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Abstract

Nowadays, the training program for stretching arms can be measured by using
a ruler or gauge. Doctor use the sight of the nearest distance to analysis and the body
cannot be measured. It is difficult to measure the angle of the body which may lead
to an error analysis and there may be mistakes in the recording of the results. The
technology that help solving this problem is expensive and must be imported from
other countries which is not favored. The developers have developed the training
program for stretching arms to help facilitating and providing the accurate information
for medical purpose. The Spark Fun 9DoF Razor IMU MO sensor is applied to use in
paralysis patient.

The training program for stretching arms are developed in C# by using WIFI
technology to transmit data from the sensor to a computer or laptop. The sensor is
installed in the middle of the back, arms, and lower arms. This technology is cheap

and suitable with Thai people. The test results are stored in the database

Keyword: The training for stretching arms sensor; paralysis patient; WIFI; physical

therapy;
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2.2.1. Spark Fun 9DoF Razor IMU MO
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Atmel 18u Arduino compatible 32-bit ARM Cortex-M0 + microcontroller faudu
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Accelerometer Angular Rate Sensor
X

JU# 2.2 unuva9 Accelerometer sensor

Gyroscope Sensor
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2.3 NMIATUIN
2.3.1 Kalman filter [3]

e

- ag & o 1 a Ao v v & [z & a
fie daneifiunuiuABunansutInnwuesiveanuuamlndiuanudueis
A dz o e ¥
4NNEn JUUADUNITATUIUAIL
2.3.1.1) state prediction and measure estimation

4231ABN1T predict A19NFAILYTAIUAN auyATIINIEIlY Kalman filter Aruau

g
v a

e o ' (3 1
ﬂ’nlll.%'lLI.EW53EJ3VI’N‘U’O\HGUUC‘W\ﬂ’]ﬁ\l’N@ULLﬁSLi']ﬁl‘UUL‘UiJiBEJ (accelerometer +

v

&

j 4
Y o W 3

gyroscope) kel 31aNI0InAMNLITIRLIngla Aatuisinsvansaldansi@nAiuium
mdinamussadluiignayldgavhearldssesnisanarnda

2.3.1.2) Project the error covariance ahead

°zhaﬁﬁaﬁﬂmmﬁhmmﬁmwmmmaammLL*leiJsm’am't’J'aga (Error covariance) W19y
Whduneusely Fufuardamaste K (Kalman Gain)

2.3.1.3) Compute Kalman Gain

fraiiitumsiunman Kalman Gain finadwsvesiaudsilaziiansewing 0-1 Tneshy
ANUIN9N Error covariance / (Error covariance + A1AMNKUTUIIY)

2.3.1.4) Update estimate with measurement

o 7 g a d ] ' v
#a991NN13  Predict ‘luﬂum@uqﬂ 1 VILTTLﬂaﬂutlﬂaﬂﬂqﬂqquL%’JLLaﬂizUﬂﬂ'NLLa’J Iu

v ¥
U =

TUNBULADNITTUAIBUNAIINATUUDNTINAUIUAIBINEAIUUIUENINTY ALLAIINTONT
filda1u GPS ¢y 1 GPS danunsavensumisuazannivaasile isfeelideyasnn GPS
o ' = ° 5 4’ = l‘; ell’u I ° o 1 A
sananuludunavesnsdnnalutuneuil Fiunsuilliufienmsiuiusiuiusswing ad
2 v | e Y a o 9 v v fa i 48 ot

predict 13 waz Arineaninlaaieq i nadwdiinauivgnauiniu

2.3.1.5) Update the error covariance

Y ° o & < v & N Y 1
Wi9INTIAINAABINIslutuneud 4 laiudrtunsuilfon1séwian A1 Error

2 d‘ o | 1 [ P2
covariance walglunisauinilusausaly (NMsUsTLNaNaRE19MBLIBY)

mmmmm

Tne Update (“Prediec™) (1) Compute the Kalan gain
(1) Project the state abead K, = PHT(HPHT « )
Y = At 4+ Bu
{2 Update estisnate with meastrement 2,
(2) Project the error covariance abead & = 3+ Ky(zg ~ HE)
Py = AP, __lA’+Q {3) Update the emror covaniance

Py = (I-KH)P,

N2

1nitial estunates for X, and Py,

Pu] ) ' °
SUN 2.6 MBYNINSATUI Kalman filter

v



2.3.2 Complementary filter
Complementary filter [4] \usanesfiufifidnvauradoiu Kalman fitter Fal4lu
MssmATiléan accelerometer (deg) wag gyro (deg/s)
Complementary filter luflijazuteenifudesuuuiieo
2.3.2.1 Complementary filter
\Hunsesuuuidneaiiiinguilunmsvinuannweauens dulldnusznoudsil
gyro Av ﬁi’lﬂﬂuﬁ'u%mw?flﬁmnhk (deg/s)
acc A gumﬁmnﬁﬁﬂm’mvﬁa Accelerometer
dt An AUTBINITUSTIIANA
x acc e yuAilFNFInAITS
2.3.2.2 Integration
Wusildlunsmdiumia sivsumiusate/himanansamdumildan
mMaamIRaiuaET el Lﬁ'amwmmL?’JL%aqmmlﬁﬂi anunsovmyulalag
thenudadagnguiunm Fduiiderld timer voslulasroulnsameslunsdunm uae
annsaleudulfaldsd position += speed*dt wie wleldiulals position += gyro*dt
Low-Pass Filter Lﬁuﬁamﬂumsamé’mdauwaqﬁmﬂﬂﬁag’lugu short-term @3
Boudulanlawsil angle= (0.98) *ansle + (0.02) *x acc
High-Pass Filter avilanwairn1svieuiinssduiu Low-Pass Filter
Sample Period (WusaslunisguAanysyanana 1wudsvanananns 0.013undiayle
sample rate W 100 Hz
Time Constant 1{usudsiifianudunuiivsrerinarve sdy i Jeavidud
AMMuAN1sUITIaNaTed I fisnwas Susail y = @*y) + (1-a) *(x) s¥oza1lung
Meuansanldann t = (a*dt)/(1-a) wariilerhundeuduaunis Complementary filter

aululaidu Angle = (0.98) *(angle + gyro*dt) + (0.02) *(x acc)

- ° ] ¢
2.4 Qﬂiﬂ'ﬁtaaﬂWUU"D'\aaﬂﬂkﬂu'ﬁaﬁlﬂﬂ'ﬁﬂ"lﬂﬂ'ﬁm

dm3U Mean Absolute Percentage Error (MAPE) [5] dignslunisAnniufie :

YO-YC * 100
MAPE = 2( * (D108 38 | 4

o ° <
é'UVI 2.8 d@uInsnasivneal
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Toedl Yy~ favannnisvedeusis ( Observed Value)
v = favnImegeuiildannseiantsallasuusiass (Calculated Value)
N = Fuuvesteya (2aa1) luedn
iulainAIANLANAT9YY YO-YC Qﬂv‘iﬂﬁLﬂuﬁhaugsm‘ImahﬁmLﬂ%"aqmna
ielisansatanuaainndeuvanIsmanisalusas Al mwmmmﬂﬁauﬁméngﬂ
2 4

° v v -~ v = v -~ 1 ' ° M Yo
inlmdudesas eldaunsaieuiiieuldgndesdstuilosanliufiviae vilildlasy

NANSENUIMNVUIAVDIAILAY

2.5. MU lUsuNsY

2.5.1 mwwanilléAe nwn C# (n1wn Fyrfu)

a1 C# [6] Wunwilusunsuuuuvanslina Aldszuuvindeyauuuianu (strong
typing) LLaxaﬁumgumn‘iﬂuiﬂiuﬂs:u%qﬁﬁa N sulUsUATULTIUTENIA NS08
Tsunsu@arlandu nsWisulusunsui@iainszuiuns Madsulusunsndeing (wuupaia)
wazmsdsulusunsudedudszney wasdsnguenanneindandauayn1widun Taed
mjanneidunwadishminlisudeu THuldmluasdudeingdundn

fimundndudedldnim C# fagui 2.8 Tunsesnuuuiiiasannsdrianiwild
\Fyuvedlusunsu Arduino MdulsunsuiBeuldadnluluveinlagnse lasfinistuiinas

gudeya lneiudeyauruiingsa

o/

] Y ¢
JUN 2.7 dyanwainiwn C#

2.5.2 Waunsuiilélunisaruauuednfe Arduino

Arduino [7] #® Open source Platform dwsunisasisiunuumedianvseiing o
figmajanunglef Arduino Platform 1u Platform fidrwsanisldaru Tag Arduino Platform
Usznaulume

Il a ¢
1) dundusnsauls (Hardware)
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§ a a 1 < o ¢ @ A: ] [ 1Y o o
vesndianvsetindvunaian nillulaapeulnaiaes iWududiundn deguin 2.9 1
Uszneusauiugunsaididnnsednddu q wedresen1sldau viefiienia vesa Arduino,
& 5 = ' v oA v ' ' a ' [ P
Tasuesa Arduino finareguliidenld lnsusavjuendlianuuanaiulusesvesvuinves

Upin viiealun 1w Srunuvesniuddtyaay, wsewulnitld, Ussavsaimues MCU usiu

sUN 2.9 UasAUBY Arduino

v

2) druiidurenduas (Software)

TUsunsu Arduino HuRgld 21w c/c ++ Tunsilsulusunsumues

lulaspaulnsaiaessisgun 2.10

sketch_jul25a

void setup() {

put your setup code here, te run once

put your main code here, to run repeatedly:

?Jﬁ 2.10 TUsunsy Arduino
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Unity [8] Ao Game Engine Mtaea@31ainu 3 {iR wag 2 1 Jeaunsaviauls vu 2
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. 4 o % %
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o o v 1 o P %) ' ° P2
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fellymladrsangs¥u uenandu Unity 30 dadulusunsuidnladreeenuuuliinese

A5 USILNSURLINRILN

Qunity

3UT 2.11 TUsunsu Unity 3D
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< a € v ¢
1979 3.11 7"13'6"]3!.8?]ﬂﬂ']'iLﬂU‘UiJga‘U?NWﬁ'NLLW‘VlEJ (Doctor)

318015 vilndaya A1BdUY
doctor_id INT(10) saUszidvesunmg RuluAd wdnuenisn
fname VARCHAR (200) | \fiufavaaunmd
lname VARCHAR (200) | \iuuuanavedunmg
username VARCHAR (200) | tAuusernameuaaunme
password VARCHAR (200) | Liupasswordusaunne

< 1 .
a3l 3.12 Swandeamsiiudeyavensneduae (Patient)

518N15 viindoya A1DSU"Y
Patient_id INT (10) swaveathe uuAgndnvesmsn
Pfname VARCHAR (200) | iiufeuasifthae
Planme VARCHAR (200) | iivuuanavesdtae
Ptell VARCHAR (200) | ifiuesinsdnvivesiiae
Psex VARCHAR (200) | inumavesiitae
doctor_id(FK) INT(10) saUszsdaveaunmg Aidenlaatumsiediie

P -
AT 1M 3.13 T1easideani1sinuni1snsIa(Test)

318013 viindoya A195U"Y
Test id INT (11) swan1smsn iuiluAdnanuonnsns
Testdate DATETIME ufukasinandings
darm TEXT iuesmitldanueulagifuteyasny Yaw
back TEXT iusrildanudslneifudeyasinym Pitch
patient_id(FK) INT(10) siaUszwvesiths Mdelssiumsnse
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AT 3.14 s1uazidean1sEniu(GameApple_log)

518013 yilndaya A5 UTY
GameApple id | INTEGER (11) | fiuswainuiidu iuiluddudnueanisg
Level String (10) Aussduaueniaulaed 3 seaulvidenidu
GameApple_score | String (100) Auasuuuiiauld
GameApple date | DATETIME Wutunasnanfiau
GameApple_error | String(20) Wiusnnunisudundaestitne
Patient_id(FK) INT(10) saUszdwavetne Mdeuleaiumsunsie

M99 3.15 Teazdeansiindu(GameCar_log)

38N13 vilndoya A1asuTY
GameCar id INTEGER (11) | \iuswanaiidu iuidufdudnuasmsn
GameCar_score String (100) uaziuuiiauld
GameCar_date DATETIME diutuuasanfidu
GameCar_error String(20) iAusnnumsviundaveste
Patient_id(FK) INT(10) saUszIriveaiag Meuloafunisnanis
n329
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WiBealu 1 2 3 il 5
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Wsunsy
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NARI 6.78° 4.98° 3.2° 2.36° 3.88°
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ASail 1 2 3 4 5 Aady
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