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I.

Member’s Contact Information:
a. David Trujillo:
i. Phone Number: 720-361-9265
ii. Email Address: davidtrujill31@gmail.com
b. Matt Bertschman:
i. Phone Number: 610-413-5719
ii. Email Address: matt.bertschman@gmail.com
c. Tiffany Chang:
i. Phone Number: 720-808-4550
ii. Email Address: tiffanylynnchang@gmail.com
d. Ekubay Kidane:
i. Phone Number: 720-469-9344
ii. Email Address: ekubayk2010@gmail.com
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II.

Description of Project:

Osteoarthritis is often associated with limitation of motion of the joint and is the most
common form of arthritis that affects millions of people in the US. The symptoms of
osteoarthritis include stiffness, swelling of the joints, local pain, and tenderness. The hand device
consists of four localized force sensitive resistor sensors, a sensor for the pointer, middle, ring,
and pinky finger, attached to a stress ball molded to fit the hand. The sensors placed on the ball
shall read the amount of pressure the patient is exerting onto the ball. The device mainly targets
the tips of the fingers and the entire finger when the device is in use. The game interfaced with
the device mainly uses the “fingertip touch” technique to improve the mobility of the fingers and
incentivizes repetition for faster rehabilitation. Gentle hand exercises can help keep ligaments
and tendons flexible which can improve the patient's range of motion and maintain hand
function.
Healthcare Through Play allows patients with osteoarthritis to enjoy their physical
therapy exercises while having fun. Not only does it encourage patients to keep up with their
physical exercises, this helps patients regulate their physical therapy routine. This product will
specifically fulfill the need of rehabilitation of fine motor skills for patients diagnosed with
osteoarthritis. Specifically, for joints in the hands and fingers. This will also assist physical
therapists in their steps to help patients recover from injury, improve overall therapy techniques,
prevent further injuries, or having disabilities. Sensors in the fingertips connect to the Arduino
wirelessly. The Arduino and Processing program is used to create a Flappy Bird game to help
patients interact with the sensor while doing their physical therapy. Not only can the patient play
the game, but they are able to track how much force they are exerting on the ball. The serial
monitor in Arduino tracks and prints out how much force is exerted. This can also be used for
outpatient treatment.
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III.

Design Methodology, Constraints, Specifications, and
System requirements (CLO 1):

a. Mind Map:
Our opportunity statement for our mind map is rehabilitation for osteoarthritis. By using a mind
map, this was one of the ways that we were able to record all our ideas that we generated. In all
our brainstorming sessions as a group and individually, we mainly focused on the quantity of
ideas that we were able to generate and write down. No matter how crazy or absurd the idea
sounded, we still wrote it down. By doing so, we were able to bounce off of those ideas later on
and fine tune our Mind Map. Once we compiled all our ideas generated, we would then evaluate
how feasible the ideas were and how it applied to our device.

Figure 1. First version of Mind Map with around 30-50 ideas.
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Figure 2. Mind Map that has been condensed down to relevant ideas to the hand
rehabilitation device.
The colors in red represent the ideas for the game portion of the project. For example, the
keywords are Apps, virtual reality, and physical hand games. The color in orange represents fast
recovery. The keywords include interface data with the doctor's database and incentives. The
color in pink represents progress/data. The keywords include tracking a patient’s needs, and
two-way communication. The color in purple is for transportation. The keywords include
portability and limited wiring connections.
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c. Data Flow Diagram/Journey Map:

Figure 3. Data Flow Diagram/ Journey Map of overall hand rehabilitation device.
Our journey map is for a patient with osteoarthritis. We decided to focus our attention on our
audience to be mainly for users with arthritis as opposed to general hand injury or conditional
injuries for our device. On the left-hand side, we have the legend. The blue is the initial phase
where the user gets diagnosed with arthritis. Then the user proceeds to make an appointment
with their primary healthcare provider. Afterwards, the doctor recommends the hand device and
runs through the different treatment plans and exercises. Next, the green portion is the user
interaction with the device. One specific key insight is to have the device be specifically
made/molded to fit the patient’s preference and palm/hand size. This will bring happiness to the
patient because we are tailoring the device to the patient’s specific needs.
Afterwards, the user can set up the device settings and game preferences. This branches out to
the orange section where this is the data transfer. If the user elects to transfer & save data, the
data will be transferred to the doctor’s office and can be noted in the patient’s medical chart. This
then branches out to the red portion on the right side where this is for the games/progresses.
There is a smiley face next to this box because by having the device track exercise data for the
patient, the patient can then go back into their profile and view their data and progresses. By
having saved/tracked progress or milestones, it’s a way for the user to receive more incentive and
motivation to continue with their treatments. The purple is for the inoperative phase where if the
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device breaks or malfunctions. The user can provide feedback on the device. Finally, the pink is
the clean-up phase where the user cleans the device, stows it and transports it. There is a
confused smiley face next to the “cleans device” box because it can be challenging for the user to
clean and stow their own device. At this box, this is a critical innovation opportunity because we
will be looking into the different types of materials to use for the device. Which includes
utilizing silicon pads under the sensors, testing out various styles of stress balls, and finding out
which types of casing can house all our circuitry. As one of our design requirements, we decided
to make the overall size of the device to be as compact as possible.
Requirements:

Figure 4. Requirements for hand rehabilitation device.
Based on our affinity analysis, the main categories we got out of the design tool are user friendly,
overall design, efficiency of device, safety, and entertainment. First, for user friendly, we wanted
to design a device that was intuitive and easy for the patient to use. To clarify, we wanted a
device that the patient can just take out of the box and use without much wires or plugging into
any additional device. Second, the overall design was important because we wanted a device that
will provoke all the senses. We needed the device to be visually appealing with bright colors and
to also have an overall ergonomically friendly shape that will house the sensors in a way that will
not impede the sensors. Third, the efficiency of the device is important because we wanted to
help the patients recover from their osteoarthritis by promoting faster rehabilitation. We needed
to find a way to store and track the data from the device into a computer. By doing so, we can
log the data and use it to track the progress of the patient. The fourth category is safety. With all
electrical and handheld devices, we wanted the device to be safe and comfortable. We made sure
that this device can be used for all ages and was made from kid friendly materials. Lastly, we
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wanted the device to be entertaining. That way, we could incentivize repetition for the different
physical therapy exercises.
d. Design Constraints:
i. Overall budget of $800.
ii. Limited experience with prototyping.
iii. Limited time (two semesters) to fully build 3 iterations of our prototype
with the hardware and software portions.
iv. Limited testing of design due to circumstance.

Figure 5. Overall components of hand rehabilitation device.
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Figure 6. Sensors are attached to stress ball with silicon pads.
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IV. Engineering Documents (CLO 3):
a. Flow Chart:

Figure 7. Block Diagram of Hand Rehabilitation Device.
The 9V battery powers the operational amplifier in the low pass filter circuit. This goes to the
force sensitive resistors that are attached onto the stress ball and is interfaced with the Arduino
and Processing Code. The Serial Monitor in the Arduino Code prints out how much force the
patient is currently exerting on the sensors. The Processing Code is for the game portion and the
patient is able to play the Flappy Bird game through Processing.
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c. Code:
i. Flappy Bird Game:
1. Arduino:

Figure 8. Flappy Bird Arduino Code.
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3. Processing:

Figure 9. Processing Code for Flappy Bird Game in Processing.
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d. CAD Drawing/Model:
i. 3D Printing:

Figure 10. CAD drawing for the 3-D printed model.

Figure 11. CAD drawing for the 3-D printed model with supports.
When we visited Dr. Weir at the Anschutz Medical Campus, he suggested we make the 3-D
printed hand device in the shape of an egg as opposed to a regular sphere. That way, the patient
can comfortably hold the rehabilitation device and it will fit more nicely into the curvature of the
hand.

13
f. Completed Gantt Chart:
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Computer Design Tools (CLO 4):
g. Wiring Diagram:

Figure 12. Operational Amplifier MCP6004 Pin Configuration from Datasheet.

Figure 13. Application Circuit from Force Sensitive Resistor Datasheet.
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i. PSPICE Circuit:
i. Circuit:

Figure 14. PSPICE Simulation.
We were unable to find an exact copy of our transistor on PSPICE, so we found a similar
single rail operational amplifier and edited some of its properties.
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ii. Output:
1. At 100k Ω:

Figure 15. Voltage VS. Frequency Graph at 100k Ω.
When R is 100k Ω, as in the force sensitive resistor is not being pressed, the output value is 0.0
V, this shows that in the voltage divider circuit, we have most of the voltage going to the 100k
Ω resistor, or the unpressed force sensitive resistor.
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3. At 10k Ω:

Figure 16. Voltage VS. Frequency Graph at 10k Ω.
When R is changed to 10k Ω, as in the resistor is being pressed, the input value is -622 mV and
the output value is -684 mV, this shows that as the FSR is pressed its resistance decreases, this
allows more voltage to be read across R1 and most of the voltage goes to the output.
Based on our PSPICE simulations, we were able to discern that when R is at a higher resistance,
the output we get is a lower voltage.
This figure is from our FSR data sheet, it demonstrates the relationship we saw in the pspice,
showing as we apply force to the resistor it's resistance decreases. As a result, it increases our
output voltage.
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Figure 17. Cutoff frequency of the simulated circuit is at 51 kHz.
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iv. Frequency Response:

Figure 18. Cutoff frequency of the simulated circuit is at 51 kHz.

This demonstrates that our circuit works as an active low pass RC filter, this was as intended
because we needed to filter out noise from pressing our FSR. This is essentially to counteract the
noisy button effect.
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V.

Patent and Standards Research Related to Design (CLO 6):
a. Findings and similar devices:

Figure 19. Similar patent and device to our hand rehabilitation device.
With our 3-D printed egg shaped hand rehabilitation device, this patent has a similar idea to ours,
but our project is a one of a kind and patentable project. We searched all variations of keywords
like “egg shape hand rehabilitation device” and mainly focusing on “egg shape”.
The patent that we found, the overall idea and design is fairly similar to our device;
however, the overall shape of the device is not a sphere. This patent does not refer to having a
video game along with it to help the users with rehabilitating. Our main user group is for
osteo-arthritis patients as opposed to the general. This is an exercising device that is used for the
hand. The glove includes a palm portion and is enveloped in a compressible substance that
extends to each of the fingers. The compressible substance is typically shaped as a ball, oval and
is physically compressed by the hand of the user. The device imposes pressure on the hand and
fingers during both opening and closing of the hand while minimizing the stress on the joints of
the hands. This specific device focuses primarily on the typical motions of exercising and hand
and fingers rehabilitation like squeezing the hand into a ball while wearing the glove.
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b. What standards apply to project:
The device portion of our senior design project consists of a wire harness. According to
the IPC-A-610Cstandards as shown below:

Figure 20. Image from IPC-A-610C regarding component mounting.
For the wire harness and for the wires coming out of our sensors, we had to bundle and wrap the
wires together. We followed the IPC-A-610C standard for an acceptable way to wrap our wires.

Figure 21. Image from IPC-A-610C regarding wire insulation.
Overall, we used the IPC-A-610C as a reference for when we built the circuit and did the wire
harness. This helped us keep the circuit more neat and organized with all of the components.
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VII.

Proof of Concept (CLO 8):
a. Aruduino Serial Monitor:
i. Game Portion:

 igure 22. Output Voltage shown in Serial Monitor.
F
The Arduino code interfaces with the Processing Code. When there is a higher resistance, the
voltage is lower. As less pressure is applied to the ball, the voltage decreases. This can be seen in
the Serial Monitor of our code.
b. Processing Flappy Bird Game:

Figure 23. Flappy Bird Game.
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d. Wireless Portion:
i. Circuit:

Figure 24. Wireless Implementation using NRF24L0.
ii. Code:

Figure 25. Version 1 of Wireless Code.
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Figure 26. Version 2 of Wireless Code that is linked to our hand rehabilitation device.
iii. Serial Monitor:

Figure 27. Serial Monitor Output of version 1 wireless code without connecting our device to
the Arduino. The code was able to send, receive, and print out “Hello World!”.
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Figure 28. When we modified the code to read the inputs from the hand rehabilitation device,
we were unable to print out “Hello World!”.
Unfortunately, due to the time constraints, we were unable to debug the wireless code. Instead,
we focused on the 3-D printing aspect and getting our sensors on the ball, which can be seen
below.
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f. 3D Printing:
i. Printed Device:

Figure 29. 3-D Printer with device.

Figure 30. Printed 3-D ball with sensors placed into the divots.

27

Figure 31. Printed 3-D ball with silicone padding under and above the sensors.
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VIII.

Marketing Brochure:
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IX. List of Project Design and Implementations Task and
Responsibilities:
a. Stakeholders/Interviews:
i. Matt (Main) and Team
b. Simulation:
i. PSPICE: Matt (Main) and David
c. Hardware:
i. Circuit Design: David (Main) and Team
ii. Circuitry Troubleshooting: Team
iii. Device Implementation: Team
d. Fabrication:
i. Soldering: Ekubay
ii. 3D Printing Planning: David, Matt, and Tiffany
iii. 3D Printing: David
e. Software:
i. Writing Arduino and Processing Code: David (Main) and team
ii. Arduino and Processing Code Testing: David (Main) and team
iii. Wireless: Team
f. Deliverables:
i. PowerPoints/Presentation: Tiffany (Main) and Team
ii. Emails/Status Reports/Poster: Tiffany (Main) and Team
iii. Video: Tiffany (Main) and Team
iv. Brochure: David and Tiffany
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X.

Resumes from each member:
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