¢ Ay ¢ =
Qﬂﬂim%ﬂﬁaUﬂ'ﬁ@‘ﬂﬂi\Iﬂ'}ﬂL‘UUL‘UE]TWW’YJ']QJLQE]EJ

IMU Based Motion Monitor in Sit To Stand Test

nyuwsl AUnsgunina

Kotchanon Lipikornsuktaweekul

Uswed anndudnua

Nitipong Laptansupapone

U‘%q;zy'lﬁwuﬁ‘ﬁﬂudqwﬁwaamsﬁnmmwé’ngmﬂ‘%wuzuuﬁmnssmmamﬁ’mﬂm
madydaanssudiannseding
ABIZIAINTIUAENS
aonduwmalulagnszaaunadnaunmsainnseds

N.A.2563



¢ Ay ¢ =
Qﬂﬂi%%ﬂﬁ@UﬂﬂiQﬂﬂUﬂ?ﬂL%UL"UE]?WW’YJ']%JLQBEJ

IMU Based Motion Monitor in Sit To Stand Test

lng
nYuUY aUnIgINING

1sWeY annfuANa

9197158NUS NN

HAL.AS.EIAY A3 IATANWMY

*U%zy,zg'lﬁwuﬁ‘ﬁﬁ]ud'mwﬁwmmsﬁn‘mmwé’ngmﬂ%zymvﬁmnisumamﬁm%m
madydaanssudiannseding
ABIZIAINTIUAENS
aondumalulagnszaaunadnaunmsainnsds

N.A.2563



a 6

USgueyrtinusunisdinen 2563

AV Amnssudiannselind

ADlE APINTIUAIERS
andumealuladnszauna A satansyUs

Faq gunsainadeUNsandumeLesinnwdos
IMU Based Motion Monitor in Sit to Stand Test

RGN wenYUU aUnsauning SPaUTEIIR 60010001
LN anAUANHS sWaUsEIdI 60010540

[
e 1

Useygranusieinunisnadeulageansgiusnuing
HPLAT.AILATY 73 bATANBIL

91971597U3 w1



Wadalaseeu gUNIMAARUNTANEUMEI RS IAAIUREBY

UnAnw weNYUU aUnsauning siaUsEI 60010001
W iEned annduaang S9aUsEa191 60010540
USeyeyn AAINIIUANANTU TG
AV Amnssudiannselind
Un1shnn 2563
¢ Al [
219158NUINwlATIY HALAT.HIAY 73 bATANBIY
[ %4 1
UNAnNga

(4
[ [

USyayinustaniin aunsalvageumsantumeisugaiinanuiles Tngussasa
d' v ¢ aa <& v N ) 2 .

eganuwuukarassgUnIalins esdinigiudeyatngiiunaaaunisandu(Sit to Stand
Testfi d51A19 nasnI1gUnsalvdnd u 9 lagldvnannisvewautgas IMU (Inertial
Measurement Unit) §adeyaiilsdazusznoulusne aanuiss 3 ko wazanandaday 9niy
fayaillauvinismelyusenindiuvesvaesiouvmzanty lneguesitousaiiu
ESP32 Aivianiidusiaravaunisviieu lnegunsaliidavinduuidsdeyar1u WIFI 11
rouumesiaaly Python Suruaziulusuiuulid csv wazanunsadidayaiuuninsiz

lngld Python waziiAmdeyanusyaianawddluiasgidelulumenienimddn



Project Title IMU Based Motion Monitor in Sit to Stand Test

Student Mr. Kotchanon Lipikornsuktaweekul Student ID 60010001
Mr. Nitipong Laptansupapon Student ID 60010540
Degree Bachelor of Engineering
Program Electronics Engineering
Year 2020
Project Advisor Asst. Prof. Suradej Tretriluxana, PhD.
ABSTRACT

This thesis is aimed to design and create low-cost non-optical Motion Monitor
in Sit to Stand Test device that cheaper than other by using IMU (Inertial Measurement
Unit). The data consists of 3-axis acceleration and Angular acceleration to find angle
between two parts of legs. Sensors connect to ESP32 that is a controller. The device
sent data via WIFI to computer. Analyzing data use Python and save data in .csv file

type. The data that analyzed can use in Physical therapist.
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2.1 N5gNBY (Sit to Stand)

msgnBududnunrnaedoulmiugnluisUszariu Tnefinsgniuainainsils
Ugvindu wazdpuaziinisandunansassluniety lunisasvhwimsdlidnga Sudusos
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se¥amnnduresiinie Tasnsandudiaunsaldifievsenamuudausenduniouls
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Inensanduaansawvinisiedeulmesnidu 4 979 fe

v
v = o o

1. Flexion Momentum Huanngasiisuindoulmauianeugndidu adiwaznsean

¥
¥

Fansuinindes lneneuivsgniuasdnisdulusuvdadniion iewiougniy

2. Momentum Transfer 3utusauaqnainiiitsauisnssiisd aiivihyuunniige
Tutusy (Momentum) azgnangmanawialgiasninie alundensinnsvduey lne
Tuthailnnin ground reaction force axiidnnniian

3. Extension L3usausnouiidarinimdenysusnniian aufaslnnvigusnniiae

v & . o o A &
nanuiladau Gluteus Maximus azviaumindigaluaedl

4. Stabilization tutdeiiuansdsnisBuasoanysaiuas Wurfiasinn o way

¥ b4 ra U
“UEJLVI’]vLﬂJiJﬂWiGUSU
Phase I Phase I Phase III Phase IV
Flexion Momentum Extension Stabilization
Momentum Transfer

Lift Off Max Dersiflexion End Hip Extension

5UM 2.1 Hr9v8ansgneu

(s : https://chairsfx.com/accessories/sit-stand-ergonomic-desks/)



2.2 Five Time Sit to Stand Test (FTSST)

Five Time St to Stand Test WunsUszifiuanssanimetnamis MifioUszifiuaiy
wdausavessnsnediuans maedeulmilunsdsuringi anuauga uazANIEsHENNS
wnaulugeeny IﬂadauimyjmiﬂizLﬁuﬁ/aaﬂLLuumﬁm%’mﬁmﬁﬁmq 18 04 64 U uay

soeiiiongaaws 65 YUuld nenmsveaeutianunsaldlatudiieluundse wu aueude

ey

Y

(dementia) lsAvaanidanayes (Stroke) uaridUgwinunismssimsedseianisau 1Ju
A
lunmnagevagldnatlumslvezuuy :nnisiienanadinsitnisgnnisiinaiaeuly

2

= oA a LA = Y & ° O g v o )
UMY Azl laguaInnIgUNTUNIUS LW UIUIUN 5 ﬂsﬂviLifmamazaqaqiumm

9

Y 1Y

Uaonsiy lun1snaaesayldgunsal 2 3l flo uriindunan wagiindlininfiands aauge
43 — 45 «31. iU laglunisnedeu dnniennagindygandssan “50” uazisuduna
£y a A& ° & o & Yo Yy v = )
aranadasasisugniuludiuiu 5 At lnganihilelyinulinniien Weasu 5 ASwznangn
kAt wanlaundtaszlunaiasly
Taglaannnsgiulunisinyisfnianudedunisauegf 15 3ud mingvinnis
naaasldiaarlunisinisneaewinnil 15 3uil uladl grimsnaassiilonadedents

Auaa
Y

sUf 2.2 nsvnaeuaniu 5 Ass (Five Times Sit To Stand Test)

v 9

(Viu’l . https://prezi.com/p/r2xk9d.beg9dd/five-times-sit-to-stand-test/ )



2.3 nann15tAaaulnive9IsIenIe

Tunmsfnwivdnnisiadeulmvessnanie As nMsthanudmeiiunieinig ns
et teivane q nundnfundnnisneildnd adaeans etiglidlandnnisly
nsiadeulmifignies il eduasuuazimuinisied suln suludsusvdsaudlonis
wndoulmlutinuszdriuligniesvinzaunuvannisiadeuln

2.3.1 S2UTULAZLNUVBIN5IARENINY (Plane and Axis)

S¥UNUVDI31NNY (Plane) Ao ukuanNAapfiAfiainnuuazUssaneeendy 2
g o fu udalddu 3 Ussinn fe

1. S¥UIUNTTAY (Sagittal Plane %38 Anteroposterior Plane) fia seuiuluuwiifadi

wUssmMeeandudosdinainduningiunds ulasnnmeesnidudreiurawii 9 fu

JUN 2.3 spununivia

(‘1‘71|m . https://commons.wikimedia.org/wiki/File:Anatomical Sagittal Plane-en.svg)

2. 53UNUT14 (Lateral Plane 58 Frontal Plane) A9 szunuludunmanihuasnanie

panuuUanddIl Inenlssengeenlusuntilazaunaai o fu

5UN 2.4 szudng

(3 : https://commons.wikimedia.org/wiki/File:Anatomical_Coronal Plane-en.svg)



3. SEUNUVBUIN (Transverse Plane %38 Horizontal Plane) A8 SeunulunuIwny

wou lngazuuesnengesnidunuuuLaymual i 9 fu

SUN 2.5 szunuveui

(fian - https://commons.wikimedia.org/wiki/File:Anatomical Horizontal Plane-en.svg)

2.3.2 wnuvaanisaaaulng (Axis)

TumsiedoulnivessnsngluszsuIung 9 LAagszuIUzAADUTNHIULNUANNR T3
= ¥ 1 1 1 ] v [~4 =
Aadosianne q 989319118 Inedssautildeonidu 3 wau fe

1. UAUNISLARDUNKIUIZUIUTN (Anteroposterior #30 Sagittal Axis) A9 LAUATT

dl' Ql' 1 Ld

WUl NINEARIUSEUIUTNS

2. LANNISHARBUNENIUSEUIUNLMGS (Transverse Axis) A8 knuN1SPaaulmnen
NUSEUNUNUINGS

3. wnuAsrselnUlULUIRAY (Vertical %38 Longitudinal Axis) waunsiadeulnai

PNOANIUTETUIVVOUN

3UN 2.6 Matadeulmnuunu (A) WnuszuIUt1e (B) wunuszuuminugs (C) wnums

(ﬁu’l . http://elearning.psru.ac.th/courses/194/c%203.pdf)



2.4 ANYULIan1e

[y

ARtaIanie (BMI: Body Mass Index) e A1fitansfennuduius seninadiniin
wazdugaesaryana wazausaldlunisuszanaseauluiulusenigls Tneeduiina
nedinlfiduaissyuivesunasyanaly Bnvisdianunsavsuenanudedunisialse

1 14 ! LY a Y o/ A 1d £%
#1199 161 1 Tsavumnu anuduladings wavlsaludulududon (s

Asdianietudunsiwinedsie lnennanunsamuinlaaingss

D e a dwitngs (Alansu)
ARrtlanly = —m———— (2.1)

dauge? (ams)

v A

TR DA UINANRBTLIANEDDNLAITU A1UISOLUIANBIRsTINaNIeeaMdY 5 26U AD

M13199 2.1 A1519AAYTINANTY (ToyaInNNTHauITY NT¥NTINET1TULEY)

ARytaanie (nn./ad) agiluinousi AMzdsssolsa
1oani1 18.50 thwiindes / nay 1nNnIANUNGA
J¥NIN 18.50 — 22.90 Un@l (gunnd) whauuna

¥ 23 - 24.90 dwtiniA DUATIVIZAU 1
SEWIN9 25 - 29.90 91U / L3AuseauUl DUNTIUTZAU 2
11nN31 30 97U / 1SADIUSEAU 2 DUNTIYTZAU 3

80084
nw

wauuIN Uni dhndniiu 80U (s:u1)  DIU (s:hu2)
<18.5 18.5-22.9 >23.0-24.9 >25.0-29.9 >30

JUN 2.7 muussziudeilanany

(fian - https://www.apexprofoundbeauty.com/7-howto-mommy-tummy-fix/)



2.5 IMU (Inertial Measurement Unit)

IMU fa gunsaiBiannsedndfvimidii fauassisaunaussdumeiinssvinvse

v ' v '
a = o U (Y

AeTuAinguu o dnsnsUasunlasu menisussinanatoya A19nsnse lalsalay wag
Tuuindvsvendsammduvesaunilii Tnssanusathamariluhnsiiesgi
LazlanInasoly

MU gnldfuagnanirsensisluonimeiuussanneing q soous Snserusudued
Inddusfign unasiduussmemeasliaudusing 9 Sufufdsaivifindnlunisuen
dnwarnsiedeulmvesiuedsaiiodsieyaliviisyszunananatdldinnisusus umis
in3edliegludumisiivugauiian vielumamsuimdanansailuldlunsiesesing

wndeulmvethe Bavilugnmsitadelsawazmsnenmiidasely

2.6 \BUYDTINAIINLY (Accelerometer)

Tutlaqtiugunsal sensor sliasaqunnuiseglugunsalludinussdrfuiald wu
GPS lusaeud vize GPRS Aldvinlngdmi (Jusu

Accelerometer \Ju sensor fisiiiaamanss ansnsonuldluasnsmlvuily wu
larduninisigifowasumnas vismsudusiasaaiemuninisiauny [Hufu anauds

989 Accelerometer 39TANUNUIYIT sensor ALANTNIAAINULTIN ALY UNS 0anAIbULNU

Ange|lunuaY m/s?

2.6.1 ¥&NN1591191UV9 Accelerometer

MANN3YN9UYDS Accelerometer ansaasuislagliiinfsisdimasmidng finn
Frumessunsaziiaisdaely nanfivestiBedlumdamanis autsfegguludutug Tae
anuflinssnuvesalssldesniiuseldunrvedlan wagldrasluilunisis Output

Analog (W38 Output Digital FafudrusnautRves Sensor ) sonuldiu dagy
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i‘tJ‘VI 2.8 ‘Viaﬂmisuaﬂ accelerometer

(ﬁm . https://sites.eoogle.com/site/thaimulticopter/acc)

luns¥ndns13991n accelerometer aansantsnsnsiainlailu 2 dnwas laun

1. M3ns19¥ansdenishock) warnsduagiiiou (vibration) Taefinsdenuuneds
é’mwﬁ'wmmmmaﬁLﬁm%ﬂummméﬂm waynIsduasfioununefe Snsnsauindnd
Antusiuluizesy

2. mannaindnsnssnesing weiidoyaluldlunisssydumis sy uay

A v A a
SLEENNALHIINNISTARDUN

2.6.2 Usennuaalinesina1uss (Accelerometer)
TwasInAULSe (Accelerometer) wisaanidu 2 Useiam
1. fwesinonsusauuloeiinuua (seismic mass accelerometer)

AR5 IUA TR FINANNITAIIVINT LUV AT UAUL AU LUAILIUTI ORI AT

laganunsaeduelife TngTuniaasininusels agdeinswinseyin 890usaInssyian

¥
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F=ma=kdx
X

H———————————
e / S
\/ \f,\ m eismic
k¥ v Mass
a
B — Sensor’ s Base |

Fig-1 A spring-mass system

Ui 2.9 Tassadrauazndnmsvesiimes iamnuisauuulssiinuua
(ﬁu’l http://bme231metrology.blogspot.com/2011/07/accelerometer-iphone-

accelerometer.html:)

PNNlATIET1REilnIg m NSenINIanTIaN1sduUlm (seismic mass) Bafinagiu
aU3eNdAn spring constant 11U k Lagunadanuisaiadeuiiluluissaula §auannis
o ng‘ﬂ dl' C% & @ t&l o YV v 1 a 4’( ] v d‘ d'f:f!
uvedlaselle Wefiwuwesmigninlviddnsnsaintuszdmalinig m iniouiads
A P A & v 1w aa [V [y P P Y
S28AR U 0N LU T USSELITANTU X kazdNANIIRSIN U IUTUNISIAA UV

a s
UNDT

FIAULIY a VeringasaiuInAliInALduTUG AUl
xk
= — (2.2)
m
Wi muelyl a A §RTTVOLING YUY m/s?
x A9 TLYLVIAUDILIA M UL M
k A9 ANASNUDSAUT U N/m
m fAe UninesNIa m wule ke
IgmNUBIAINAUNTTIUAUINTINTISIETY T282UIANIE M FLUINTY WINARST 1IA m
ziafoulUAIAUSY kazadnI s wesingrunatuIa m ANAULIEALYYE1984
Tngnlufiwesindnsuswuulseiinuuatiasfonldlunmsasiaindnvuzn1sdonuas
anwaznITauaziNioundaudaung wu luesssllannaiauduiulm wisluaisgie

a3 ian1suznldnuvesgln Wudu
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2. IwmesTnsnsusauuiieledidnyisn (piezoelectric accelerometer)

¥

va A = a a a . . & Al Y%
AavanUANugIunsliihvendniiieledidnvin (piezoelectric crystal) fe Lilasiu

gnusIvenaRInseidandnazansUseglnindun Tnaidudadiuiuusnsgyiniy 910

£
wa a a

anandAfAwillagndauUanhluldadgunsalmsgunnine wu MHduiummeidnendsany
T lfuunfindetiondneatisliily wardildaddinesindnsnsuuuiisledidnnin
dnmaY

1As9a51990LBMesInonT IS sUULisleBLanNI Nz UsENaURIg seismic mass £
fnAU piezoelectric crystal LLaSUiiqaqiuﬁﬁﬁ\‘iﬂa\‘iﬁu 1n8 piezoelectric crystal fifleu

Wl laun wdnmend uagnanlafsnludadonnnse (sodium potassium tartrate)

NSIETANUNUNIUABLTINTEYI hazdls1ANNABLLI9AN

Apphiod Acceleration {a)

\ % Mass {m)
Piezoelectric \:httjb'*"w.: ffx

sUfl 2.10 Tassarsiugiuesiinesindnsnsauuiioledidnnin
(‘17|I3J’1 http://bme231metrology.blogspot.com/2011/07/accelerometer-iphone-

accelerometer.html:)

VANN13A8 18 seismic mass (m) gnvitbitingnsnssdu (@nna) Suazdaiiuusng
lunsegyiniu piezoelectric crystal igndnfinegaleiu srenuauianianyyeiuazil
Uszgliihgnasheliu uavgnaneidyaaeenluduendnnueieas lngisuednnizaes
fhsasvenauszqliiin (charge amplifier) ievensruszqluihnlalnduussiuendnnmny
FndIurednsusaniin selaaunsananinalamelianiines

a fu o ] =~ a a a i v a vl [
fiwesindnsnsauuiielediann3ninisneuausionisnuauiadlad wilunig

voov® = £ a6 Al 1a o = 1 £ @ Y Y
ﬂ’ﬁ‘Uﬂ‘Uﬂ"ﬂ311Naﬁ]@Uﬁua\‘ﬁ/lNG‘I’]U?]’J’]&JZ‘IG]'WII&J@MH UYUAABUYNLAN UIVUNLUN
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2.7 W3893nan AU (Gyroscope)

lalsalay (Gyroscope) Wugunsaifiondendnnisvesusadesiiesnuwiszduuas
fiamsvosunumyu Tnsfiusadosiandulunungded 1 vesiafuisindedesasnis
wene SN Fnvesing daduluawauns IF = 0 viendnnisvesauna

nann1svinaueedlalsalal Ae L3198 Aus9U1NTEYINAUIMUNIUATUUBALINNN A
Lmumgumaiuﬁ%hiLﬂﬁauﬁﬂwwa wsenAsununyunglussneeusnwan nLasian
Faufnvesnue e Wy natisaudisaiusnauitddusavslduouludumda Ay
NI MENEIEuSnwanwnsedeuiluimthvessatenlt

Gyroscope Spin axis

Gimbal Rotor

UM 2.11 ddsznaunugiuveslalsalay

(Fian - https://th.wikipedia.org/wiki/gyroscope)

lalsaladanuisathunyszendldiunisnsunngldodmarnvans ludnezdusiu
mMyitads viemafiunamsinviiiediase iieselalsalavannsovendnuaznng
\eufiuarnaiudsuulamowmvesingld deulalsalauTsanunsoiunldluninfudoya
dnuwaiznisiadeulmvesitislasnsinieuieslalsalavionldlugaiidmun lalsalavas
uansdnuariianenined suiesnunlaeifisuiunateenunluguuuuveansiu 3 unu
Mniudnidnurnaedeulmuesithennfieudsstumandoulmvssnulniisrannn

adelaieruingUieiinsindouninUninseaalalaetvasiden
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2.8 Tuga GY-521

Tupa Gv-521 1duluga IMU Sensor (6 DOF) fwuigas MPU6050 Aianansainen

A3 (Acceleration) oty 3 wnu uazanunsadnanusudau (alag Gyroscope) leilu

3 wnu laeilugasgyinsdsenniulariunisdoanswuy 12C viounllides 3.3 - 5V

e X@®
- yoxX@®
vas@®

o (WG
e

ek

sUfl 2.12 GY-521

(ﬁuﬁ . http://robo-circuit.com/product/86/mpu-6050-accelerometer-gyro)

AuENURYeY accelerometer

Lmsﬁwmvﬁuﬁ%maﬂuﬁgﬂ 3 UNU (x,y,2) Tnganunsassan Full Scale range 197 + 2¢,
+ 4g, + 8¢ WAy + 169

nsuasdygraeudendudyyiuninea (ADC) dauaziden 16 On
Accelerometer ¥sudnAifinszid 500 pA
TuluaUsEndaNEs Uy IusInssud - 10 pA in1ud 1.25 Hz, 20pA finud
5 Hz, 60pA 7iAud 20 Hz waz 110pA fiaud 40 Hz

ausanTIaviANISag N asdygIle

Aldaninsalusunsung interrupt bl

AMaNURYBY gyroscope

e duidnealusis 3 unu (xy,2) lasaunsadae Full Scale range 16 +
250, + 500, + 1000 wag + 2000 °/sec
nsulasdyaueudendudyauninea (ADC) dmuaziden 16 On
ANSIRIANISNIEIALARILUURAReAlE

UNNTEE 3.6 MA
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2.9 NodeMCU ESP32

EsP32 \Wuteledveslulasraulnsaass nanlagusem Espressif anusunadu lne

s09¥unsiieste WiFi uaz Bluetooth 4.2 BLE (Bluetooth Low Energy) lush Taganunsadn

Tanluswnsun1svinauEiIuluswnsy Arduino IDE 1a

fnauantfvesdivesn Asll

5Uii 2.13 Nodemcu ESP32

(Fun: https://th.cytron.io/c-wireless-devices/p-nodemcu-esp32 )

v

FiigldanUnenssu Tensilica LX6 Wuu 2 Lnuasad dyay1aduning 240MHz
Ausulusn 512K8

saﬁunm%masammsmaﬂgaqm 16MB

swSanu WiFi msg1u 802,11 b/g/n sessumisldauiisluluun Station
SOftAP Ly Wi-Fi direct

=

fugyslusi sesfunisldanululvun 2.0 uaglvum 4.0 BLE
Tousenulndnlunnsiieru 2.6V fis 3V
ﬁﬂqqulﬁﬁqmmﬁ -40°C §19 125°C

1 GPIO 91u2U 32 Y89

59950 UART 91101 3 2909

3995U SPI 371U2U 3 Y09

5095V 1°C 977U 2 999

59950 ADC 91171 12 %94

39950 DAC 91121 2 109

5095V %S 47u7U 2 109

5895U PWM / Timer 9nua4

$895UNSauRanU SD-Card
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2.10 mMelwnau (Python)

lwwou (Python) Aedenunildlunsdeulsunsuniwmis Ssgnifaundusnlaglaid
Aatuunanilody AoanansnsunulmeuldnaunsEuu Unix, Linux , Windows w3ausiug
s¥UU FreeBSD nwilweulilu Open Source wiloufuniw PHP silsyneuansafia
i lnneuaniaulusunsulans o lnglideadeaildane wagaradu Open Source
vt denmgdnassuimulinwlmeulimuasogedu uasldnuldasoungu
AUNNENYUEITY

ndeulusunsulnmeuasldia osfloluniswauniisenda 1ofd (Integrated
Development Environment : IDE) & sUsznaudaeiadaadowdluluswnsuduatu (Source
Code Editor) m%qﬁmﬁlmmmwim (Debugger) wasia3asiiorelilusunsuyieu (Run)
Tnealu Python IDE axviarumudidslaly 2 Tnun fo

1. Tnuedufiifien (immediate mode) (ulnuaiifldazfinsimdsaslulugmiizonda
wad (shel) w3anoulau (console) flasads uazdulanivrazulards ninldd
FoRanaInazyULRIITInaT:

o

2. nunan3ua (script mode) TulvualgeulusunsudosiuyiAdmasidsenoy

(% |
[

Aundtuindulndlineu Weszdslyisuvantwvihnusaddsiaudmdnsn aufsas
gavNe AIMNARINNINTINERUANHgNABanaldlnunduiivenluntmegeuld
Flulsnaranudatuiezdildmelmounldluntsdeulsunsusudwasinses
Foyaa1n IMU Sensor lumsuvasa1smnsns warlalsalay Tiudsudussmvesnis
Wasuwdasa Iaeldlusunsy Pycharm dadu IDE sfiandsiiannsadsutazulsunsy

AMwbwnoula

v 6

2.14 dyanwaln1wlnvou

=D.

su

v

(ﬁm - https://commons.wikimedia.org/wiki/File:Python-logo-notext.svg)
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2.11 UDP (User Datagram Protocol)

UDP (User Datagram Protocol) L ulusinasandnluyalusinasaduinesidni
39091 Datagram Baudeyavunmdnnindsiuedetieluduedosatema vianlaenns
$198avaneian IP (internet Protocol) farduluslnaoatiisoudiefian siwsmaiiuayd
UsgAvBammunniiagn winfadeyaasiivunadnidesanidmenneiies waghifesaiis
Msdesieneuiiazastoyaniamiunsusenly (ilisudenin Connectionless) uideide
99 UDP o laifinsiuussiuinasteyadsdsatenna deyaiidienainisgamevieidonis
1o uazlailodaseanudsiv

=

Ineilulusianilidenld UDP Protocol tlesann sfieanisannusslunisdsdeyaiias

Y

dlosndiuwesiud Sampling rate 71 500 Hz
2.12 Orientation

Orientation #3aU9A3INEENTT Attitude Fasuntianseivesingluszuiu 3
aa a Y y A ' o a =
11 Tnetlenvanmeyu roll, pitch uag yaw Ninileidy 84 (degree) #38 Lsifigu
(radian) Ineiya roll, pitch Wag yaw aguansdiinisuasuudaduasyalussuiunumigg

- - i -
wseonvenlad) WuAkaninismuluszuuinuaigg Tnev
13 roll ¢ wamalauBevzanisryuseuluLuILaY. X
p = al G
1 pitch O wansdumdaansenisvyuseuluwuiunu Y

= a =)
HU yaw l/) LLﬂ@NﬂﬂialllL@HQW?@ﬂWi%HUﬁ@‘lﬂuLLU'}LLﬂu Z

Pitch Axis
b
7 J

g

Roll Axis

Yaw Axis

31]17; 2.15 1191984 roll pitch yaw

(i - https://www.thwiki.press/wiki/Yaw, pitch, and roll)

TulusianilisnazihA1ain accelerometer wag angular velocity 970 gyro scope 3

AIA roll pitch yaw Fenanniseuiatuaznanluuni 3 seld



unit 3
A5115ALHUU

3.1 wé’nmsaamwuqﬂnmﬁ
gunsaild
1. NodeMCU ESP32
2. IMU sensor Module GY-521
3. Step up converter HW-626
4. Battery Charger TP-4056

5. Battery Li-po 1000 mAh

| 3 3\’{ o4 Vin
\'SGL '
ESP32 T;! MPUB050.|
21 .-A “———r—1| SDAH
GND GND |
7 TFoc 1] LW ¥ .} Vaoabl
s —
)
o\ PR 27AX N { ' A N
.., -: | Va t IVII’"I I\ _4 Vo 1
| Boost Gonverter : | Battery charger
L} GN[?.I__ ) !END_'——‘ — GND | y

5UN 3.1 m3weurevesgUnsal

UM 3.2 gunsainagaun1saniy

9

k
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3.2 ninn1sineueesgunsal

wann1sviuvesiigunsalasldisuwesluga GY-521 lun1siiuAdgnsnssuasen

ATy Tngdeihudayadigrouiamesiiu ESP32 agld UDP Protocol 9niui

Anduiinidgreuiamesiulssaiatazuansuasioly

[ IMU sensor ]—> FSP32 \
[ IMU sensor ]_’I FSP32 I\

—>[ FSp32 ]—» Computer Analyze |[-» Visualize

IMU sensor
IMU sensor | —” I FSP32 I /)V
IMU sensor | — ” | FSP32

5UT 3.3 vidnnisvitauvessinaunsailagning i



3.2.1 wnuransvinuvesiigUnIainaaeuNsandy

Start

o

Initial variable

Mot connect

connect

Send turn on
message to computer

Mot Receive

Wait start
command
from compute

Receive

i
4

Get data from sensor

Calculate data

Send data over WIFI

UM 3.4 unulsnmsihanuvesgunsainaaeunsandu



3.2.2 wnuransvinuresmaniineslunisiuteyaaingunsal

Less than 5 messags

Receive 5 message
from different
devices

5 message

Mot click the buftion

Click the button
h i

Send Start command
to contrrolier

i
v

Pres Mor press q

Receive data from
controller

b

Store the data in ram

Rearrange the data

l

Get location from
user

i

Save the data in csv
file

— 1

End

A 4

S N o) vl B 170 B e T

3UT 3.5 unudamsvianuresmeuiiamesiunsiudeyasnngunsal
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3.3 3sn1snadauaunsal

INNINAADUNITUAYLVB LU TIAY

Y

3.3.1 imsvyuugeiudavaa linyy 0 a9A1 wag 90 a9 laglduennadiaduy

&

angle meter &4l4 accelerometer Uag gyroscope ANmsAniafiolun1sinyy udg1u

AR LU DS AALF

JUT 3.6 VAARULNYRITULLOTUUYINDE T

3.3.2 1IN1SVAGOUNTETUANNNTENIEGRS 2 67 TneviAadigunsal 1 falin
servo mg946R INUUINISAIAT servo Tivuluiiym 030 45 60 wag 90 B3f AuERY

Y o = A v
wavuinuanla

JUN 3.7 nadeulase i 2 lwules
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3.4 P2AUUUNTITNINITNAADY

Tunmsnaaesiifienanasing 2 ngu Ao nauisguuaznduiasery Tnslumvaaosay
yhmsnadeugniu 5 A% wilouiy
gunsaifld

1. gunsaingIausziliunisandy

[ o I

2. UIRNAMTUIINET 1 1589 (V30INsAniiena)

[
¥ v

3. imBldiininueu 1 /1 (Augs 44 - 46 w3, 91nIw)

fupounismaans

1. Fuastupounisnaaeuan-funnenaiaieg lnglonanaiasaniuiu (Sit to
Stand) uagduudatisas (Stand to Sit) Aasafuusiuau 5 ads WS igawidivilduaslsl
Aadudunae nsflvagynismnassglidnaasstuhilole i vddwasetutu vie
nenan

2. Wenanmnatrsdsauidiid ndwmss induldgunsainmaianisandu s1umu 5

2 ¥ L ¥ ¥ vV

0 A9 AUVIVNVI AUV MIUTIAIUYIT TERLIIUEIY LarUTIUNA1MET

Y

3. vivnaesaglidyaia “5u” onaadaszinisgniududiuiu 5 a3 waz

Suduna andulilonsu 5 Ase gnaaesatlvidygindl “ven”

JUN 3.8 nmmsanuldaunsal



;nlﬁ 3.10 nagau five times sit to stand ﬁuﬁq\‘]mq

23
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3.5 MsIuALAzLERINATaYA

v o

lunssudedeyandaunsaldreuiinmnes ginvinlavinnsWeulsunsuiivesudean
wazwananadoya lngldniwn python nedalusunsufiniig Teeld library dnSa3Uves

AW python M%7 tkinter @3191ti1A1 GUI dwsunslgau

?l=| ===

Record
Select cav file

sUM 3.11 viisisvedlusunsusudalasianinatays

NI 3. Aztiuddalusunsufifleidunisviiuey 2 Ju fe record wag select csv file
1nel record tuduileidu lunmstuiindeyaidwiaindiaunsaliiuatuuneuiinmes uas

I (Y [

Select csv file azifuilsrtulunisisonguasuansdogangnimiulugluuuves csv file

Y

3.5.1 Mendunisiudstoys

Tunissudeteyaliislantisnvedusinsudua wdiranluivy record

¢ = = =]

Select cs*.rfilei

JUN 3.12 Yuilandunsudaya

\lanavy record AwUAAMTNANTBNAIN “Tumn on a devicel” Tisvinsna
Ungunsaldnai 1 Wegunsaliai 1 Wewseavusingdeanu “b’h’ (@v IP ¥8d network ,

La% IP U4 Port N15@9@13)” A9NN
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o Start? If you want to save press Q)

(%

JUN 3.13 nilsisvedlusunsuvazieniugunsalvia 5 f
La¥INIUN 3.12 WevhnTdouseaunIainsuis 5 fuad asusnguiasslisusunises
doyaarndaunsalundeneuiiames Invanunsaveanisdsteadalaenisnadi Q NAveiaves

ADUNILHDS

5UN 3.14 vilsinsvedlusinsuvagyinnisdadeya
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dlenay Q Wengan1ssudsdeya axusinguislvinstuiinliddeya annsansie

wazideniifinztuiinlngdld tnglwanvuiinazdsuuuulngidu csv Ind

v

’ Save As

« ~ 4 & > Network v [&] O Search Network

Organize *
[ Desktop ~
| Documents
¥ Downloads
J* Music

No items match your search.

&= Pictures
EVldeos

£ Windows (C)
- DATA (D)

¥ Network

]

File name: LTest1

Save as type:

 Hide Folders Save Cancel

5UN 3.15 amaaiznistudintildveya

3.5.2 faidunsienguazianxatoya

lun1ssenauaviansratayatulnsnUalusunsundniduan waaneadntudaly

Select csv file MUFH1ILINVDILUTHNTH

=) ==

Record

V= Y L
f Select csv fi|E\F

5UN 3.16 Julsndunmsiienauazuaninatoya
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v

Wanadu Select csv file wdd AvUsINguean b ldidenlng csv aoan1smaaaui

Y

AB9N1BIUAN

ik . Desktop elder sample csv

Organize + MNew folder

MName . Date modified

1} h _yot

Desktop @q 2

x} 3
xf 4
*F 5 shmdasn
Music xH 6
B Pictures o 7 "Lifiussn_thedaui
£ Videos 1
am, Local Disk () 3 9

Documents

Downloads

== MNew Volume (D
== Local Disk (E:)

File name: i P
(=

5UN 3.17 wtheslumsidenlula csv

WY P

denadantilauwdd asusnguiiseegy

7 o (= =@ ]=]
Record N Acceleration of Back r
Select csv file @ | Gyrescope of Back
Angle Acceleration of Left Thighr Acceleration of Right Thigh |
I@ Gyroscope of Left Thigh @ Gyroscope of Right Thigh
File name: _3.csv Acceleration of Left Limb Acceleration of Right Limb |
5 Times duration 10,991 Gyroscope of Left Limb Gyroscope of Right Limb

5UN 3.18 miwevedlUsunsuidloinnisiaan csv

A @ ! dl' P~ s al v 1 (%
INNINN 3.18 ’ﬂ%LMU'J’WLN@LaE}ﬂlan} CSV NABDINTITDIULLALLLERNINALLAD R]%U'ﬁ’lm;]

[y

W ERsansunavesdeyaldlasuunlu 4 dw Al
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1 d' a a [~ 1 d' %
a1 1 (n5aUaen) WuduAkanInInsIuveIN1seans Usenaulusme

Uy record Wldduiindayaluila

- Uu Select csv file ol Tnlng csv Buq fidesns

- U3 Angle 3N1suanINTIMYeNAe INNIsInaesUsEnaulUiiY suvea
F18 YUVDAYIVI YUVDIAW kAT UNITA8YDIEN

- File name : zuanstielwdfimaadauagsuaian

- 5 times duration : EWAAIDLIANIBLUNTNAADU Five times sit to stand test

Angle of the right leg

Angle(degree)
N
o @

Time(s)

Angle of the left leg

o
5
75 1
E 50 W
E 25 L T T T T T T T
g 0 2 4 6 8 10 12
Timel(s)
3] Angle of the back
g J\/\/\/\AW
L)
Q 0 - T T T T T T T
g ] 2 4 6 8 10 12
Timel(s)
3] Angle back swing
3 10 ———/\”\[/\/ﬂ/\/\'\rl\r\/\"/\/\\\/\'ww
B 04
%: —10 - T T T T T T T
é 0 2 4 6 8 10 12
Timel(s)

& €9 +Q|=

5UN 3.19 sUsegnmsuanmalilonaly Angle

1 A @)
AU 2, 3 wag 4 L UUNTHEAINANIINYBY accelerometer Wkay gyroscope Tulwuny x,

y uaz z lnefLanidalarasugne vae (167) wazu1uI ARy



i (= =E]=]
Acceleration of the Back X
™ 1.0 A
<
u
‘g 0.5 -
a
O T T T T T T
16 18 20 22 24 26
Timel(s)
Acceleration of the Back Y
¢
2 0.04
5
Q —-0.1 1
O T T T T T T
16 18 20 22 24 26
Timel(s)
Acceleration of the Back Z
™~
b 1.0 1
£
@
@ 0.5
LD T T T T T T
16 18 20 2 24 26
Timel(s)
# €[> +lQ/=| @)

g‘l.lﬁ 3.20 gﬂﬁaaé’mmmammaLﬁaﬂmﬂu Acceleration of Back

(3G == ][=]
Gyroscope of the Back X
~ 20
<
o
5 0
2
2 _20 > T T T T T T
16 13 20 22 24 26
Time(s)
Gyroscope of the Back Y
~ 100 A
4
s
@ 0
S
2 T T T T T T
16 18 20 22 24 26
Time(s)
Gyroscope of the Back Z
™
<m
ISR
m
2
2 =20 - T T T T T T
16 18 20 22 24 26
Time(s)

& €[> +Q)=]

5UN 3.21 sUdegunsianmailionau Gyroscope of Back

29



Timel

[=) =Y

10
12
14
16
18
20
22
24
26
28
30
32
34
36

Axl

3.6 KANN15AIUIN

30

NNISNAasRAUAIvaINIsiadaulmazlaA1nwuwes Ao ArAuLTaly 3 wou

wazAdnsnsuTauly 3 wnw Mnsaeswuwesinuliluguuuures .csv Td lnglundand 1

zifunananan wazdnunasdunusdunuinny x veaauwasiig 1

Ayl
-637
-616
-601
-627
-619
-630
-631
-624
-635
-620
-639
-619
-635
-637
-631
-640
-628

e

Azl Gx1 Gyl Gzl kalAngleX1kalAngleY1Time2 Ax2
219 3905 251 269 30 3.2 8.94 4 3739
235 3899 255 270 26 3.22 8.97 b 3734
222 3897 258 270 23 3.25 9 8 3729
220 3902 261 270 19 3.29 9.04 10 3734
236 3887 264 271 15 3.33 9.09 12 3706
229 3891 268 271 11 3.39 9.14 14 3714
220 3887 271 270 7 3.46 9.21 16 3708
231 3896 274 271 4 3.53 9.28 18 3711
256 3902 277 271 1 3.61 9.36 20 3710
249 3877 280 269 2 3.7 9.45 22 3688
269 3880 282 268 5 3.81 9.55 24 3679
248 3881 285 266 8 3.92 9.65 26 3694
253 3886 289 204 -10 4.04 9.75 28 3697
261 3896 292 262 -13 4,17 9.87 30 3680
259 3865 296 201 -15 4.31 9.99 32 3695
253 3882 299 259 -17 4.45 10.11 34 3681
263 3891 303 258 -20 4.61 10.24 36 3690

JUN 3.22 segadeyamiule

3.6.1 AurmAuniasuwladluTuusiasuny

[

aunsoRyuisusUadUluwsaginu vesdazigugeslanl
Ax )
2 2
’AY+AZ
X

9 yuiUdsuwdasiulunwiunu X

¢ = arctan(

<
o))}

Ay Ao AANLSIlULULILAY X

P

A 1

Ay fio AALLsIluwuLAL Y

A, Ao AALLSIlULUILAY Z

Ay2

Az2
23 2084
13 2098
26 2102
38 2110
37 2140
50 2116
29 2147
45 2129
52 2133
55 2139
51 2120
54 2145
62 2159
51 2155
59 2143
56 2158
59 2137

(3.1)

Gx2
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A
0 = arctan(——=) (3.2)
/A§+A§

el O Ao yuiasuwdasiuluiuaunu Y
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SUN 3.23 N1

(‘ﬁm : https://www.researchgate.net/figure/Knee-angle-estimation-results)



3.6.3 nswlasdayanuanwugesidudeyadss

(%
LY

32

a ! ! dIQJ ¥ dl N ¥ o ¥
fansanenusatiale ieswnlulassuilddavilald full scale range ved

WU MPU6050 siatiu aunistuniswlasaranneuigasidusiass 8

AR ULYDS

[

&
JU

ANAULIIY = (3.5)
4096
a 1 [l a a 1 < 2
g9l AIAINLSIR3e Juaedu ¢ (9.8 m/s?)
< 1 ¢ al
4096 wJuAn Sensitivity Scale Factor U9 ULDIN range +8 ¢
PARAMETER CONDITIONS MIN TYP MAX | UNITS NOTES
ACCELEROMETER SENSITIVITY
Full-Scale Range AFS_SEL=0 +2 g
AFS_SEL-1 4 g
AFS_SEL=2 +8 a
AFS_SEL=3 +16 g
ADC Word Length Qutput in two's complement format 16 bits
Sensitivity Scale Factor AFS _SEL=0 16,384 LSB/g
AFS_SEL~1 8,192 LSB/g
AFS_SEL=2 4 096 | SB/g
AFS_SEL=3 2,048 LSB/g
Initial Calibration Tolerance +3 %
Sensitivity Change vs. Temperaiure AFS_SEL=0, -40°C to +85°C +0.02 %/°C
Nonlinearity Best Fit Straight Line 05 %
Cross-Axis Sensitivity +2 %
= 1 a
;a:‘lJ‘VI 3.24 91519A1R 101989 accelerometer ¥U MPU6050
(@yaan : datasheet MPU6050 ,InvenSense Inc. )
1 £ ‘:J' a 23 dy
wazludiuves gyroscope I full scale range 91 + 500 °/s Azilgun1369il
! Y - mmmﬁu%agmmmmuwm'% (3 6)
ANAITULILVINUIN — .
2 65.5
a 1 = a a a 1 I
I@EJ‘VI ﬂﬂﬂ’é’]@JLi?LﬂNi{@J"\]iﬂ Ny deg/sec
I 1 &
65.5 L UUA1 Sensitivity Scale Factor 8w utaws¥ range +500 ©/s
PARAMETER CONDITIONS MIN TYP MAX | UNITS NOTES
GYROSCOPE SENSITIVITY
Full-Scale Range FS_SEL=0 +250 s
FS_SEL-1 +500 °fs
FS_SEL=2 +1000 °ls
FS_SEL=3 2000 °ls
Gyroscope ADC Word Length 16 bits
Sensitivity Scale Factor FS_SEL=0 131 LSB/(%/s)
FS_SEL=1 65.5 LSB/(%s)
FS_SEL=2 328 LSB/(%/s)
FS_SEL=3 16.4 LSB/(%/s)
Sensitivity Scale Factor Tolerance 25°C -3 +3 %
Sensitivity Scale Factor Variation Over +2 %
Temperature
MNonlinearity Best fit straight line; 25°C 0.2 %
Cross-Axis Sensitivity 2 %

gﬂ‘t’?‘i 3.25 15719A1A114 11989 gyroscope FU MPU6050

(Sﬁayjamﬂ : datasheet MPU6050 ,InvenSense Inc. )
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4.1.1 HANSNAAB UMD TIaLF

M19197 4.1 NANINAF U URSTIAZAINAZBUTY O kag 90 BIA

33 (99A7)
: 0 90
LAV H
1 0.57 871.27
2 0.8 87.66
3 1 87
4 -2.43 88.8
5 -1.16 88.69

4.1.2 NaMINAFBUNITATUANYUTENINNBULLDS 2 62

'
1 a

Tunisnaaeuldiaiinuandigunsaidiuin 2 A laeail 1 Aeuieesiai 1 uas

2 uawAdl 2 A9 LUwaIRaN 3 wag 4 NIaaBdgay 3 ATIIYY 0 30 45 60 wag 90

Angle
100
90
80
70
60
50
40
30
20
10

1 2001 4001 6001 8001 10001 12001 14001 16001 18001 20001
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33 (9361)
. 0 30 a5 60 90
AT
1 0.484 30.032 45.501 60.177 87.606
2 0.154 30.636 45.862 60.514 88.083
3 0.379 30.517 45.901 60.541 88.335
Anade 0.339 30.395 45.755 60.411 88.008
SD 0.138 0.248 0.180 0.166 0.302
A51971 4.3 Han1sMRdeUIULYIET 2 s 0 30 45 60 90 aarn (udiudu 3 as
COGRG )
. 0 30 a5 60 90
AT
1 2.483 29.037 43.906 59.132 89.447
2 3.261 28.781 43.474 59.055 89.024
3 3.890 29.735 44.537 59.701 89.576
Anade 3.211 29.184 43.971 59.296 89.349
SD 0.575 0.403 0.436 0.288 0.236
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No.GenderHeight (cm.)Weight (Kg.)Age, BMI Time sensor (S) Time Video (S) %
of Different
1 m 175 62 22119.92 7.380 7.400 0.270
21 m 169 76 22 126.61 9.644 9.966 3.284
3 m 165 70 22 125.71 8.242 8.466 2.681
4 m 176 68.5 2212211 6.733 6.833 1.474
5 m 165 90 22 33.06 9.954 10.000 0.461
6 m 168 74 22 126.22 8.336 8.416 0.955
M3l 4.5 mmanTnassgniuiaiesngu ey 2
Nol Bk Angular velocity of Angular velocity Trunk
thigh (deg/sec) of trunk (deg/sec) | angle (deg)
1 m 188 74.5 35.75
2 m 162.5 102.5 38
3 m 187.5 166.25 56
a4 m 174.5 715 29
5 m 192.5 85 51
6 m 189.25 93.5 42.5

MUBLAFR M = male LAY

f = female LWFMNES




37

¥

M13199 4.6 ANTHANITNARDIANTUNNATIVOINALLGRNY 1

9

No.GenderHeight (cm.)Weight (Kg.)Age| BMI Time sensor (S) [Time Video (S) | % of Different
1 m 174 r 62 25.43 12.078 12.160 0.676
2 f 160 80 71131.25 12.948 13 0.400
3 f 161 57 64 21.99 10.991 11 0.082
4 f 156 83 61 34.11 13.130 13.516 2.897
5 f 165 55 63 120.20 15.394 15.83 2.792
6 f 153 69 69 29.48 13.039 13.083 0.337
R e W N =
8 f 150 66 65 129.33 11.357 11.383 0.228
9 f 165 65 67 23.88 13.517 13.567 0.369
10 f 150 ar 72 120.89 10.413 10.85 4.110

**gaatnsaud 7 Wulsadawiday

M19197 4.7 AITIHANITNARBIANBUNNATIVOINGNEE01E 2

\o. o) Angular velocity of Angular velocity Trunk
thigh (deg/sec) of trunk (deg/sec) | angle (deg)

1 m 143 102.6 51.5

2 f 135 12 38.7

3 f 138.5 101.75 56.2

4 f 94 69.25 43.5

5 f 108 67.25 41.5

6 f 106 50 28.2

R

8 f 95 71.3 41

9 f 121 79 50

10 f 115 88.5 59.5
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Time
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UM 4.2 nauansdiatlunismageugniusenInngaiesulanguEgeeny

angularvelocity of thigh

B fidery I Youngér people

200

angular velocity (0/sed)
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Augular velocity of trunk

[l Eidery @ Younger people

angular velocity (& sed
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Tann1svineulugdiuwes microcontroller

#include <WiFi.h>

#include <WiFiUdp.h>

#include <ESPmMDNS.h>

#include <ArduinoOTA.h>

#include "Wire.h" // This library allows you to communicate with 12C devices.
#include <Kalman.h> // Source: https://github.com/TKJElectronics/KalmanFilter
#define RESTRICT PITCH // Comment out to restrict roll to +90deg instead - please
read: http://www.freescale.com/files/sensors/doc/app_note/AN3461.pdf

Kalman kalmanX; // Create the Kalman instances

Kalman kalmany;

double gyroXangle, gyroYangle; // Angle calculate using the gyro only

double compAnsleX, compAngleY; // Calculated angle using a complementary filter
double kalAngleX, kalAngleY; // Calculated angle using a Kalman filter

double timer;

const int MPU_ADDR1= 0x68;
uint8_t datal[14];
short accX,accY,accZ;

short gyroX,gyroY,syroZ;

uint32_t tref,t1,t2,t3;

String datasent;
/* WiFi network name and password */
const char * ssid = "kotchanon";

const char * pwd = "11111111"%

//'|P address to send UDP data to.



// it can be ip address of the server or
// a network broadcast address

// here is broadcast address

char * udpAddress = "192.168.1.3"

const int udpPort = 527,

//create UDP instance

WiFiUDP udp;

void setup(}
Serial.begin(115200);

//Connect to the WiFi network
WiFi.begin(ssid, pwd);

Serial.printtn(");

// Wait for connection
while (WiFi.status() I= WL _CONNECTED) {
delay(500);
Serial.print(".");
}
Serial.printn("");
Serial.print("Connected to ");
Serial.printtn(ssid);
Serial.print("IP address: ");
Serial.printin(WiFi.locallP());
Serial.printin(* udpAddress);

//This initializes udp and transfer buffer



udp.begin(udpPort);
/! OTA

ArduinoOTA
.onStart([J0) {
String type;
if (ArduinoOTA.getCommand() == U_FLASH)
type = "sketch";
else // U _SPIFFS

type = "filesystem”;

// NOTE: if updating SPIFFS this would be the place to unmount SPIFFS using
SPIFFS.end()
Serial.printin("Start updating " + type);
)
.onEnd([I0 {
Serial.printtin("\nEnd");
)
.onProgress([J(unsigned int progress, unsigned int total) {
Serial.printf("Progress: %u%9%N\r", (progress / (total / 100)));
)
.onError([J(ota_error_t error) {
Serial.printf("Error[%ul: ", error);
if (error == OTA_AUTH_ERROR) Serial.printin("Auth Failed");
else if (error == OTA_BEGIN_ERROR) Serial.println("Begin Failed")
else if (error == OTA_CONNECT ERROR) Serial.printin("Connect Failed")
else if (error == OTA_RECEIVE_ERROR) Serial.println("Receive Failed");

else if (error == OTA_END_ERROR) Serial.printin("End Failed");

D;

a7
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ArduinoOTA.begin();

// 12¢c

//sensorl
Wire.begin();
Wire.setClock(400000);

Wire.beginTransmission(MPU_ADDR1); // Begins a transmission to the 12C slave (GY-
521 board)

Wire.write(0x6B); // PWR_MGMT _1 register
Wire.write(0); // set to zero (wakes up the MPU-6050)

Wire.endTransmission(1);

// Configure Accelerometer Sensitivity - Full Scale Range (default +/- 2¢)

Wire.beginTransmission(MPU_ADDR1);

Wire.write(0x1C); //Talk to the ACCEL CONFIG register (1C hex)
Wire.write(0x10); //Set the register bits as 00010000 (+/- 8¢ full scale
range)

Wire.endTransmission(true);
// Configure Gyro Sensitivity - Full Scale Range (default +/- 500deg/s)
Wire.beginTransmission(MPU_ADDR1);

Wire.write(0x1B); // Talk to the GYRO_CONFIG register (1B hex)
Wire.write(0x08); // Set the register bits as 00001000 (500deg/s full
scale)

Wire.endTransmission(true);
// Configure Digital Low Pass Filter
Wire.beginTransmission(MPU_ADDR1);

Wire.write(0x1A); // write to address 26 of the register
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Wire.write(0x06); // options here are 0x00 which is off, and 0x01, 0x02,
0x03, 0x04, 0x05, 0x06

Wire.endTransmission(true);  // 0x06 being the highest filter setting
//

Sent data to computur for giving

port location and when data call to start the process
uint8_t buffer[50] = "hello world";
//send hello world to server
udp.beginPacket(udpAddress, udpPort);
udp.write(buffer, 1);
udp.endPacket();
Serial.printin("Sent Hello world3");
while(1)}
udp.parsePacket();
ArduinoOTA.handle();
iftudp.read() > 0){
Serial.print("Server to client: ");
Serial.printin((char *)buffer);
break;
}
}
Wire.beginTransmission(MPU ADDR1);
Wire.write(0x3B); // starting with register 0x3B (ACCEL_XOUT H) [MPU-6000 and
MPU-6050 Register Map and Descriptions Revision 4.2, p.40]
Wire.endTransmission(false); // the parameter indicates that the Arduino will send a
restart. As a result, the connection is kept active.

Wire.requestFrom(MPU_ADDR1, 7*2, 1), // request a total of 7*2=14 registers

datal[0]=Wire.read();

datal[1]=Wire.read();



data1[2]=Wire.read();
data1[3]=Wire.read();
data1[4]=Wire.read();
data1[5]=Wire.read();
data1[6]=Wire.read();
data1[7]=Wire.read();
data1[8]=Wire.read();
datal[9]=Wire.read()
datal[10]=Wire.read();
datal[11]=Wire.read();
data1[12]=Wire.read();
datal[13]=Wire.read();

Wire.endTransmission(true);

accX = (datal[0] << 8) | datal[1];

accY = (datal[2] << 8) | datal[3];

accZ = (datall4] << 8) | datal[5];

gyroX = (datal[8] << 8) | datal[9];

gyroY = (datal[10] << 8) | datal[11];

gyroZ = (datal[12] << 8) | data1[13];
#ifdef RESTRICT PITCH // Eq. 25 and 26
double roll = atan2(accY, accZ) * RAD_TO DEG;
double pitch = atan(-accX / sqgrt(accY * accY + accZ * accZ)) * RAD_TO_DEG,;
#else // Eq. 28 and 29
double roll = atan(accY / sqgrt(accX * accX + accZ * accZ)) * RAD_TO_DEG;
double pitch = atan2(-accX, accZ) * RAD_TO DEG;

#Hendif

kalmanX.setAngle(roll); // Set starting angle

50
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kalmanY.setAngle(pitch);
gyroXangle = roll;
gyroYangle = pitch;
compAngleX = roll;

compAngleY = pitch;

tref = millis();
timer = micros();

}

void loop(}
if( ((micros() - (tref*1000))%2000 ) < 500){

Wire.beginTransmission(MPU_ADDR1);

Wire.write(0x3B); // starting with register 0x3B (ACCEL _XOUT H) [MPU-6000 and
MPU-6050 Register Map and Descriptions Revision 4.2, p.40]

Wire.endTransmission(false); // the parameter indicates that the Arduino will send a
restart. As a result, the connection is kept active.

Wire.requestFrom(MPU- ADDR1, 7*2, 1), // request a total of 7*2=14 registers

data1[0]=Wire.read();
data1[1]=Wire.read();
datal[2]=Wire.read();
datal[3]=Wire.read();
data1[4]=Wire.read()
datal[5]=Wire.read();
datal[6]=Wire.read();
datal[7]=Wire.read();

datal[8]=Wire.read();



data1[9]=Wire.read();

data1[10]=Wire.read(),
datal[11]=Wire.read(),
datal1[12]=Wire.read(),
data1[13]=Wire.read()

Wire.endTransmission(true);

accX = (datal[0] << 8) | datal[1];
accY = (datal[2] << 8) | datal[3];
accZ = (datal[d4] << 8) | datal[5];
gyroX = (datal[8] << 8) | datal[9];
gyroY = (datal[10] << 8) | datal[11];
gyroZ = (datal[12] << 8) | datal[13];
t1 = millis() - tref;

//
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double dt = (double)(micros() - timer) / 1000000; // Calculate delta time
#ifdef RESTRICT _PITCH // Eq. 25 and 26
double roll = atan2(accY, accZ) * RAD_TO_DEG;
double pitch = atan(-accX / sqrt(accY * accY + accZ * accZ)) * RAD_TO DEG;
#telse // Eq. 28 and 29
double roll = atan(accY / sqrt(accX * accX + accZ * accZ)) * RAD_TO_DEG;
double pitch = atan2(-accX, accZ) * RAD_TO_DEG;

H#Hendif

double gyroXrate = gyroX / 65.5; // Convert to deg/s

double gyroYrate = gyroY / 65.5; // Convert to deg/s

#ifdef RESTRICT PITCH
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// This fixes the transition problem when the accelerometer angle jumps between -
180 and 180 degrees
if (roll < -90 && kalAngleX > 90) || (roll > 90 && kalAngleX < -90)) {
kalmanX.setAngle(roll);
kalAngleX = roll;
gyroXangle = roll;

}else

kalAngleX = kalmanX.getAngle(roll, gyroXrate, dt); // Calculate the angle using a

Kalman filter

if (abs(kalAngleX) > 90)

gyroYrate = -gyroYrate; // Invert rate, so it fits the restriced accelerometer reading
kalAngleY = kalmanY.getAngle(pitch, gyroYrate, db);

#else

// This fixes the transition problem when the accelerometer angle jumps between -
180 and 180 degrees
if (pitch < -90 && kalAngleY > 90) || (pitch > 90 && kalAngleY < -90)) {
kalmanY.setAngle(pitch);
kalAngleY = pitch;
gyroYangle = pitch;

} else

kalAngleY = kalmanY.getAngle(pitch, gyroYrate, dt); // Calculate the angle using a

Kalman filter

if (abs(kalAngleY) > 90)

gyroXrate = -gyroXrate; // Invert rate, so it fits the restriced accelerometer reading

kalAngleX = kalmanX.getAngle(roll, gyroXrate, dt); // Calculate the angle using a

Kalman filter

#Hendif
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//

datasent = String(3) + ',' + String(t1) + ', + String(accX)
+','+StringlaccY)+','+Stringlacc2)+','+String(gyroX)+', +String(gyroY)+', '+ String(gyroZ)+','+ St
ring(kalAngleX)+','+String(kalAngleY);

//send hello world to server

udp.beginPacket(udpAddress, udpPort);

udp.print(datasent);

udp.endPacket();

}



Téanw python Aldlunssudsdeya
import socket

import keyboard

import time

import pandas as pd

import tkinter as tk

from tkinter import filedialog
from tkinter import messagebox
import numpy as np

from scipy.ndimage import gaussian filtertd
import matplotlib.pyplot as plt
from scipy.signal import *

import os

def correct data five sensor plus _kalman x():
root = tk.Tk()
root.withdraw()
pd.options.mode.chained assignment = None
# bind all IP
HOST = '0.0.0.0"
# Listen on Port
PORT = 527
# Size of receive buffer
BUFFER_SIZE = 1024
# Create a TCP/IP socket
s = socket.socket(socket. AF_INET, socket.SOCK DGRAM)
# Bind the socket to the host and port
s.bind(HOST, PORT))

dataofsensor =[]
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saveaddress = []
amout =1
for i in range(5):
print("Turn on a device"+ str(amout))
amout +=1
data = s.recvfrom(BUFFER _SIZE)
if data:
saveaddress.append(data[1])
print(datalo], data[1])
data=0

time.sleep(0.5)

for i in range(len(saveaddress)):
startcommand = 'Start'.encode()
s.sendto(startcommand, saveaddress|i - 1])
print(saveaddress|i - 1))
answer = messagebox.askyesno(title=None, message='Start? If you want to save
press Q ', icon='question’)
data = s.recvfrom(BUFFER_SIZE)
data = s.recvfrom(BUFFER_SIZE)
data = s.recvfrom(BUFFER_SIZE)

data = s.recvfrom(BUFFER_SIZE)

H#
while not (keyboard.is_pressed('q) or answer == None):
# Receive BUFFER_SIZE bytes data
# data is a list with 2 elements
# first is data

# second is client address
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data = s.recvfrom(BUFFER SIZE)

if data:
# print received data
datas = str(data[0])
datas = datas[2:-1].split(,))
dataofsensor.append(datas)
print(datas)

#

if not answer == None :

df = pd.DataFrame(dataofsensor, columns=['No', Time', 'AX, 'Ay', 'AZ', 'Gx’, 'Gy',
'GZ','kalAngleX''kalAngleY')

dfl'No'l = df['No'l.astype(int)

dfl'Time] = dfl Time'].astype(int)

dff'Ax] = dff'Ax].astype(float)

dffAy'] = dff'Ay'l.astype(float)

dffAZ] = df['Az'].astype(float)

dfl'Gx"] = dff'Gx'].astype(float)

dfl'Gy'] = df['Gy'].astype(float)

dfl'Gz"] = dff'Gz].astype(float)

dff'kalAngleX'] = dfl'kalAngleX'l.astype(float)

dff'kalAngleY'] = dff'kalAngleY'].astype(float)

#

csvdata = df
names = csvdatal['No'l.unique().tolist()
names.sort()
print(names)

dataofdevice = {}

for i in range(len(names)):
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dataofdevice[namesli]] = csvdata.loc[csvdata.No == names]il]
dataofdevicedropNo = dataofdevice[nameslil].drop('No', axis=1)
dataofdevice[namesli]] = dataofdevicedropNo
dataofdevice[nameslill.reset_index(drop=True, inplace=True)
for j in range(len(dataofdevice[names[ill[' Time']):

if dataofdevice[names[ill[Time'l[j] % 2 == 1 and j > 1:

if dataofdevice[namesli]l[ Time'l[j-1] == dataofdevice[names[ill[ Time'][j] -

1:
dataofdevice[nameslill[ Time'][jl = dataofdevice[names[ill[' Time'l[j] +
1
else :
dataofdevice[names[ill[ Time'l[j] = dataofdevice[names[ill['Time'l[j] -
1

# get only same time of datas

diff df = pd.merge(dataofdevice[names[0l][ Time'],
dataofdevice[names[1]][' Time'], how="outer'indicator='Exist’)

diff df = diff df.loc[diff df['Exist'] == 'both']

diff_df = pd.merge(diff df['Time'], dataofdevice[names[2]]['Time'l, how='"outer,
indicator="Exist)

diff df = diff dfloc[diff df[Exist] == 'both']

diff_df = pd.merge(diff dff'Time'], dataofdevice[names[3]]['Time'], how='"outer’,
indicator="Exist')

diff df = diff df.loc[diff df['Exist'] == 'both']

diff_df = pd.merge(diff dff'Time'l, dataofdevice[names[4]]['Time'l, how='"outer,
indicator="Exist")

diff_df = diff df.loc[diff df[Exist] == "both']

for i in range(len(names)):

comparer = pd.merge(dataofdevice[names[ill['Time"], diff dffTime'],

how='outer', indicator='Exist')
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dataofdevice[names[iJl['Exist'] = comparer['Exist']
dataofdevice[namesli]] =
dataofdevice[namesli]].l.oc[dataofdevice[namesli]]['Exist’] == 'both']
dataofdevice[nameslill.reset_index(drop=True, inplace=True)
del dataofdevice[names[ill['Exist']
print(interpolate’)
# interpolate linear
for i in range(len(names)):
print(i)
j=0
while not dataofdevice[namesl[i]l[ Time'l[j + 1] ==
dataofdevice[namesl[ill[ Time{len(dataofdevice[names[ill[Time') - 11:

if ((dataofdevice[names[ill[ Time'llj + 1] - dataofdevice[names[ill[ Time'l[j]) >

dft = dataofdevice[nameslill.iloc[:j + 1]
df2 = dataofdevice[nameslill.iloc[j + 1:]
datal = dataofdevice[nameslill.iloc]j, :]
datal[Time'] = datat[Time' + 2
datal['AX] = np.nan

datall'Ay'] = np.nan

datall'AZ'] = np.nan

datal['Gx] = np.nan

data1['Gy'] = np.nan

data1['GZ'] = np.nan

data1['Gy'] = np.nan

datal['GZ'] = np.nan

datail'kalAngleX] = np.nan
datai['kalAngleY'] = np.nan

df1 = dfl.append(datat, ignore index=True)
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dft = dft.append(dfz, ignore index=True)
dataofdevice[names[i]] = df1
j+=1
dataofdevice[namesli]] = dataofdevice[nameslill.interpolate()
print(i , 'Finished')
#

mergeallof = pd.concat(dataofdevice, axis=1, ignore_index=True) # swlulnalfen
mergeallof = mergeallof.apply(lambda x: pd.Series(x.dropna().values))
mergeallof = mergeallof.rename(
columns={0: Time1', 1: 'Ax1’, 2: 'Ay1, 3:'Az1', 4: 'Gx1', 5: 'Gy1', 6:
'Gz1',7:'kalAngleX1' ;8:'kalAngleY1',
9: 'Time2', 10: 'Ax2,11: 'Ay2',12: 'Az2!, 13:'Gx2', 14:'Gy2', 15
'Gz2',16:'kalAngleX2',17:'kalAngleY2'
18: 'Time3', 19: 'Ax3!, 20: 'Ay3, 21: 'Az3',22: 'Gx3',23: 'Gy3', 24:
'Gz3',25:'kalAngleX3',26:'kalAngleY3' |
27: 'Timed', 28: 'Ax4', 29: 'Ayd', 30: 'Azd4', 31:'Gxd', 32: 'Gyd',33:
'Gz4',34:'kalAngleXd',35:'kalAngleYd' |
36: 'Time5', 37: 'AX5', 38: 'Ay5', 39: 'Az5', 40: 'Gx5', 41: 'Gy5',42:
'Gz5',43:'kalAngleX5' 44:'kalAngleY5' })
file_save = filedialog.asksaveasfilename(defaultextension="csVv', )
location = file_save[:-4] +'.csV'
mergeallof.to csv(location, index=False, header=True)

print(Finish)

dataofsensor = 0

# Close connection

s.close() #
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def select file() :

root = tk.Tk()

root.withdraw()

file path = filedialog.askopenfilename(filetypes = (("CSV files", "*.csv"),("All files",
"**")))

csvdata = pd.read csv(file path)

file_name = os.path.split(file_path)[1]

for i in csvdata.columns:

if not ((i == Time1") or (i == 'Time2") or (i == Time3") or (i == Time4') or (i ==

Times")):

csvdatali] = gaussian_filtertd(csvdatalil, 25)

pd.options.mode.chained assignment = None # default='warn'
legr_rise peaks, = find_ peaks(csvdatal'Gy2'], height=4000)
legr_fall_peaks, = find_peaks(-csvdatal'Gy2'], height=4000)
range_sit to stand = csvdata.iloc[round(legr rise peaks[0]) -
750:round(legr fall_peaks[len(legr fall peaks) - 1)) + 750, :]
range_sit to_stand.reset_index(drop=True, inplace=True)
range_sit to_stand[Timel'] =
range_sit to stand[Timet'].sub(range sit to stand[Time1'l[0])
kalAngleX5 = range sit_to_stand['kalAngleX5'].iloc[1:20].mean()

kalAngleY5 = range sit to_stand['kalAngleY57.iloc[1:20].mean()

range sit to_stand[kalAngleX5'] = range sit to stand[kalAngleX57.sub(kalAngleX5)

range sit to stand[kalAngleY5'] = range sit to_stand[kalAngleY5'].sub(kalAngleY5)

# rise_peaks, = find peaks(range sit to stand['Gy2], height=4000)



# results rise_peaks = peak widths(range sit to stand['Gy21, rise peaks,
rel_height=1)

# fall_peaks, = find peaks(-range sit to stand['Gy2, height=4000)

# results fall peaks = peak widths(-range sit to stand['Gy2], fall_peaks,
rel_height=1)

#

# plt.plot(range sit to stand['Gy2'])

# # plt.hlines(*results rise peaks[1:])

# plt.hlines(*results_fall peaks[1:])

# plt.xlabel(Time(s))

# plt.ylabel('’Angular acceleration (radian/sA2))

# plt.show()

return range_sit to stand, file name

def angle (range sit to standfile_ name):

csvdata = range sit to stand

right_angle = csvdatal'kalAngleY1T - csvdatal'kalAngleY2']
right_anglefright_angle > 90] = (right angle[right_angle > 901 *-1) + 180
left_angle = csvdata['kalAngleY3'] - csvdatal'kalAngleY4']
left_angle[left_angle > 90] = (left_angle[left angle > 90] * -1) + 180
back angle = csvdata['kalAngleY5]

csvdata[Timel'] = csvdata[Time1']/1000

fig,(ax1,ax2,ax3,ax4) = plt.subplots(4)

# right_angle = right_angle - right_angle[0:10].mean()
axl.plot(csvdata[ Time17,right_angle)

axl.set title(Angle of the right leg)

# left angle = left angle - left angle[0:10].mean()
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ax2.plot(csvdata[ Time11], left_angle)
ax2.set_title('Angle of the left leg')
ax3.plot(csvdatal[ Time1], -1*back _angle )
ax3.set_title('Angle of the back)
axd.plot(csvdata[ Time1'], -1 * csvdata['kalAngleX5'T )
axd.set_title(Angle back swing')
axl.set(xlabel="Time(s), ylabel="Angle(degree))
ax2.set(xlabel="Time(s)', ylabel='"Angle(degree))
ax3.set(xlabel="Time(s)', ylabel='"Angle(degree))
axd.set(xlabel="Time(s), ylabel='"Angle(degree))
fig.canvas.set window _title(file_name)
plt.tight layout()

plt.show()

return csvdata[Time1'],right angle,left angle,back angle

def duration_of sit to_stand(range sit to stand):

#

legr_rise_peaks, = find peaks(range sit to stand['Gy2, height=4000)

legr_fall_peaks, = find peaks(-range sit to stand['Gy27, height=4000)

legr_rise_width = peak widths(range sit to stand['Gy21], legr rise peaks,
rel_height=0.99)

legr fall_width = peak widths(-range sit to stand['Gy21], legr fall peaks,

rel_height=0.99)

duration_legr = range_sit_to_stand[Time2'][round(max(legr fall width[3])] -
range_sit_to stand[Time2][round(min(legr rise width[2]))]
# duration_legr = max(legr_fall_width[3]) - min(legr rise width[2])

# duration legr *= 2
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back angle = range sit to stand['kalAngleY5']
back peaks, = find peaks(-back angle, height=20)
back width = peak widths(-back angle, back peaks, rel height=0.99)

legl rise _peaks, = find peaks(range sit to stand['Gy4, height=4000)

legl fall_peaks, = find peaks(-range sit to stand['Gy4'], height=4000)

legl rise_width = peak widths(range sit to stand['Gy4], legl rise peaks,
rel_height=0.99)

legl fall width = peak widths(-range_sit to stand['Gy4], legl fall peaks,
rel_height=0.99)

duration legl = range sit to stand[Timed4'][round(max(legl fall_ width[3))] -

range_sit to_stand[Timed'][round(min(legl rise width[2]))]
return ((duration_legl/1000)+(duration legr/1000))/2

def plot_graph(range sit to stand,Number_of device,A or G/file_name):
if A or G=="A":
divider = 4096
typeofdataforshow = 'Acceleration’
ylabelname = 'G(9.8m/s"2)
else :
divider = 65.5
typeofdataforshow = 'Gyroscope'

ylabelname = 'Degree/s'

if Number_of device == 1:
TitleName = 'Shank’
Side = 'Right’



elif Number_of device == 2:
TitleName = Thigh'
Side = Right'

elif Number_of device == 3:
TitleName = 'Shank'
Side = 'Left'

elif Number_of device == 4:
TitleName = Thigh'
Side = 'Left'

else :
TitleName = 'Back’

Side ="

Time = Time' + str(Number of device)

fig, (ax1, ax2, ax3) = plt.subplots(3)

axl.plot(range sit to stand[Time]/1000, range sit to stand[A or G + X' +
str(Number_of device)] / divider)

axl.set_title(typeofdataforshow + ' of the ' + Side +' ' + TitleName + ' X)

ax2.plot(range_sit to stand[Time]/1000, range sit to stand[A or G +'y' +
str(Number_of device)] / divider)

ax2.set_title(typeofdataforshow + ' of the ' + Side + ' ' + TitleName + "Y'

ax3.plot(range_sit to stand[Time]/1000, range sit to stand[A or G + 'Z' +
str(Number_of device)] / divider)

ax3.set_title(typeofdataforshow + ' of the ' + Side + ' ' + TitleName + ' Z')

axl.set(xlabel="Time(s), ylabel=ylabelname)
ax2.set(xlabel="Time(s), ylabel=ylabelname)

ax3.set(xlabel="Time(s), ylabel=ylabelname)
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fig.canvas.set_window _title(file_name)
plt.tight layout()

plt.show()
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lAnn1w1 python luauves GUI
from tkinter import *
from tkinter import messagebox

import wireless

location of file ="
right angle =[]
left_angle =[]
back angle =[]

H
T

def correct data_callback() :

wireless.correct data five sensor plus kalman_ x()

def angle callback() :
try :
wireless.angle (range sit_to standfile_name)
except :

messagebox.showerror("No file selected", "Please select csv file")

def back acc_callback() : #A5

wireless.plot_graph(range_sit to stand,5,'A'file_name)

def back gyro callback():#G5

wireless.plot_graph(range_sit to stand,5,'G'file_name)

def left_thigh acc callback() :

wireless.plot graph(range sit to stand,4,'A'file name)
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def left_thigh gyro callback() :

wireless.plot_graph(range sit to stand,4,'G'file name)

def right_thigh acc callback() :

wireless.plot_graph(range sit to stand,2,'A'file_ name)

def right_thigh gyro callback() :

wireless.plot_graph(range sit to stand,2,'G'file name)

def left limb acc_callback() :

wireless.plot_graph(range sit to stand,3,'A'file_name)

def left_limb_gyro callback() :

wireless.plot graph(range sit to stand,3,'G'file name)

def right_limb_acc_callback() :

wireless.plot_graph(range sit to stand,1,'A'file_name)

def right_limb_gyro_callback() :

wireless.plot_graph(range sit to stand,1,'G'file_ name)

def select data_callback() :
global range_sit to stand
global file_name
range_sit to stand.file name = wireless.select file()

duration = wireless.duration_of sit to stand(range sit to stand)

| duration = Label(window, text = '5 Times duration '+ str(*{:.3f}".format(duration) +

"'s")



file_ name_show = Label(window, text = 'File name : ' + file_ name)
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angle button = Button(window, text='Angle’, fg="black', command=angle callback)

back acc = Button(window, text="Acceleration of Back', fg='black/,
command=back acc_callback)

back gyro = Button(window, text='Gyroscope of Back, fe='black,
command=back gyro callback)

left thigh acc = Button(window, text='Acceleration of Left Thigh', fge="black’,
commands=left_thigh acc_callback)

left_thigh gyro = Button(window, text='Gyroscope of Left Thigh', fg="black,
command=left_thigh gyro callback)

left_limb_acc = Button(window, text='"Acceleration of Left Shank', fe='black/,
command=left limb_acc_ callback)

left_limb_eyro = Button(window, text='Gyroscope of Left Shank!, fg="black,
commands=left limb gyro callback)

right thigh acc = Button(window, text='Acceleration of Right Thigh', fg="black’,
command=right thigh acc callback)

right_thigh gyro = Button(window, text='Gyroscope of Right Thigh', fg="black/,
command=right _thigh gyro_callback)

right_limb_acc = Button(window, text='Acceleration of Right Shank, fg="black,
command=right_limb_acc_callback)

right limb_gyro = Button(window, text='Gyroscope of Right Shank!, fg="black,

command=right_limb_gyro_callback)
file_name_show.grid(row = 4, column = 0)
| duration.grid(row = 5, column = 0)

angle button.grid(row=2, column=0)

back acc.grid(row = 0, column = 2)
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back gyro.grid(row = 1, column = 2)
left_thigh acc.grid(row = 2, column = 1)
left_thigh gyro.grid(row = 3, column = 1)
left limb_acc.grid(row = 4 , column = 1)
left limb gyro.grid(row = 5, column = 1)
right_thigh acc.grid(row = 2, column = 3)
right_thigh gyro.grid(row = 3, column = 3)
right limb_acc.grid(row = 4 , column = 3)

right limb_gyro.grid(row = 5 , column = 3)

#creating the application main window.

window = Tk()

window.title('Sit to Sand Test)

correct data_button = Button(window, text = "Record", fg = "black”, command =
correct_data callback )

select_data_button = Button(window, text = 'Select csv file', fg = 'black’' ,command =

select data_callback)

#Pack

correct_data_button.grid(row = 0, column = 0)

select_data_button.grid(row = 1, column =0 )

#Entering the event main loop

window.mainloop()





