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Team Collaboration
(1) How was your team formed? Was your team assigned or did you choose to work with each other?
Please see page 8 in the attached PDF file
(2) Provide a detailed description of each team member’s responsibilities and jobs during your work on the Mission Folder.
Please see page 9 in the attached PDF file
(3) Did your team face any problems working together? If so, how did you solve them? If not, why do you think you were able to work together so well?
Please see page 10-11 in the attached PDF file
(4) What were some possible advantages to working together as a team on this project? How would working as individuals have made this project more difficult?

Please see page 12 in the attached PDF file

Uploaded Files:
* [View] Team Stumptown mission folder (By: Advisor, 03/06/2021, .pdf)

According to the arthritis Foundation, more than 54 million adults and almost 300,000 children in the U.S. have arthritis or another type
of rheumatic disease, and by conservative estimates, this number is expected to increase 49% by 2040. Physiotherapy and Medication
for people with arthritis costs nearly $200B annually, and requires patients to visit doctors multiple times weekly. We have built a Virtual
Physiotherapy experience that allows people with arthritis to exercise virtually anytime in the comfort of their own homes for less than

$150 instead of monthly recurring expenses.

Engineering Design

Problem Statement

(1) What problem in your community will your team attempt to solve using the engineering design process? Why did your team choose this problem to try to solve?
Please see pages 19 in the attached PDF file

(2) Research your problem. You must learn more about the problem you are trying to solve and also what possible solutions already exist. Find AT LEAST 10
different resources and list them here. They should include books, periodicals (magazines, journals, etc.), websites, experts, and any other resources you can think
of. Be specific when listing them, and do not list your search engine (Google, etc.) as a resource.

Please see page 20 and pages 86-89 in the attached PDF

(3) What did you find out about your problem that you didn’t know before? What kinds of possible solutions already exist? Be sure to put this in your OWN words,
do not just copy And paste information. Also, be sure to cite your sources.

Please see pages 21-24 in the attached PDF

Design Development

(4) What MUST be a part of your solution? These are called the criteria. Explain what criteria are needed to solve the problem. Make sure your criteria are
measureable, connected to the problem, and related to your research.

Please see page 25 in the attached PDF

(5) What limits are there on your solution? These are called constraints. Does it need to be a certain size? A certain weight? Is the cost a factor? Write down all of
the limits on your solution.

Please see page 26 in the attached PDF
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(6) Based on your criteria and constraints, what is your proposed solution to the problem you chose? Explain what it will look like and how it will work. If you can,
include a detailed, labeled drawing.

Please see page 27 in the attached PDF

(7) How will you test your solution? The BEST way to test your solution is to build a working model or a prototype that you can actually use. Or you can guess how
your solution will work BASED ON your research. Which method will you use and why?

Please see page 28-31 in the attached PDF

Build Model or Prototype

(8) If you built a prototype or model, explain how you built your prototype or model, step-by-step including ALL SAFETY PRECAUTIONS. If you guessed how your
solution would work BASED ON your research, explain important information from your research that you used to prove how your solution would work and be sure
to cite your sources.

Please see pages 31 and 33 in the attached PDF

Test Model or Prototype

(9) Explain how you tested your prototype or model. Be sure to include every step of your testing including all safety precautions that were taken. If not stated it will

be assumed no safety precautions were taken. If you are using research to guess how your solution will work, explain step-by-step how it will work and why.
Please see pages 31, 33, 56-63 in the attached PDF

(10) What problems did you find with your solution? Be specific since you will need to redesign based on these problems.
Please see pages 77-79 in the attached PDF

(11) Describe all of the changes you made to your prototype or model (or proposed prototype) after your first test. Why will these changes improve your solution?
Please see page 77-79 in the attached PDF

(12) Present the data you collected from your tests or from your research. If you tested a prototype or model then include all of the numbers you gathered during
your testing and all observations you made. Use of graphs and charts is HIGHLY encouraged. If you used research to prove how your solution would work, be sure
to include all of the numbers, charts, and graphs you used to make your case. Be sure that all data is related to your solution.

Please see pages 34-56, 64-76 in the attached PDF

(13) What are your potential sources of error? Remember, this doesn’t mean "Did everything work?", all tests have potential sources of error, so make sure you
understand what that means. Explain how these sources of error could have affected your results.

Please see page 77-79 in the attached PDF

Drawing_Conclusions

(14) What conclusions can you draw based on the data you gathered during your tests? Your conclusion should be related to your original problem and your testing,
include the data you collected, and refer to your proposed solution.

Please see page 80-82 in the attached PDF
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According to the arthritis Foundation, more than 54 million adults and almost 300,000 children in the U.S. have arthritis or another type
of rheumatic disease, and by conservative estimates, this number is expected to increase 49% by 2040. Physiotherapy and Medication
for people with arthritis costs nearly $200B annually, and requires patients to visit doctors multiple times weekly. We have built a Virtual
Physiotherapy experience that allows people with arthritis to exercise virtually anytime in the comfort of their own homes for less than

$150 instead of monthly recurring expenses.

Community Benefit
(1) Explain how investigating the problem your team chose will help the community. Be sure to include the impacts your research will have on individuals,

businesses, organizations, and the environment in your community (if any). Make it very clear why solving this problem would help your community.

Please see pages 84-86 in the attached PDF file
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for people with arthritis costs nearly $200B annually, and requires patients to visit doctors multiple times weekly. We have built a Virtual
Physiotherapy experience that allows people with arthritis to exercise virtually anytime in the comfort of their own homes for less than

$150 instead of monthly recurring expenses.

Mission Verification
We have reviewed the eCYBERMISSION Rules and Guidelines

Yes

We have worked with our Team Advisor and we have discussed the possible risks involved in the project and completed the Risk Assessment Form (and attached it
to our Mission Folder).
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Yes

The project involves hazardous chemicals, activities, or devices.

No

The project involves potentially hazardous biological agents (If yes, complete this form and attach to your Mission Folder).

No

We acknowledge that we followed proper safety precautions during the work on our project.

Yes

The project involves testing one or more of the following and requires prior approval by an Institutional Review Board (IRB):
Humans

Yes

Non-Human Vertebrates

No

You will need to include an abstract of 250 words or less. As part of the abstract you will need to describe your project and explain how you used STEM (Science,
Technology, Engineering and Mathematics) to improve your community

For IRB form please see page 7

According to the arthritis Foundation, more than 54 million adults and almost 300,000 children have arthritis or another type of rheumatic disease, the leading cause of
disability among adults in the US, costing nearly $200B annually in physiotherapy and medication. “arthritis” is an informal way of referring to joint pain or joint disease.
People of all ages, genders and races can and do have arthritis. By conservative estimates, the number of adults in the U.S. with doctor-diagnosed arthritis is projected to
increase 49 percent to 78.4 million by 2040. Based on the research Physical activity and physical therapy can reduce pain and improve physical function by about 40 percent.
Existing solutions require patients to visit physiotherapists multiple times weekly and is cost prohibitive. We asked ourselves, "how can we cost-effectively and reliably offer a
virtual physiotherapy experience for people with arthritis?”, and have built a Virtual PhysioTherapist solution that allows people with arthritis to exercise virtually anytime in the
comfort of their own homes without excessive premiums or recurring expenses. We offer a set of exercise routines via enjoyable video games for PC/Mac that allows people
of all ages to play by exercising. Based on the patient's age group and performance, we adjust the complexity level of those routines, tracking daily, weekly and monthly
progress that can be viewed by both the patients and therapists online. We have received positive feedback from both patients and physiotherapists on the viability of our
solution. In the future, we hope to expand our set of exercise routines and games to address multiple forms of arthritis and also share statistics with family and doctors to
keep them informed of patients' progress.
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eCYBERMISSION

A Cost-effective and Reliable Virtual
Physiotherapy Experience for People with
arthritis

Team Stumptown, 2020-21 Season

Virtual Physiolherapist ,‘.

N\

According to the arthritis Foundation, more than 54 million adults and almost 300,000
children in the U.S. have arthritis or another type of rheumatic disease, and by conservative
estimates, this number is expected to increase 49% by 2040. Physiotherapy and Medication for
people with arthritis costs nearly $200B annually, and requires patients to visit doctors multiple
times weekly. We have built a Virtual Physiotherapy experience that allows people with arthritis to
exercise virtually anytime in the comfort of their own homes for less than $150 instead of monthly

recurring expenses.



We are affiliated with

ROboRIAK

Inspired by intelligence

http://www.stemdgirls.org/roborink/

Special thanks to our team advisor and to our parents
for their support throughout the season
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Abstract

According to the arthritis Foundation, more than 54 million adults and almost 300,000
children have arthritis or another type of rheumatic disease, the leading cause of disability among
adults in the US, costing nearly $200B annually in physiotherapy and medication. “arthritis” is an
informal way of referring to joint pain or joint disease. People of all ages, genders and races can
and do have arthritis. By conservative estimates, the number of adults in the U.S. with
doctor-diagnosed arthritis is projected to increase 49 percent to 78.4 million by 2040. Based on the
research Physical activity and physical therapy can reduce pain and improve physical function by
about 40 percent. Existing solutions require patients to visit physiotherapists multiple times
weekly and is cost prohibitive. We asked ourselves, "how can we cost-effectively and reliably offer
a virtual physiotherapy experience for people with arthritis?”, and have built a Virtual
PhysioTherapist solution that allows people with arthritis to exercise virtually anytime in the
comfort of their own homes without excessive premiums or recurring expenses. We offer a set of
exercise routines via enjoyable video games for PC/Mac that allows people of all ages to play by
exercising. Based on the patient's age group and performance, we adjust the complexity level of
those routines, tracking daily, weekly and monthly progress that can be viewed by both the
patients and therapists online. We have received positive feedback from both patients and
physiotherapists on the viability of our solution. In the future, we hope to expand our set of
exercise routines and games to address multiple forms of arthritis and also share statistics with

family and doctors to keep them informed of patients' progress.
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Team Collaboration

How was your team formed? Was your team assigned or did you choose to work with each
other?:

Team Formation

We are Team Stumptown, a group of 8th graders from Portland, Oregon, participating in
this year's 2020-21 eCYBERMISSION season. We formed in 6th grade as the Stumptown Glucobots,
and reprised our team for last year's 2019 season as Lost & Found. We go to the same school,
Stoller Middle, which makes communication and cooperation a lot easier. We've known each other
for a while, participating in competitions like OBOB (Oregon Battle of the Books) and FLL (First
Lego League). We also all hold similar interests like programming, robotics, research and STEM
that make working together so much more enjoyable.

We are a Team

m o) - Ecience We Learn from each other
LAl
= ' W [T Jechnoioey — What we learn is important than what we win
= .= i . E'ngineerlng
('\ f) : We positively influence our communities
' [958 ] @athematlcs

We have fun!




Provide a detailed description of each team member’s responsibilities and jobs during your
work on the Mission Folder:

Roles & Responsibilities

In our last two years, we had explored over 40 different topics that we had arranged into several
different concept maps. This year, we took some of those ideas as well as newer ones and
narrowed it down to 20 topics, 5 for each team member Each meeting, we would present a new
topic and receive feedback from the others with the Rose, Bud, and Thorn analogy. A Rose is an
idea that will work well, a Bud is an idea to improve on, and a Thorn is an idea that we didn't think
would work. After we decided on the issue we would solve, we broke our mission folder
responsibilities into 4 roles:

Team Member # 1: Research, Abstract, Engineering and Design, Conclusion
Team Member #2: Research, Team Collaboration, IRB Form, Testing
Team Member #3: Research, Plan, Bill of Materials, References

Team Member # 4: Research, Engineering, and Design, Community Benefits

Concept Map :

o .
15 Ideas * J _) =4 » 1 Topic

=0 D=0

L' _;-g
L'.L't‘k'_

Roles & Responsibilities

0l 21| 93 ol

Research Research Research Research
Abstract Tearmn Collaboration Plan Solution Development
Engineering Design IRB Bill of Materials Community Benefits

Conclusion Testing Expert Interviews Website Development




Did your team face any problems working together? If so, how did you solve them? If not,
why do you think you were able to work together so well?:

Operating Model

This season due to COVID-19 all our schools converted to full-time online distance learning
mode and during most part of our season due to statewide lockdown, we were not able to travel
outside our homes. Therefore, when we brainstormed various ideas, we intentionally focused on
ideas that can be explored and solved completely virtually with expert and team meetings that can
be done online via zoom or google Meet. Thankfully, none of our families were impacted by
COVID-19, however, we feel very sorry for the nearly 500,000 Americans who have lost their lives
and their families due to this pandemic. Observing several people with arthritis who could not visit
their doctors or physiotherapists due to office closures during this pandemic, we wanted to
explore ideas on how to creatively and most-efficiently address that problem.

When we formed the team, we originally faced some challenges in keeping track of our
progress and updating each other with our research. We adopted a Google team shared drive to
keep track of each other's work and stay organized throughout the season. By constructively
critiquing each other's ideas, we were able to work together well as one team to achieve our goals.

Team Operating Model

p
R

(
Gl
Uike Ug 0

=)

L

=
-

P B
/ =0 - \
Millions of people worldwide are

impacted by Arthritis, including our
loved ones. What can we do about it?

U

Positive Critique
ﬁ Can Physiotherapy, How can we cost How do ensure patients q
o! Exerc:::icl-;:ia; :hge?'l::’t and effe ctively an d follow tr:‘:ll:‘t ?:;Iz?exerc:se
reliably offer a virtual O- -
physiotherapy
experience for people
ﬁ Yes, th but Patient: - L i i '
need to visit Physiotherapist with Arthritis? Siwsbuldsomething A
multiple times weekly, in comfort of their homes?
a which is not economical )

We shared our research work with each other between our meetings and its benefits to the
community. We would collect as many resources as possible and we would decide if that source
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was usable. Most of the time we would scrap it for two main reasons. One, because the source
was unreliable and two was because it was not something that helped the community.

While each of us had specific focus areas for the mission folder mapped to our areas of
interest, we learned from each other based on our research work and challenged each other to
perform at our very best. For example, for every source that we used in our research, we had to
follow the MLA format for the reference section in the mission folder. Team Member #1 took the
responsibility of holding all of us accountable for following the MLA standard, so overall as a team
we met all our objectives.

Team Collaboration Model

Problem: Unorganized
Bibliography

annotated bibliography

'ﬂ Let's create and organize
of

—
A

: ' = Analyze the research

Review the source and Work together to create a ’

summarize each source sources and summarize MLA citation for each

to create an annotation @" key findings source e
(2] -

1
|
1
1
|
|
1
|
|
1
1
1
|
I
|
|
]
|
I
|
|
i
I
|

: Solution: Properly formatted
and annotated bibliography
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What were some possible advantages to working together as a team on this project? How
would working as individuals have made this project more difficult?:

Importance of Teamwork

Our coach taught us, “teamwork is the ability to work together toward a common vision”.
We observed several advantages of working together as a team. As a team, we were able to learn a
lot more new topics than as individuals. We shared what we learned with each other in team
meetings, and while each of us had specific roles and responsibilities, we also helped each other
when we were not able to make progress. Working as individuals, each of us would have had to do
at least three times more work in conducting research, building and testing our prototype,
meeting with experts to gather feedback and in completing mission folder requirements.

A A 9 M
on@lﬂiel

Our Team Core Values

We are a team

We learn from each other

What we learn is more important than what we win
We positively influence our communities

We have fun!

Our teamwork was very effective in many ways. We gave each other a lot of feedback,
learned from each other, finished all the work by the due dates we set for ourselves and had fun.
For example, our brainstorming process involved the use of a whiteboard to produce concept
maps and write ideas that we thought affected our community. We all split the fifteen total
relevant ideas and did a page long research segment on each topic. At our next meeting, we went
over what we learned from the topic and any feedback or related queries we had with the topic.
We used the provided resources to develop team-building skills which we used to conduct
research, solve arguments and make important decisions. We also worked together to edit and
review the others’ work which provided a more polished final product.

After working out the details of our problem statement and coming up with a rough idea
for our solution, we decided to split up the work. Although our research and designing were
handled individually, we worked as a team to assist each other throughout the way, for ex., taking
on someone’s work with them if they were stuck in an area that was not their core expertise.

12



Plan
Timeline

Meeting Timeline

st Meeting
B

Discussed ideas using the
Concept Map. Wanted to
improve distance learning.

2nd-4th Meeting

v

5th-7th Meeting

8th-10th Meeting F

Made a Google Form Survey
asking guestions about
students and teachers
experience with distance
learning so far. We posted it
on Facebook,,

NMth-14th Meeting

®
Decided that Distance
learning was a short term

probiern. Explored more
community based problems,
and learmed that Oregon has
one of the highest number of

Arthritis patients.

T T
ﬂ!
15th-19th Meeting
@

Learned about how Virtual
Mirror Therapy is used to
help amputees, and explored
how to use it for arthritis
patients.

A

20th-22nd Meeting
L

\

Learn more about different
types of therapies for
arthritis.

e

23rd-24th Meeting
.

Explored on how to input
therapy exercises into a
Virtual Reality game using
Unity.

25th-28th Meeting
L

Discovered Leapmation, and
decided to include it in our
project.

29th-32nd Meeting.
@
Finished and perfected the

/

Discussed Project with
experts and included
suggestions.

Started to code the games
using Unity and Leapmotion.

sing Visme

Mission Folder,



Meeting Logs

Meeting # Goal Accomplishment

1(Aug) Team Kick-Off Created Concept Map and
Generated more than 20 ideas!

2(Aug) Narrow down our ldeas Narrowed down to focus on
Distance Learning.

3(Aug) Reach out to students and Created a Google Form Survey, and

teachers to hear their opinions | sent it out on Facebook.
on distance learning.

4(Aug) Review Survey Got back 30 answered surveys.

5(Sep) Research Decided that Distance learning was
a short-term problem.

6(Sep) Research Discovered community based
problems in Oregon, including
hunger, homeless veterans,
arthritis, depression, and air
pollution.

7(Sep) Research and Pick a topic Researched the different problems
based on the previous meeting and
chose arthritis

8(Sep) Research Researched about arthritis

9(Oct) Research Researched about arthritis

10(Oct) Research Discovered mirror therapy.

11(Oct) Research Learned about different arthritis
therapies.

12(Oct) Research Learned about different arthritis
therapies

13(Nov) Research Learned about different exercises.

14(Nov) Research Learned about different exercises.

15(Nov) Research Explored more about Virtual Reality

16(Nov) Research Explored more about Virtual Reality

17(Dec) Research Learned how to program a VR

14



setting in Unity

18(Dec) Research Learned how to program a VR
setting in Unity

19(Dec) Research Learned how to program a VR
setting in Unity

20(Dec) Research about different VR Discovered the Leap Motion

controllers controller

21(Dec) Research Learned more about the Leap
Motion Controller

22(Dec) Research Learned more about the Leap
Motion Controller

23(Jan) Expert Meeting Learned more about the
experiences of having arthritis.

24(Jan) Expert Meeting Learned more about the
procedures and exercises from a
therapist.

25(Jan) Prototype Started Coding the Exercises In a VR
setting using Unity and Leap
Motion

26(Jan) Prototype Coding the Exercises In a VR setting
using Unity and Leap Motion

27(Jan) Prototype Coding the Exercises In a VR setting
using Unity and Leap Motion

28(Jan) Prototype Coding the Exercises In a VR setting
using Unity and Leap Motion

29(Feb) Mission Folder Worked on the Mission Folder

30(Feb) Mission Folder Worked on the Mission Folder

31(Feb) Mission Folder Worked on the Mission Folder

32(Feb) Mission Folder Finished the Mission Folder
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Concept Map Creation

Developing Problem Statement
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Expert Discussions

As many of the offices in Portland were closed during the global pandemic, many of our expert
interviews had to be done via email and phone meetings. Below we summarize the experts we
interacted with and information we gathered from those interactions.

1) Dr. Swati Kakodkar

SWATI S KAKODKAR M.D

503-764-0100

e There are more than ten types of arthritis
e All age ranges can suffer from arthritis
e During quarantine, patients had fewer opportunities to visit the clinic

2) Kinetic Family Chiropractic

Dr. Aakash Raj

Dr. Aakash Raj grew up in Portland, Cregon where he received his
Bachelor's degree in Business Administration and Marketing from Oregon
State University. Dr. Raj played competitive tennis growing up where he
suffered multiple injuries (Achilles’, PCL, Plantar Fascia) which left him
immobile and with chronic pain. After experiencing a revolving door of
doctors. medicine and even major surgery - all before the age of 25 - Dr.
Raj was eventually introduced to chiropractic. After receiving continuous
chiropractic care he was able to end the vicious cycle of symptoms and
create long lasting results. And that was just the beginning of Dr. Raj's
chiropractic journey. He is excited to be adjusting along with his wife and
helping create a healthier community.

Dr. Raj graduated from Life Chiropractic College West in Hayward, CA has
certification in Soft Tissue Methods, Advanced Principles in Upper and
Lower Extremities through Certified Chiropractic Extremity Practitioner
(CCEP} and is finishing up courses through CCEP to receive his full
certification

e While not regularly exercising, patients pain levels increase substantially
e Cost of therapy varies from $300-$5,000+
e Most patients need to be reminded to exercise by family members
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3) Bethany Physical Therapy

e Regular exercise (physical therapy) and healthy-diet are critical
e Sometimes patients have to take pain medication as well
e Virtual experience for physical therapy is a great concept and can work

4) Advanced Physiotherapy Associates

e Patients visit physical therapists multiple times weekly
e They don't have a way to connect with the physical therapists virtually

18



Engineering Design

Problem Statement

What problem in your community will your team attempt to solve using the engineering design
process?:

Problem Statement

According to the Arthritis Foundation, more than 54 million adults and almost 300,000
children have arthritis or another type of rheumatic disease. This is the leading cause of disability
among adults in the US, costing nearly $200B annually in physiotherapy and medication. “Arthritis”
is an informal way of referring to joint pain or joint disease. People of all ages, genders and races
can and do have arthritis, including several of our friends and grandparents, however, it is most
prevalent in adults over 60. By conservative estimates, the number of adults in the U.S. with
doctor-diagnosed arthritis is projected to increase 49% to 78.4 million cases by 2040. Physical
activity and therapy can reduce pain and improve physical function by around 40%. Existing
solutions require patients to visit physiotherapists multiple times weekly and are cost prohibitive.
We asked ourselves, "How can we cost-effectively and reliably offer a virtual physiotherapy
experience for people with arthritis?” We've built a Virtual PhysioTherapist solution that allows
people with arthritis to exercise virtually anytime in the comfort of their homes for less than $250
without recurring expenses.

How can we cost-effectively and reliably
improve the virtual physical therapy
experience for people with arthritis?
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Research

Explain what you learned from your research. What did you find out about your problem
that you didn't know before? What kinds of possible solutions already exist? Be sure to put
this in your OWN words, do not just copy and paste information. Also, be sure to cite your
sources:

According to the Center for Disease Control (CDC) there are ten types of arthritis that affect
roughly 23% of adults in the United States [2]. There are several types of arthritis that have a
variety of symptoms including joint pain and limited mobility. A 2019 article by the Arthritis
Foundation defined arthritis as “not a single disease; it is an informal way of referring to joint pain
or joint disease” [9]. In our research, we found that Mayo Clinic recommends several exercises to
ease the pain and difficulty of arthritis, which we confirmed with physical therapy experts. Most of
the exercises involve repeated movement of the wrist and fingers [36]. After talking to our local
physical therapy clinics, we realized that it was far harder for therapists to evaluate and
communicate with their patients. We looked into several methods of virtualizing the therapy
process. During the research process we found a 2018 paper describing virtual reality games
intended for arthritis rehabilitation [18].
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Existing Solutions

Hand Exercises to ease arthritis

Doctors recommend ten noninvasive ways to keep the joints flexible, improve range of motion,
and relieve arthritis pain by doing hand exercises [35]. Hand exercises can help strengthen the
muscles that support the hand joints. This can help patients perform hand movements with less

discomfort [34].

Exercise Routine

Action

1) Make a Fist
You can do this easy exercise anywhere and
anytime your hand feels stiff.

e Start by holding your left hand out with
all of your fingers straight.

e Then, slowly bend your hand into a fist,
placing your thumb on the outside of
your hand. Be gentle, don't squeeze
your hand.

e Open your hand back up until your
fingers are straight once again.

Do the exercise 10 times with the left hand.
Then repeat the whole sequence with the
right hand.

2) Finger Bends

1. Startin the same position as in the last
exercise, with your left hand held up
straight.

2. Bend your thumb down toward your

palm. Hold it for a couple of seconds.

Straighten your thumb back up.

Then bend your index finger down

toward your palm. Hold it for a couple of

seconds. Then straighten it.

W

Repeat with each finger on the left hand.
Then repeat the entire sequence on the
right hand.
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3) Thumb Bend

1. First, hold your left hand out with all of
your fingers straight.

2. Bend your thumb inward toward your
palm.

3. Stretch for the bottom of your pinky
finger with your thumb. If you can't
reach your pinky, don't worry. Just
stretch your thumb as far as you can.

4. Hold the position for a second or two,
and then return your thumb to the
starting position.

Repeat 10 times. Then do the exercise with
your right hand.

4) Make an ‘O’

Start with your left hand out and fingers
straight.

1. Curve all of your fingers inward until
they touch. Your fingers should form the
shape of an “O."

2. Hold this position for a few seconds.
Then straighten your fingers again.

Repeat this exercise a few times a day on
each hand. You can do this stretch
whenever your hands feel achy or stiff.

5) Table Bend

1. Place the pinky-side edge of your left
hand on a table, with your thumb
pointed up.

2. Holding your thumb in the same
position, bend the other four fingers
inward until your hand makes an “L"
shape.

3. Hold it for a couple of seconds, and then
straighten your fingers to move them
back into the starting position.
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Repeat 10 times, and then do the same
sequence on the right hand.

6) Finger Lift
Place your left hand flat on a table, palm down.

1. Starting with your thumb, lift each finger
slowly off the table one at a time.

2. Hold each finger for a second or two,
and then lower it.

3. Do the same exercise with every finger
of the left hand.

After you're done with the left hand, repeat
the entire sequence with the right hand.

7) Wrist Stretch

Don't forget about your wrists, which can also
get sore and stiff from arthritis.

1. To exercise your wrist, hold your right
arm out with the palm facing down.

2. With your left hand, gently press down
on the right hand until you feel a stretch
in your wrist and arm.

3. Hold the position for a few seconds.

Repeat 10 times. Then, do the entire
sequence with the left hand.
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8) Fingertip Touch

1. Start with holding your hand and fingers
straight and close together.

2. Form an O shape by touching your
thumb to each fingertip.

3. Moving slowly and smoothly, touch your
index finger to your thumb, then follow
with your middle, ring and small fingers.

Repeat this exercise five times with each
hand.

9) Knuckle Bend

Hand exercises can help improve joint flexibility
and range of motion in people who have
arthritis.
1. Start by holding your hand and fingers
straight and close together.
2. Bend the end and middle joints of your
fingers. Keep your knuckles straight.
3. Moving slowly and smoothly, return
your hand to the starting position.

Repeat this exercise five times with each
hand.

10) Finger Walk

1. Restyour hand on a flat surface, such as
a tabletop, with your palm facing down.

2. Move your thumb away from your hand.
Beginning with your index finger, move
it up and toward your thumb.

3. Follow with moving your middle, ring
and small fingers one at a time up and
toward your thumb.

Repeat this exercise five times with each
hand.
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Design Development

What MUST be a part of your solution? This is called the criteria. What does your solution
need to have in order to solve the problem? (NOTE: Don’t discuss a specific solution here,
just the characteristics of a good solution):

Criteria Statement

Our solution should focus on solving problem in a specific community

Our solution should be usable by all age groups of people

Our solution should offer equal or better experience than existing solutions
Our solution should be cheaper than existing solutions

Our solution should not introduce any side-effects to people who are using it
Our solution should not require recurring maintenance costs or service fees

o? @i’ 9:;} ei

Criteria for a good Solution

A good solution should A good solution should
be usable, cost-effective focus on a specific

and better than existing community in order to be
solutions impactful
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Constraints

What limits are there on your solution? These are called constraints. Does it need to be a
certain size? A certain weight? Is the cost a factor? Write down all of the limits on your
solution:

There were a few constraints on our solution that restricted us:

e We had to keep our solution under $250. This restricted us because we had to make our
solution as simple as possible while sufficiently solving the problem. We managed to do this
by trying to find the cheapest and most-effective parts.

e We also only had 8 months to fully complete our project, which heavily limited us because
we weren't able to fully test all the possible forms of arthritis.

e Due to the COVID-19 global pandemic, our state was in lockdown mode for several months
during this season. Therefore, we set an additional constraint for our solution to be
remotely developed and tested in various locations without us having to get together as a
team.

e Our solution also had to be usable and efficient. Another major constraint was that the
solution has to be easy to set up with minimal instructions to follow.

e Our solution has to be lightweight so that it can be hand carried by arthritis patients and
can connect seamlessly with their existing computers, laptop or a desktop via USB.

Solution Constraints

A A 9 A
ol@n&’:ol

Solution should cost Solution should be Solution should be
less than $250 and compact, water-proof, prototyped within 6
should be simple to and weigh less than months supporting

use with minimal set  1lb for transportability. key design
of software/hardware  Solution should work  requirements and

setup requirements with Windows or Mac tested by multiple
for age groups 10 to computers. age groups
100.
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Based on your criteria and constraints, what is your proposed solution to the problem you
chose? Explain what it will look like and how it will work. If you can, include a detailed,
labeled drawing:

Our Solution

Our solution’s main purpose was to create a virtual physical therapy experience for patients with
arthritis cost-effectively and reliably to allow them to perform their daily exercise routines in the
comfort of their own homes. We took on an additional goal to also connect patients with physical
therapists online via a web portal. We also graded each of the ten hand exercise performances to
maintain and publish daily, weekly, monthly statistics for patients, shareable with their respective
families and physical therapists. Based on our research and expert interviews no other similar
solution is available on the market, especially at below $250 price point.

Virtual PhysioTherapist

Software
Application

USB Cable

Leap Motion
Controller
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High-Level Test plan

Users are expected to perform a total of 10 hand exercises, 3 times each, for a 5 second duration.

Total number of Hand Exercises = 10
Total number of iterations per hand exercise = 3
Duration of each iteration in seconds =5

For a couple of age groups, we test for the following conditions -

1) Record XYZ coordinates for Stretched hand
a) Record variation in XYZ coordinates for 5 seconds
b) Determine the error margin (goal: within 20% variation)

2) For each of ten hand exercises, one exercise at a time
a) For each iteration of ten total iterations
i)  Record variation in XYZ coordinates for 5 seconds
ii)  Determine the error margin (goal: within 20% variation)
iii)  Update Rewards
(1) If the error rate is within 20%: Assign 1 point
(2) If the error rate is within 30%: Assign 0.5 point
(3) If the error rate is >30%: Assign 0 point
iv)  Summarize total score for 3 iterations
b) Summarize total score for 10 exercises

Leap Motion Coordinates

The Leap Motion Controller provides coordinates in units of real world millimeters within the Leap Motion frame of reference. That is, if a
finger tip's positionis givenas (x, y, z) = [100, 100, -100] ,those numbers are millimeters —or, x = +10cm, y = 10cm, z =

-10cm

The Leap Controller hardware itself is the center of this frame of reference. The origin is located at the top, center of the hardware. That
is if you touch the middle of the Leap Motion controller (and were able to get data) the coordinates of your finger tip would be [0, 0, 0].

|

+Y

+X

+Z
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VIRTUAL PHYSIOTHERAPIST ALGORITHM
Setup & Calibration

Record XYZ coordinates for Stretched hand
Record variation in XYZ coordinates for 5 seconds
Determine the error margin (goal: within 20% variation)
Rewards =0

Total-Rewards =0

For 1thru 10 hand-exercises
___Totaf-newards = Total-Rewards + Rewards

For1thru 3 tries of each exercise

Resst Rawaras
Record variation in XYZ coordinatss for § seconds
Detarmine the error margin (goal: within 20% variation)
Update Bewaros

if the error rate & within 20%; Assign 1 point

If the error rate is within 30%: Assign 0.5 point

if the error rate & =30%: Assign O paint

Rewarg = Reward « Points

End-For (each-exercise-Trial)

End-For (each-exercise)
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Prototype

Using the Leap Motion device, connected to a computer (windows/mac) our “Virtual
Physiotherapist” solution monitors the X,Y,Z coordinates for each range of motion and the ten
hand exercise routines. We used machine learning algorithms to analyze the Leap Motion data and
graded the patients performance for ideal expectations. For example, the patient should make a
fist for 5 seconds, and repeat this exercise for 10 times, to get the full 10 points. Similarly, for the
remaining 9 exercise routines, they will need to do the same to get a full 100 points for each time
they exercise virtually at their own homes.

We maintain and publish a log of each exercise and share it with patients, their loved ones
(depending on patient’s consent) and their respective physical therapists for regular analysis.

a J b
+Y

30



Virtual PhysioTherapist Solution

Using the Leap Motion Controller, our Virtual PhysioTherapists solution monitors various hand
exercise routines effectively, safely and reliably. The below figure displays screen captures of
various movements across multiple age groups.

During the testing we made sure the Leap Motion controller device was placed in a flat surface on
the table, and there was sufficient distance between the user's hand and the computer screen as a
safety precaution.

g,,,

s ®
# ¥
B £

Our prototype has the following 7 components.
1) Leap Motion Controller that connects to a computer (PC/Mac)
2) USB cable to connect the device to computer
3) Unity software to develop Virtual Physiotherapist application
4) Stumptown Virtual Physiotherapists website to connect patients with therapists
5) Machine learning algorithms to analyze hand exercise routines
6) Logging capability to share daily, weekly, monthly statistics
7) Friendly daily reminder to patients to perform their exercise routines
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Bill of Materials

# Material Unit Cost
1 Leap Motion Controller $89.99
2 3D Printed Enclosure $5.00
3 USB Cable to connect to PC/Mac $0.00
4 Virtual PhysioTherapist Software $0.00
5 Windows PC or Mac Computer Required
6 Shipping and Handling Cost $10.00
TOTAL COST OF SOLUTION $104.99
Materials
Yodododok 41 Review(s) Add

Leap Motion Controller

by Ultraleap
© Instock

Product Highlights

- Leap Motion Controller

- Features highly accurate V4 hand and finger tracking
._—_\l} - Offers a 135° field of view and up to 80 cm range
- Tracks objects and captures high-speed infrared footage

- Interacts directly with digital content, VR & AR apps

- Includes demos of Particles, Paint, and Cat Explorer

Software used

Operating System Windows 10+
Unity Software: https://unity3d.com/get-unity/download
Leap Motion Software Development Kit: https://developer.leapmotion.com/

=" €« O

Windows Mac Linux

DOWMNLOAD 4.1.0




Testing Solution

How will you test your solution? The BEST way to test your solution is to build a working
model or a prototype that you can actually use. Or you can guess how your solution will
work BASED ON your research. Which method will you use and why?:

After we built the prototype, we decided to test the accuracy of each hand exercise routine
as well as accuracy of the leap motion device in various lighting conditions. For the total 10
exercise types, each requiring 3 iterations, and each iteration for 5 seconds, we developed a
healthy dataset which we were able to analyze further for patterns.

VIRTUAL PHYSIOTHERAPIST ALGORITHM

Setup & Calibration

otai-Kewearas = |otal-Kkewaras + Hewarcs

For 1thru 3 tries of each exercise

End-For (each-exercise-Trial)

End-For (each-exercise)
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Test Case Scenarios

We developed the following test plan to comprehend both the hardware and software aspects of
our solution. In addition, we have developed a test plan for the web connection with the device at
home to move, store and process the collected data for recommendations.

Setup & Calibration
Install the compiled VPT (Virtual Physiotherapist) application on Windows PC without any errors.

Data Collection (Age: 46) - Patient-1

1) Stretched hand

17¢.082 45. 358
179,951 -45.073
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2) Make a Fist

(w )
] ,\u-.
y Yt

111

35



3) Finger Bend
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4) Thumb Bend
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5) Make an ‘O’

6) Table Bend

38



7) Finger-Lift
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8) Wrist Stretch

164 .245

1'-'- T 7O %
whe? « F U

-44 745
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9) Finger Touch
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10)Knuckle Bend
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Data Collection (Age: 44) - Patient-2

1. Stretched Hand
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3. Finger Bend
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4. Make an ‘O’
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7. Wrist Stretch
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8. Fingertip Touch

9. Knuckle Bend
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10.Finger Walk
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Data Collection (Age: 13)

1. Make a Fist
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2. Finger Bend
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3. Thumb Bend

4. Make an ‘O’
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5. Table Bend

6. Finger-Lift
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7. Wrist Stretch

8. Finger Touch
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9. Knuckle Bend

56



Unity Program Software

* This program tracks hand movements and displays XYZ coordinates relative to center of the palm

using UnityEngine;
using System.Collections;

using Leap;

namespace Leap.Unity{

public abstract class HandModel : HandModelBase {

[SerializeField]

private Chirality handedness;

public override Chirality Handedness {
get { return handedness; }
set { handedness = value; }

}

private ModelType handModelType;
public override abstract ModelType HandModelType {
get;

}

public const int NUM_FINGERS = 5;




handModelPalmWidth = 0.085f;

FingerModel[] fingers = FingerModel[NUM_FINGERS];

Transform palm;

[ransform forearm;

Transform wristjoint;

Transform elbowjoint;

Hand hand_;

Vector3 GetPalmPosition() {

return hand_.PalmPosition.ToVector3();

}

Quaternion GetPalmRotation() {

IHGERCRE ){




return hand_.Basis.CalculateRotation();
}
if (palm) {
return palm.rotation;
}
return Quaternion.identity;

}

Vector3 GetPalmDirection() {
if (hand_!= ){
return hand_.Direction.ToVector3();
}
if (palm) {
return palm.forward,;

}

return Vector3.forward;

Vector3 GetPalmNormal() {
if (hand_ != null) {
return hand_.PalmNormal.ToVector3();
}
if (palm) {

return -palm.up;

}

return -Vector3.up;




Vector3 GetArmDirection() {
if (hand_!= ) {
return hand_.Arm.Direction.ToVector3();
}
if (forearm) {
return forearm.forward;

}

return Vector3.forward;

Vector3 GetArmCenter() {
IHGERCRE ){
Vector leap_center = 0.5f * (hand_.Arm.WristPosition + hand_.Arm.EIbowPosition);
return leap_center.ToVector3();
}
if (forearm) {
return forearm.position;
}

return Vector3.zero;

GetArmLength() {

return (hand_.Arm.WristPosition - hand_.Arm.EIbowPosition).Magnitude;

}

GetArmWidth() {




return hand _.Arm.Width;
}

Vector3 GetElbowPosition() {
if (hand_!= ){
Vector3 local_position = hand_.Arm.ElbowPosition.ToVector3();
return local_position;
}
if (elbow]joint) {
return elbow]oint.position;
}

return Vector3.zero;

}

Vector3 GetWristPosition() {
IHGERCRE ){

Vector3 local_position = hand_.Arm.WristPosition.ToVector3();

return local_position;
}
if (wristjoint) {

return wristjoint.position;
}

return Vector3.zero;

}

Quaternion GetArmRotation() {




IHGERRE ){
Quaternion local_rotation = hand_.Arm.Rotation.ToQuaternion();

return local_rotation;

}
if (forearm) {

return forearm.rotation;

}

return Quaternion.identity;

Hand GetLeapHand() {
return hand_;

}

SetLeapHand(Hand hand) {
hand_ = hand;

for (inti=0; i< fingers.Length; ++i) {
if (fingers[i] != ) {
fingersli].SetLeapHand(hand_);




InitHand() {
for (int f = O; f < fingers.Length; ++f) {
if (fingers[f] != ) {
fingers[f].fingerType = (Finger.FingerType)f;
fingers[f].InitFinger();

LeapID() {
IHGERCRE ) {
return hand_.Id;

}

return -1;

UpdateHand();

Testing Criteria

Explain how you tested your prototype or model. Be sure to include every step of your
testing including all safety precautions that were taken. If not stated it will be assumed no
safety precautions were taken. If you are using research to guess how your solution will
work, explain step-by-step how it will work and why:




We tested every single component in our prototype for specific criteria. For the ten hand exercise
routines, we followed procedures carefully using safety precautions. In the below sections we
explain our testing criteria and constraints. In the section below we will comprehend our test
procedures and observations for each step.

Patient Name:

Statistics

Monthly Weekly Daily

Daily Stats

Hand % of Duration @ S5Status | Points

Exercise | Times

1 10 Ss B ©

2 10 Ss B c

3 10 Ss B

4 10 S5 B ©

5 10 5s ' B 7

6 10 Ss B 0

7 10 Ss Bl

8 10 S5 E ] &

9 10 S5 B -

o | Lk

85
Data & Error Analysis
Exercise-1 (Stretch Hand)
Iteration x value y value z value X-error
1 finger 1 92.392 176.892 35.273 -1.28%
finger 2 57.196  210.064 -62.382 6.56%

y-error

1.71%

12.16%

Z-error

-15.48%

22.16%
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finger 3
finger 4
finger 5
2 finger 1
finger 2
finger 3
finger 4
finger 5
3 finger 1
finger 2
finger 3
finger 4
finger 5
average finger 1
finger 2
finger 3
finger 4

finger 5

33.304

-4.41

-49.788

94.293

51.127

18.102

-19.05

-50.928

94.088

52.707

17.63

-21.053

-54.842

93.591

53.677

23.012

-14.838

-51.853

211.507

217.354

210.369

178.088

179.951

173.536

175.159

174.018

166.781

171.833

168.515

177.189

172.942

173.920

187.283

184.519

189.901

185.776

-80.849

-79.488

-59.237 -3.98%

45.358 0.75%

-45.073 -4.75%

-59.016

-53.456

-28.369 -1.78%

44.57 0.53%

-45.744  -1.81%

59.961

-56.261

-30.299 5.77%

41,734

-51.066

-26.635

-63.068

-39.302

14.63%

14.46%

13.24%

2,40% 8.68%

3.91%  -11.74%

-5.95%

-7.76%  -15.24%

-6.33%

-4.10% 6.80%

-8.25% -10.42%

-8.67%

-6.69% -10.79%

-6.91%
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Exercise-2 (Make a Fist)

Iteration xvalue yvalue zvalue x-error y-error z-error
1 finger 1| 49.589 155.606 -5.468 -5.40% 0.53% -15.64%
finger2 24.8324 111.399 17.682 -12.13% -7.07%
finger3  13.376 109.38 20.012 -17.80% -8.53%
finger4  -1.174 109.202 20.779
finger 5 -14.63 113.911 15.209
2 finger 1 51.146 139.413 -26.373
finger2| 36.613 128.265 14.469
finger3 22578 125.407 14.648
finger 4 10.35 123.765 13.848
finger5  -1.568 127.948  5.847
3 finger1 56.528 169.317 12.396 7.83% 9.39%
finger2  23.331 119.945 42461 -17.44% 0.06%
finger3  12.865 123.961 47.452
finger 4 -1.472 124.102  49.736
finger 5 -13.97 128.681 44.239
average finger1 52421 154779 -6.482
finger2 | 28.259 119.870 24.871
finger3 16.273 119.583 27.371
finger 4 2.568 119.023 28.121
finger5 -10.056 123,513 21.765
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Exercise-3 (Finger Bend)

Iteration

1 finger 1
finger 2

finger 3

finger 4

finger 5

2 finger 1
finger 2

finger 3

finger 4

finger 5

3 finger 1
finger 2

finger 3

finger 4

finger 5

average finger1
finger 2

finger 3

finger 4

finger 5

x value yvalue
84.275 184.193
24,987 165.228
15.935 177.991

0.249 237.649
-12.971 209.408
94.881 181.884
30.681 172.22
25.016 210.152
-0.256 253.475
-13.682 227.522
88.776  176.61
22.805 161.853
9.285 172.157
-9.604 231.214
-20.459 196,559
89.311 180.896
26.158 166.434
16,745 186.767
-3.204 240.779

-15.704 211.163

zvalue x-error

73.177 -5.64%

49.748 -4.48%

13.466 -4.84%

-32.542

-2.673  -17.40%

93.582 6.24%

62.926 17.29%

-0.287

-14.364

9.544  -12.88%

89.807 -0.60%

51.909 -12.82%

23.224

-20.769

21.233

85.522

54.861

12.134

-22.558

9.368

y-error Z-error

1.82% -14.43%

-0.72% -9.32%

-4.70% 10.97%

-1.30%

-0.83%

0.55% 9.42%

3.48% 14.70%

12.52%

5.27%

7.75% 1.88%

-2.37% 5.01%

-2.75% -5.38%

-7.82%

-3.97% -7.93%

-6.92%
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Exercise-4 (Thumb Bend)

Iteration

1 finger 1
finger 2

finger 3

finger 4

finger 5

2 finger 1
finger 2

finger 3

finger 4

finger 5

3 finger 1
finger 2

finger 3

finger 4

finger 5

average finger 1
finger 2

finger 3

finger 4

finger 5

xvalue yvalue
27.055 158.115
55.95 225918
44.425 225.688
29.685 219.444

8.15 212.157
25.724 160.689
55.622 203.322
32.057 203.638
9.035 191.133
-6.495 177.697
27.644 146.581
58.939 188.407
36.565 189.967
13.285 179.345

-21  164.52
26.808 155.128
56.837 205.882
37.682 206.431
17.335 196.641

-0.148 184.791

zvalue x-error

57.458 0.92%

-15.085 -1.56%

-31.338 17.89%

-26.025

-6.869

58,142 -4.04%
-18.563 -2.14%

-34,323 -14.93%

-26.021

6.205

67.422 3.12%

-4.907 3.70%

-20.046 -2.97%

-12.157

19.151

61.007

-12.852

-28.569

-21.401

6.162

y-error  Z-error

1.93% -5.82%

9.73%  17.38%

9.33% 9.69%

11.60%

14.81%

3.58% -4.70%

-1.24%

-1.35%

-2.80%

-3.84% 0.69%

-551% 10.51%

-8.49%

-7.98%

-8.80%

-10.97%
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Exercise-5 (Make an '0’)

Iteration

1

average

finger 1
finger 2
finger 3
finger 4
finger 5
finger 1
finger 2
finger 3
finger 4
finger 5
finger 1
finger 2
finger 3
finger 4
finger 5
finger 1
finger 2
finger 3
finger 4

finger 5

x value yvalue

44.662

31.216

36.606

36.014

27.582

49.895

41.027

44.288

42.492

33.541

44.182

34.802

36.557

32.748

22.854

46.246

35.682

39.150

37.085

27.992

243.941

259.365

244.854

227.899

212.785

214.454

225.069

208.803

191.045

176.223

223.321

227.49

208.035

189.567

175.225

227.239

237.308

220.564

202.837

188.078

zvalue x-error

50.63

51.599

54.819

50.657

43.819

42,946

38.859

43.156

39.691

33.419

26.192

16.023

24.142

22.893

17.283

39.923

35.494

40.706

37.747

31.507

-3.43%

-12.52%

-6.50%

-2.89%

-1.47%

7.89%

14.98%

13.12%

14.58%

19.82%

-4.46%

-2.47%

-6.62%

-11.69%

-18.36%

y-error

7.35%

9.29%

11.01%

12.36%

13.14%

-5.63%

-5.16%

-5.33%

-5.81%

-6.30%

-1.72%

-4.14%

-5.68%

-6.54%

-6.83%

Z-error

26.82%

45.38%

34.67%

34.20%

39.08%

7.57%

9.48%

6.02%

5.15%

6.07%

-34.39%

-54.86%

-40.69%

-39.35%

-45.15%
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Exercise-6 (Table Bend)

Iteration

1 finger 1
finger 2

finger 3

finger 4

finger 5

2 finger 1
finger 2

finger 3

finger 4

finger 5

3 finger 1
finger 2

finger 3

finger 4

finger 5

average finger 1
finger 2

finger 3

finger 4

finger 5

82,393

4.986

-4.617

-18.623

-31.984

81.719

1.924

-9.837

-23.922

-36.495

81.041

6.176

-4.989

-19.281

-30.547

81.718

4.362

-6.481

-20.609

-33.009

x value yvalue

220.072

176.993

171.456

170.155

174.02

193.261

168.483

166.693

168.861

174.08

171.537

145.469

144.964

148.505

154.946

194.957

163.648

161.038

162.507

167.682

60.439

29.657

31.263

33.928

29.769

43.81

33.568

35.9

39.552

35.146

35.828

28.659

31.904

34.697

29.042

46.692

30.628

33.022

36.059

31.319

zvalue x-error

0.83%

14.31%

-28.76%

-9.64%

-3.10%

0.00%

-55.89%

51.78%

16.08%

10.56%

-0.83%

41.59%

-23.02%

-6.44%

-7.46%

y-error

12.88%

8.15%

6.47%

4.71%

3.78%

-0.87%

2.95%

3.51%

3.91%

3.82%

-12.01%

-11.11%

-9.98%

-8.62%

-7.60%

Z-error

29.44%

-3.17%

-5.33%

-5.91%

-4.95%

-6.17%

9.60%

8.71%

9.69%

12.22%

-23.27%

-6.43%

-3.39%

-3.78%

-7.27%
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Exercise-7 (Finger Lift)

Iteration x value

y value

zvalue x-error y-error  Z-error

1 finger 1 52406 103556 68.887 2.17%
finger2 35.893 144.055| -11.576 12.39%
finger 3| 25983 134.818 -28.838
finger4 10.407 126.588 -26.095
finger5 -12.475 122.05| -11.799
2 finger 1 49.742  106.7 51.307
finger2 39352 157.739| -26.286
finger3 25,948 158.06| -46.303
finger4| 6.018 155.801 -44.631 11.07%
finger 5 -19.506 147.514| -29.08
3 finger 1 51.73 129.229 38.884 0.85%
finger2  20.567 164.845| -44.745
finger3  -6.789 153.703| -59.5
finger4 -25.727 138.415| -48.473
finger5 -44.14 140.673| -30.35
average finger1| 51.293 113.162 53.026
finger2 31937 155.546 -27.536
finger3 15.047 148.860 -44.880
finger4 -3.101 140.268 -39.733
finger 5 -25.374 136.746| -23.743
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Exercise-8 (Wrist Stretch)

[teration xvalue yvalue zvalue xerror yerror zerrorr
1 finger1 56.746 215,607 -3.337
finger2 26.178 131.462 -2.476
finger 3 6.066 117.739 -4.565
finger4  -14.431 124,044 -3.574
finger 5 -31.257 146.158 -0.439
2/finger 1 43.238 194.234| 54.437
finger 2 66.84 159.375 47.214
finger3 49.582 148.684 38.673 19.52%
finger 4 26.16 150.371 38.617
finger 5| 6.166 167.443 45.604
3 finger1 30,511 13414 59.096
finger2 26954 135.239 61.65
finger3| 11.498 149.918| 62.959
finger4  -0.556 165,091 58.264
finger5 -4.359 177.429 51.267
average [finger 1 43.498 181.327| 36.734
finger 2 39.991 142.025| 35.463
finger3 22382 138.780 32.356
finger 4 3.724 146.502 31.102
finger 5 -9.817 163.677 | 32.144
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Exercise-9 (FingerTip Touch)

Iteration

1 finger 1
finger 2

finger 3

finger 4

finger 5

2 finger 1
finger 2

finger 3

finger 4

finger 5

3 finger 1
finger 2

finger 3

finger 4

finger 5

average finger1
finger 2

finger 3

finger 4

finger 5

x value yvalue
32.7 165.776
14.696 256.362
36.012 215.729
30.396 196.399
12.43 149.616
44,372 211.032
-6.467 281.24
-4.827 250.832
31.161 201.799
27.756 186.455
43.28 185.002
5.02 263.731
-2.372 234.096
35.348 175.71
25.697 162.727
40.117 187.270
4416 267.111
9.604 233.552
32.302 191.303

21.961 166.266

zvalue x-error

61.801 -18.49%

10.792

-17.019

-24.758 -5.90%

36.995

62.892 10.61%

-13.085

-38.49

61.385 -3.53%

57.986

62.892 7.88%

-13.085 13.67%

-38.49

61.385 9.43%

57.986 17.01%

62.528

-5.126

-31.333

32.671

50.989

y-error  z-error

-11.48% -1.16%

-4.02%

-7.63%

2.66%

-10.01%

12.69% 0.58%

5.29%

7.40%

5.49%

12.14% 13.72%

-1.21% 0.58%

-1.27%

0.23%

-8.15%

-2.13% 13.72%
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Exercise-10 (Knuckle Bend)

Iteration x value

y value

zvalue

X-error y-error

1 finger 1| 89.042

236.397

103.773

1.32%

finger2 26.822

202.465

64.051

10.65%

finger 3| 16.291

195.446

64.069

17.64%

finger 4 1.997

192.03

64.602

finger 5 -13.269

195.875

61.89

2 finger 1 91.009

205.023

56.633

3.56% 12.26% -12.29%

finger2  25.756

169.555

44,791

6.26%  6.50% -6.58%

finger3  15.184

165.817

49.751

9.65% 6.35%  -2.98%

finger4  1.629

170.869

51.456

- 8 .1 7% -2- 74%

finger 5 -10.872

157.868

46.788

-17.39%  1.91% -4.65%

3 finger 1 83.597

106.455

33.296

finger2 20.141

105.617

34.99

finger3 10.068

106.498

40.018

finger4  -3.386

110.975

42.655

finger5 -15.34

110.975

38.529

average finger1 87.883

182.625

64.567

finger2  24.240

159.212

47.944

finger3 13.848

155.920

51.279

finger4  0.080

157.958

52.904

finger 5 -13.160

154.906

49.069
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Charts

We set our error thresholds to -20% and +20% of the fingers XYZ coordinates variation between the
three attempts for the ten hand exercise routines. Below charts show the exercise routines that
exhibited higher variations in their XYZ values. We analyze the sources of error and explain how we
addressed them to improve the accuracy of our overall solution.

Exercise-2 and Exercise-6 Error Analysis (Threshold -20% to +20%)

@® x-error @ y-error z-error == wm Error-Threshold-1 == == Error-Threshold-2
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@® x-error @ y-error z-error == wm Error-Threshold-1 == == Error-Threshold-2
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Exercise-5 & Exercise-9 Error Analysis (Threshold -20% to +20%)

@® x-error @ y-error z-error == wm Error-Threshold-1 == == Error-Threshold-2
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@® x-error @ y-error
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Outlier Error Ranges

Exercise #

Error Margin Threshold
Levels

Outlier Ranges (Best/Worst)

Exercise-1 (Stretch Hand)

-20% to +20%

-325% (z) +203% (2)

Exercise-2 (Make a Fist)

-20% to +20%

-291% (z) +306% (2)

Exercise-3 (Finger Bend)

-20% to +20%

-128.53% (z) +199.78% (x)

Exercise-4 (Thumb Bend)

-20% to +20%

-43% (2) 21.59% (2)

Exercise-5 (Make an ‘Q")

-20% to +20%

-54% (z) 39% (z)

Exercise-6 (Table Bend)

-20% to +20%

-55% (x) 51.78% (x)

Exercise-7 (Finger Lift) -20% to +20% -50.83% (z) 62.50% (2)
Exercise-8 (Wrist Stretch) -20% to +20% -59.60% (x) 59.49% (z)
Exercise-9 (FingerTip Touch) -20% to +20% -43.40% (x) 22.84% (2)

Exercise-10 (Knuckle Bend)

-20% to +20%

-41.71% (y) 29.44% (y)
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Errors

What problems did you find with your solution? Be specific since you will need to redesign
based on these problems:

Our solution displays X,Y,Z coordinates for all five fingers in each hand that we record to analyze
hand positions for the ten hand exercise routines. We then analyzed consistency between those
values across three attempts for each exercise. We set an error margin of -20% to +20% in XYZ
values. We observed the following errors in both scenarios (age:46 and age:13) primarily in the Z
axis with a few exceptions in y and x axes.

Z-axis variation in values is primarily because of two reasons:

1) Values are set as relative to the XYZ Grid versus relative to the center point of the hand,
which caused variation based on the grid settings

2) Position of hand relative to the Leap Motion controller. Between the users based on their
hand placement the Z axis value range exceeded error thresholds.

To minimize errors we redesigned the prototype.

Describe all of the changes you made to your prototype or model (or proposed prototype)
after your first test. Why will these changes improve your solution?:

Problem-1: Variation in Z values due to XYZ grid settings versus center of the hand

Solution-1: We fixed the XYZ grid settings to relative to the center of the hand

Problem-2: Position of hand relative to the Leap Motion Controller
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Palm direction

/

Palm normal

+Y

Solution-2: Guide the patients visually to align the palm directions with the XYZ axes of the
controller.

Problem-3: Error associated with lighting conditions in the room.

Solution-3: Recalibrate Lea Motion Controller one-time using the desktop or laptop screen as the
lighting source reference to reset the device. Once this step is done, the XYZ values from the
devices are consistent. We plan to update the solution documentation to guide the users.
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Potential Sources of Error

What are your potential sources of error? Remember, this doesn't mean "Did everything
work?", all tests have potential sources of error, so make sure you understand what that
means. Explain how these sources of error could have affected your results:

We identified the following potential sources of errors.

e Position of the Leap Motion Controller device

o When the device was not placed on a flat surface, the coordinates experienced
significant variation.

o The device must be placed on a flat surface, such as on the table. If not placed on a
stable surface, the XYZ coordinates between exercise routines may vary thus skewing
the data generated.

e Position of the hand

o When the hand wasn't in a consistent position, the overall consistency of the data
decreased.

o Hand should be positioned within the permissible wide angle.

o The device support nearly 180 degrees coverage for up to 24 inches

e Lighting condition

o Without a consistent light source, the accuracy of the data set decreased.

o Device uses several sensors to measure and report the XYZ values

o If the device is not recalibrated for the room lighting conditions, it can cause
deviation in the XYZ values

e Random Hand movements

o Without stable hand movement it was more difficult to conclusively analyze the data
set. In our data collection there were occasions of inaccurate and unstable

movements were observed.

o We changed our software application to display the XYZ axes to guide the hand
placement, aligning the center of the palm to the dot shown on screen. This has
substantially improved the accuracy of XYZ coordinate measurements to address
random hand movements.
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Conclusion

What conclusions can you draw based on the data you gathered during your tests?:

We set our hypothesis to prove or disprove, “can we offer a cost-effective and reliable virtual
physiotherapy experience for people with arthritis". We scoped our research to specifically hand
exercises.

Using the Leap Motion controller which cost less than $100 and the software we developed using
Unity/C++ running on a Windows or Mac computer (desktop/laptop) we proved that we can offer
virtual physiotherapy experience to people with arthritis cost-effectively.

Through experiments we conducted we successfully concluded that for 9 out of 10 hand exercises,
our solution is able to measure and report hand movements reliably. For the exercise-8 (Wrist
Stretch), we are not able to successfully prove that the virtual physiotherapy experience can be
comparable to real physiotherapy experience primarily because this routine requires users to use
both hands and programmatically does not seem possible to separate left and right hand
coordinates. However, for 9 out 10 exercises, we successfully proved that we can offer a reliable
virtual physiotherapy experience for people with arthritis.

Exercise # Physical Therapy Virtual Physiotherapy Are the Physical
and Virtual
experiences
comparable?

Exercise-1 YES
(Stretch Hand)

Exercise-2 YES
(Make a Fist)
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Exercise-3 YES
(Finger Bend)
-
e
ey
Exercise-4 YES
(Thumb Bend)
__,.‘M
—
Exercise-5 YES
(Make an ‘O")
. N
Exercise-6 YES
(Table Bend)
|
Exercise-7 YES
(Finger Lift)
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Exercise-8 NO
(Wrist Stretch)

Exercise-9 YES
(FingerTip Touch)

Exercise-10 YES
(Knuckle Bend)

We have successfully proved that nine out of ten hand exercise routines can be supported reliably
and cost-effectively using our “Virtual Physiotherapist” solution. As a next-step, we plan to increase
our test coverage to multiple age groups and also invest more in our software application
development to better guide the users. Subsequently, we plan to expand coverage to supporting
exercise routines for other types of arthritis.
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Community Benefits

Explain how investigating the problem your team chose will help the community. Be sure to
include the impacts your research will have on individuals, businesses, organizations, and
the environment in your community (if any). Make it very clear why solving this problem
would help your community:

Cost: According to the arthritis Foundation, more than 54 million adults and almost 300,000
children have arthritis or another type of rheumatic disease, and by conservative estimates, this
number is expected to increase 49% by 2040. Physiotherapy and Medication for people with
arthritis costs nearly $200B annually, and requires patients to visit doctors multiple times weekly.
Our Virtual Physiotherapy solution allows people with arthritis to exercise virtually anytime in

comfort of their own homes for less than $100 and no recurring expenses.

Reduction in Travel Expenses/Exercises in comfort of your homes: Especially during COVID-19,
global pandemic, as almost all of the states were in lockdown mode, and many of doctors and
physiotherapists’ offices were closed for extended period of time, many of our families and friends
who have arthritis were not able to pursue their daily and weekly exercise routines successfully.

Our solution allows them to perform their daily exercise routines in comfort of their own homes.

Historic data collection and analysis: Another major benefit of our solution is that it allows the
patients, their families and doctors to monitor and analyze daily, weekly and monthly
improvements in exercise accuracy levels. By monitoring and providing positive encouragement to

patients we have the opportunity to improve their range of hand movements.

Reduction in medication expenses: According to the National arthritis Foundation, arthritis is
the most common chronic condition among chronic users of opioids in the U.S. With our Virtual
Physiotherapist solution, we have a way to keep therapists connected with the patients, remind
them regularly of exercise routines, positively influence them to continue exercise routines, thus

providing the opportunity to reduce their overall medical expenses.

Improving the Virtual Physiotherapy Experience: We have also developed a website prototype
here to connect physiotherapists with the patients as needed, and provide both a therapist and
patient views for data analysis. While most patients can do their exercise routines in comfort of

their own homes, we believe, some patients can benefit from being coached or monitored by real
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physiotherapists while they exercise. We believe our Virtual Physiotherapist solution will serve both
types of users as it allows the users to record their exercises, rates each of their routines as well as
can store daily, weekly and monthly statistics for analysis using machine learning algorithms. Below
are screens from the website we are in the process of publishing to connect patients with

physiotherapists. https://sites.google.com/view/virtual-therapists/home

VIRTUAL PHYSIO THERAPISTS

WE WILL MATCH YOU TO A THERAPIST! v

Rheumatoid

= Juvenile
o Arthritis
HOW DOES IT WORK? v
FILL OUT MESSAGE YOUR NOT HAPPY? CONTACT
QUESTIONNAIRE COUNSELOR US
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FOR THERAPISTS

Patient Name:

Statistics

Monthly Weekly

Daily Stats

Exercise #of Times @ Duration

1 10 5s
2 10 58
9 10 5s
- 10 5s
5 10 55
6 10 5s
7 10 5s
8 10 58
9 10 5s
10 10 58

OGN

Status

Daily

Points

10
10
10
10
7

10

10
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