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Barriers to Cardiovascular Fithess

for Individuals in Wheelchairs

- Health stats for people with spinal cord injury
- Average life expectancy: 43 years'’
- Average lifetime health care and living expenses = $2-5M
- Health problems
- Obesity
- High blood pressure
- Infection

Barriers to exercise
- transportation
- access to adapted equipment
- social stigma

1: Krause, James S and Lee L Saunders. “Risk of Mortality and Life Expectancy After Spinal Cord Injury:
The Role of Health Behaviors and Participation” Topics in spinal cord injury rehabilitation vol. 16,2 (2010):
53-60.



Mobile fitness for individuals in wheelchairs

" DREAM Mobile App )

( Flexdot (Dynofit, Inc.) N\
Fully wireless EMG sensor

[Custom DREAM fully\
wireless IMU module

PAST SESSIONS

Max Heart Rate: 94 bpm 02/22/2017
Max EMG: 1 568V 10:06:09 AM
Performance gains 21 saconds
+1476.0790000000002
Max Heart Rate: 91 bpm 02/22/2017 %
125515 PM
16 seconds
P
2
8 seconds
(

Max EMG: 191V
Performance gains: +1010.366

TICKR (Wahoo Fitness, Inc.) R
A Fully wireless heart rate sensor D O s ne
Max Heart Rate: 98 bpm
7Mu EMG: 1972V
Performance gains: +831.47

)

- Android OS app

- Wireless sensors
- Electromyography (EMG) sensors
- Heart rate sensor

- Competitive environment

- multiplayer capable
- user history records and projections (goals)




Mobile Fithess Gaming Community

USER 1
Smartphone

Sensor 2

Sensor 1 ‘
|
|
|

Physical
Therapist
DREAM server Portal




3 Games = 3 Exercises
Spinning Boxing Resistance

Heart Rate:
EMG: 1393 mV (81%)

0.3 (@ 0.2 keal/
min »

Punch Count: 2

Total Calories Burned
0.5 (@ 0.2 kcal/min)

il Y




Targeted Muscle
Groups

False alarm rate

Accuracy of metric

Bicep
Tricep
Anterior Deltoid

Speed of car
% error < 10%

Bicep
Tricep
Anterior Deltoid

Calories burned

% error < 10%

7

Design Specifications for Exergames

Bicep
Anterior Deltoid

Integrated EMG
% error < 10%




Racing Game

- Cardio-based workout
- Angular velocity of car driven by average EMG

Xn =a+reeecos(f)

y, = b + rsin(6,)

Ont1 = 0, + dO,

df, =K e s,

s», = EMG sensor value at time sample n
K = scaling coefficient to adjust speed as a function of EMG level




Racing Game Demo




SINGLEPLAYER

Click 10 view ses

PAST SESSIONS

pushups -userd 01122018,
MONITOR 64108 PM
Performance gained: 3390779 00 49 92 sec

carnivaltest-userd 01122018,
CARNIVAL 64317 PM
Performance gained: 103926 57 2753 sec

monitortest ! -userd 01122018,
MONITOR 64425 P\
Performance gained: 1973207 87 160.05 sec
user2vuserd 01122018
CARNIVAL 70955 MM
Performance gained 441504 60 27.13 sec

av n Aeve

Replay Performance Game

\ PR

Replay Against Player

following lists to replay against.

jvelasco oochoa user2
Perfor 3 Perfor
. 96 25
Replay Against Player Saszorae0  Perlor 22760 70
0.00
racel
Game: TRACK dark- makako numb1
Lap Count: 2 serith a Perfor
Performance gained: 3529977.00 Perfor Perfor mance: 150
mance: 738 mance: 462 843538.00
kmiee123 43053477 6486474 35
Game: TRACK
Lap Count: 0
Performance gained: 0.00 users
Perfor
kI1s mance: 200
Game: TRACK 9107122
Lap Count: 2
Performance gained: 233470.00
kmi1 10-07-2018,
Game: TRACK 2:33:15PM
Lap Count: 2 61.01 sec
Performance gained: 620447.00
jejgeik 10-05-2018,
Game: TRACK 2:2845PM
Lap Count: 2 32.31 sec
Performance gained: 4126408.00
fxgwv 10-05-2018,
Game: TRACK 12:24:07 PM
Lap Count: 0 13.78 sec
Performance gained: 500060.00
hgdgef 10-05-2018,
12:06:40 PM

Game: TRACK

AN TE ann

You've opted to choose a Replay type of
game. Please choose a player from the



Boxing Game

- punch count based on peak detection

DREAM
45 120

3050 3700 3150 3200 3250 3300

- - v -

DREAM

1300 135 1400 1450 1500 15%

20,000 20,000

punches

[t Y e T atn B st T st Bt}

EMG: 1393 mV (81%) I 16,000 16000
12,000 12,000 Punch Count: 2
Total Calories Burned '
2000 0000 0.5 (@ 0.2 kcal/min) 12,000 12,000
- L L
6,000 6,000 8.000 8,000
o o 4,000 K 4,000

"% 18000 Heart Rate:

Descrigtion L sdel

" EMO Description Label



T
Resistance “Carnival” Game

1,350 1,400 1,450 1,500 1,550  1,6(

- Resistance-based workout 20000

DREAM
- . !
uIT

16,000 —

12,000 -

8,000 -

4,000 ,
0 ! ! !

— -

«e Accumulator Activation
Response

S




EXERCISE

SINGLEPLAYER MULTIPLAYER

PAST SESSIONS

ELETE ALL

pushups -user3
MONITOR
Performance gained: 3390779.00

carnivaltest-user3
CARNIVAL
Performance gained: 103926 57

monitortest] -userd

MONITOR
Performance gained: 1973207 87

userZvuserd
CARNIVAL
Performance gained: 441504 60

)

Multiplayer Game

01122018
64108 PM
49 92 sec

01122018
64317 PM
27.53 sec

01122078
64425 PM
160.05 sec

01122078
7:09:55 PM
27.13 sex

dhruv
160 Fmg: 1047 Accel 1:
™ 00

45120 ACLL 28
N
al

el

kamunlee
0 Gmg 801 Accel1:

Multiplayer Game

CMG:2007 HRAS-120 | ACEL 20 |
{2500
[y AR

dhruval

HED g And‘l:. Accel 2
0509 00 00

kamunlee
0 img 1666 Accell: Ao dl2
o 0o

Game Type

Carnival

CREATE GAME ROOM

Game Status Players Date  Type
Created

letsplay STOPPE1 1019 CARNI- n
0 2018, VAL

M DU Recorder




T
Closing Thoughts and Future Steps

- The app will improve overall quality of life
- Ease of accessibility
- Motivating and competitive
- Accurate measure of fitness

- Future plans
- Automate muscle calibration

- Closed beta for testing and feedback
- Deployment as a commercial product
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