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Abstract Bill of Materials

Through the combined use of microcontrollers, inertial measurement 1 - Arduino Uno : S25

Wolf Motor Eunction Test Optical Sensing System unit (IMU) sensors, and flex sensors, we fully processed and mapped 1 - Multiplexer - mux4051:

arm and hand motion. ¢
 Qualitative Prohibitively expensive

" lowcost Most precise Audience: Stroke Patients with Hemiparesis 3 - MPU-6050: $36
 Subjective Restricted touse in

laboratories Data collection: mechanical development of our hand and arm sensor 4 — Flex Sensors: S44

system Total Cost: S107
Data transfer: Reading and Streaming of data from our various sensors
Data visualization and analysis: Software that doctors can interact with

in order to graphically visualize and analyze the stored motion.

Current stroke rehabilitation technologies

Integrated, low-cost, and modular system

Measured Data:
* Linear Acceleration on
three Axes (X,Y,Z)
* Euler angles between
IMU'’s
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Flex Sensors Inertial Measurement Unit (IMU) Complete Circuit

i The wiring is simplified for user
accessibility by modifying a VGA
cable to connect the flex sensors

The resistance of the This a MPU-6050. It

flex sensor changes
when the metal pads contains a MEMS

are on the outside 9f accelerometer and
the bend. The change in

resistance changes the a MEMS gyro in a

ane . . and IMUs.
voltage, which is read smgle Chlp.
by the analog pins Of covees soogl Boolo cooss SJole Joolll coct ammmm——
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ACiC FLEX SENSOR CRCUIT interface with the Arduino. They s ,FEE--- P EESSSSESSSESSSESEEEEER|
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= have a serial data line (SDA) and a s
. % >__> serial clock line (SCL). These lines

connect to the SDA and SCL on the |
Arduino, which are on A4 and A5 eeoon -
respectively. "
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Following are notes from the ITP Flex Sensor Workshop

( } @ /dev/cu.usbmodem1411 (Arduino Uno)
] HEF4051B :
Using a HEF4051B o n N The raw Arduino flex
Y4 |1 E VbD o es vl d . ggg g 2528 | ACY = ~1788 | AcZ = 16244 | Tmp = 25.24 | GyX = -338 | GyY = 98 | GyZ = -216
1 e [ #’V‘-’*— Se n SO r re a I n S a re AcX = -412 | AcY = -1208 | AcZ = 16044 | Tmp = 24.53 | GyX = -389 | GyY = 148 | GyZ = -45
analog multiplexer v 7] vo T & OO
e BN AcK = -608 | AcY = -1772 | AcZ = 16244 | Tmp = 25.24 | GyX = -345 | GyY = 98 | GyZ = -226
t 't h b t Z|3 E Y1 . —\_r\_r\_f_r ‘ 1™ o m a p p e d to a n Ao : -360 | AcY = -1304 | AcZ = 16020 | Tmp = 24.81 | GyX = -398 | GyY = 151 | GyZ = -45
O SW I C e W e e n i —— ¥ w_:_tm . ACX 1436 1| ACY = 2400 | AcZ = 18480 | Tmp = 24.62 | GyX = -464 | GyY = 199 | GyZ = 4
Y7 | 4 EYO —Atd | s = A [ o approprlate angle range. %EE%-MSIACY=-1696IAcZ=16264ITmp 25.19 | GyX = -337 | GyY = 115 | GyZ = -218
: = B = L . ni AcX = -504 | AcY = -1236 | AcZ = 15884 | Tmp = 24.91 | GyX = -409 | |
I n e S O Y5 |5 EI Y3 g““ es voe B i . X -1436 | AcY = -2340 | AcZ = 1847 -447 |
I A The IMU readings are
multiple IMUs me i i | e 65 €
g . -1452 1839
) VEEE ES2 = Slmllarly mapped In X = -560 | AcY = -1800 | AcZ = 16404 | Tmp = 25.33 | GyX = -340 | GyY = 116 | GyZ = -217
™ 2
fl... AcX = -544 | AcY = -1260 | AcZ = 15792 | Tmp = 25.05 | GyX = -376 | GyY = 143 | GyZ = -58
Vgs E EI S3 IVI atl a b . EEE % 1436 | AcY = -2302 | AcZ = 18556 | Tmp = 24.72 | GyX = -460 | GyY = 218 | GyZ = -10
r f AcX = -SR4 | AcY = -1840 | Ac7 = 16328 | Tmn = 2524 | GuX = -338 | GvY =123 | G\7 = -217

001aak508 Autoscrol [
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USER INTERFACE NYU

Graphical User Interface Angles Conversion

Y EEE 2 e I | 7
e From our fuler Anges
which is a sensor fusion \
ENTER DATA MODE N , ——
LEFT ARM RIGHT ARM of  the  gyroscope, o
LEFTARM || RIGHT AR accelerometer, and \_T( —
Swow nsrances compass. We utilize the = \
SHOW INSTANCES 4

START 3D GRAPH START 2D PLOT AZImUth angle WhiCh ’_}. . /,v’d\,\! --‘7~
. : \ Pitch
y we directly map to our -~ ~
» Theta angle in spherical

coordinates.

TIME INDEX

START 3D GRAPH START 2D PLOT

190

GO TO TIME INDEX

TIME INDEX

CHANGE MOTION CAPTURE
DURATION

ENTER DATA LOGGING TIME

ENTER DATA LOGGING TIME

TYPE OF MOTION

Supermposed Bom B GO TO TIME INDEX -9.810 9.8 (m/s”2) . 0 to 180 (degrees)

FORCE STOP BUTTON CLEAR GRAPHS

CHANGE MOTION CAPTURE

0 DURATION
LLLLLLLLLL u 0
H - ENTER DATA LOGGING TIME
Future Works
Time (s) |Upper Arm Length|Upper Arm ...‘UpperArm ..|Forearm Le...| Forearm Phi |Forearm Th... Hand Length| Hand Phi | Hand Theta | Time lndent‘ TYPE OF MOTION

0.5010 2 89.7284 -70.3328 1.5000 89.7284 -70.3328 0.5000 89.7284 -70.3328 6
0.6010 89.8595 -86.6112 1.5000 89.8595 -86.6112 0.5000 89.8595 -86.6112 7 7"
0.7010 89.7721 -106.5872 1.5000 89.7721 -106.5872 0.5000 89.7721 -106.5872 8 Len Arm

0.8010 87.3481 -122.3428 1.5000 87.3481 -122.3428 0.5000 87.3481 -122.3428 9 We h Op e to CO nt i n u e d evel Op in g Ou r IOW COSt mOt io n
0.9010 90.0123 -131.8213 1.5000 90.0123 -131.8213 0.5000 90.0123 -131.8213 10 Ca pt u re Syste m by expa n d in g O u r ha nd a nd a rm motio n

1230 L T T T T T FORCE STOP BUTTON ~ CLEAR GRAPHS \/ capture system to a full body system. The applications of
—_— ‘ e such a low-cost technology are limitless. We also hope to
‘ employ filters such as Kalman filters to make our data
Pop_up MenUS Key Features acquisitiop more accurate. We also want to make c?ur system
more polished and wearable. To accomplish this we can
We are capable of mapping all of the degrees of freedom of hand and arm  utilize c-onduct-ive thread, smaller IMUs, and a p-olished
motion with accuracy. Our analysis tool is able to superimpose left and right = mechanical design. To full map the human body’s motion, we

arm motion, export motion capture data to csv files to store a patient’s  will haveto betterexplore motion capture sensors.

RIGHT ARM DATA Supenmposed Both progress throughout physical rehabilitation, and numerous graphical tools to
RIGHT ARM MIN AND MAX Left Hand analyze a patient’s motion — such as vivid distinctions for minima and maxima, ACkﬂOWledgementS
LEFT MAND DATA Hight Hand and the ability to graphically store instances of the patient’s movements. The

User Interface also includes algorithms that predict hand motion to make the Pinkerton Foundation
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LEFT ARM MIN AND MAX Right Arm

LEFT MAND MIN AND MAX

graphical representation more digestible for both the patients and doctors. By Driskill Foundation
RIGHT MAND DATA Y KEGULAR MOTION . . : . . . :
implementing a vector representation system we were able to maximize Teachers: Ms. Hau-Yu Chu | Ms. Daniella DiLlacqua
KRIGHT MAND MIN AND MAX MIN AND MAX MOTION

complexity and accuracy of the graphical representation, while minimizing the
render time of our animations.



