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Abstract

The effectiveness, convenience and comfortability of available transportation for mobile
urban workers has been an issue for many years. MobilityNext, a Denver-based mobility
solutions organization, is determined to improve transportation methods available for mobile
urban workers in the Denver metro area. For the past few years, MobilityNext has been studying
how workers with frequent changes in job site locations, such as construction workers, feel about
the transportation methods available to them. During this process, MobilityNext found that this
community struggled with the current transportation options available to them. However, when
conducting surveys to figure out how to improve the system, they found the data collected to be
subjective and at times, misleading.

To combat this issue, our team developed a way for MobilityNext to gather real-time
objective data. Our goal was to design a wearable device that can measure physiological data
correlated with acute stress as they use various transportation methods, as well as an app that
stores the data for each wearer in a database, uses the inputted data to compute stress level
calculations, displays the data in multiple useful ways, and much more.

Through research, we concluded that the best physiological measurements that met the
design objectives were the GSR (Galvanic Skin Response) and the pulse rate. The function of the
GSR sensor is to measure the resistance on the skin, which is affected by the microsweat on the
skin’s surface. The pulse sensor measures the volume of a blood vessel as the heart pumps blood
using the photoelectric method. We developed a code that was able to find the BPM (beats per
minute) from this data. The app receives the GSR and BPM data through bluetooth and stores it
in a relational database. The app measures how long the commute journey was and prompts the
wearer to input a rating after each commute. MobilityNext employees can access all of this data
in graphical form or download it. Through much testing, our team developed a stress level
calculation for our device that accurately calculates a stress score based on the physiological
data, and we are currently working on implementing it into the app. The goal of this project is to
collect objective, real-time stress level data that is correlated to the mode of transportation used.
In this way, difficult modes of transportation and struggle areas in the public transportation
system can be objectively highlighted and studies can be completed on the effectiveness,
convenience and comfortability of various modes of transportation.

Design Methodology, Constraints, Specifications, and System Requirements

Once the objective of the design was established, the system requirements, constraints,
and specifications were laid out. The system requirements are:

1. The device must be wearable during commute periods with comfortability and ease. The
device should not hinder or affect the commute process in any significant manner. The
device must not take measurements in an invasive or uncomfortable manner.

2. The device must take accurate physiological measurements that are proven to correlate
with acute stress.

3. The device/app must calculate accurate stress levels based on the physiological data. The
calculations should be in real-time, meaning that the data is immediately sent to the app
and the stress level is immediately calculated and available for display.

4. The device/app must cater to both English speakers and Spanish speakers.
5. The data/device must store the data so that it can be viewed later.



6. The measured physiological data and the measured stress levels must be easily accessible
to MobilityNext or any other company/group using the product. The data and stress levels
can be displayed as graphs or as tables.

Next, we had to determine which physiological data would allow for the most accurate
stress level calculations and best meet the system requirements. From the research and
brainstorming during Senior Design I, we chose the GSR measurement and the pulse
measurement.

We initially chose the GSR measurement, the pulse sensor measurement, and the skin
temperature measurement. However, upon further testing, we switched to the GSR and the pulse
sensor measurements. The EKG was not portable enough to meet the design requirement of
portability, so we switched to the pulse sensor. After comparative testing, we found that not only
was the pulse sensor more portable, but it was also just as accurate if not moreso. The
temperature sensor was dropped because it is easily affected by the outside environment and
therefore is more likely to take inaccurate measurements. Moreover, from testing, we concluded
that the two sensors we already had, the GSR sensor and the pulse sensor, were already
providing enough data to calculate an accurate stress level.

The GSR sensor measures the resistance of the skin’s surface. This resistance is affected
by the amount of microsweat on the skin. As the amount of microsweat increases, the resistance
decreases, and vice versa. This sensor was chosen because several studies have already
documented correlations between GSR measurements and acute stress levels [1,2,4,5,6,7]. The
GSR was also highly portable. The sensors fit snugly on the middle and ring fingers, and if a thin
plastic sheathing is applied to the underbelly of the device, the device measurements are
unaffected by using these fingers.

The pulse sensor measures the volume of a blood vessel as the heart pumps blood using
the photoelectric method. Beats per minute (BPM) has been shown to correlate accurately with
stress levels [1,2,3,4,5,6,7,8]. A higher BPM signifies a higher stress level and vice versa. This
sensor is also highly portable. The sensor is no wider than one’s finger. We applied a velcro strap
to the sensor and applied a plastic sheathing around the device. The sensor took accurate
measurements despite the wearer using that hand. Tests also showed that comfortability and ease
was still maintained when using the hand even when sensors were worn. The GSR sensors are
attached to the middle and ring fingers, and the pulse sensor is attached to the pointer finger.

A bluetooth module was used to send both the GSR and BPM measurements to the app.
Bluetooth was the chosen method of data transfer because it allows for portability, real-time data
capture and stress calculation, and it is reliable and stable during commute journeys. We
designed the bluetooth so that the minimum amount of data to ensure accurate stress level
calculations was sent to the app. This increased efficiency of the calculations and increased
stability of the device while still guaranteeing accurate calculations.

A rechargeable 9V battery and on/off switch are used to allow portability.
The sensors are attached to the fingers of one hand while the rest of the hardware is

secured into a small box that is strapped to the corresponding upper arm. The small box has an
opening for easily recharging the battery. The on/off switch is attached to the side of the box. A
comfortable arm band is attached to the box, and the wearer need only fasten the velcro of the
armband so that it fits snugly around one’s upper arm. This method of attachment has been found
to be comfortable and secure.

The app has several functions. The app has a relational database that stores the inputted
data for each participant, as well as the participant’s sign on information. The app allows the



participant to input when they start and stop a commute journey. This triggers the app to start
receiving and storing data. When the participant inputs that the commute journey has stopped,
the participant is asked to input a quick rating of the commute journey out of five stars. This data
is also stored in the relational database.

Additionally the app will differentiate by user type to allow for MobilityNext employees
to access the participant data in the forms of graphs and averages. The way the app differentiates
currently is by assigning users who login with an “@mobilitynext.com” email to a data
collection view and all other users to the data input view. These differing versions, seen based on
how a user logs in, can be seen in figures 2.2 and 2.4 - representing data collection and data
viewing respectively. We decided to use an app because most people in the Denver metro area
have a phone, which means that almost anyone could be chosen as a study participant. The phone
app allows for easy user input and is easily connected to bluetooth.

There are three notable limitations to our device. The first limitation is that of the small
box. The small box is a temporary casing used for the pilot testing. It does not provide
waterproof features and the internal components are easy to access for development purposes.
However, easy accessibility to internal components also means that the device is more fragile. To
advance in the future, we are currently working with our 3D designer to design a device shell for
consumer use and to provide good protection for the device. The second limitation would be the
bluetooth transmitting sensor. Two of our built devices use the CC2540 Bluetooth chip, which
only supports Android devices due to the SSP (Secure Simple Pairing) protocol it’s using, which
is not not currently supported on IOS devices. For future prototypes, we are switching to the
HM-10 bluetooth module which is compatible with both IOS and Android. We currently have
two devices built with the new HM-10 module, and are working on a third. The third limitation
is that the implementation of the stress calculation in the device is needing more time to
complete. Discussing with MobilityNext on the objective of the project, researching the
physiological measurements, designing and building the device, the several phases of testing,
designing and building the app database, bluetooth ability, and interface, and including a
bilingual option took up the majority of the two semesters. However, from our research and
testing, we have developed a method for calculating a stress level using this device. In the future,
this method would be implemented into the app, and further testing would be completed.

The stress calculation method has not yet been implemented on the app. However, we did
develop the method based off of research as well as our own conducted studies. We found that
each person has an individual stress threshold for both GSR and BPM measurements. On one
side of the threshold, the participant has a significant probability of being stressed. On the other
side of the threshold, the participant has a significant probability of not being stressed. This
threshold can be found after only a few tests during a state of no stress. When the stress
calculation is implemented in the app, this threshold value would be measured for each
participant at the beginning of the pilot when each participant is picking up their device. The
threshold value would be saved by the app and used in the stress calculations.

The current system diagram of the design flow is shown in Fig. 1.



Figure 1: System Diagram

Engineering Documents

Figure 2: System Flow Chart



Figure 3: Arduino Code (hc06 Bluetooth Version)



Figure 4: Arduino Code (hm10 Bluetooth Version)



Figure 5: Arduino Code for Sending Simultaneous GSR and BPM Data (hc06 Bluetooth version)



Figure 6: Sample GSR Python Plot

Figure 7: Sample Relaxed State GSR Python Plot



Figure 8: Sample Stressed State GSR Python Plot

Figure 9: Final Gannt Chart (Using MS-Project Scheduling Tool)

Link to Gannt Chart:
https://docs.google.com/spreadsheets/d/1BdNIhwm6uLBRrNPdnsdykIrG93mo5Xg2uWa_itT1W
kY/edit?usp=sharing

https://docs.google.com/spreadsheets/d/1BdNIhwm6uLBRrNPdnsdykIrG93mo5Xg2uWa_itT1WkY/edit?usp=sharing
https://docs.google.com/spreadsheets/d/1BdNIhwm6uLBRrNPdnsdykIrG93mo5Xg2uWa_itT1WkY/edit?usp=sharing


Computer Design Tools

Figure 10: Wiring Diagram
*GSR Sensor is missing in the diagram due to there being no sensor model in the simulation database. In our

final design, we use a base shield to connect the GSR Sensor via i2c on port A1.*

The following computer design tools were used in this project:
1. Autocad
2. Arduino IDE
3. Python
4. Serial Monitor App
5. ThinkerCad / Circuito.io

Patent and Standards Research Related to Design

There are devices similar to ours that already hold a patent. Table 1 lists the similar
patented devices, detailing their similarities and differences with the designed device. A
description of the patented device and a link to the patent is also included. Although there were
similar devices found, there was not a patented device that matched all of the design
requirements set up at the beginning of this project. The following attended devices would not be
as suitable for the task at hand as our device. Our device is still patentable.

The IEEE Code of Ethics applies to the project. It was required for each of us to write an
essay on this standard, and the elements of this standard were all followed throughout the entire
process and continue to be maintained.

The BS EN 60086-4:2000, IEC 60086-4:2000 standard for the safety of lithium-ion
batteries requires a specific label when shipping products with lithium-ion batteries. However,
this standard is only applicable to devices with more than two Lithium-ion batteries. Our device
only uses one Lithium-ion battery.



Table 1
Comparison of Developed Device with Current Patented Devices

Patented Device Description Similarities Differences Link

Stress Level
Measuring Device

Takes and records
detailed
measurements of
pulse.

1. Takes and records
detailed
measurements of
pulse.
2. Outputs a stress
level to the reader.

1. Does not
augment pulse data
with GSR data.
Doing so has been
shown to produce
more accurate stress
level data.
2. Does not ensure
comfortable
wearability during
transportation or
daily activity.
3. Uses a display
screen as opposed to
a
bluetooth-connected
, user-friendly and
multifaceted phone
app.

https://patents.googl
e.com/patent/US526
7568

Method and
Apparatus for

Measuring Acute
Stress

Provides a
methodology and
apparatus for testing
and evaluating acute
stress levels of
human test subjects
by acquiring both
physiological and
psychological
information during
alternating periods
of stress and
relaxation.

1. Provides a
methodology and
apparatus for testing
and evaluating acute
stress levels of
humans by
acquiring
physiological
information.

1. Tests and
evaluates
psychological
information as well
as physiological
information to
produce an acute
stress level.
2. Designed to be
used in a testing
room as opposed to
during
transportation.
3. Does not
implement a
bluetooth connected
app that stores data,
computes stress
level, allows user
input and displays
data in an
easily-readable way.

https://patents.googl
e.com/patent/WO20
03084402A1/en

Measuring
Psychological Stress
from Cardiovascular
and Activity Signal

A method and
system for
measuring

psychological stress
using a wireless

sensor device with
memory, processor
and EKG electrode

1. Uses a device
with memory and
processor wherein
the memory stores
the hardware
application executed
by the processor.
2. Uses EKG to

1. Uses an attached
electrode as
opposed to a pulse
sensor.
2. Does not
augment EKG data
with GSR data to
create a more

https://patents.googl
e.com/patent/US201
40121543A1/en

https://patents.google.com/patent/US5267568
https://patents.google.com/patent/US5267568
https://patents.google.com/patent/US5267568
https://patents.google.com/patent/WO2003084402A1/en
https://patents.google.com/patent/WO2003084402A1/en
https://patents.google.com/patent/WO2003084402A1/en
https://patents.google.com/patent/US20140121543A1/en
https://patents.google.com/patent/US20140121543A1/en
https://patents.google.com/patent/US20140121543A1/en


attachment. determine a stress
level.

accurate stress level
output.
3. Not designed for
use during
transportation.
4. Does not
implement a
bluetooth connected
app that stores data,
computes stress
level, allows user
input and displays
data in an
easily-readable way.

Proof of Concept:

I. Hardware and Portability

We now have a fully functional prototype device as shown in Fig. 10.

Figure 11: Fully-Functional Prototype

II. Battery Life

With average commute times in the Denver metro area equaling about 46.11 minutes [],
the device should last at least three days before requiring a recharge. Table 2 shows the results of
4 tests completed to measure battery life.

Table 2
Battery Life of the Device

Test Number Battery Life (hours-minutes)

1 6 hours and 8 minutes

2 5 hours 47 minutes



3 5 hours 52 minutes

4 6 hours 2 minutes

III. Bluetooth

Fig. 12 and Fig. 13 show the GSR data being received by the bluetooth terminal both as a
graph and as data. Fig. 14 shows both the GSR and raw pulse sensor data being received by the
bluetooth simultaneously. Fig. 15 shows both the GSR and the calculated BPM data being
received by the bluetooth simultaneously.

Figure 12: Transmitted GSR Data Figure 13: Transmitted GSR Data



Figure 14: Simultaneous Transmitted GSR & Pulse Data Figure 15: Simultaneous Transmitted GSR & BPM

IV: Sensor Testing and Sensor Accuracy

Since there was no available patented and verified device for GSR to compare with, we
instead compared measurements between the different devices while completing the same
activities. Figure 16 shows two graphs during a controlled rest state. Each graph’s data was
measured using a different device. Since the individual stress level threshold for the participant
was 300 Ohms, it is found that both devices measured a rest state for the individual.

We also compared measurements between this semester and last semester for accuracy
testing as well. Figures 17 and 18 show GSR tests taken during a controlled stress environment.
A controlled stress environment means an environment where a level of stress is induced. For
this project, stress was induced by playing high intensity video games. The test in Fig. 17 was
taken in November 2020, and the test in Fig. 18 was taken in April 2021. Comparing the graphs
in Fig. 17 and Fig. 18 show that the GSR measurements during a controlled stress state stayed
consistent throughout.



Figure 16: Controlled Rest State GSR Tests Comparison Between Different Devices

Figure 17: Controlled Stress State GSR Test Taken in November 2020

Figure 18: Controlled Stress State GSR Test Taken in April 2021



Figure 19: Controlled Rest State Pulse Sensor Test

To evaluate the accuracy of the pulse sensor, we performed a comparison study against
the Zacurate Pro Series 500DL Fingertip Pulse Oximeter. This study was done by having one
wearer where both the pulse oximeter and our device at the same time. Fig. 20 shows the BPM
comparison results. Fig. 21 shows the percent error of the BPM comparison shown in Fig. 20.

Figure 20: BPM Accuracy Comparison Study between Device and
Zacurate Pro Series 500DL Fingertip Pulse Oximeter



Figure 21: Percent Error of the BPM Accuracy Comparison Study between Device
and Zacurate Pro Series 500DL Fingertip Pulse Oximeter

V: App Interfaces

The software team implemented the front-end application interface, where each
individual user has a login account. They can then track their transportation time, view the data
and give out ratings at the end of the trip. The app also includes implementation and integration
of a MySql Database using php. Sample images of the app interfaces are shown in Fig. 22
through Fig. 27.



Figure 22 Figure 23 Figure 24

Figure 25 Figure 26 Figure 27



VI. Sample Database Views

Figure 28 shows the user table. The user table stores the login information from the app
as well as a baseline GSR and BPM taken from the averages of those users where the data is
present at the beginning of the pilot.

Figure 28: User Table

Figure 29 shows the daily values table. The daily values table stores the information
collected from the device and from the user input. as well as average GSR and BPM for a given
day when the data exists.

Figure 29: Daily Values Table

Figure 30 shows the GSR table, which stores the data from the sensors to then be utilized
within the database and the app. The heart rate table is the same, with differing values in the
“Value” column (generally in the range of 60-150).



Figure 30: GSR Table

VII: Stress Measurement Calculations

After months of testing, it was discovered that a stress level threshold can be found for an
individual. Each individual has a slightly different stress level threshold. We found that we could
find an individual’s stress level threshold by conducting several controlled stress state and
controlled rest state tests. It was found that the GSR data from the controlled stress state tests all
stayed below a certain resistance, and the GSR data from the controlled rest state tests all stayed
below that same resistance. We then found that this stress level threshold can be found using only
the data from the controlled rest state tests. This was an important finding as it greatly simplified
the method for finding the stress state threshold. With this finding, a pilot participant’s individual
stress state threshold can be found by conducting several short controlled rest state tests. Figure
31 shows an example of how a participant’s individual stress level threshold would be
implemented in a stress state calculation.

For this individual, several control tests were already conducted, and their individual
stress state threshold was found to be 315 Ohms. It is marked using a red line. From zero seconds
to 172 seconds, the participant is said to be not stressed. From 173 seconds to 496 seconds, the
participant is said to be stressed. From 497 seconds to 600 seconds, the participant is said to be
not stressed. During this test, a stressed state was induced by playing a high intensity video



game, starting from 60 seconds and ending at 420 seconds. This data verifies the calculated
individual stress level threshold method and therefore the stress levels it is used to calculate.

Figure 31: Implementation of Participant Individual Stress Level Threshold

The stress calculation method is harder to calculate for the pulse sensor data. First, the
BPM is calculated from the pulse sensor data. Next, the slope of the BPM is calculated. If the
slope is greater than a certain threshold value, then the participant is said to be in a stressed state
until a negative slope greater than a certain threshold is reached. Figure 32 shows the graph of a
BPM test where the participant is spooked by a jump scare. The BPM spikes with a slope of
approximately 0.7 BPM/s. It then experiences a sharp slope of -0.24 BPM/s. The time period in
between these two sharper slopes is said to be a stress state. We are continuing to test this portion
of the stress state calculation.

Figure 32: Implementation of Participant Individual Stress Level Threshold



VIII: Testing Device on Various Modes of Transportation

The device was used in a car, in a public bus, in a light rail, and on a walking trail. It was
concluded that the device is easily portable without hindering the commute and the bluetooth
functions easily, quickly and accurately during commutes. The data from these tests was not used
to measure stress as it would not accurately portray the efficiency, convenience and
comfortability of the modes of transportation during commutes. Instead, these tests were done to
verify the portability, bluetooth-capability and functionality and comfortability while on the
various modes of transportation.

Figure 32: Device Testing on Various Modes of Transportation (Top Left: Light Rail, Top Right: Car, Bottom
Left: Public Bus, Bottom Right: Walking Trail)

List of Project Design and Implementations Task and Responsibilities



Fuwei Huang: Research, device modeling (soldering, wiring device, etc), arduino expert, device
testing.

Sam Radelet: Research, physiological data expert, device testing, pulse sensor accuracy testing.

Claire Charlton: Research, device testing, assignment submissions, purchase requests,
communications.

Ryan McOmber: Research, Database design, App design for Login, Data Collection, Star
Rating, Data viewing screens, and Database integration across the app.

Elie Schooley: Research, Bluetooth integration

Alejandra Perez-Vazquez: Research, front-end app development, spanish application
development
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SUMMARY
 

Electrical Engineering student with a focus on electric power systems, aiming to work with renewable energy
systems. Excellent interpersonal and communication skills with experience managing projects and teams.

EDUCATION
 

UNIVERSITY OF COLORADO DENVER Denver, CO
B.S. Electrical Engineering Candidate (August 2017 - expected graduation May 2021)
● Relevant Courses: Power Systems Analysis, Renewable Energy Power Systems, Electric Drive Systems
 
MICHIGAN STATE UNIVERSITY East Lansing, MI
B.S. Social Science (May 2015)
 
WORK EXPERIENCE
 

Green Powered Technology Arlington, VA
Engineering Intern, Power Team July – August 2020
● Assisted the GPTech Power Team with the development of data requests, analysis of project assessment reports,

and reporting requirements for projects under the Maryland Power Plant Research Program.
● Helped to develop USTDA Public Market Report detailing the results of several USTDA-funded Desk Study

Reports that worked to improve the transmission and distribution of power throughout West Africa.

Solar Energy Solutions Belize (SESB) San Ignacio, Belize
Solar Engineer Intern June – August 2019
● Helped to design, analyze and install large-scale solar energy systems for clients with high-energy demands.
● Gained experience in problem-solving techniques for power systems analysis, effective site inspection

techniques, power consumption analysis, and software proficiency for data analysis.

Penfold Patterson Research Institute Menlo Park, CO
Program Director June 2014 – June 2016
● PPRI is a not-for-profit organization, associated with IncellDX, Inc., below, dedicated to distributing

high-quality, low-cost cancer diagnostics to underserved communities around the world.
● Directed PPRI’s pilot study in Cape Town, South Africa, managing a small team of researchers and project

leaders in South Africa’s first HPV-HIV correlation study.
● Performed and provided training for multi-parametric HPV assay and HIV assay to laboratory staff. Established

quality control for HPV and HIV assays, as well as for flow cytometer instruments.
● Managed PPRI daily operations including strategic planning, proposal development, logistics management,

board presentations, annual report preparation, and database management.

IncellDX, Inc. Menlo Park, CA
Technical Consultant June 2014 – June 2016
● IncellDX is a molecular diagnostics company focused on the treatment of life-threatening diseases with

high-quality products and instrumentation.
● Trained as a Field Application Scientist to provide customer service for all IncellDX products and

instrumentation. Assisted product development and quality control teams.
● Worked with the Research and Development Team assisting with day-to-day lab work and data analysis.

ADDITIONAL SKILLS
 

● Python, C++, MATLAB, Mathcad, Circuit Design, Quality Testing and Control, Product Development

 ATHLETIC AWARDS
 

● Michigan State University Varsity Soccer, 2009-2010
● McLean High School Soccer Team Captain, All-American Honors, All-State, All-Metropolitan DC/VA 2009

mailto:slradelet@gmail.com
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