cheating. A blockchain-
enabled system is designed to improve the entire testing process and academic integrity, while 
reducing the financial burden on students. 
 
To design and implement a blockchain-enabled testing system, we target on SAT, and investigate 
and evaluate: 1) the testing network and its information flow; 2) stakeholders of the testing system 
and their needs; 3) complementary systems (e.g., IoT with face recognition functionality, etc.) and 
their interoperability with blockchain; 4) the business profitability of the proposed system. This 
project designs a Blockchain-enabled SAT testing system, implemented with a permissioned 
network on the Ethereum blockchain. The distributed application allows information (e.g., test 
scores, student identity, etc.) to be securely verified and transmitted among the network of nodes 
consisting of testing devices, students, and accredited colleges and universities. The Blockchain-
enabled system can achieve: 1) Enhanced testing integrity. The salient features of Blockchain 
technology ensure the immunity, transparency, and traceability of information, which significantly 
enhance the testing integrity and trust. 2) Cost saving. The SAT registration cost grows at a rate of 
5.2% per year, while the inflation rate in the same period is only 2.21% on average. The surging 
cost reveals the relentless effort of College Board to combat test fraud, which can be fundamentally 
solved by the developed system. Additionally, the administration costs, e.g., score delivery, access 
to old scores, etc., can be reduced by our system. 3) Improved testing efficiency. The developed 
computer-based, Blockchain-enabled system can significantly reduce the test grading/delivery 
time from 2 to 8 weeks to be real-time. In conclusion, our system successfully improves testing 
integrity and efficiency, while cutting cost and eventually achieving testing equality. The future 
work may include: 1) integration of test questions; 2) enhancement of IoT; 3) synchronization of 
existing system; 4) connection with universities; 5) improvement of user interface.  
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Quantified Process Risk Analysis 

 
Austin Westbrook, Ivan Dominquez, Dr. Paul Ranky  

Engineering 
New Jersey Institute of Technology, Newark NJ 07102 

 
 

The Quantified Process Risk Analysis, QPRA firmware is a systematic, rule-based approach to risk 
quantification integrated as a firmware system. This solution will have the biggest impact on quality 
managers, engineers, and technicians working to develop or manufacture medical devices. The QPRA 
firmware will be coupled with machine learning and artificial intelligence to output the best risk mitigating 
solution. At the core of the firmware we have the following interaction models: Scope Definition, Risk 
Identification & Prioritization, Subsequent Action Management, Human and Machine Learning and 
Observation, Process Documentation, Input into the Firmware, and Risk Tolerance Assessment. While 
there are not any known companies pursuing a similar firmware, the markets are making a dramatic shift 
to increase machine learning by 2030 (valued at around $7T). Therefore our direct competition is time and 
companies yet to break into this space. 
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Predicting Priority and Information Types in Twitter Incident Streams 
 

Adam Pedersen, Peggy Yin, and Cody Buntain 
Department of Informatics 

New Jersey Institute of Technology, Newark NJ 07102 
 
Understanding how social media can be filtered for relevant and critical information is central to 
effective crisis response. The increasingly fast-paced, one-to-many power of platforms such as 
Twitter—a global platform boasting over 350 million monthly active users—has accelerated crisis 
information sharing and distribution, creating new public expectations for emergency services to 
actively monitor and respond to posts in social media incident streams. While previous studies 
confirm the presence of critical crisis information in incident streams, the variety in the kinds of 
information posted and the large volume of irrelevant, low-priority posts impede timely access to 
relevant, actionable posts. To understand similarities in the language of crisis across disaster event 
types, information types, and priority types, here we calculate the cosine similarity between sets 
of vectorized tweets. Our analysis shows that similarities exist between specific pairs and higher-
level classes of event types and information types. We then construct general machine-learning 
classification models (trained across all event types) and multiple event-type specific models (each 
trained on only one event type) to evaluate whether data from dissimilar disasters or disasters of 
different types improve model prediction of information types and priority types. We determine 
that the general model outperforms event-type specific models in predicting information types but 
not necessarily priority types. Following these results, we hypothesize that ensemble models will 
outperform general models when trained on the most linguistically similar event- and information-
types. The present research identifies methods that may address the current performance gap in 
critical-tweet categorization, enabling emergency services to respond quickly and effectively to 
crises by harnessing critical information from incident streams. 
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Building a self-sufficient community microgrid: an investigation on its 

strategies and technological implementation. 
 

Salma Alami Yadri 
 

Advisor: Philip Pong. PhD 
  

Electrical Engineering Department 
 

New Jersey Institute of Technology, Newark NJ 07102 
 
 
 
Abstract: In recent years, the U.S. and countries across the globe have seen a major rise in the 
development of microgrids. Microgrids represent a great opportunity for integrating renewable 
energies and thus, vital tools in the fight against climate change. The increased occurrence of 
natural disasters has made delivering constant and reliable power to critical facilities a major 
problem especially in remote areas, which is where microgrids excel. This study analyses cost-
benefit analysis of building a self-sufficient community microgrid infrastructure that uses 100% 
Distributed Renewable Energy (DER) resources and incorporates energy storage solutions to serve 
over 1000 households. The study employs NREL’s System Advisor Model (SAM) to model 
performance and financial metrics by using a time-based modeling approach based on installation 
and operating costs of the project and system design parameters. The study uses insights from the 
model to guide planning strategies which could be used to sell homes at attractive prices and 
encourage the switch from conventional energy to clean renewable energy. 
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Examining the Impact of Engineering Entrepreneurship Courses on Students 
 

Samantha Augustin 
Department of Electrical and Computer Engineering 

New Jersey Institute of Technology, Newark NJ 07102 
 

Abstract: 
Entrepreneurship is one of the driving forces that have introduced the world to countless products 
and services, leading to economic growth and societal impact. In recent years, with the increasing 
need to train engineering students in entrepreneurship, several entrepreneurship education 
programs (EEPs) have been created outside the business school. With this growth in EEPs, it is 
imperative to assess its impact on student outcomes and the effect that these courses have on the 
students to inform future program development. The data used in this study consists of survey 
responses collected from students at the beginning and end of an entrepreneurship course over 
three semesters. This study examines the two research questions 1) What is the impact of 
entrepreneurship courses on three student outcomes: entrepreneurial self-efficacy (ESE), 
technological self-efficacy (TSE), and risk-taking; and 2) Does technological self-efficacy predict 
specific factors in ESE, particularly searching, planning, marshaling, implementing finance, and 
implementing planning? In total, the number of pre-semester and post-semester survey responses 
in the study was 116. Regarding the first research question, a paired t-test was performed to 
examine the mean difference between the pre-semester and post-semester data and whether these 
differences are statistically significant. In addition, effect sizes were calculated using Cohen's d to 
examine how large the differences were. We found that there was a statistically significant medium 
to a large difference in the student's scores for all of the factors, except risk-taking. This reveals 
that most of the students' perceived confidence positively shifted from the beginning of the 
semester to the end. Regarding the second research question, to determine whether TSE can predict 
each ESE factor, a regression analysis was performed with TSE as the dependent variable and the 
ESE factors as the independent variables. The post-semester regression analysis between TSE and 
the ESE factors showed that TSE was a statistically significant predictor of all the factors except 
for searching. These results can be used in further research and inform the development of 
entrepreneurship programming for engineers. 
 
 

Figure 1: Data Collection Figure 2: Gender Distribution 
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Enhanced Light Scattering and Absorption by Processed Soot Aerosols 
Egor Demidov, Dr. Alexei Khalizov 

Chemical and Materials Engineering, Chemistry and Environmental Science 
New Jersey Institute of Technology, Newark NJ 07102 

Anthropogenic pollutants emitted into the atmosphere over the past century led to a significant 
temperature increase on a global scale. Carbon soot, fractal nanoparticles which are released into 
the atmosphere upon incomplete combustion of fossil fuels, have contributed significantly to 
climate change. In fact, the contribution of soot to global warming is nearly ⅓ of the contribution 
of carbon dioxide. Soot particles stay suspended in the atmosphere for days and interact with other 
chemicals. Such interactions alter the ability of soot to scatter and absorb light. In particular, 
condensation of vapors affects optical properties directly through lensing and indirectly through 
restructuring soot aggregates. Thus, the impact on climate also changes. Various models that relate 
the presence of condensed materials and optical properties of soot exist. Experimental data was 
needed to verify and improve those models. 
Soot was generated and processed in a continuous flow system. Optical properties of fresh, coated, 
and coated-denuded soot were measured. Aerosol was coated by sending the flow through a 
saturator - a heated tube partially filled with a chemical in liquid phase. After leaving the saturator, 
the flow cooled back down to room temperature, vapor became supersaturated and nucleated on 
airborne particles. To quantify the effects of restructuring versus the effects of presence of a liquid 
layer on particles, coating was stripped off the particles (“denuded”). That was done by sending 
the aerosol through a thermal denuder - a glass tube heated to 300 °C. Optical enhancements were 
then obtained by normalizing measured scattering and absorption cross-sections by those of fresh 
soot. 
Enhancements up to 200% for scattering (Figure 1) and 70% for absorption (Figure 2) were 
observed for coated soot. A decrease in absorption was consistently measured for coated-denuded 
soot. Experimental data was plotted and compared to theoretical predictions. The decrease in 
absorption for coated-denuded soot cannot be justified by any of the existing theoretical models. 
We speculate that the decrease in absorption may be caused by breaking of necks that connect 
individual monomers during restructuring, decreasing their coupling. This phenomenon will be the 
subject of future research. 

  
Figure 1: Scattering enhancement vs. mass growth factor. Coated 

soot (blue squares) and coated-denuded soot (orange circles). 
Figure 2: Absorption enhancement vs. mass growth 

factor. Coated soot (blue squares) and coated-denuded 
soot (orange circles). 
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Analysis of Flux Rope Events and Their Effect on Earth’s Magnetosphere  

Manal Desai 
Advisor: Dr. Hyomin Kim 

 Department of Physics 
New Jersey Institute of Technology, Newark NJ 07102 

 
Flux ropes are defined as a bundle of twisted magnetic lines flowing along the solar wind. 

They are present at the core of coronal mass ejections (CMEs), which are eruptions on the sun's 
surface and lead CMEs to create temporary disturbances in the Earth’s magnetosphere, the region 
of space surrounding the Earth in which its magnetic field affects charged particles. These 
temporary disturbances interfere with satellites and other space technology we use on a daily basis. 
Flux ropes are essential in understanding how the Sun's activity affects the Earth's geomagnetic 
environment as they are also closely associated with the other important physical processes 
governing the coupled solar-terrestrial system. The main goal for this project is to utilize a 
numerical method to detect flux ropes through various spacecraft data and analyze the effects of 
the specific flux rope events on the Earth’s magnetosphere.  

The identification of flux ropes was done manually and with the use of numerical methods 
using magnetic field and particle data from spacecraft missions (e.g., ACE and Wind). By looking 
at parameters, such as proton density and flow speed, strong flux rope events from the spacecraft 
were selected to be analyzed. The analysis is still ongoing. Ground instruments will also be 
analyzed to examine geomagnetic response within the Earth’s magnetosphere. In terms of future 
work, data from the Magnetospheric MultiScale Mission (MMS), the OMNI multi-spacecraft 
dataset, and the Parker Solar Probe (PSP) will be used to detect and analyze flux ropes. Results 
will be added to NASA’s Heliophysics System Observatory (HSO)-Connect program.  

Figure 1: Magnetic field and particle data from the ACE spacecraft showing a flux rope event identified by the numerical 
method. Data has a time range from 2020 Jan 23 01:35:01 to 2020 Jan 23 02:08:01.  
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Schooling of Tandem Flapping Wings 
 

Manav Guzraty, Advisor: Dr. Anand U. Oza  
Department of Mathematical Sciences 

New Jersey Institute of Technology, Newark NJ 07102 
 
Abstract: This study focuses on analyzing the schooling of tandem flapping swimmers. The 
importance of fluid dynamic interactions in the formation flight of flapping swimmers such as 
birds and fish has been the subject of intense debate. We develop a discrete dynamical system 
(iterated map model) in which the swimmers shed point vortices during each flapping cycle, which 
in turn exert forces on the swimmers. The flapping of two identical wings is simulated is simulated 
for a broad domain of frequencies and amplitudes. We find that wings with identical flapping 
kinematics (synchronous flapping) produce stable schooling states which follow a period-doubling 
cascade to chaos as the flapping amplitude is increased progressively. If the wings’ flapping 
amplitudes and frequencies are distinct (asynchronous flapping), we find that the wings may 
collide, separate indefinitely, or periodic and chaotic schooling states occur. Our results agree well 
with recent experimental data on schooling wings in a water tank. Generally, our results may 
indicate how hydrodynamics influences the dynamics of schooling swimmers in nature. 
 
 
 
 
 
 
 

 
 
 
 
 
 

 
 
 

 
 
 
 
 
 
 
 
 

 

Figure 1. Formation flight of birds, a complex case of 
tandem flapping swimmers. 

Figure 2. (a) Flapping frequency (f) and amplitude (h0). 
       (b) Schematic Point-Vortex Model (iterated map). 

Figure 3. Bifurcation diagram showing the period-doubling 
route to chaos for synchronous flapping. 

Figure 4. Zoomed-in view of the region marked by the red 
box in Figure 3, emphasizing chaos. 
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Synthesizing Biomimetic Water Splitting Catalysts 
 

Ian Horstkamp-Vinekar, advisor: Dr Michael Eberhart 
Chemical Engineering, Chemistry 

New Jersey Institute of Technology, Newark NJ 07102 
 
The OEC inside of plants catalyzes the splitting of water via photoexcitation. Water splitting is a 
useful reaction because it produces 4 protons and 4 electrons which can be used to create carbon 
neutral fuel. The OEC is difficult to study because of its fragility, so synthetic models are necessary 
to study its mechanism. My research focused on augmenting an existing model of the OEC first 
synthesized Zhang et al to try and improve its catalytic abilities. The main breakthrough of my 
research was using benzoic acid ligands instead of pivalic acid ligands. This gave the catalyst four 
distinct CV reductive peaks (as shown in Figure 1) without the need for the additional pyridine 
ligand used by the Zhang group. This is in line with a working catalyst, which would need to store 
redox potentials to catalyze water splitting. This research shows the potential of using benzoic acid 
as a ligand in OEC mimicking complexes. 

 
Figure 1: Four reductive peaks at 1 V, 0.4 V, -0.9 V, -1.4 V. Two oxidative peaks at 0.5 V and -0.7 V. 
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Inactivation of MS2 Bacteriophage for Water Disinfection via Microwave 
Irradiation in the presence of Microwave-Adsorbing Catalysts 

 
Jeffrey Luk, Fangzhou Liu, Dr. Wen Zhang 

Department of Civil and Environmental Engineering 
New Jersey Institute of Technology, Newark NJ 07102 

 
Abstract: Bio-contamination in air, water and wastewater poses increasing threats and safety 
concerns, especially under the current pandemic caused by airborne pathogens or viruses (e.g., 
SARS-CoV-2). Devising functional disinfection and microbial removal systems will be critical for 
safeguarding drinking water, clean air and human health. The surrogate virus MS2 (bacteriophage) 
was selected as the target virus in this project to test the efficacy of catalyst-enhanced microwave-
assisted water disinfection technology. However, the cultivation method from reviving MS2 to 
storing MS2 and experimental conditions that may affect MS2 survival are barely reported. We 
first streamlined a process for reviving, propagating, and storing MS2 and published a detailed 
instructional video on YouTube. We also tested four different factors involved in MS2 
propagation, including (1) PBS solution used, (2) thickness of soft agar, (3) spreading method, and 
(4) activity of E. Coli host. For example, our research demonstrated that the 1X PBS solution of 9 
g∙L-1 NaCl, 0.8 g∙L-1 NaHPO4 and 0.1 g∙L-1 KH2PO4 was better for MS2 survival than the 1X PBS 
solution of 8 g∙L-1 NaCl, 0.2 g∙L-1 KCl, 1.4 g∙L-1  NaHPO4 and 0.24 g∙L-1  KH2PO4; 2.5 mL of soft 
(0.5%) agar (added to a 100mm×15mm plate) was the better for counting visible plaques than the 
10 mL of soft agar did, because less soft agar with less E.coli strains may prevent E.coli cells from 
overgrowth;  E. coli cell activity is key for the propagation of MS2 and the results showed the E. 
coli cell samples taken from the -20 ℃ degree freezer are better for MS2 propagation than samples 
that have grown in the incubator for 18-24 hr, which may be contrary to intuition; the method of 
spreading was also compared in our research.  

Furthermore, the novel microwave responsive catalyst (V2O5/Co3O4@rGO) was 
synthesized and characterized by SEM and EDX. The SEM images showed that 
V2O5/Co3O4@rGO present 3D sheet structure and EDX proved the exist of V, Co and C in the 
catalyst. Finally, the batch experiments of MS2 inactivation by 0.5 g∙L-1 catalyst, 125 W 
microwave irradiation, and 0.7 mM H2O2 were conducted in 100 mL glass batch reactors for 30 
second. The treatment with 125-W microwaves, 0.5 g∙L-1 catalyst, and 0.7 mM H2O2 showed the 
highest MS2 inactivation capacity with the highest temperature (46℃) and the generation of 
bubbles after 30 s microwave irradiation due to the generation of hotpots and radicals on the 
catalyst. Our project provided a detailed tutorial video for MS2 propagation, which lays the 
foundation for future research on MS2 inactivation by using microwave-responsive catalyst coated 
membrane filtration system. Lastly, the effect of E. coli cell activity on MS2 propagation will be 
further studied in the future. 
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Remediation of PFAS Contaminated Environmental  Soil and Sediment    
 

Alan Marthel Lundi , Dr. Jay Meegoda  
Civil and Environmental Engineering  

 
Per- and polyfluoroalkyl substances (PFAS) are a complex class of pollutants found in all six 

continents of the world. Solids such as soils and sediments are contaminated with PFAS from the 

use of aqueous film-forming foams (AFFF) at defense sites, airports, and fire training sites. Such 

solids can act as secondary sources of PFAS contaminated water, leading to bioaccumulation in 

micro-invertebrates, other organisms in the terrestrial and aquatic food web, and ultimately 

humans. Many existing water treatment technologies (e.g., incineration) as well as emerging 

technologies (e.g., activated carbon, anion exchange, chemical and electrochemical oxidation) 

have shown limited success in mineralizing recalcitrant and persistent PFAS. Ultrasound can 

degrade PFAS by the cavitation and implosion of nano bubbles formed during cavitation causing 

high-temperature pyrolysis and interaction with free radicals formed during nano bubble 

implosion. 

 Fig. 1 Explains the process of bubble formation during ultrasound in water contaminated with 

PFAS. This project investigates the application of ultrasound as a 

cost-effective and reliable treatment to remove and mineralize 

PFAS adsorbed by solids. The overall objectives of this project are:  

Quantify the effectiveness of ultrasound technology in desorption 

and mineralization of PFAS in soil and sediments; Optimize critical technical parameters such as 

frequency, power density, residence time, and reactor geometry; and 3) A destructive field 

treatment technology for PFAS contaminated soils. Initial results shows that PFAS concentration 

in water (contaminated by PFAS) decreases by increasing the time of ultrasound treatment.   We 

plan to extend this work to PFAS adsorbed by soil to remove PFAS. 

 

Figure 2 Sonochemical degradation of PFOA with time to total Energy 
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Electrochemical Studies of Catalysts Developed From RuPd Nanoparticles for 
the Breakdown of PFAS 

 
Areej Qamar 

Department of Biomedical Engineering 
Advisor: Dr. Omowunmi Sadik | Mentor: Dr. Francis Osonga 

Department of Chemistry and Environmental Science 
BioSMART Center, New Jersey Institute of Technology, Newark NJ 07102 

 
The aim of this project is to develop an environmentally friendly and cost effective process 

for the degradation of perfluoroalkyl substances (PFAS). PFAS are highly toxic compounds which 
have become widespread environmental contaminants as a result of being extensively employed 
in the chemical industry since the 1940s. Although these substances have many industrial 
applications, the dispersion and low biodegradability of the molecules has led to many 
environmental issues as they are very difficult to remove. PFAS molecules are referred to as 
“forever chemicals” due to the strength of the C-F bond, which can have a dissociation energy of 
up to 546 kJ/mol. The high stability of these molecules presents a cause for concern due to their 
presence and bioaccumulation in water resources. With PFAS contaminating hundreds of sites 
nationwide, including many drinking water systems, the environmental pollutants can accumulate 
in the human body for long periods of time. PFAS such as perfluorooctanoic acid (PFOA, 
C8HF15O2) have been linked to have many adverse health effects.  

The high strength of the C-F bond results in the breakdown of PFAS being a challenging 
task. This project presents a cost-effective and environmentally friendly process for the elimination 
of PFAS through the synthesis of catalysts developed from RuPd nanoparticles. The degradation 
can be observed when running cyclic voltammetry (CV) scans of PFOA solutions with chemically 
modified working electrodes that have been drop casted with the catalysts. The changes in the 
substrate will be further analyzed through liquid chromatography-mass spectrometry (LC-MS). 
After recording the value of the voltage at the oxidation and reduction peaks of the cyclic 
voltammograms, chronoamperometry will then be used to understand the decomposition of the 
PFOA solutions due to the RuPd catalysts at those voltage points.  

 

     
Figure 1: CV scan of 400 ppm PFOA, performed with a modified glassy carbon electrode (drop casted with a RuPd nanoparticle 
based catalyst) as the working electrode, alongside a Ag/AgCl (3.5M) reference electrode and a platinum wire counter electrode. 

Experiment was run at 100 mV•s-1 for 100 cycles from a potential of 1.000 V to -1.000 V. 
Figure 2: CV scan of 400 ppm PFOA, performed with an unmodified (bare) glassy carbon electrode for 25 cycles. All other 

parameters are the same as those used to produce the voltammogram in Figure 1.   
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Ultrasound to Determine the Ultrafine Pores of Shale 
 

Vishva Rana 
Department of Mechanical Engineering 

New Jersey Institute of Technology, Newark NJ 07102 
 

The objectives of this research were to utilize a theoretical method using high frequency 
ultrasound to determine the acoustic properties of shale and to design a testing method for in-situ 
implementation to test effectiveness of hydraulic fracturing due to the shale softening with the 
injection of fracking fluid. The in-situ version of the high frequency ultrasound probe would allow 
testing of the shale without having to take it to a lab.  

An extensive literature review on ultrasonic testing techniques was done in order to develop 
a testing method which consists of high-frequency transducers of 450 KHz, 750 Khz, and 1 Mhz, 
a waveform generator, and an oscilloscope. A piezoelectric transducer is placed against the surface 
of the shale specimen and is connected to the waveform generator and oscilloscope. A sine or pulse 
wave is then transmitted into the specimen, where the waveform and subsequent reflections are 
displayed on the oscilloscope. Using the pulse-echo and through-transmission techniques, the 
transmitted and reflected waveforms were found. The reflected or transmitted waveform captures 
the individual flaws or pores in the specimen. Data is recorded for two different shale specimens. 
Using each frequency transducer for both, the reflected waveforms are generated for the X, Y, and 
Z faces of the cubic shale specimen. The P-wave velocity can be quantified using the phase shift 
of the reflected signal, and the velocities’ dependencies on factors including, frequency, testing 
method, shale bedding structure, and shale softening are found. 

The velocity measurements based on the direct wave using the through-transmission 
technique is very different from the measurements based on the reflected waves using the pulse-
echo technique. For the Eagle Ford specimens, velocities found using the through-transmission 
technique are consistently higher than those found using the pulse-echo technique for both softened 
and unsoftened shale as the signal passes through voids twice with reflected signal. The velocity 
is also dependent on the direction in which the measurements were taken. In both pulse-echo and 
through-transmission measurements, the velocity taken in the X Face is always lower than the 
velocities in the Y or Z Face. These measurements rely on the bedding structure of the specimens, 
where the parallel structure is horizontal in the X Face measurements and vertical in the Y and Z 
face measurements. Further exploration on signal attenuation and its relationship to velocity in the 
context of the factors will be done in order to develop an in-situ testing method.  

Figure 1: Example of transmitted pulse wave data collected for a softened sample at 750 KHz using through-
transmission ultrasonic testing (voltage vs time).  
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Open-Source, Low-Cost Lead Sensor 
 

Lara Rios, Advisor: Dr. William Pennock 
John A. Reif, Jr. Department of Civil and Environmental Engineering 

New Jersey Institute of Technology, Newark, NJ 07102 USA 
 
Abstract: Water supplied by lead service lines poses a significant threat to people because of its 
potential to elevate blood lead levels and cause serious harm to a child’s central and peripheral 
nervous systems. The risk is most commonly monitored through the testing of samples that are 
individually collected and sent to a lab for a costly process. This work aims to improve water 
maintenance methods by creating an open-source, low-cost, long-lasting lead sensor with the 
ability to wirelessly transmit lead concentrations. To prepare for the testing of the lead sensor, a 
computer software program was run to get an estimate of what lead levels we should expect to 
see during future trials. The Visual MINTEQ program yielded concentrations of different lead 
compounds. 
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Hybrid Floating Solar and Hydro Power System  
 

Akhilesh Kootala, Advisor: Dr. Lin Dong 
 Department of Mechanical and Industrial Engineering 
New Jersey Institute of Technology, Newark NJ 07102 

 
Abstract: Hybrid floating solar and hydro power systems are very new systems with large potential 
to increase power supply in regions with little land and interest in decreasing fossil fuel 
dependence. With a growing interest for decreasing reliance on fossil fuels, we discovered that 
there is a strong interest to expand the use of renewable energies in areas with harsh climates like 
Alaska and Guam. With this market research we hoped to identify the factors holding utility 
companies in extreme climates back from floating solar. 
Renewable energy sources are rapidly evolving in the last few years. Especially, floating solar 
system is an emerging application of photovoltaics in which systems are sited directly on water 
bodies to transmit energy from the sun to the Earth free of charge. Despite growing market interest, 
floating solar photovoltaic (FPV) system deployment is nascent. One of the major ongoing 
challenges is where to put and how to arrange the FPV system in order to reap the best and most 
efficient benefits. Therefore, this project is to design a hybrid FPV-hydropower system by pairing 
two generating technologies to reduce cost and improve performance through an optimization of 
planning and operation. The project proposes an innovative electricity generation strategy for the 
FPV industry participants. To better understand the needs of customers, we have contacted utility 
companies related to hydro power and bodies of water like water treatment plants and hydroelectric 
plants. Those companies were the initial adopters of floating solar. We have learned that the 
electric utilities industry has more interest and more hydroelectric resources. They also had more 
expertise related to energy demands and interest in developing this technology more. We have 
contacted potential customers in utilities from all over the country and we were able to learn about 
potential environmental barriers and energy needs of various utilities. Markets that we thought 
were not viable, like Alaska due to the very minimal sun in the winter, we found still had large 
potential. Many of the utility companies we found are very interested in investing or giving grants 
towards research related to renewable energy technologies. 
We anticipate that there is potential for exploring floating solar in extreme cold and storm 
conditions in order to help utility companies and governments reduce reliance on fossil fuels. We 
aim to direct our future research towards analyzing weather and climate data to design more 
resilient systems. 
We will evaluate the operation of hybrid FPV-hydropower systems by comparing the stand-alone 
and hybrid systems’ performance at different time scales, transmission utilization and different 
energy storage opportunities.  
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Polymer Engineering and Mechanisms in Template Assisted Crystallization 
for Hardness Removal 

 
Samuel Solomon, Dr. Wen Zhang 

Department of Civil and Environmental Engineering 
New Jersey Institute of Technology, Newark NJ 07102 

 
Abstract: Traditional water softening methods often require either expensive or multi-step 
treatment options, which at the consumer level can be both inconvenient and costly. Recently 
there is a new water hardness treatment method available called Template Assisted 
Crystallization (TAC), which claims to be as effective as traditional water softening methods, 
while also keeping costs and maintenance low. Template Assisted Crystallization (TAC) uses 
specialized media consisting of polymeric beads. These beads provide a preferable nucleation 
point for the formation of nanocrystals of CaCO3 from the accumulation of Ca2+, Mg2+, and 
HCO32- ions. In this project we will survey the methods used to create the templates on these 
polymer beads. We will evaluate the physical and chemical properties of the current polymer 
beads used in TAC technology today, and analyze the efficacy of converting dissolved salts 
into crystals. Over the term of the research program, we examined and analyzed several 
different aspects of this TAC media in order to uncover more information about the 
mechanisms and efficacy of this water softening method. We have found that exposure to TAC 
media changes the surface area and physiological properties of CaCO3 precipitate in synthetic 
hard water. To prepare the CaCO3 Positive Control precipitate, I dissolved 16.8014 g NaHCO3 
and 11.098 g  CaCl2 into 200 mL of DI H2O and stirred, allowing white precipitate to form at 
the bottom. Then it was vacuum filtered through 200nm filter, and the remaining precipitate 
was dried in an oven at 120 °C. The dried sample was collected and sent for SEM analysis. 
Synthetic Hard water was simulated by spiking 3 mM CaCl2 +10 mM NaHCO3 in 100mL DI 
water. In addition to this synthetic hard water created, we also tested TAC media in Tap Water 
(local in Newark), and DI water. As results thus far are still preliminary, we aim to continue 
further refining and redesigning our experimental design to be able to obtain more data. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table. Summary of benefits and barriers associated with TAC. 
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A Food Forest to Combat a Hot Planet  

  
Shafia Talat 

College of Sciences and Liberal Arts 
New Jersey Institute of Technology, Newark NJ 07102 

  
Over the next 30 years, the human population will increase from 7.8 billion to 9.9 billion (The World 
Population Data Sheet). Without preventive measures, this population growth will escalate human activity 
such as deforestation and the burning of oil, coal, and gas, and lead to elevated atmospheric CO2 levels. 
Since the 19th century, the earth’s temperature has increased by 2.12° Fahrenheit due to human activities 
and CO2 emissions. A newly discussed concept, yet a major scientific strategy, known as carbon 
sequestration, offers the potential to address the ongoing issue of abundant atmospheric CO2. 
  
Carbon sequestration entails storing carbon in non-atmospheric pools such as forest vegetation, grasslands, 
soil, and oceans. Sequestering carbon will reduce the greenhouse effect, decreasing temperatures, extreme 
climatic events, and droughts. Establishing a food forest is a tangible initiative that will allow us to sequester 
carbon. Food forests house diverse layers of plants and shrubs and emulate natural forests and the processes 
that occur within them. Our project establishes a food forest at NJIT; this food forest requires only a small 
area of land and minimal maintenance.  
  
As an extension of a proposal initiated by BIOL 498: Food for a Hot Planet, a food forest on NJIT campus 
has been approved by the Albert Dorman Honors College. We are now in the process of finalizing logistical 
details. The aim of the research this summer is to (1) create a blueprint, (2) build an educational platform 
to bring further awareness, and (3) establish community affiliations to be resourceful to the community.  
  
The blueprint of the food forest includes plant types, materials, estimated costs, seasonal maintenance plans, 
and construction timeline. The educational platform is a website that enlightens the Newark and NJIT 
community about the significance of the food forest and its implications to a healthier planet. It will also 
include ways that the community can get involved, continual updates in the form of blog posts, and a 
frequently asked questions page. The website content, along with the blog posts, has been written and 
published onto a domain.  
  
Ultimately, local organizations such as Gourmet Dining Services could serve fresh food from the food 
forest to students, Newark Public Schools can be inspired through field trips, the Honors college could 
encourage volunteer opportunities, and NJIT ecology classes could use the land as an educational site.  
  
The food forest on campus will promote NJIT’s strategic plan as the university acts as a leader among 
educational institutions and the overall Newark community as one with a sustainable vision for the future. 
The university’s core values of sustainability, social responsibility and excellence will be met in an effort 
to combat the issue of climate change by building a food forest. 
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Enhancing Natural Source Zone Degradation Processes 
 

Xin Yin, Advisor: Dr. Lisa Axe 
Department of Civil and Environmental Engineering, 

New Jersey Institute of Technology, Newark NJ 07102 
 
In this research, we are studying processes to enhance natural source zone depletion processes of 
chlorinated solvents present at sites with subsurface contamination. Our technology involves 
leveraging zones with high activity for (a)biotic degradation: rich in reactive Fe mineral coatings 
and microbial processes found in redox (reduction-oxidation) transition zones. This technology 
was developed by collecting an anaerobic 18.3 m core from a site with historical contamination. 
Working in a glovebox to preserve the redox condition, 5.03 cm subsamples were used to identify 
redox transition zones using bulk composition, redox potential, pH, VOCs in the headspace, as 
well as abundant bacteria. Five redox transition zones were identified and further studied with a 
suite of complementary analyses to characterize the surface chemistry. Analyses have included 
sequential extraction (phases and speciation), x-ray diffraction (mineralogy), x-ray fluorescence 
(composition), field-emission scanning electron microscopy (surface morphology down to the nm 
scale) with energy dispersive analysis (surface composition), and bench-scale experiments. 
Multiple lines of evidence suggest clear trends in bulk minerals and reactive mineral coatings 
throughout redox transition zones. The cycling of Fe and S minerals as well as potential 
transformation of contaminants were delineated by using data from these analyses for isolating 
and identifying iron phases along with groundwater chemistry, contaminant concentrations, and 
microbial genera. Attenuation of contaminants is therefore expected to be active and sustainable 
in redox transition zones where there is an abundance of reactive iron mineral coatings cycling 
through biogeochemical reactions. This technology focuses on leveraging (a)biotic degradation 
processes of contaminants of concern in redox transition zones. Ongoing studies are focused on 
(a)biotic degradation mechanisms for halogenated solvents as well as soil warming as a tool for 
increasing these degradation rates in natural source zone depletion processes. 
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Observing Compressive Strength of Fibrin Hydrogels of Varying 

Concentrations 
 

Simone Bishara, Advisor: Dr. Jonathan Grasman 
Department of Chemistry and Environmental Science 

New Jersey Institute of Technology, Newark NJ 07102 
 
Abstract: Volumetric Muscle Loss injuries destroy the muscle’s regenerative capability which 
results in the injured muscle’s impaired functionality. Scaffolds composed of various types of 
polymeric biomaterials have been gaining attention as they can be used as treatment for volumetric 
muscle loss injuries by promoting tissue regeneration. 
 
To fabricate a properly constructed scaffold, the structural and mechanical properties must be 
examined in order for the scaffold to successfully fulfill its function. Hydrogels made of fibrin 
were made because fibrin has shown promising results as a biomaterial in tissue engineering 
applications due to its involvement in wound healing by forming blood clots demonstrating fibrin’s 
biocompatible properties. The scaffold must be constructed to exhibit similar mechanical 
properties as the tissue site that the scaffold is being implanted in otherwise it may be rejected 
since it could be recognized as a foreign substance and trigger the body’s immune response. The 
mechanical properties of the scaffold is important to consider in its design because it must be able 
to withstand compression from the time of implantation, during the tissue regenerative process, 
and after the process is complete. This study focuses on examining the compressive strength of 
fibrin hydrogels of varying concentrations including 5mg/mL, 10mg/mL, and 20mg/mL 2 hours 
and 5 hours after they were made and stored in the incubator at 37 degrees celsius. 
 
The compressive strength of the hydrogels were tested using an Instron machine, which involves 
placing parallel plates to compress a sample; the compression ended when the system had reached 
50% strain for all fibrin hydrogels tested; the data produced was used to calculate and graph the 
stress and strain values in order to determine the compression modulus which corresponds to the 
slope of the stress vs. strain graph. The data points that were analyzed specifically were the ones 
between 10%-20% strain, which is the region of our graph that is most linear; this linearity is 
important because it correlates to the elastic region of the hydrogel. In order to replicate 
physiological conditions the gels were placed in a PBS buffer when being compressed. The results 
showed that the average compression moduli for the 5 mg/mL gels compressed at 2 hours and 5 
hours were statistically significant as well as for the 20 mg/mL hydrogels. Overall, the 20 mg/mL 
hydrogels had the largest average compressive strength of all the hydrogels. The statistical 
significance between the groups of hydrogels with varying concentrations revealed that 
concentration and time played important roles in the compressive strength of the fibrin hydrogels. 
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Flavonoid Derived metal Nanoparticles 
 

Angel Guzman 
Department of Environmental Science and Chemistry, Department of Biology 

New Jersey Institute of Technology, Newark NJ 07102 
 

Abstract: The purpose of this research is to find 
a green solution for the formation of 
nanoparticles that are derived from metals such 
as gold, palladium, and silver.  Using the basis 
of the principle “Green Chemistry”, the 
synthesis of the nanoparticles are used with 
environmentally friendly ligands and reactants 
and that products have the same properties.  
Metal Nanoparticles have a variety of potential 
uses ranging from public health, water 
remediation and being used in sensory probes.  
When being synthesized with less toxic 
reducing agents such as 
cetyltrimethylammonium bromide, they can 
also be used more freely in medical devices and 
techniques.  The study focused on the potential 
of flavonoid derived ligands that contained 
things such as quercetin to be used as reducing 
agents for metallic salts such as HAuCL4, 
AgNO3 , and PdCl2.   Different trials were 
conducted with different variations of the 
ligands at room temperature, 100 C and 200 C 
with spectral analysis being after 10, 30, and 
sometimes 60 minutes if no results were obtained. Figure # 1: method used for the synthesis of MNPs 
It can be concluded that quercetin served to be a useful reducing agents in cases where there 
was more metallic salt than there was quercetin and heating them on a hot plate served to improve 

results of MNP 
synthesis.  Further 
studies to determine the 
physical properties of the 
metal nanoparticles 
structure and surface will 
be done in the near 
future and more 
biological studies will be 
implemented in order to 
determine how effective 
these metal 
nanoparticles are in 
terms of antimicrobial 
and water remediation.   

 
Figure # 2: UV-VIS spectral analysis showing the yield of Gold (III) Chloride with QPAB in DI water. 



2021 URI Summer Research and Innovation Symposium 
Book of Abstracts 

 93 

Photosensitizers for Multi-Step Excited State Electron Transfer Reactions 
 

Alexander Hanna 
Department of Chemistry and Environmental Science 

New Jersey Institute of Technology, Newark NJ 07102 
 

Chemically harnessing energy from the sun requires the use of species that exhibit large 
energy gaps between ground and excited states so that the increase in energy attained when 
photochemically excited is sufficient to practically perform work with. Such a species is 
tris(bipyridine)ruthenium(II) ([Ru(bpy)3]2+) [Figure 1], but the issue in utilizing its excited state’s 
chemical energy in solar energy applications as a photosensitizer arises when attempting to excite 
it in the first place. [Ru(bpy)3]2+ (also referred to as ruthenium polypyridyl) can be photochemically 
excited in a single step by photons with wavelengths around 460nm, but not enough of the solar 
spectrum is this high in energy to make this an efficient process. Thus, the goal of the upcoming 
research is to investigate means by which multiple steps of photoexcitation and electron transfer 
using photosensitizing species can be used to optimize capture of energy 
from our solar light spectrum. 

As such, the system of photoexcitation and excited state electron 
transfer that is to be investigated through qualitative and quantitative 
means is modelled after the multi-step system utilized in plants during 
photosynthesis. Together, the two Photosystems preferentially harness 
photons from the sun to supply an electron transport chain. In the same 
manner, photosensitizers can be used as intermediates to capture energy 
from the sun and transport it by electron transfer with other chemical 
species. 

As the entire scientific community is now aware, humanity is 
already experiencing the deleterious outcomes of its reliance on polluting 
methods of energy acquisition, such as burning natural gas and coal. If it 
were not for the obstacles that make capturing and storing solar energy difficult, mankind would 
have abandoned these methods long ago in favor of the copious amounts of energy from the sun 
that now go to waste every second that we delay our efforts to optimize solar energy technology. 
Thus, it is our duty to advance solar energy technology by whatever means necessary. 
 Investigating the merits of using photosensitization in conjunction with existing methods 
is crucial to our efforts to halt climate change because it allows for much more of the solar light 
spectrum to be used for our energy needs. Acting as an MLCT, [Ru(bpy)3]2+ offers a significant 
amount of flexibility in this respect since its energy levels can be modified through synthetic 
variation in a manner that may result in a more broad-spectrum utilization of the sun’s energy. 
Being unable to utilize most of the wavelengths of light emitted by the sun is a severe handicap, 
especially given the fact that current efficiency rates of light to usable energy conversion are 
already extremely low. 
 The overarching goal of my research project was to investigate the optical and 
electrochemical properties of photosensitizing species, and I accomplished that by synthesizing 
various photosensitizers and subjecting them to experiments like cyclic voltammetry and nuclear 
magnetic resonance spectroscopy. Using this data, it may be possible to extrapolate a suitable 
series of photosensitizing agents for optimal energy transfer via electron transport, but that is the 
goal of future work. 

Figure 1: Ruthenium 
Polypyridyl, a 

photosensitizer and 
MLCT complex. 
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Uncooled Mid-wavelength Infrared Photoconductive Photodetectors Based on 
Silver Selenide Quantum Dots 

 
Christopher Leong, Dong Ko, Shihab Hafiz 

Department of Electrical and Computer Engineering 
New Jersey Institute of Technology, Newark, NJ 07102 USA 

 
Colloidal quantum dots (CQD) have been the topic of extensive research due to their applications 
in a wide variety of industries. In the mid-wavelength infrared (MWIR) industry, CQDs are seen 
as a promising area of research due to their advantages over currently-used epitaxial 
semiconductors. Specifically, MWIR photodetectors based on CQDs have absorptions spectrums 
that are easier to control during synthesis, are easily integratable with readout integrated circuits 
without the need of hybridization, and do not require cryogenic cooling to maintain low operating 
temperatures. All of these factors mean MWIR photodetector devices based on CQDs are cheaper 
and smaller, thus making them more suitable for a broader set of industries.  
 
Current research in the CQDs for MWIR absorption has focused on toxic metals such as mercury 
or lead CQDs. With emerging research in absorption through intraband transitions instead of the 
more traditional interband transitions, non-toxic metals have been garnering interest for MWIR 
absorption. 
 
In this project, the focus will be on Ag2Se CQDs which do not feature toxic metals and rely on 
intraband transitions. Specifically, Ag2Se CQDs with diameters of 5.5nm are synthesized and their 
absorption spectrum is obtained using Fourier Transform Infrared Spectroscopy (FTIR). This 
measurement by the FTIR is compared with theoretical expected values. Finally, a 
photoconductive photodetector device is fabricated by drop-casting and its operation is observed 
by exposing the device to MWIR radiation. 
 
The observed absorption of the CQDs were close to the expected value and the device also 
performed as expected; the resistance across the device decreased when it was exposed to MWIR 
radiation. 
 
While these results affirm existing knowledge of Ag2Se CQDs and photoconductive 
photodetectors, further work needs to be done in order to quantify and improve the performance 
of the fabricated Ag2Se CQD based photoconductive photodetectors. 
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Engineering the Carrier Dynamics of III-Nitride Ultraviolet Nanowire 
Light-Emitting Diodes 

Andressa Marangon, 
Advisor: Hieu Pham Trung Nguyen, Ph.D. 

Barsha Jain – PhD Candidate 
Victor Bui - Phd Graduate 

 
Department of Electrical and Computer Engineering  

New Jersey Institute of Technology, Newark, NJ 07102 USA 
 
Abstract: We report on the demonstration of a new type of axial nanowire LED 
heterostructures, with the use of self-organized Aluminum Gallium Nitride (AlGaN) dot-in-
a-wire core-shell nanowire arrays. The large bandgap in AlGaN shell is spontaneously 
formed on the sidewall of the nanowire during the growth of AlGaN barrier of the quantum 
dot active region. As such, nonradiative surface recombination, that dominates the carrier 
dynamics of conventional axial nanowire light emitting diodes (LED) structures, can be 
largely eliminated, leading to significantly increased carrier lifetime 6.5 ns. The 
luminescence emission is also enhanced by orders of magnitude. Moreover, the p-doped 
AlGaN barrier layers can function as distributed electron blocking layers (EBLs), which is 
found to be more effective in reducing electron overflow, compared to the conventional 
AlGaN EBL.  
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Compressibility of Water Confined in Carbon Nanopores Via Molecular 
Dynamics Simulations 

 
Jason Ogbebor, Advisor: Dr. Gennady Gor 

Department of Chemical and Materials Engineering 
New Jersey Institute of Technology, Newark NJ 07102 

 
The thermodynamic properties of fluids confined in nanopores have been shown to differ from 
those of the bulk (non-confined) fluid. Thermal expansion, freezing point, density, and transport 
coefficients are all examples of properties affected by nanoconfinement. Of particular interest is 
the effect of nanoconfinement on a fluid’s elastic properties. These elastic properties determine 
the speed at which elastic waves propagate through the material. When a porous material is 
saturated with a fluid, its elasticity is measurably changed. This makes ultrasonic wave propagation 
an important technique in geophysical characterization to extract information about the presence 
of fluids in geological porous media. Within the last five years, Dr. Gor's group has been examining 
the thermodynamic properties of nanoconfined fluids, and in particular compressibility, with a 
main focus on cryogenic liquids (nitrogen, argon, methane). In this research, the methods used in 
Dr. Gor's group are applied to a study of the compressibility of confined water. This research aims 
to study the effects of the pore size and the external pressure on the compressibility of water 
through molecular dynamics simulations. Since water is ubiquitous in nature, these results will 
have implications for better understanding wave propagation in water-saturated nanoporous 
media. 
 

 
Figure: Research methodology; determining fluid compressibility from the distribution in the 

number of water molecules in a carbon nanopore. 
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Experimental Determination of Mixing Time in the USP Dissolution 
Apparatus 1 

 
Justin Pace, Chadakarn Sirasitthichoke, Pierro Armenante 

Department of Chemistry and Chemical Engineering 
New Jersey Institute of Technology, Newark NJ 07102 

 
Abstract: In-vitro (in glass vessel) drug dissolution testing is mainly used as a tool to assess drug 
performance in the pharmaceutical industry. The USP rotating basket Apparatus 1 has become a 
preferred dissolution testing tool to evaluate the performance of pharmaceutical solid oral dosage 
forms. Of great importance during the dissolution process is the establishment of mixing time, i.e., 
the time needed for a substance to become uniformly dispersed in a system. This work aims at 
experimentally quantifying the mixing time in the USP Apparatus 1 using 10, 20, and 40-mesh 
size baskets at variable agitation speeds including 50, 75, 100, and 150 rpm. The mixing time was 
achieved using an acid-base neutralization reaction with phenolphthalein as a pH indicator. After 
the addition of the indicator and the injection of an acid and base into the glass vessel, a color 
change induced by the difference in pH and the agitation of the system was video recorded and 
run through MATLAB color detection software. An optimal setup was created for the video 
recorder in order to eliminate as much glare and excess light as possible and is shown in Figure 1. 
MATLAB was applied to analyze the progress of the dispersion over time and thus to determine 
the mixing time. 
  
Figure 2 displays the results of the mixing time for the three basket mesh sizes at four different 
agitation speeds. As agitation speed increases, the blend time of the system decreases. This is 
reasonable because a faster rotation speed would cause the color in the system to become uniformly 
dispersed more quickly. Also, as basket mesh size increases from 10 to 40, blend time decreases. 
This makes sense because dispersion is more difficult through finer mesh sizes. The result of this 
work will be critical in understanding whether the current sampling method recommended by the 
USP adequately represents the state of dispersion of a dissolved drug in the apparatus. The results 
will also be employed to gain insight into the relationship between mixing time and actual drug 
dissolution profiles. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 Figure 2: Experimental results from three basket mesh sizes and four 

different agitation speeds Figure 1: USP Apparatus 1 experimental 
configuration to eliminate glare and diffuse 
light 
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Detection of Perfluorooctanoic Acid (PFOA) Using ESSENCE 
Electrochemical Sensors and Metal-Organic Frameworks 

 
Maryom Rahman, Mentor: Zhenglong Li, Advisor: Dr. Sagnik Basuray 

Department of Chemical and Materials Engineering  
New Jersey Institute of Technology, Newark NJ 07102 

 
Perfluorooctanoic acid (PFOA) is an industrial surfactant commonly found in contaminated 
drinking water. Despite the decline in its usage in the manufacturing industry, PFOA is detrimental 
to human health as it has a long half-life and is a carcinogen. Therefore, the detection and removal 
of PFOA are of great concern for researchers. EPA and NJ-DEP have set the safe limit of 70 and 
14 parts per trillion in drinking water for PFOA.  However, the current gold-standard techniques 
are High-Performance Liquid Chromatography (HPLC) and Liquid Chromatography-Mass 
Spectroscopy (LC-MS). These techniques are bulky, need highly trained operators, are costly, and 
cannot be used in a field. Therefore, a portable, low-cost, easy-to-operate screening technique is 
needed in the field for the rapid detection of PFOA in the source water. Electrochemical impedance 
spectroscopy (EIS) is a rapid, economical, highly sensitive, and label-free detection method (based 
on measuring the impedance changes at the electrode/solution interface). EIS is frequently used 
for the investigation of diseases and point-of-care applications. Furthermore, it has been reported 
that Metal-organic frameworks (MOFs) not only have a high affinity to PFOA, but they have 
distinctive selectivity and sensitivity. Thus, in this work, based on our novel ESSENCE 
electrochemical sensor platform and the affinity of the MOFs to PFOA molecules, a combined 
point-of-use sensor for the rapid screening of PFOA in source water is introduced (Figure 1).  
 
The ESSENCE electrochemical sensor platform is distinguished by its high sensitivity and high 
selectivity.  The sensor consists of a microfluidic channel packed with MOF, which is then placed 
between two non-planar interdigitated gold microelectrode layers. EIS is employed to collect and 
analyze the changes in impedance signals. In this project, we show that using a particular MOF 
allows us to detect PFOA in a 1X PBS solution at 100 parts per trillion. In the future, we intend to 

develop a calibration curve 
with data from several 
concentrations of PFOA in 
water to determine the limit 
of detection, the limit of 
quantification of the device. 
We also intend to test out 
different MOFs to see which 
MOF gives the lowest limit 
of detection that allows it to 
meet and exceed EPA and NJ 
limits. Finally, we will test 
our device in actual samples 
from contaminated sites in 
NJ.  
 

 

 

Figure 1: A schematic diagram of experimental running protocol. (A) PFAS 
water sample; (B) Structure of MOF & NP-IDμE system; (C) Picture of EIS 
machine; (D) EIS spectra before and after the capture of PFOA molecules. 
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Hybrid Monte Carlo-Molecular Dynamics Scheme for Simulating Adsorption-
Induced Deformation in Spherical Pores 

 
Vincent Tews, Advisor: Dr. Gennady Gor 

Chemical and Materials Engineering 
New Jersey Institute of Technology, Newark NJ 07102 

 
Adsorption is the process in which one or more molecules are transferred from a fluid bulk, or 
reservoir, to the surface of a solid. A porous solid has significantly more surface area for adsorption 
than a nonporous solid. Deformation can and does occur in many porous solids upon adsorption, 
and this is called adsorption-induced deformation. This process can be measured experimentally, 
though it is most often easier to model it with simulations. The Large-scale Atomic/Molecular 
Massively Parallel Simulator (LAMMPS) software was used for the duration of this research 
project. First, an appropriate model was chosen to simulate adsorption on: a spherical pore 
somewhat resembling silica. Silica can be used for separations and sensing, meaning that a 
successful model to measure its deformation upon adsorption would be beneficial to the industry. 
To create the slit pore, a Python script was made to create an icosphere made of 162 equidistant 
oxygen atoms. An icosphere is a geodesic polyhedron made up of triangles that more closely 
resembles a sphere when made with more vertices. The radius of said pore was set to 8.5A, which 
makes the surface density of the oxygen atoms 0.178 A-2, which closely fits the oxygen surface 
density of 0.177 A-2 used by Ravikovitch and Neimark in 2006 to study a similar pore. The method 
of simulation was to develop and use an original script for hybrid Grand Canonical Monte Carlo 
(GCMC) – Molecular Dynamics (MD) simulations. GCMC is based on statistical mechanics and 
does well in simulating the adsorption of a fluid. MD uses the Laws of Motion to determine atom 
placement over a timestep, and does well in simulating the deformation of a pore with fluid inside 
of it. Using the LAMMPS software itself, a script was successfully developed. One of the main 
goals of this research project was to be able to tune the strength of the bonds in the 162 oxygen 
atom icosphere so that we may recreate a strain curve found in Ravikovitch and Neimark’s 2006 
paper dealing with similar ideas. With more time, this goal will assuredly be reached, however, it 
was found that running GCMC with the LAMMPS software is far slower than anticipated, and so 
our models are still in the process of being equilibrated. Other than this, however, this summer 
research has fulfilled many goals and has been largely fruitful.  

 
 

Figure 1: Generated icosphere with 162 oxygen 
atoms perfectly equidistant from each other 

Figure 2: Method of simulations: Adsorb fluid in a 
relaxed structure with GCMC, allow to deform with 

MD, repeat until equilibrated 
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Numerical Solution for the Non-Steady-State Growth of a Gas Bubble in a 
Supersaturated Solution with Capillary Forces 

 
Nicholas Winay, Advisor: Gennady Y. Gor  

Otto H. York Department of Chemical and Materials Engineering 
New Jersey Institute of Technology, Newark, NJ 07102 

 
 Bubbles are present in a wide variety of systems ranging from microcellular foams to the 
human body. Equations exist that describe the growth and dissolution of such bubbles, but these 
solutions either make a steady-state approximation or ignore capillary forces. A more accurate 
solution which accounts for both the non-steady-state scenario and capillary forces would enhance 
progress in each of the previously mentioned systems and beyond. Microcellular foams (meaning 
cells smaller than 10 microns), for example, have applications as thermal and electrical insulators. 
If the growth of the bubbles that create this foam could be more accurately predicted, it would be 
possible to better control the physical properties of the material [1]. In humans, bubbles can form 
in the body whenever there is a sudden decrease in pressure (most commonly while diving), 
resulting in possible decompression sickness (also called “the bends”) and/or arterial gas embolism 
[2]. Better description of such bubble growth would aid in both prevention and treatment of such 
ailments. In this project, an approximate analytical solution is presented for the non-steady-state 
case with capillary forces, which must be confirmed through a numerical solution for validation 
purposes. 

Python as a coding language provides an excellent platform for such numerical solutions. 
The language is simple, and contains many modules that reduce the amount of code required. 
Finding a numerical solution requires developing a finite-difference scheme, applying boundary 
conditions, and solving the scheme, among other tasks. Implementation of finite-difference 
schemes in Python is convenient, as Python includes linear algebra libraries to perform operations 
such a LU factorization, a solver module for complex equations, and an integration module for 
otherwise complicated functions.  
 In the development of a scheme for this problem, simpler cases were initially considered 
in order to provide a platform to build on for more complicated cases. Namely, the cases of 
diffusion into finite or semi-infinite solids with specified surface concentrations or fluxes. These 
problems have known analytical solutions. The Crank-Nicolson scheme [3] was used to provide 
the numerical solution for these cases. However, for the case of a growing bubble, some additional 
complications arise. Most prevalent are the introduction of a moving boundary, which complicates 
the application of boundary conditions, and the need to rewrite the numerical scheme for a new 
partial differential equation. Therefore, future work will be focused on rectification of the 
numerical scheme, and application of techniques such as immobilizing the boundary. Beyond this, 
the numerical scheme may show that the approximate analytical solution does not apply in certain 
cases (low supersaturation), and will then be useful in the development of a better analytical 
solution. 
 
[1] Ramesh, N.S., Rasmussen, D.H. and Campbell, G.A. (1991), Numerical and experimental studies of bubble growth during the 
microcellular foaming process. Polym Eng Sci, 31: 1657-1664. https://doi.org/10.1002/pen.760312305 
[2] Virginie Papadopoulou, Robert J. Eckersley, Costantino Balestra, Thodoris D. Karapantsios, Meng-Xing Tang, A critical 
review of physiological bubble formation in hyperbaric decompression, Advances in Colloid and Interface Science, Volumes 
191–192, 2013, Pages 22-30, ISSN 0001-8686, https://doi.org/10.1016/j.cis.2013.02.002. 
[3] Recktenwald, Gerald. (2004). Finite-Difference Approximations to the Heat Equation. Mechanical Engineering. 10. 

https://doi.org/10.1002/pen.760312305
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Design of LED Structure with Low or Negligible Electron Leakage 
 

 Ihsaam Mohammed Al-Shehab, Advisor:Prof Nguyen 
Department of Computer and Electrical Engineering 

New Jersey Institute of Technology, Newark, NJ 07102 USA 
 
Abstract: The development of light emitting diodes (LEDs) with improved electron leakage was 
demonstrated. LEDs are more reliable, smaller in size and have a longer life than other types of 
lighting In addition, LEDs offer important applications, such as disinfection, skin treatment, and 
wearable technology. This study focuses on the effects of changing the aluminum concentration 
and changing the length of the electron blocking layer in our AlGaN LEDs (~420 nanometer 
wavelength emission) leading to improved electron leakage in the device. We found that a structure 
with a concentration of 0.05% Aluminum and electron blocking layer length of 5 nanometers 
showed to have improved electron leakage. 
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A Feasibility Study on Building a Stand-Alone Community Microgrid in the 
United States  

 
Ruby Burgess, Advisor: Dr. Philip Pong  

Department of Electrical and Computer Engineering 
New Jersey Institute of Technology, Newark NJ 07102 

 
Abstract: Switching from fossil fuels to renewable energy is an essential step towards reducing 
emissions of greenhouse gases. On a local level, microgrids could be the solution to further 
renewable energy penetration. This study develops and makes use of an analysis tool for 
calculating the cost and benefits of developing a self-sufficient community microgrid in several 
locations throughout the United States. The novelty of the study includes the analysis of costs and 
benefits of building a residential community of 1000 households powered by 4 to 8MW of 
renewable energy depending on location as well as powering this stand-alone community 
microgrid with 100% renewable energy. The study investigates using energy savings to sell houses 
at a discounted price to attract customers and aims to boost the usage of renewable energy through 
the popularization of this model. Because of the variable nature of renewable energy, storage 
systems play an essential role in designing a stand-alone microgrid. The study uses NREL’s 
System Advisor Model to calculate available resources in various locations and model the electric 
load. This data is then used to estimate the amount of energy needed for storage purposes. Detailed 
calculations of costs and benefits can prove the viability of such a system in various locations 
across the United States. Results show that this model would be viable in locations such as southern 
California or Colorado where wind and solar energy resources are highly available. 
  

 
Figure 1: Expenditures subtracted from income generated by a self-sufficient community microgrid for a community of 1000 

inhabitants over 10 years for 10 locations across the United States. 
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Conductive Rigid Concrete Pavement 
Mujeebu Rahman Fnu: advisor, Dr. Ahmed Omran P.E 

School of Applied Engineering Technology 
New Jersey Institute of Technology, Newark, NJ 07102 

 
Infrastructures in the US in general on the one hand and attempts to improve the quality of projects 
on the other focused the attention of development institutions on infrastructures as the point of 
linkage between policy and projects. All members of the government entities, Congress and Senate 
sensibly understand that without a proper quality materials and new Technologies the impact of 
development projects would remain limited. New methods of development projects requires both 
a series of well-designed steps in their preparation, ranging from prefeasibility to full feasibility 
studies, research, and ideally, exploration of alternatives that maximize environmental, economical 
and social benefits and minimize adverse impacts on people and the environment. While we all 
agree that poor infrastructure system is intolerable, we attempt to deal with it by using mechanisms 
designed for “Conductive Rigid Concrete Pavement” which impose sustainable solutions to 
asphalt pavements.  
Our optimism is based on three arguments. First, the United States government has generated 
prosperity on an unprecedent scale, to say it simply, now more money than ever before in 
circulation of the infrastructures. Second construction knowledge and Technology are expanding 
at a rapid space, making it possible for us to sell CRCP or the Technology more quickly and 
affordably than ever before. Third, and most important, there is now a stock of experience in 
transforming industry and our practice has been far richer than just theories, we are more 
dominated by abstract ideas and practice.  
By conducting interviews with leading nation-wide concrete plants and construction experts, we 
came to the point that this is the key demand in the US to design and implement this Technology 
in the construction industry so that the lives of future generations will be better and safety 
measurements will be enhanced and most likely guaranteed than those of the present.   
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Title of the Research Project  
Vignesh Sridhar, Advisor: Dr. Pushpendra Singh, Mentor: Islam Benouaguef  

Mechanical and Industrial Engineering 
New Jersey Institute of Technology, Newark NJ 07102 

 
Smart Materials are a class of materials that are designed to change properties when subjected to 
an external stimulus. In our research, we focus on Magnetorheological (MR) fluids, named as such 
because their rheological properties (viscosity, surface tension, yield point) change when subjected 
to an external magnetic field, a process that happens in about twenty-thousandths of a second once 
the field is applied. Our objective was to develop a new type of MR fluid. In contrast to 
conventionally prepared fluids, we prepared the solution using ferromagnetic (Iron) and 
diamagnetic (Glass) materials. We ran tests on numerous volume fractions of the solute, which 
was mixed in with Ferrofluid as the solvent, which we utilized due to its magnetic susceptibility 
being in-between that for the glass and iron particles. The total volume fraction particles and their 
relative volume fractions are varied to study their influence on the yield stress of the MR fluid. 
Solutions which report higher yield stress can be used in a wider variety of applications. The 
intended applications of these solutions are on a broad spectrum, from bullet proof vests to vehicle 
suspension to human prosthetics. Materials like the ones we prepare have the potential to make 
processes in many industries more efficient, and far safer.  
 
To investigate the yield stress change for a given magnetic field, we chose four different volume 
fractions of particles in our solutions: 0.3, 0.4, 0.45, and 0.50. To carry out the experiment, we 
used a rheometer to measure the maximum yield stress of prepared fluids after a magnetic field of 
strength 20.0 or 24.1 mT was applied. A diagram of the Rheometer and the experimental setup we 
used is given below: 

 
Figure 1: Rheometer schematic Diagram 

 
Like all MR fluids, the ones we prepared also exhibited a tendency to settle over time as the 
particles are denser than the suspending liquid and so we thoroughly mixed them before taking a 
measurement.  It was also noticed that the fraction which yielded the most stress across the board 
was at the 55% Iron, 45% Glass configuration.  
 
We plan to continue to take additional data using our devised method for a wider range of 
parameter values and repeat many of the trials to ensure consistency. 
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Improving the Efficiency of an Electric Scooter using a Continuously Variable 

Transmission 
 

Rohan Harish 
Newark College of Engineering 

New Jersey Institute of Technology, Newark NJ 07102 
 
Abstract: The main goal for my research was to produce a Continuously Variable Transmission in 
a small scale to test the reduction in power consumption for an electric motor. With the rise in 
popularity for electric vehicles, a common gearbox used by manufacturers is a 2-speed gearbox. 
This has been shown to reduce power consumption by around 5-10% under normal driving 
conditions. Some research papers have used modified versions of CVTs to get a power 
consumption reduction of upto 18%. I designed and prototyped my CVT based on a patented 
design (US4589303A). The design consists of two stationary rotors and two rotors attached to a 
synchronized shifter in the middle controlled by a stepper motor and threaded rod. The stationary 
rotors act as the input and output for the transmission as shown in Figure 1. Most of the designing, 
printing, assembly and programming is complete, and the final step left is to plot power 
consumption graphs with and without CVT with a constant load to showcase any benefits of the 
system. 
 
 

 
 

Figure 1: Top Down View of Prototype CVT. 
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