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ABSTRACT

Nowadays, The majority of the population is prone to neuromuscular disease.
It can be a consequence of neurological disorders , the muscles that are misused
Including caused by accidents. All of these disorders require treatment and therapy .
This project would like to present “sEMG classification of basic hand movements” with
the support vector machine model (SVM) for classification, The dataset of EMG signal
used for Classification of two hand movemants. and then the results were used to
control the function Of the servo motor in Prosthetic arm model .

This project is intended to help people who want to rehabilitate and recover
their muscles from the disorders. The authors hope that this project will be useful to

interested people.
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JUN 2.6 uansnsvlwadUszanuasnanuiilovazgnnszduasiimauasuidasssunalyies

wazlnuwnadoulossu

a ATEwadgnnIzdu wnAanseauliuliusaneiiag depolarization Nutayad

udle threshold (1nn31 -55 mV) aglufinsvednvedluisdlessudrdgivadiazliia

=

action potential ¥84N15ABUAUDY (§UN

Y

2.7) WAMNAINTEAUTUIANNLTIINNN AL
nsz Ul threshold #3eu1nN91 NaELinA17y deposition AAANITNARIVD

1% & 9 vz v v 1 i s o o o 1
nananilaliviy waznndnseAululauswefioznseaurilaeadliis threshold Aazly
iANIRBUaNBIRINNg "all or none law' AYINLTIVBINITRBUAUBIVDINA ML LDTURU
Furuvedlulsyaminiaesnduiiony dumnuusaaiinsduliannsaiualng
wsavaenIsnavanadld duunseualiiinnszauninauLssnndulilanaenmIn
szyilindaudonsennausaliu wiawnsavilidulszamneuaussund uf wiu
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3U# 2.7 uan action potential veawaduszanuaznaailelunegnnszdu
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2.25 nsviesivreInauLile

MUTHad neuromuscular junction dgysyraulszamgnasituindediulaigves

'
[

Wudszan aznszdulinszilnzidnuandangsais acetylcholine wwsoonun WY
seunie bdwiisuaisiaii(receptor site) e‘i’fﬂagjﬁﬁwzjaﬁﬂé’mﬁja N35IUAIVBIAITY
ansiadifuansiadl acetylcholine viliAnnsasuLasnsTasileseuiidoriuad
FldAndndliingadenin end plate potential Fudndlnidlaeialuunnweiiazii
iﬁLﬁmé’fgfgmﬂssmwﬂigmaiﬂﬁ"aLﬁaﬁmwaéﬂé’mﬁa (sarcolemma) l¢a819590157
”mmﬁmﬂizawwduuwﬁqaxgﬂa'qmumé’q T-tubule lagusiial triad of thee channels
mudy fiusaifndliihesdyanalssamsing aznseiuliinnsUanddas
upadeslonauoanan sarcoplasmic reticulum LLﬂaL%&JaJLMEﬁﬁ%iULﬂ’wﬁ'U troponin
Ul tropomyosin ¥lARNsIAAeLTIve tropomyosin Feadasumrtsuy actin ¥
1% myosin 173018 1AAn15a$19 cross-bridge 5319 actin way myosin asiauviali

WARNITladauwed thin filament 1111 thick filament 991U sarcomere 39duas 1

nalniidAglunisuedivesnauiile (sU7 2.8)

Y

i Action potential propaganon

Neuromuscutar Sarcoplasmic reticuiom

junchon

JUN 2.8 uananalnnisuadivesnanuilound

913U 2.8 1) N154AA end plate potential UL neuromuscular junction, 2)
\in action potential &4 propagation mmuﬁaﬁ:wuaéﬂé’mmfa, 3) Fygraduszam
gnadaNInIy T-tubules waguiiad triad of three channels AuaA Y, 4) LAAT YL
leopugnudeyasnain sarcoplasmic reticulum, suAadsudamidatu troponin
wazylimannisiadeufives tropomyosin, EWARNITESI9 cross bridee 8% actin

Ay myosin, 7) LAANISNAFUANUDY sarcomere
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2.3 MIINFYYIUKAZNITHUTHA

2.2.1 minsvindygrailnididuidelectromyography)

Duiinsruiuiudain aves dudszam waznaidodaduiedoilidedud
annsnai dygraliiuazdawudygrandegnnseduiiedaiifenanlunm
duuszamlonduile nsnsrarduliin ndranide wiesidud Wuwmaieildnsiate
Fanalihitadondulsramuasnduidelnense Wioldlu msitadouaznensel
weanmiAstuluduusravudenduile Fendrefumsesianavlniivinle uay

AAUINTALDY WANFAILANIZIUINYDIANUD Laz@ndlwin Fanns199 2.1

A15199 2.1 wansuda Andlniuazauinnevauewesdmialnvanes Wila weznauile (audas

911 Goodgold J and Eberstein A, 1972).

yilnvasdnyey el panwd ANGIAA (mv) MOUAUDA(H)
#HUD9(EEG) 0.001-0.10 0.02-100
Wl (ECG,EKG) 0.02-3.0 0.1-30
néanile (emo) 0.003-5.0 2-10,000

<

2.2.2 F/MINTINBDUI

vl gninueuluviniieunaiy MAnuazendvlaasnasilauaug
ABANNTIANE Ueaneses identified NANULLENADINITIA ALNIFAU FANIEUAY Uag
anwENITUARveInatuiioty q nsdl Alddavuinuuuiduindenldconcentric
needle electrode Aunadugananuiiouu Insdumanuiaunaniely ndailetuly
PN i v v ') YO a aa @ v a a
Avansuisliunnwe winAesnsinleglddfniinmils (surface electrode) dnilauin
A3 unsegauamesuazdyadiduInduiinlavslidnwasdunim wuves

nqundaile Tldlondnie wileudumsduiinendatuiinuuuidy

oo
2.2.3 dygrumanaznisulana
Ium‘smaﬁﬂ ﬂﬁﬂﬂ/\lﬂﬂﬁfuﬁﬂmmmmmﬁmﬂﬂmu 3 ﬁﬂ’]’)%ﬁﬁ] 1) GUQJSLWNL%N

[

vievaizindoulmiBidnlngn aduliiad SufinléiFen insertional activity 2) vauein
AUl guiinléiSen spontaneous activity way 3) azeanussld ndrnile nie
ﬂé’ml,ﬂfamﬁaqqqm aaulnihTiTuiinldiSen voluntary activity
ndnnTleTERaRnUnATuinnsanen 1) eauliiiddudfilady duinly
anniglail spontaneous insertion #58 voluntary 2) Snwmzvesaaulnidudy

agals AnnduAinIUUTEUWIEY AN (amplitude) AN (duration) WiBNS



11

EasLSuAvBIENEULARY WU phase initial deflection wareud (frequency) Wudiu
MntuthunfinnsanUisuiioudnunzeausiduiuna
YULININTIINENIINERIsANINAAS oSyl uwreseatalaalay
W& mMsiladesues pdulnihiudinmenadosasdasliannnuilosdraaniainnis
WenesuuInenadalaalay tns1gn1sie L@esvinliaiunsansivanuiaunfives

a =

pauliilaeg1ansnag Weyldgurnurauniualdeanasun afuliilagasiden

[ a

Wudu Tneanudaunfvesraudiond fansanain 1) dygraaida spontaneous 13e

voluntary 3813 2) dyaadda’ dewSeudeuiudiduduniluanei
2.2.4 dygradiduiuni

Tundraileund ldnudyana spontaneous activity Weunadudidningnid
Udindanile vasin veoeadaladlauiivuiinliaridnsansey Tuddyaialndi
Bu8uT (electrical silence) \diolwffontaoonuss inSendunilotu agldnauluindiZendn
motor unit potential wazvdu motor unit fiidnvazUnd Sa3un71 normal motor

unit potential MUP (5U71 2.8)

Biphasic Triphasic

_—"Tum

Amplitude

| Time (ms)

' i
! [ Rise |
o time )
'
'

A\ o e CEERSE
H
Duration . Duration

JUN 2.9 wandnvugdngy1a8Lauives motor unit potential MUP

[

AnwaTAIAYTOY MUP 11U deuinvaiziioonusstdnamilouu dyearalnig
anwuziumduaeswise @sla (biphase or triphasioiganauy 13nAey AR 5-20

ATY/AUT IAugavesrduyssann 200 lulashiad - 5 fadlad 89 anunieussunu

'
a

5-15 Tad W9 FUUINAUAIVBIARUTUUIUIAANILLTIVBINITNAFIVDY NEULile B

=3 ° v Ak A - Y a
2ONLINWINIUINNILFNNLATTINIUMBIOUINILANINNTUMEY Uagynny MUP 913l
sUTUNR  enananladmaduvesnts  didygassamanladundandandanile

(neuromuscular pathway) Una
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2.3 Support Vector Machine (SVM)

gﬂ‘ﬁ 2.10 Support Vector Machine

SVM 181 Machine Learning 8n¢a7ikdu Classification fiusiugannluefio usitagiu
azfloald Neural Network te SYM Te1ulad1enan SYM wisngAu dataset Aisiflansiooze

wirtadoyadn-Umunans nannishiensmduuisseninanananie ludeya

g‘l.h?i 2.11 AISMILEULLUS Support Vector Machine

TunrsmidunuslunsazAa@Ll nanNISABNLEINLEN 2 AANALTDBNAINNULAUNITANNLEY

= %
MIINAN ADLEU C

i

J '{;l
v

A

s
s
s
&
;
i

JUN 2.12 snufuguuiupeldu AB

¥ ¥ ! = i ¥ v i [ = ¥ U ¥ [ =
HAIAINLEIUATUIUADLAU AB VBUANAIUEAU A LU UAANAFLAY VOUANAILEU B aziUumaad

1
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2.3.1 Hard Margin VS Soft Margin

INFUN 2.11 Wunsendng C-B, C-A fawsinolvidunuuaininunigniign s
dndunaulufazlivenliideyasgseninaduntazdridoyandu outlier indu

v cs'

(Joyailwasila/Joyaligndedduniveusifaziisuiyusuniasenin Hard Margin

FBufilvAa Soft Margin WuAsnsvilmdunusiuianuninunnigavinnsyilauay
goulvilitoyaunteyagseninaduiiiveansivng weldiiduiuneuannauiuly

Var, Var,

I &
e
|

S H >
Var, -3 +b=0 Var,

TT4H=0
Soft Margin SVM Hard Margin SVM
gﬂ‘ﬁ 2.13 Hard Margin VS Soft Margin

FBn1stulanfanisusuan C Tu model svm V8959113104
89 C LU9% AUUTILAU

89 C to8 auudinig
2.3.2 Kernel in SVM

NMTAT10dUNTITU 9115l Linear Regression 1aadlgynn adoyalily
WEunse (Non-Linear) 35unla Aotiis hyper parameter 191U 1 duluAe Kemel lng

Kernel fiwazunniilould Ae Poly,Sigmoid

8006

® le 87, class=ap
File Edit View

S GcassSapie
s Desktop

igure 1: sam PpI€
Window Help

SRS

g 22D
Insert Tool

31]17'; 2.14 poly kernal
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agslugUaziluiuy Poly tues AgladunusuulA@uuniuesnannisms
AdinFNERS Ao

~ {0 ifwl. x+b<0} W fafA1 weight
Lif wl. x+b>0

=) U . .
wilouiu 0 Tu linear regression

wT. x+b AolduwUInaNd (2.1)

< 1 = . . = 1% v ' '
IzLAUImMiBY Linear Regression Aan15m1ya(Theta) WaIaNLdULUITENIN
Aananue Tursnisasrududaiunsald Gradient Descent wdagladneie Tnonisidu

AUN15999 SGD w1

j(w,b)= %WT. xte X max (0,1-tD(wTh. x'+b ) (2.2)

A1 Parameter

2.4.1 Hjorth parameters

Hjorth parameters Lﬁuﬁ’aﬁﬁqmamﬂ’amﬂaﬁﬁmﬂumiﬂssmawaé’agmmﬁlu
Towmandwsadees Iawd Activity, Mobility wag Complexity Taaialuazldluns
ApTIesde 1 electroencephalography dusunisuen feature wisdmesidus
vonauduUnd (NsDs) Aldlu EEG Bslundnsiu robotic area wisifiwes Hjorth Seld
dwsunisusznanadyin 115un13ns39uaaaNTRYe9INNIINIYAINYUNNT

ATIRTUIURY Taquagnisiuwunisendulaiuianiaiueudingy

2.4.1.1 Hjorth Activity

fa

WITIUR D NANTTULAAIT N I903d e 1A NLUTUTIUTOITIA Y

(%

1287 A9UANUI5OUTNURIVDIAUNASUAA I UIALUANND AIULAAINIBENNT

soluil
Activity=var(y(t)) (2.3)

Tnefl y(t) wansdadyano
2.4.1.2 Hjorth Mobility

W dmesnisindeudinansisniuiiadeviedndiuvesdrudosuy
unsgruvesanasuings dgndmunliidusiniiaeswesnnuulsusues

BUNUSWINVBIFY UMY (EMTEANMUTUTINVRIE Y00y (D)
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Mobility= (2.4)

2.4.1.3 Hjorth Complexity
W15 Hmes Complexity Lansdan1siUasullasreInud W1s1dmes
Wisuileuauadnendsvesdygrauiuaduleduiansinefidszudasdu 1 win

dyaaudinuaaunaeiy

Mobility(Z (2.5)

Complexity= S

2.4.2 Statistic parameter

2.6.2.1 Anade (Mean)

ANvBIARAEUIUDNIINISIUABULUasluAng A AT MamAla

Anadefmualng:
—\ 1 N
X= Ji=1 X1 (2.6)
2.6.2.2 Standard deviation
AMuunlag:
N (xi-%)°
Xetd= |7 0 (2.7)

2.6.2.3 Skewness
25U1891AUUTATEA AT EAUUIINAIUANNIATVRINITUINLA
wuvUnAvsesuuNMddeu mhedaidadugudidonisnszaeauysal
ZNl(xi_i)3
N
S = —N— (2.8)

212
N (X;-X)
[Zizl IN

2.6.2.4 Kurtosis

' A @ Y

JUSNMTAN YAZNTHANULAIVBIMILUTANIINLIUBY furuInALEadUes

Y

1AEIUNATIAAYDINITHINUAY NTBUNATIRENUILTIANUMU (Thickness) Va1

Uaeuad 2 919 Fetidnuwaznibeavuldanntasund (Normal curve)
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N (Xi-i)4
k= =N .3 (2.9)

2
[N,

2.7 aunsalinedtas
2.7.1 Arduino Uno R3

Arduino fia Iassn1siinduledlulasaeulnsaaesnsznasiieg unldsuiuly
N1 C Fan1w C idudnwaizianig Astinswaulaunsuas Arduino Junitelinig
daululaspaulnsaeasNwanaA1eiy @a1u1satgaulanftiednula tnefllasinisia

5 d‘ 174 %
ganUaiANAABINYaTY ) JULUY Inelunuiu IDE vainules

I Ao g v ¢ . & aa a ] ' o P o & &

ousuivilivesa Arduino Wuiidey fe desenisnawl dduuumdaiugiu

lidudeumngdmiugisudu 8 Arduino Community nauANATINAURRIUIAWT S

\UuOpen Hardware vl ldanansaivasalusssanldnuldvaiadiiu sianldung

wa Cross Platform anunsawsunlusunsuuu OS Tadle

Bwedn ICSP : dhu¥y USB interface

gﬂﬁ 2.15 Layout & Pin out Arduino Board

Arduino Uno R3 +Juuasa Arduino 7ilasuainufiensinige eaninsiailiung

drulvgilusianuay Library A9 RaUNTUL Support 981989 uuasatidundn

! A

wazdendnatafe Nl MCU e gldanuaunsadenuasuiadlaing

Ul 2.16 Arduino Uno R3
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2.7.2 Servo Motor

2.7.2.1 SG90 Servo Motor 4191331U

Servo LHuf@wifildiululuszuuauaussluii inannwiasiue
91 Sevus ey “ma” (Slave) Tulsmnnunuieaes Servo Motor fifle Motor
fisrannsodsnunienan udw Motor aznuulussunsesmiisdsldios
agegnaed Inglinisarunuuuudaundu (Feedback Control)

Servo ApgUnsaineines Hamsanuaunssulug) wefla SG90
foumdnusedn 1.2-1.4 kg/cm KG/cm durmaduanonsig duaadulidn
0.8-7.2 v dduudnyanaudunn vy 0-18083m dwhlvivau 360 seiflos o
Tl 2.2 K ohm Tower Pro SG90 Mini Micro Servo

Servo motor Futl @ myunisldanudu RC aouined w3o a1udl
Fasmsuawmosiminu (Headuwanadin) Imednit 1.8 ke-cm Tluseiu 4.8 V
Feedback Control Ale szuumuauiimsinA e wwavesszuuthunIeulioy
FuArdun A sruAuLAzSULA sl AL AN ATessEUUlY AN iy ude

InalAgsiuBung

SU#l 2.17 SG90 Servo Motor

-YUIR 21.5 mm x 11.8 mm x 22.7 mm
~hmin 9 nu

- audadleluiilvian 0.12 3und/60090 (4.8 V)
- h390A 1.2-1.4 kg/cm (4.8 V)

- handigamadl -30-60 ssrwaidoa

- namganeudufdlnl 7 Tadiud

- yhaudiln a8 V-6V



2.7.2.2 dauusznauniguan RC Servo Motor

Output shaft

Connector

Servo horn

A
<+

Mounting tabs

gih'?i 2.18 @hudsgneuniguen RC Servo Motor

- Case §nE %30 NTOUVBIAI Servo Motor
- Mounting Tab @ududinf Servo futusuy
- Output Shaft [waasinas
- Servo Horns dusdansiariu Output shaft iiieassnalng
- Cable auidiausiolile 918l uay AuAL Servo Motor avUszneume
anelil 3 1 waw lu RC Servo Motor a¢iidvesasunnsnaiulusisd
o deAuns fe lilAes (4.8-6V)
o @B W3e A Ae N3N
o medwaes (du 113 wisedh) fe arvdsdyaruiadaiuau (3-5V)
- Connector gaidiassaanely

2.7.2.3 d@quusznaunielu RC Servo Motor

U 2.19 dudsznoumelu RC Servo Motor

- Motor \Juduvesimaines
- Gear Train 38 Gearbox \Jugaiiesnaus
- Position Sensor Wulduigosnsadusuniaiioniaraaalun sy

- Electronic Control System 1JudaufimupuuasUszians

18
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Servo Motor Block Diagram

E i I
T :

2.7.2.4 #ANN159191UVBY Servo Motor

—= Servo output

dlednedyaaiadidnnnds Servo Motor d1ua93muAl (Electronic
Control System) n1elu Servo 98111N158 1ULAUSEUIANAAIAINNI 19V
Fyaatadiidadrunifiewtanfusiumisesmiigiosnisli Motor mum?{auﬁ
ugshumisiu udadsdslushnisatunuli Motor maulugasumsiisoanis
Taodl Position Sensor 1T ud 2L F ulwes Aoy Far 11 1l Motor id My
\Ju Feedback nduanliiisasmuauiUisuifisuduaunaii ontugulile

FiteneINseg NgNAB g



3.1 N1599NLUU Hardware

3.1.1 a9nuuuany PCB

GROUND

A5N15AHUNS

uni 3

=ignal
GHOL]

2

<]
&
(-]
-3
-3
&
[}
&
(=]
[}
o
&
L]

5Ui 3.2 ane PCB

Arduino UNO R3

.;:::32%5@
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3.1.2 asgUnsal

7V 3.3 gunsaliilidniunis
3.2 MIwseNtaya

Wiudayadmegrsaniisugind@nwmedinduierinuunfidiuiu 4 au 9weny 22-23
U Ingvinissauau 2 it dauau 2 3l Feinistuindugia EMG aaegunsalludiu

W94 Hardware N1vi@uaslu Microsoft Excel Tagtiuvinunulusingy TelemetryViewer v0.6
AN 3.4

1000 k
800 ‘ V“
z it AL f f | ‘ | ulul| "1‘ ‘ |
B R el b 1‘,‘ g |"‘ [
- Aom'wo 158200 Naseie, 188400 | a1sason 1 15!'1600 158700 158800 158900 158000
Lo - . S ~ Sample Numt Numh'r
20 ‘ ‘
15
10
) 158200 158300 158400 158500 158600 158700 158800 158900 159000
.z Sample Number
1000-
el
600 J ‘ A
400~
b «Mm b it 5
jﬁj’ \bd%bd%VldU]MbU\l I”‘&V‘IUYII W]?/']M%“ ledbU'! ]bV]lzdl bULJf“O_/bUU |
%7@ S v a8 Yo " d” Slmuhﬂumborq = v =
| Tsettngs | ‘Openlayout || ‘savelayout | ‘ImportCSVisg | ExportCSVibg | Reset! || Heb- Sample Rate (Hz)  1000¢

FUI 3.4 uansnavosdynaiinulusunsy Telemetry Viewer
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al

Inglavinisinuny Electrode using Sensor faguyl 3.5 uagdyay104duna A Sensor 1

v
v a o a N

usanautilevanenuu (brachioradialis muscle) deyey1auduiu Ao Sensor 2 USLIu

¥ nﬂ” ¥ ¥ (7 . (7 a a = a 14 dy ¥
AATNLUBDAULYUATUNAN (Trlceps) WASHAYIUALVEY ABD Sensor 3 UTLIUNATULUDAULIU

AU (Biceps)

Biceps

= AR N

JUT 3.5 s umids Electrode lunsin

321 dethadeyatild

M19199 3.1 FeE19UaYaaINMTIn

Sample Number Sensor 1 Sensor 2 Sensor 3
0 265 529 622
1 228 265 989
2 262 489 299
3 225 440 1023
4 245 517 408
5 218 392 1023
6 280 492 415
7 84 51 615
8 180 267 336
9 128 379 143
10 72 400 436
11 48 179 669
12 117 a4 599
13 114 336 699
14 132 165 293
15 210 342 ars
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3.2.2 Code MR Feature

Usznauluse Code wdndild uaz Code Function HjorthParameters

-Code #an
xV = al;
[mobility,complexity,activity] = HjorthParameters (xV)
standardDeviation = std(xV)
standardError= std(xV) /sqrt (length (xV))
kurtosis = kurtosis (xV)
skewness = skewness (xV)
mean = mean (xV)
feature = zeros(1,8);
feature =
table (activity,mobility,complexity, standardDeviation, sta
ndardError, kurtosis, skewness, mean)

Code Function HjorthParameters

functionmobility,complexity,activityl=HjorthParametersxV)
n =lengthxV);

dxV =diffq0;xV;

ddxVv =diffq0;dxVy;

mx2 =meanxV."2);

mdx2 =mean(dxV."2);

mddx2 =meanddxV."2);

mob =mdx2mx2;
complexity -sqgrtmddx2/mdx2 -mob);
mobility =sqrtmob);

activity =varxV)
end

3.3 A5ALUNUSTZAN

nteyaile ianmsaldnisiiunnsieuar Baveauvulaan Sensorl nanuLile
Uanswauiilesanndundulonuansdedyan EMG van15iouazinvasiruiidnlaunas
Lifianainindudn 2 30 3nduiveyaumA1ANE NYUELAUNILAIUINIIINTTILUN

UTzLANT8InauLllanedsn1s Super Vector Machine (SVM) Tawil Block Diagram 641l



Data acquisition

Y

Feature Extraction

and selection

Classification

flexion

extension

g‘d‘ﬁ 3.6 Block Diagram of system

24

310 Block Diagram 99Au W aladayaudiiiuninisuenaaanymuziay 3ntul

[

AaanuaszsiunlalUvinsTuunUsElan 2 Yseian fs MIselvuwaznsdaluy

3.4 NMTIATIRRYY NG Matlab

Feature Extraction
and selection

Classificaton

flesaom

i

extension

l

Output Servo 90 degrees

Output Servo 0 degrees

3'1]17; 3.7 Block Diagram of output
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TeN15ILATIZYENIS Matlab wuadu 2 du

3.4.1 n15a319 Model

Tun13a31e Model 14ia3osilolu Matlab fie Classification Learner App Wiovh

n13 Train Yayaiiveasns Model

3.4.2 Code M3AIUAN Servo motor

vnsdouddadt oUadun159amves Servo lagAvualid sis1souvu
(Flexion) @1 angle = 0.5 1l ol9f Servo myyuly 90 aaen leaarnidunisivuasiun
o489 Servo TmyutesannIendaa1veansilsuddsegil 0 1 1 wazeuin
sumiisliaylmuluiesm Taodl SG90 Servo anwnsavulél 0 -180 vsen druilors

Sunrudazldndnnsiiediy

clear all
clc

a =arduino('COM7', 'Uno', 'Libraries', 'Servo');
s =servo(@, 'D4YH
ypred -mypredict(feature)
if ypred =1
disp('Extension')
angle =0;
writePosition(s, angle);
current pos =readPosition(s);
current pos =current pos*180;
fprintf(*Current motor position is %d degrees\n', current pos);
pause(?);

else
disp('Flexion')
angle = 0.5;
writePosition(s, angle);
current pos =readPosition(s);
current pos =current pos+*180;
fprintf('Current motor position is %d degrees\n', current pos);
pause(?);

end




4.1 HANITNARDY

uni 4

NANTIINM AN

nnnsneaesiiidyaaliindullenlagetoyatuinisiufindyia EMG fae

aUNsalluaILYD9 Hardware N¥Tu TagAvualilulbmasy19ua9vinneananeiuazlaun 300

]

v o

Taya Walatayauuaiszyinnamananyuelay activity ¥lanaunis (2.3) mobility

mlaa1naunis (2.4) complexity wl@anaunIs (2.5) standard deviation nlaannaunis

(2.7) standard error 1 l@a1naun1s (2.10) kurtosis 1l@ a1n@unN1s (2.9) skewness

MLAIINaNNIs (2.8) Wag mean wlaNaNNIT (2.6) FeldnadnsvosurasaAnanyLas

ANS5197 4.1

M1519% 4.1 A1 Feature Tu Time domain

activity - | mobility | complexity | standard | standard | kurtosis | skewness | mean
deviation error
1.38E+04 | 0.7752 1.6633 117.6234 6.3697 3.6972 0.8958 | 184.4751
1.67E+04 | 0.7475 1.6167 129.1662 6.8362 2.1945 0.5756 | 206.3053
1.71E+04 0.759 1.6354 130.896 7.272 2.3207 0.5247 | 211.9198
1.99E+04 | 0.7632 1.6056 141.1828 7.7252 3.7903 0.9058 | 213.021
3.94E+04 | 0.8346 1.7224 198.3701 11.6891 | 2.1686 0.4612 | 327.0486
1.07E+04 | 0.6744 1.9105 103.4564 3.3184 2.1363 | -0.5248 | 260.6142
1.08E+04 | 0.6899 1.8984 104.0977 3.8371 2.236 -0.3069 | 250.7446
9.99E+03 | 0.7047 1.8838 99.9562 3.7753 1.9879 | -0.1577 | 233.8402
9.74E+03 | 0.7089 1.8776 98.6885 4.0089 2.0697 | -0.0935 | 227.9505
1.10E+04 | 0.7048 1.8896 105.0023 3.7453 2.1139 | -0.0339 | 245.6921
9.67E+03 | 0.7022 1.8877 98.3241 3.4569 2.0396 | -0.0919 | 231.9876

dieliufnudnwazwaus @ saIleaimuzauiuanuni lneimuan1sveass

penlu 3 aseuAe assusnisdiisaua hjoth parameters TUld ASafiaeaisnin statistic

parameters 14 assianshnnnTfwesluld Fazduinmsimnmnsiives lulday

IANAENENFANER Fa9EUaRIAIANYNABITBLLILARRBAIMITIHINBTA9 IS99 4.2




A9 4.2 #aUpIn15as1sluma SYM dmsu Kernel function wanesuuuy

Feature Kernel function accuracy
Hjorth Linear 72.5%
Quadratic 92.5%
Cubic 95.0%
Fine Gaussian 92.5%
Medium Gaussian 95.0%
Coarse Gaussian 82.5%
Statistic Linear 77.5%
Quadratic 85.0%
Cubic 95.0%
Fine Gaussian 92.5%
Medium Gaussian 87.5%
Coarse Gaussian 62.5%
All Linear 77.5%
Quadratic 95.0%
Cubic 97.5%
Fine Gaussian 97.5%
Medium Gaussian 95.0%
Coarse Gaussian 80.0%

27



4.2 wan1sulaain g luAuAd Servo Motor

et L fx by ~

3 '] un Section
wnt % g W
Breskpoints  Pause  Runand . [Ron coment section (Cue Enten]
Core
tent (3] ok li¢ > sk PO Run current section (Ctrie Enter)
oagn »

trainClassifier(quadatic).m mypreduct m modelm®

tranClassifies.m

MATLAB Function

. 230

MinPulseDur 00e-04 (seconds)

MaxPulseDur. e-03 (seconds)

ypred =
Flexion

Curzent m

A

90 degrees

PUBLISH

@A~ Ve
% e P MY oo
nt .
o 8 %9 greskpoints o Run  Runend (g Adrance  Runand
el e o v Advance Time
EOIT B AR TS RN

et m modelm®

11 -

scrpt

JUN 4.1 uanIN13INaeINITIeLIY

Command W
Maxp:

: 230503 J(seconds)

Extension
angle =
Current motor

position i3 0 degrees

3

3UN 4.2 Uann133naeansoauu




uni 5

d3UuNanIInnasy

5.1 d@3unan1svaass

PamsvhmssuunUssammsieaeulmvsdieseduanailniihnduidelnesudy
fin135uA131n EMG muscle sensor udUszananalag Arduino uno R3 agldamnils
Yesusartosdyaal Tesimsin 3 desdyafie Usn sensorl Aendnievuans
Wy sensor2 Aendnuiilefunaudunds uay sensor3 Aenduitlofunaudumn Al
sl lunssuundesilldainnduidevatsuoy thenilldluusnamdnume fe
nsMIEwesves Hjorth Fausznoudie mobility , complexity Wag activity Lagi
AN Mo N19aa @ g eleun standard deviation ,standard error , kurtosis ,
skewness kg mean el unUsEIndnvLENSIAd ol wudinissauund
Tinaffiando Quadratic SVM Bsdidrauusugi 95% ntuiilaawaiildainnsm
suudalumuau servo motor IngimunazivuaEudu servo 7 0 93 wazimun
susuumanguAeiieldsusULuUdyaalNihndniauuuse servo motor maly 90
oern widloldfudyaaluiindsidewuuse senvo motor azvgunduluf 0 s
LAENADINTIARBIAINLYNADIVBINSMELUTBY servo motor wuTilsimasnunfigndasdn

Wi 72.72 %
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AMANUIN N,
N13WeUlUIWNTU MATLAB
1. 1% MATLAB Support Package for Arduino Hardware Tun155udayaann Arduino ds
1169 MATLAB

[y

2. N5 8UIUTLNTUAINITVNUA 9T

Adafildluntsnaaes
clear all

clc

a = arduino (‘'comb5','Uno, 'Libraries', 'Servo'):

s = servo(a, 'D4")

v = zeros(300,1);

t = seconds(v);

t0 = datetime('now)

fori = 1:300

V(i) = readVoltage(a,’A0)

t(i) = datetime('now')-t0

end

a0 = v¥(1023/5) %a0 = A1 anaiog tu Arduino

%%

xV = a0;

[mobility,complexity,activity] = HjorthParameters(xV)
standardDeviation = std(xV)
standardError= std(xV)/sqrt(length(xV))
kurtosis = kurtosis(xV)
skewness = skewness(xV)
mean = mean(xV)

feature = zeros(1,8);

feature =

table(activity,mobility,complexity,standardDeviation,standardError,kurtosis,skewnes

s,mean)



%%
ypred = mypredict(feature)

if ypred ==
disp('Extension’)
angle = 0,

writePosition(s, angle);
current_pos = readPosition(s);
current_pos = current_pos*180;
fprintf('Current motor position is %d degrees\n', current_pos);
pause(2);
else
disp('Flexion")
angle = 0.5;
writePosition(s, angle);
current_pos = readPosition(s);
current_pos = current pos*180;
fprintf('Current motor position is %d degrees\n', current pos);
pause(2),

end



AMARUIN V.

1. JoyaungSayiaug wsud
Extension Flexion
Sample Sensor 1 Sensor 2 Sensor 3 Sample Sensor 1 Sensor 2 Sensor 3
Number Number
60337 743 352 41 60792 561 159 99
60338 465 426 87 60793 32 243 45
60339 263 118 76 60794 400 216 190
60340 602 359 48 60795 591 260 28
60341 339 446 68 60796 38 242 94
60342 307 88 123 60797 542 149 182
60343 462 377 36 60798 593 311 31
60344 113 ary 55 60799 103 207 7
60345 319 95 64 60800 676 152 48
60346 469 372 43 60801 545 364 28
60347 283 451 115 60802 118 197 79
60348 348 67 128 60803 662 288 a2
60349 258 357 111 60804 506 399 75
60350 462 280 227 60805 179 155 89
60351 657 210 89 60806 594 332 29
60352 ar 243 65 60807 410 423 58
60353 529 192 303 60808 236 120 72
60354 625 317 61 60809 529 354 66
60355 76 216 91 60810 308 440 130
60356 578 a7 172 60811 374 92 184
60357 657 227 105 60812 282 339 51
60358 106 207 114 60813 217 453 206
60359 466 362 35 60814 773 34 179
60360 303 429 66 60815 112 301 76
60361 182 70 53 60816 678 229 199
60362 ar1 351 30 60817 780 277 51
60363 334 450 20 60818 80 240 94
60364 148 118 81 60819 801 106 123
60365 420 375 101 60820 738 338 22
60366 75 465 150 60821 157 202 86
60367 245 79 145 60822 844 245 a9
60368 218 372 37 60823 664 400 62
60369 a5 466 292 60824 187 176 95
60370 287 156 292 60825 750 312 48
60371 72 331 90 60826 561 425 7




Extension Flexion
Sample Sensor 1 Sensor 2 Sensor 3 Sample Sensor 1 Sensor 2 Sensor 3
Number Number
60372 187 373 188 60827 234 136 72
60373 475 123 157 60828 661 333 51
60374 74 221 65 60829 414 432 110
60375 350 97 131 60830 435 115 128
60376 a47 228 21 60831 201 320 79
60377 69 253 20 60832 539 346 222
60378 149 223 271 60833 933 145 A
60379 293 321 58 60834 40 269 85
60380 82 261 150 60835 713 278 223
60381 211 99 139 60836 914 238 31
60382 345 352 117 60837 70 241 89
60383 55 134 28 60838 874 172 162
60384 aa1 259 38 60839 858 274 19
60385 311 aaq1 74 60840 145 208 78
60386 52 186 28 60841 967 166 25
60387 362 91 136 60842 e 330 a4
60388 329 374 64 60843 205 176 74
60389 37 215 103 60844 883 255 a2
60390 392 257 19 60845 645 385 76
60391 341 439 39 60846 268 151 75
60392 65 179 134 60847 775 291 55
60393 345 355 43 60848 491 376 92
60394 255 472 93 60849 317 115 106
60395 116 129 116 60850 aay 303 66
60396 253 398 a4 60851 128 463 215
60397 87 492 202 60852 926 99 140
60398 145 82 149 60853 176 282 92
60399 189 380 33 60854 749 271 202
60400 36 488 218 60855 1023 179 7
60401 217 144 167 60856 210 182 55
60402 84 332 109 60857 986 206 27
60403 255 236 263 60858 751 335 T4
60404 380 304 98 60859 263 162 84
60405 33 247 130 60860 876 243 80
60406 385 92 85 60861 583 354 98
60407 377 196 96 60862 310 129 58
60408 a5 260 a8 60863 734 268 70
60409 258 225 164 60864 424 367 113
60410 373 298 22 60865 522 113 117




Extension Flexion
Sample Sensor 1 Sensor 2 Sensor 3 Sample Sensor 1 Sensor 2 Sensor 3
Number Number
60411 31 244 196 60866 223 266 83
60412 362 89 127 60867 685 313 202
60413 392 351 57 60868 1023 89 61
60414 73 218 112 60869 a7 223 120
60415 403 217 40 60870 1023 89 98
60416 335 a17 30 60871 1023 173 28
60417 62 188 73 60872 243 163 81
60418 387 84 124 60873 954 213 59
60419 383 346 67 60874 686 319 96
60420 55 214 106 60875 290 125 64
60421 405 249 28 60876 807 251 78
60422 332 426 27 60877 510 339 93
60423 71 185 51 60878 329 110 66
60424 374 98 124 60879 689 268 79
60425 386 356 21 60880 302 407 165
60426 a7 217 99 60881 627 186 224
60427 375 27 184 60882 177 241 81
60428 398 320 19 60883 764 250 225
60429 37 241 a 60884 1020 171 a6
60430 336 104 128 60885 196 143 89
60431 381 377 27 60886 954 206 a5
60432 83 217 20 60887 708 307 82
60433 373 28 216 60888 240 120 68
60434 399 315 38 60889 828 240 69
60435 22 242 109 60890 564 312 102
60436 406 98 129 60891 406 115 124
60437 371 355 53 60892 298 251 84
60438 41 211 140 60893 434 312 219
60439 346 270 36 60894 955 63 103
60440 333 421 a4 60895 83 209 88
60441 100 158 19 60896 578 262 218
60442 358 353 53 60897 938 129 49
60443 280 455 65 60898 30 202 84
60444 85 128 102 60899 711 199 210
60445 315 390 31 60900 861 182 29
60446 215 474 37 60901 66 182 95
60447 104 94 76 60902 770 107 163
60448 375 340 69 60903 769 240 22
60449 291 469 100 60904 118 157 82




Extension Flexion
Sample Sensor 1 Sensor 2 Sensor 3 Sample Sensor 1 Sensor 2 Sensor 3
Number Number
60450 138 101 120 60905 716 176 38
60451 154 364 61 60906 669 282 65
60452 98 431 310 60907 169 145 92
60453 275 98 249 60908 715 213 50
60454 116 350 88 60909 532 308 94
60455 206 336 255 60910 203 125 84
60456 415 209 102 60911 632 229 71
60457 60 223 58 60912 423 327 146
60458 374 23 167 60913 378 125 137
60459 388 320 54 60914 238 262 103
60460 28 256 63 60915 702 188 200
60461 315 120 208 60916 786 197 56
60462 436 359 127 60917 92 182 95
60463 126 159 ar 60918 788 99 163
60464 338 373 as 60919 825 149 67
60465 202 ar2 32 60920 57 199 105
60466 112 119 50 60921 859 36 132
60467 299 390 a8 60922 810 214 31
60468 167 486 157 60923 117 196 124
60469 226 112 218 60924 690 226 88
60470 90 345 95 60925 501 330 125
60471 92 421 233 60926 381 136 138
60472 260 129 249 60927 277 265 99
60473 67 312 95 60928 419 347 249
60474 109 335 304 60929 911 56 97
60475 429 158 a3 60930 209 257 108
60476 51 275 94 60931 831 146 169
60477 210 234 261 60932 799 239 67
60478 398 289 20 60933 143 169 96
60479 40 257 99 60934 856 159 38
60480 299 149 233 60935 693 283 108
60481 405 325 34 60936 297 105 76
60482 35 226 95 60937 583 263 82
60483 357 40 131 60938 245 389 211
60484 409 290 64 60939 648 222 244
60485 32 259 38 60940 166 257 104
60486 295 152 198 60941 910 95 141
60487 388 342 54 60942 905 148 81
60488 55 243 92 60943 73 206 95




Extension Flexion
Sample Sensor 1 Sensor 2 Sensor 3 Sample Sensor 1 Sensor 2 Sensor 3
Number Number
60489 325 38 224 60944 834 177 182
60490 353 292 137 60945 862 210 32
60491 61 181 88 60946 123 184 86
60492 384 69 119 60947 895 127 67
60493 373 355 41 60948 748 266 88
60494 51 219 61 60949 179 157 85
60495 348 28 149 60950 817 186 45
60496 379 296 78 60951 619 293 88
60497 a0 259 42 60952 231 128 79
60498 336 132 175 60953 716 220 81
60499 372 345 50 60954 agd 319 112
60500 48 225 80 60955 409 133 121
60501 351 28 210 60956 263 266 111
60502 405 316 54 60957 734 221 205
60503 65 256 267 60958 844 180 39
60504 401 88 124 60959 93 188 85
60505 392 361 42 60960 816 134 157
60506 45 220 73 60961 736 237 65
60507 364 31 163 60962 141 162 86
60508 384 311 18 60963 773 165 33
60509 37 253 90 60964 622 284 85
60510 341 117 141 60965 192 147 85
60511 369 351 38 60966 696 219 70
60512 59 216 53 60967 501 312 96
60513 382 21 164 60968 238 118 80
60514 456 301 139 60969 613 241 102
60515 74 190 74 60970 66 431 260
60516 395 95 92 60971 412 146 217
60517 400 210 87 60972 217 277 125
60518 a2 283 153 60973 742 162 185
60519 391 25 128 60974 758 216 43
60520 416 309 86 60975 128 173 78
60521 32 249 83 60976 781 138 a6
60522 328 92 246 60977 666 275 90
60523 426 206 86 60978 166 159 90
60524 32 282 87 60979 725 196 67
60525 281 237 243 60980 553 310 95
60526 392 301 16 60981 209 132 83
60527 36 252 55 60982 659 224 80




Extension Flexion
Sample Sensor 1 Sensor 2 Sensor 3 Sample Sensor 1 Sensor 2 Sensor 3
Number Number
60528 336 98 197 60983 446 326 113
60529 396 221 94 60984 387 122 127
60530 37 266 93 60985 254 268 100
60531 268 224 223 60986 722 208 192
60532 394 308 37 60987 804 189 29
60533 25 228 112 60988 98 180 92
60534 369 115 140 60989 810 112 153
60535 300 451 74 60990 725 249 70
60536 107 134 70 60991 151 164 100
60537 320 359 57 60992 622 242 76
60538 230 454 96 60993 361 375 213
60539 158 108 55 60994 442 195 238
60540 283 385 67 60995 219 256 123
60541 114 533 114 60996 786 165 174
60542 256 144 Pt 60997 7 212 a1
60543 82 338 67 60998 118 175 106
60544 83 406 222 60999 666 225 72
60545 297 105 224 61000 435 318 133
60546 35 297 38 61001 401 121 135
60547 190 320 237 61002 248 265 106
60548 403 200 117 61003 748 201 197
60549 75 227 56 61004 810 191 32
60550 338 23 195 61005 106 180 87
60551 402 291 a1 61006 827 102 43
60552 31 262 78 61007 719 244 64
60553 332 131 174 61008 159 157 91
60554 385 350 14 61009 772 175 85
60555 52 213 76 61010 602 294 102
60556 377 33 134 61011 298 120 108
60557 403 283 72 61012 348 264 105
60558 35 260 67 61013 560 291 249
60559 401 134 140 61014 851 125 85
60560 396 340 76 61015 a7 211 88
60561 50 218 94 61016 684 237 211
60562 371 28 148 61017 825 163 43
60563 406 298 40 61018 71 188 93
60564 31 255 94 61019 774 149 167
60565 331 122 189 61020 734 228 96
60566 380 350 20 61021 124 163 105




Extension Flexion

Sample Sensor 1 Sensor 2 Sensor 3 Sample Sensor 1 Sensor 2 Sensor 3
Number Number

60567 40 219 74 61022 636 231 74
60568 390 23 123 61023 405 341 159
60569 383 309 93 61024 a07 130 184
60570 29 254 118 61025 239 260 109
60571 403 75 120 61026 747 191 185
60572 386 371 17 61027 783 198 7
60573 ar 206 89 61028 131 182 96
60574 372 19 140 61029 803 122 46
60575 394 294 69 61030 699 255 58
60576 31 248 91 61031 150 162 93
60577 341 102 150 61032 754 192 94
60578 383 352 77 61033 595 288 103
60579 66 208 79 61034 299 127 113
60580 429 20 96 61035 344 262 91
60581 383 112 130 61036 259 412 264
60582 30 240 83 61037 857 78 150
60583 335 102 173 61038 135 249 114
60584 396 363 30 61039 861 62 131
60585 a4 183 96 61040 835 165 28
60586 411 26 104 61041 96 188 92
60587 412 304 30 61042 815 143 167
60588 32 233 127 61043 746 230 7
60589 412 87 87 61044 140 167 108
60590 402 228 50 61045 649 237 72
60591 26 270 113 61046 398 347 181
60592 387 28 149 61047 a27 153 220
60593 394 309 69 61048 229 262 97
60594 38 244 98 61049 528 322 236
60595 356 85 169 61050 908 87 84
60596 a17 237 119 61051 161 254 106
60597 a6 205 72 61052 851 101 144
60598 377 33 131 61053 691 256 86
60599 401 316 61 61054 178 156 85
60600 49 242 95 61055 763 189 56
60601 376 70 191 61056 583 290 126
60602 417 232 61 61057 320 134 118
60603 34 264 120 61058 340 268 105
60604 433 22 105 61059 602 307 255
60605 411 320 39 61060 854 132 a0




Extension Flexion
Sample Sensor 1 Sensor 2 Sensor 3 Sample Sensor 1 Sensor 2 Sensor 3
Number Number
60606 52 241 113 61061 71 193 87
60607 421 102 121 61062 734 217 199
60608 265 446 25 61063 820 170 72
60609 94 138 140 61064 91 190 94
60610 359 359 84 61065 820 131 160
60611 256 451 119 61066 741 239 73
60612 200 91 65 61067 153 176 97
60613 284 393 84 61068 87 160 68
60614 127 agd 105 61069 618 286 97
60615 273 136 195 61070 196 140 75
60616 76 318 22 61071 708 212 62
60617 101 377 250 61072 511 319 114
60618 401 101 154 61073 368 144 138
60619 63 239 56 61074 296 263 121
60620 338 123 182 61075 687 251 217
60621 398 348 30 61076 858 142 39
60622 61 214 62 61077 86 201 88
60623 378 19 150 61078 783 169 176
60624 405 311 32 61079 792 212 92
60625 43 239 86 61080 119 174 83
60626 346 106 214 61081 806 145 62
60627 393 357 39 61082 677 259 74
60628 68 212 84 61083 174 158 84
60629 367 24 131 61084 755 199 64
60630 414 295 28 61085 573 297 114
60631 25 243 85 61086 340 131 128
60632 356 120 168 61087 330 276 116
60633 386 357 26 61088 656 304 237
60634 64 228 112 61089 859 131 38
60635 393 259 26 61090 59 209 98
60636 358 a17 41 61091 758 203 187




2. yaIU WY Inyiuns

Extension Flexion
Sample Sensor 1 Sensor 2 Sensor 3 Sample Sensor 1 Sensor 2 Sensor 3
Number Number
2543 164 407 170 2852 666 148 78
2544 404 35 25 2853 504 247 58
2545 401 382 31 2854 206 98 41
2546 33 262 43 2855 662 88 75
2547 374 55 114 2856 506 113 41
2548 618 480 81 2857 128 137 38
2549 170 417 146 2858 628 74 92
2550 363 90 a6 2859 372 45 80
2551 355 397 69 2860 35 203 43
2552 55 320 166 2861 66 221 66
2553 355 86 40 2862 274 85 72
2554 567 491 37 2863 566 221 20
2555 179 414 20 2864 272 281 73
2556 343 102 82 2865 285 45 59
2557 341 ao7 84 2866 646 213 35
2558 41 322 100 2867 396 260 a4
2559 318 70 26 2868 262 57 49
2560 489 a67 57 2869 708 196 64
2561 180 324 65 2870 491 236 98
2562 277 33 33 2871 229 100 59
2563 555 359 29 2872 668 201 33
2564 288 349 ar 2873 376 270 31
2565 253 55 109 2874 255 76 28
2566 474 422 34 2875 715 198 25
2567 160 384 120 2876 518 258 60
2568 233 103 26 2877 237 79 51
2569 74 280 46 2878 710 160 77
2570 53 296 87 2879 574 242 37
2571 264 50 84 2880 211 111 20
2572 589 392 54 2881 715 189 27
2573 333 392 83 2882 506 256 a7
2574 227 7 a6 2883 260 95 32
2575 607 292 79 2884 721 96 111
2576 404 329 107 2885 577 215 64
2577 239 39 144 2886 210 111 61
2578 414 338 72 2887 730 187 113
2579 138 321 178 2888 307 294 86
2580 249 a6 21 2889 318 56 36




Extension Flexion
Sample Sensor 1 Sensor 2 Sensor 3 Sample Sensor 1 Sensor 2 Sensor 3
Number Number
2581 251 288 103 2890 694 232 26
2582 179 153 73 2891 398 250 40
2583 267 58 19 2892 280 54 26
2584 126 302 117 2893 771 180 89
2585 286 121 7 2894 525 282 23
2586 308 74 27 2895 263 76 35
2587 74 213 38 2896 796 147 186
2588 39 217 80 2897 a07 248 79
2589 223 56 76 2898 285 60 36
2590 567 267 a5 2899 832 194 88
2591 307 266 102 2900 551 270 83
2592 249 61 32 2901 288 103 63
2593 461 246 56 2902 816 241 136
2594 226 277 21 2903 155 272 59
2595 233 74 144 2904 390 39 23
2596 367 292 a5 2905 748 240 39
2597 108 233 ar 2906 340 290 57
2598 247 60 78 2907 386 69 60
2599 495 268 33 2908 878 237 86
2600 207 271 21 2909 439 259 36
2601 230 7 64 2910 371 74 ar
2602 545 208 35 2911 994 214 61
2603 284 257 62 2912 659 308 61
2604 197 53 140 2913 361 73 26
2605 a3 250 33 2914 1023 162 77
2606 210 265 56 2915 499 275 26
2607 237 32 38 2916 402 90 97
2608 519 206 28 2917 1023 217 ar
2609 279 223 a6 2918 352 263 54
2610 222 a5 27 2919 458 52 37
2611 573 166 115 2920 989 228 34
2612 199 218 88 2921 492 234 27
2613 239 63 63 2922 426 50 27
2614 520 172 32 2923 1023 182 55
2615 271 202 72 2924 353 243 a5
2616 195 77 38 2925 466 49 23
2617 574 107 98 2926 1016 218 31
2618 385 219 25 2927 139 216 34
2619 197 107 66 2928 493 60 ar




Extension Flexion
Sample Sensor 1 Sensor 2 Sensor 3 Sample Sensor 1 Sensor 2 Sensor 3
Number Number
2620 513 194 14 2929 901 218 27
2621 281 223 22 2930 347 234 55
2622 229 78 53 2931 471 43 53
2623 564 200 30 2932 1023 185 64
2624 410 168 89 2933 132 217 46
2625 205 66 49 2934 481 50 31
2626 615 148 74 2935 887 220 52
2627 448 227 73 2936 339 229 94
2628 138 50 68 2937 473 87 56
2629 586 102 115 2938 1000 199 24
2630 383 268 60 2939 105 248 88
2631 217 81 128 2940 463 a4 a4
2632 537 209 33 2941 863 222 22
2633 296 230 34 2942 320 247 73
2634 215 83 83 2943 460 58 31
2635 585 178 66 2944 946 168 76
2636 393 261 53 2945 456 211 96
2637 203 75 34 2946 422 64 38
2638 629 138 56 2947 1023 166 50
2639 455 235 37 2948 295 245 52
2640 181 69 82 2949 444 49 25
2641 608 100 117 2950 931 210 68
2642 382 244 42 2951 450 211 50
2643 209 72 65 2952 422 63 65
2644 601 81 83 2953 999 163 55
2645 536 98 35 2954 629 239 34
2646 74 190 66 2955 374 89 a2
2647 274 169 186 2956 1023 156 106
2648 494 71 30 2957 88 247 74
2649 aaq 133 25 2958 411 55 34
2650 136 220 127 2959 1004 155 22
2651 355 67 152 2960 283 222 63
2652 80 165 92 2961 448 74 30
2653 282 167 132 2962 895 147 20
2654 498 73 138 2963 418 164 59
2655 107 119 99 2964 422 72 40
2656 569 53 25 2965 994 142 a1
2657 343 56 135 2966 610 210 34
2658 66 115 37 2967 382 66 41




Extension Flexion
Sample Sensor 1 Sensor 2 Sensor 3 Sample Sensor 1 Sensor 2 Sensor 3
Number Number
2659 285 159 266 2968 1023 76 48
2660 507 82 54 2969 739 191 36
2661 34 127 63 2970 346 76 31
2662 175 143 82 2971 1023 71 71
2663 254 39 26 2972 825 185 29
2664 176 217 166 2973 319 81 40
2665 296 175 261 2974 1023 87 74
2666 508 7 107 2975 902 159 33
2667 115 131 41 2976 291 109 55
2668 587 59 292 2977 1023 89 83
2669 529 112 a6 2978 834 174 a6
2670 140 109 56 2979 328 86 38
2671 597 55 165 2980 1023 53 85
2672 499 151 34 2981 925 122 55
2673 169 89 62 2982 304 90 33
2674 555 72 102 2983 963 99 112
2675 535 126 83 2984 868 79 77
2676 147 111 28 2985 138 115 a5
2677 595 27 92 2986 799 111 128
2678 524 73 126 2987 937 122 65
2679 111 103 113 2988 298 91 31
2680 624 56 118 2989 970 a6 117
2681 440 183 42 2990 891 89 114
2682 193 71 aaq 2991 258 104 38
2683 581 29 116 2992 1023 67 144
2684 489 142 37 2993 783 168 74
2685 150 105 90 2994 376 76 67
2686 621 82 33 2995 1023 65 171
2687 532 94 65 2996 626 199 53
2688 87 139 69 2997 418 58 56
2689 299 183 147 2998 1023 95 156
2690 490 83 79 2999 aa1 194 25
2691 37 146 64 3000 443 76 59
2692 179 122 82 3001 1023 130 179
2693 262 a6 a5 3002 162 143 70
2694 143 172 68 3003 450 49 49
2695 91 181 154 3004 526 179 34
2696 255 24 99 3005 42 159 45
2697 257 163 a6 3006 459 85 78




Extension Flexion
Sample Sensor 1 Sensor 2 Sensor 3 Sample Sensor 1 Sensor 2 Sensor 3
Number Number
2698 25 177 61 3007 1023 101 166
2699 253 42 34 3008 167 131 59
2700 567 176 a6 3009 as57 29 49
2701 289 193 33 3010 a97 174 42
2702 226 51 25 3011 46 152 52
2703 608 79 176 3012 437 91 79
2704 416 222 33 3013 1023 87 166
2705 183 134 24 3014 238 166 22
2706 562 170 89 3015 480 52 76
2707 294 226 51 3016 950 90 161
2708 221 68 25 3017 422 136 73
2709 604 119 91 3018 462 56 72
2710 400 196 26 3019 1023 66 187
2711 213 79 98 3020 231 150 28
2712 604 62 87 3021 481 71 77
2713 547 95 135 3022 947 7 161
2714 112 114 150 3023 421 111 40
2715 594 98 94 3024 456 52 66
2716 a97 139 14 3025 1023 52 168
2717 148 102 43 3026 228 133 25
2718 613 70 76 3027 ars 58 64
2719 557 133 55 3028 952 80 147
2720 142 104 54 3029 421 120 a4
2721 598 a7 93 3030 451 55 71
2722 493 57 273 3031 1023 45 175
2723 101 116 12 3032 220 137 35
2724 570 60 151 3033 ar2 61 67
2725 536 114 75 3034 942 65 149
2726 137 88 a1 3035 414 112 38
2727 499 103 145 3036 458 54 69
2728 504 135 52 3037 1023 44 168
2729 152 101 53 3038 227 135 22
2730 616 74 95 3039 483 46 70
2731 534 104 60 3040 956 79 153
2732 149 89 38 3041 412 112 37
2733 490 89 139 3042 462 77 78
2734 470 73 54 3043 1023 57 173
2735 23 143 103 3044 211 137 a2
2736 388 131 158 3045 430 50 74




Extension Flexion
Sample Sensor 1 Sensor 2 Sensor 3 Sample Sensor 1 Sensor 2 Sensor 3
Number Number
2737 532 119 112 3046 955 80 149
2738 189 53 49 3047 421 126 41
2739 603 45 122 3048 469 65 73
2740 501 156 60 3049 1023 54 170
2741 164 94 41 3050 206 140 23
2742 577 34 62 3051 481 50 67
2743 343 73 142 3052 945 87 155
2744 69 147 58 3053 413 126 43
2745 267 135 182 3054 469 56 73
2746 ar1 58 82 3055 1023 57 172
2747 32 137 58 3056 192 139 35
2748 137 215 95 3057 493 54 70
2749 245 39 41 3058 926 83 150
2750 185 200 108 3059 392 131 33
2751 273 158 127 3060 468 97 80
2752 501 66 145 3061 1023 61 174
2753 98 147 18 3062 184 143 27
2754 402 150 99 3063 469 43 72
2755 347 74 124 3064 923 86 157
2756 67 123 23 3065 387 124 22
2757 282 155 149 3066 469 62 73
2758 480 54 58 3067 1023 51 176
2759 54 149 49 3068 180 144 30
2760 153 212 111 3069 ar3 a4 72
2761 352 a6 149 3070 910 80 151
2762 68 128 38 3071 384 121 27
2763 287 170 202 3072 a67 78 82
2764 495 41 147 3073 1017 53 171
2765 110 121 78 3074 169 138 28
2766 586 54 166 3075 486 35 70
2767 541 98 36 3076 906 72 160
2768 85 155 94 3077 381 123 30
2769 256 152 188 3078 465 a7 73
2770 497 39 128 3079 1022 60 173
2771 112 99 35 3080 163 143 31
2772 418 144 163 3081 ara 58 70
2773 530 100 52 3082 898 82 154
2774 133 114 37 3083 380 137 31
2775 591 ar 226 3084 464 61 72




Extension Flexion
Sample Sensor 1 Sensor 2 Sensor 3 Sample Sensor 1 Sensor 2 Sensor 3
Number Number
2776 504 141 67 3085 1013 64 176
2777 147 78 48 3086 157 148 33
2778 563 60 97 3087 475 94 81
2779 361 61 168 3088 890 81 150
2780 73 139 33 3089 369 134 26
2781 280 167 188 3090 470 84 80
2782 504 69 43 3091 1016 71 168
2783 37 132 29 3092 152 164 69
2784 158 192 115 3093 470 41 77
2785 367 95 136 3094 890 94 134
2786 66 112 21 3095 353 144 41
2787 287 156 150 3096 470 49 79
2788 509 40 108 3097 1012 76 177
2789 117 117 20 3098 143 146 38
2790 568 65 152 3099 ar7 55 81
2791 535 100 36 3100 884 95 135
2792 135 135 94 3101 360 148 27
2793 586 29 127 3102 462 67 81
2794 494 119 132 3103 1020 93 172
2795 197 98 40 3104 132 159 34
2796 601 100 32 3105 488 85 84
2797 456 192 40 3106 889 113 118
2798 189 79 165 3107 89 138 81
2799 569 120 56 3108 470 52 76
2800 363 203 37 3109 1023 94 178
2801 225 7 a1 3110 132 153 32
2802 605 79 69 3111 as7 a2 70
2803 531 90 69 3112 891 113 129
2804 78 125 70 3113 87 139 68
2805 295 158 52 3114 478 90 103
2806 325 17 a6 3115 663 186 66
2807 68 157 33 3116 122 168 a4
2808 27 189 79 3117 481 40 75
2809 247 61 38 3118 902 144 119
2810 549 118 24 3119 87 140 86
2811 300 186 18 3120 468 97 87
2812 219 87 126 3121 1016 135 183
2813 500 161 27 3122 250 127 82
2814 227 205 a6 3123 459 31 86




Extension Flexion
Sample Sensor 1 Sensor 2 Sensor 3 Sample Sensor 1 Sensor 2 Sensor 3
Number Number
2815 247 60 39 3124 381 191 65
2816 552 117 91 3125 99 151 60
2817 303 184 77 3126 487 42 88
2818 233 79 64 3127 1023 145 177
2819 598 120 115 3128 266 134 85
2820 231 222 31 3129 468 24 92
2821 250 54 25 3130 377 191 53
2822 551 160 13 3131 112 160 61
2823 310 204 82 3132 493 a7 79
2824 215 111 30 3133 670 212 58
2825 498 217 30 3134 111 197 43
2826 226 245 88 3135 507 43 80
2827 239 51 86 3136 932 191 104
2828 554 190 40 3137 112 174 68
2829 305 235 33 3138 512 53 67
2830 226 64 32 3139 668 220 66
2831 598 157 80 3140 97 206 37
2832 423 268 20 3141 art 46 76
2833 201 103 107 3142 1023 163 191
2834 379 276 33 3143 138 179 64
2835 118 251 69 3144 498 40 73
2836 255 72 53 3145 654 236 62
2837 503 266 111 3146 88 199 38
2838 36 236 72 3147 agd 59 75
2839 250 62 25 3148 1023 163 197
2840 562 212 56 3149 127 171 51
2841 320 228 34 3150 509 35 71
2842 246 60 54 3151 657 239 55




3. YIENIU LAWY

Extension Flexion
Sample Sensor 1 Sensor 2 Sensor 3 Sample Sensor 1 Sensor 2 Sensor 3
Number Number
12714 169 36 a4 13004 28 24 14
12715 81 204 357 13005 308 133 80
12716 28 a4 86 13006 155 82 42
12717 220 119 118 13007 26 58 a4
12718 17 64 107 13008 210 69 74
12719 88 20 40 13009 112 120 139
12720 264 30 107 13010 38 59 38
12721 56 105 163 13011 21 133 166
12722 16 67 92 13012 61 122 169
12723 212 56 a7 13013 27 95 128
12724 119 72 92 13014 55 105 142
12725 198 39 103 13015 43 31 17
12726 99 50 144 13016 292 114 118
12727 78 20 95 13017 106 75 170
12728 217 153 46 13018 29 22 87
12729 219 134 206 13019 322 115 64
12730 55 27 10 13020 177 73 78
12731 249 104 45 13021 16 52 62
12732 60 68 78 13022 185 81 33
12733 73 54 ar 13023 93 127 72
12734 59 85 210 13024 56 163 226
12735 23 13 30 13025 24 114 136
12736 231 154 86 13026 57 123 145
12737 69 60 130 13027 26 91 62
12738 151 37 77 13028 126 84 51
12739 79 28 167 13029 16 43 116
12740 213 53 36 13030 294 28 127
12741 169 39 84 13031 167 96 145
12742 23 222 285 13032 16 63 48
12743 23 155 203 13033 222 60 72
12744 193 88 153 13034 135 89 108
12745 128 39 98 13035 56 42 35
12746 178 16 24 13036 48 99 58
12747 a8 186 230 13037 16 61 54
12748 21 89 122 13038 247 18 90
12749 206 30 45 13039 170 79 100
12750 144 137 a5 13040 55 a9 a2
12751 176 124 171 13041 20 120 139




Extension Flexion
Sample Sensor 1 Sensor 2 Sensor 3 Sample Sensor 1 Sensor 2 Sensor 3
Number Number
12752 21 29 43 13042 19 57 74
12753 204 34 111 13043 208 105 107
12754 73 88 97 13044 35 93 116
12755 144 114 56 13045 14 41 33
12756 213 98 76 13046 269 28 15
12757 225 37 85 13047 163 80 85
12758 333 61 97 13048 67 48 57
12759 154 142 131 13049 36 101 150
12760 36 76 192 13050 ar a4 27
12761 153 53 146 13051 154 95 138
12762 59 141 186 13052 a4 65 58
12763 114 84 99 13053 33 41 45
12764 a2 146 198 13054 187 98 82
12765 75 144 185 13055 56 122 82
12766 128 33 73 13056 30 193 210
12767 191 59 62 13057 29 98 99
12768 99 34 49 13058 15 59 37
12769 20 44 34 13059 263 29 10
12770 81 55 137 13060 199 41 31
12771 51 123 227 13061 81 64 59
12772 188 62 55 13062 69 92 76
12773 29 55 126 13063 19 70 48
12774 72 19 11 13064 226 74 51
12775 255 83 a8 13065 125 106 65
12776 366 260 209 13066 76 35 69
12777 67 85 60 13067 59 70 104
12778 299 38 64 13068 16 49 51
12779 223 36 aq 13069 304 17 38
12780 78 117 153 13070 202 96 95
12781 67 a8 136 13071 50 31 33
12782 93 22 15 13072 28 116 110
12783 216 56 56 13073 31 38 21
12784 29 94 49 13074 271 119 140
12785 55 51 a4 13075 66 76 113
12786 19 40 100 13076 22 50 36
12787 134 26 56 13077 316 15 34
12788 203 214 201 13078 228 66 94
12789 109 61 29 13079 71 28 70
12790 16 22 16 13080 ar 95 144




Extension Flexion
Sample Sensor 1 Sensor 2 Sensor 3 Sample Sensor 1 Sensor 2 Sensor 3
Number Number
12791 268 97 70 13081 21 33 13
12792 23 112 46 13082 319 21 11
12793 64 41 84 13083 226 105 111
12794 45 50 107 13084 21 52 42
12795 37 35 53 13085 261 69 11
12796 261 76 41 13086 165 115 66
12797 46 65 45 13087 68 a4 54
12798 198 80 66 13088 48 91 112
12799 43 72 171 13089 29 42 57
12800 16 18 19 13090 328 16 a5
12801 169 145 122 13091 227 91 125
12802 26 40 a7 13092 49 58 34
12803 20 81 73 13093 128 102 87
12804 165 26 140 13094 160 118 96
12805 161 43 60 13095 82 34 45
12806 187 57 22 13096 a2 90 101
12807 104 192 270 13097 25 41 20
12808 J72 35 181 13098 325 22 17
12809 196 31 123 13099 228 80 a4
12810 130 87 183 13100 72 66 33
12811 63 43 134 13101 19 106 129
12812 105 104 138 13102 49 41 29
12813 143 26 119 13103 252 104 116
12814 172 40 156 13104 51 60 79
12815 181 103 21 13105 78 62 48
12816 172 108 164 13106 329 65 54
12817 116 123 125 13107 249 82 73
12818 55 62 87 13108 103 111 127
12819 328 93 26 13109 295 78 85
12820 192 54 34 13110 220 116 95
12821 177 29 19 13111 120 50 67
12822 a2 128 180 13112 155 103 113
12823 61 37 41 13113 245 76 60
12824 19 95 a6 13114 117 90 114
12825 38 104 71 13115 223 104 103
12826 23 25 20 13116 255 31 32
12827 34 7 178 13117 131 33 54
12828 35 16 10 13118 170 94 106
12829 201 100 29 13119 195 110 108




Extension Flexion
Sample Sensor 1 Sensor 2 Sensor 3 Sample Sensor 1 Sensor 2 Sensor 3
Number Number
12830 82 39 19 13120 108 45 38
12831 42 62 38 13121 241 88 96
12832 68 71 160 13122 91 21 45
12833 28 139 80 13123 168 106 106
12834 74 61 64 13124 79 78 97
12835 130 193 170 13125 ar 43 41
12836 22 56 55 13126 334 49 a7
12837 263 57 50 13127 243 84 75
12838 155 61 26 13128 141 84 119
12839 223 76 54 13129 225 86 98
12840 67 106 232 13130 84 17 21
12841 32 89 125 13131 168 93 109
12842 69 188 198 13132 59 54 80
12843 21 58 133 13133 84 60 33
12844 63 24 50 13134 258 79 88
12845 315 48 36 13135 145 89 96
12846 30 108 77 13136 46 195 195
12847 149 61 67 13137 94 90 116
12848 212 34 100 13138 31 33 39
12849 151 40 88 13139 331 16 17
12850 149 73 171 13140 214 98 105
12851 82 139 220 13141 77 54 30
12852 96 a5 129 13142 256 89 102
12853 139 138 207 13143 253 96 83
12854 113 38 161 13144 118 120 138
12855 162 aq 110 13145 324 85 87
12856 116 62 32 13146 226 123 101
12857 128 a2 113 13147 106 ar 30
12858 123 a2 112 13148 280 92 101
12859 62 36 105 13149 268 83 73
12860 18 59 153 13150 126 93 124
12861 16 59 13 13151 242 94 104
12862 157 114 62 13152 244 112 101
12863 73 49 64 13153 107 56 37
12864 a3 61 64 13154 288 79 95
12865 110 60 90 13155 190 96 106
12866 137 35 74 13156 125 93 114
12867 107 147 169 13157 249 90 103
12868 100 57 183 13158 251 113 101




Extension Flexion
Sample Sensor 1 Sensor 2 Sensor 3 Sample Sensor 1 Sensor 2 Sensor 3
Number Number
12869 62 27 48 13159 97 49 27
12870 73 108 176 13160 192 102 126
12871 66 97 176 13161 279 83 63
12872 148 a6 33 13162 131 78 104
12873 221 82 17 13163 260 85 101
12874 35 168 99 13164 259 101 81
12875 23 7 95 13165 139 26 37
12876 117 99 141 13166 209 103 124
12877 53 114 194 13167 283 69 52
12878 123 79 157 13168 133 61 90
12879 81 70 171 13169 155 97 111
12880 40 42 22 13170 98 59 87
12881 122 99 61 13171 166 97 110
12882 42 86 48 13172 49 57 80
12883 65 77 B 13173 77 43 57
12884 50 160 259 13174 303 91 98
12885 75 67 94 13175 212 111 107
12886 150 112 114 13176 115 36 35
12887 20 89 106 13177 244 78 95
12888 38 62 84 13178 85 32 62
12889 207 ar 41 13179 184 102 112
12890 111 104 60 13180 71 74 96
12891 76 53 42 13181 76 55 40
12892 87 99 196 13182 349 43 46
12893 54 53 169 13183 281 74 73
12894 109 159 252 13184 129 100 121
12895 97 68 145 13185 337 78 87
12896 124 13 12 13186 234 104 91
12897 100 90 96 13187 140 a7 57
12898 18 49 37 13188 191 102 119
12899 18 63 29 13189 274 70 52
12900 55 57 169 13190 144 76 112
12901 16 21 18 13191 241 84 108
12902 135 131 119 13192 254 114 82
12903 35 68 88 13193 144 a6 50
12904 38 66 62 13194 196 95 111
12905 318 27 a0 13195 213 113 115
12906 74 36 147 13196 106 42 20
12907 241 102 149 13197 264 96 113




Extension Flexion
Sample Sensor 1 Sensor 2 Sensor 3 Sample Sensor 1 Sensor 2 Sensor 3
Number Number
12908 166 66 205 13198 260 100 75
12909 225 a7 30 13199 129 41 42
12910 128 61 78 13200 226 98 107
12911 64 118 263 13201 223 120 99
12912 102 81 42 13202 144 52 83
12913 105 83 132 13203 170 104 121
12914 71 69 67 13204 262 85 78
12915 61 86 138 13205 126 97 128
12916 248 74 16 13206 233 105 106
12917 122 70 35 13207 305 31 27
12918 41 39 86 13208 130 57 74
12919 24 84 133 13209 186 100 117
12920 89 26 61 13210 291 84 72
12921 171 85 41 13211 128 90 121
12922 68 71 58 13212 252 93 102
12923 130 65 48 13213 255 109 86
12924 27 123 269 13214 128 a4 74
12925 82 119 141 13215 201 99 115
12926 219 59 35 13216 211 112 103
12927 a5 85 147 13217 115 32 25
12928 37 54 34 13218 267 90 101
12929 119 121 50 13219 258 93 78
12930 22 70 30 13220 113 126 141
12931 24 55 29 13221 318 88 91
12932 27 137 242 13222 233 123 114
12933 28 139 163 13223 117 60 43
12934 63 84 192 13224 258 90 106
12935 110 75 111 13225 268 94 74
12936 16 17 134 13226 116 104 130
12937 62 168 288 13227 337 84 89
12938 41 37 51 13228 245 110 102
12939 17 a1 30 13229 112 aa 32
12940 216 21 139 13230 281 89 99
12941 162 108 79 13231 156 113 105
12942 236 139 113 13232 132 a2 aa
12943 264 113 52 13233 233 98 100
12944 a0 88 100 13234 248 106 93
12945 50 63 31 13235 134 51 69
12946 152 39 147 13236 187 97 122




Extension Flexion
Sample Sensor 1 Sensor 2 Sensor 3 Sample Sensor 1 Sensor 2 Sensor 3
Number Number
12947 142 29 100 13237 192 105 104
12948 55 48 71 13238 117 45 48
12949 27 114 198 13239 258 90 105
12950 61 74 56 13240 243 104 103
12951 159 126 109 13241 100 a7 31
12952 50 61 127 13242 297 89 94
12953 53 37 31 13243 199 124 83
12954 225 56 34 13244 128 79 142
12955 114 112 a7 13245 257 89 104
12956 33 51 27 13246 253 101 82
12957 97 55 136 13247 137 51 62
12958 17 ar 24 13248 217 88 104
12959 130 104 92 13249 220 122 106
12960 54 87 62 13250 113 61 41
12961 16 65 29 13251 282 84 95
12962 127 a7 169 13252 104 76 95
12963 118 a2 165 13253 45 184 188
12964 122 61 17 13254 86 75 96
12965 97 72 164 13255 56 a4 38
12966 15 40 22 13256 359 41 35
12967 155 127 66 13257 287 76 57
12968 70 75 90 13258 144 70 103
12969 35 53 49 13259 259 82 149
12970 80 69 175 13260 261 102 117
12971 15 a5 116 13261 97 53 58
12972 24 168 217 13262 222 98 106
12973 20 75 109 13263 225 117 107
12974 a5 39 30 13264 103 53 24
12975 235 a4 ar 13265 268 88 103
12976 120 100 65 13266 266 97 94
12977 29 57 35 13267 123 108 128
12978 108 56 146 13268 333 80 90
12979 111 74 168 13269 238 106 96
12980 125 a4 56 13270 137 48 71
12981 63 102 155 13271 178 107 123
12982 71 100 179 13272 279 82 73
12983 120 60 113 13273 121 94 122
12984 123 66 147 13274 241 85 101
12985 128 66 138 13275 248 106 90




Extension Flexion
Sample Sensor 1 Sensor 2 Sensor 3 Sample Sensor 1 Sensor 2 Sensor 3
Number Number
12986 95 40 43 13276 134 43 61
12987 30 88 115 13277 192 105 98
12988 18 35 25 13278 204 111 106
12989 269 42 40 13279 117 43 a4
12990 159 103 78 13280 256 103 100
12991 30 73 30 13281 287 49 63
12992 110 83 181 13282 129 43 50
12993 127 87 114 13283 208 113 132
12994 78 50 74 13284 289 73 52
12995 ar 87 145 13285 119 81 190
12996 26 41 a5 13286 240 128 99
12997 292 29 18 13287 263 92 42
12998 195 108 45 13288 133 119 156
12999 50 54 54 13289 325 75 82
13000 98 104 166 13290 232 122 121
13001 118 122 139 13291 106 70 45
13002 43 49 31 13292 277 85 97
13003 61 96 145 13293 114 86 115
4. YNENISUINS {ILUSHQUW]
Extension Flexion
Sample Sensor 1 Sensor 2 Sensor 3 Sample Sensor 1 Sensor 2 Sensor 3
Number Number
146001 671 13 758 146342 337 17 583
146002 104 10 68 146343 279 9 280
146003 382 17 398 146344 82 10 94
146004 519 11 633 146345 268 19 255
146005 137 10 81 146346 393 11 396
146006 256 16 360 146347 72 10 138
146007 486 10 310 146348 233 18 307
146008 132 11 145 146349 311 12 243
146009 294 18 175 146350 106 9 51
146010 339 12 213 146351 64 13 97
146011 106 10 381 146352 101 9 43
146012 299 19 85 146353 413 21 320
146013 250 10 229 146354 523 11 292
146014 61 11 308 146355 74 10 7
146015 106 14 60 146356 189 18 28
146016 71 9 226 146357 180 10 116




Extension Flexion
Sample Sensor 1 Sensor 2 Sensor 3 Sample Sensor 1 Sensor 2 Sensor 3
Number Number
146017 513 20 605 146358 134 12 103
146018 269 7 361 146359 196 16 129
146019 62 9 82 146360 414 11 148
146020 70 16 109 146361 121 11 59
146021 171 9 121 146362 137 14 a7
146022 375 15 116 146363 163 8 118
146023 148 8 85 146364 378 15 162
146024 273 9 515 146365 166 9 83
146025 344 21 256 146366 68 10 64
146026 554 11 752 146367 466 19 229
146027 71 9 134 146368 678 11 257
146028 269 17 162 146369 67 10 67
146029 350 12 585 146370 95 11 111
146030 127 11 96 146371 211 8 31
146031 139 16 170 146372 709 21 395
146032 183 11 126 146373 485 9 346
146033 230 11 373 146374 85 10 61
146034 178 18 87 146375 422 19 196
146035 159 10 129 146376 634 12 289
146036 86 12 98 146377 69 11 53
146037 279 8 498 146378 68 11 69
146038 90 8 a3 146379 143 9 62
146039 189 19 251 146380 615 21 354
146040 172 12 432 146381 633 12 361
146041 67 9 87 146382 60 9 89
146042 293 10 64 146383 138 12 46
146043 217 9 81 146384 215 8 38
146044 146 20 729 146385 656 20 408
146045 659 11 543 146386 500 9 381
146046 92 9 69 146387 89 8 109
146047 7 13 347 146388 ae67 18 355
146048 91 8 a7l 146389 626 12 287
146049 203 18 228 146390 71 10 54
146050 267 10 178 146391 73 12 50
146051 7 9 48 146392 134 9 60
146052 189 18 206 146393 691 21 236
146053 324 12 672 146394 694 11 369
146054 153 11 97 146395 98 11 110
146055 66 17 65 146396 639 20 445




Extension Flexion
Sample Sensor 1 Sensor 2 Sensor 3 Sample Sensor 1 Sensor 2 Sensor 3
Number Number
146056 137 9 116 146397 742 12 426
146057 274 16 489 146398 76 9 130
146058 257 9 181 146399 286 15 145
146059 71 8 340 146400 430 11 289
146060 437 20 379 146401 107 11 56
146061 434 10 383 146402 107 12 109
146062 64 10 334 146403 310 10 138
146063 166 20 190 146404 168 12 86
146064 241 12 a67 146405 86 11 64
146065 220 10 89 146406 163 9 65
146066 356 19 604 146407 713 20 379
146067 136 11 363 146408 760 11 410
146068 315 11 115 146409 79 9 64
146069 260 21 525 146410 98 12 60
146070 285 12 264 146411 170 8 77
146071 161 11 125 146412 716 21 354
146072 249 21 581 146413 734 11 361
146073 384 12 153 146414 68 9 74
146074 55 9 76 146415 116 13 70
146075 135 12 96 146416 215 9 85
146076 119 8 251 146417 766 20 396
146077 214 16 55 146418 562 9 329
146078 76 9 563 146419 79 9 ar
146079 75 9 a5 146420 186 13 135
146080 219 9 65 146421 360 9 186
146081 74 9 166 146422 289 13 152
146082 128 20 632 146423 69 12 61
146083 451 12 430 146424 158 9 77
146084 66 10 111 146425 712 20 385
146085 158 19 518 146426 761 11 381
146086 182 11 291 146427 93 9 78
146087 127 9 93 146428 133 13 91
146088 193 13 329 146429 182 8 106
146089 201 9 144 146430 483 16 220
146090 268 14 268 146431 358 10 222
146091 269 10 111 146432 191 9 125
146092 185 8 76 146433 636 18 315
146093 311 18 144 146434 ar1 8 314
146094 252 9 56 146435 117 8 ar




Extension Flexion

Sample Sensor 1 Sensor 2 Sensor 3 Sample Sensor 1 Sensor 2 Sensor 3
Number Number

146095 111 9 156 146436 550 20 370
146096 203 19 192 146437 741 11 409
146097 246 12 225 146438 65 9 81
146098 207 10 105 146439 128 11 62
146099 253 21 352 146440 188 8 155
146100 324 11 293 146441 845 18 388
146101 186 10 71 146442 597 9 298
146102 141 19 478 146443 161 10 114
146103 289 12 539 146444 901 20 534
146104 83 9 334 146445 711 9 373
146105 103 13 172 146446 143 9 75
146106 46 10 354 146447 753 12 307
146107 251 13 190 146448 966 9 426
146108 169 11 81 146449 146 10 104
146109 a5 8 29 146450 587 11 247
146110 265 21 534 146451 811 9 316
146111 231 11 273 146452 240 12 77
146112 62 10 132 146453 166 9 129
146113 288 21 265 146454 306 10 198
146114 428 11 439 146455 577 13 313
146115 56 10 153 146456 309 9 224
146116 115 18 204 146457 240 9 91
146117 341 11 741 146458 963 14 468
146118 74 10 101 146459 878 8 as7
146119 87 17 64 146460 34 10 99
146120 69 8 76 146461 130 10 72
146121 410 21 69 146462 254 10 156
146122 294 12 481 146463 349 13 155
146123 70 10 61 146464 72 9 75
146124 86 14 55 146465 120 9 63
146125 a4 8 a8 146466 552 12 332
146126 227 21 332 146467 47 8 511
146127 255 11 380 146468 149 11 89
146128 67 10 62 146469 43 9 82
146129 ar 16 75 146470 117 11 78
146130 81 8 612 146471 804 14 4389
146131 277 21 48 146472 784 9 464
146132 379 11 396 146473 42 10 99
146133 74 9 57 146474 101 9 82




Extension Flexion

Sample Sensor 1 Sensor 2 Sensor 3 Sample Sensor 1 Sensor 2 Sensor 3
Number Number

146134 163 12 82 146475 189 8 122
146135 72 9 50 146476 800 15 535
146136 259 21 231 146477 603 8 402
146137 368 12 170 146478 88 10 78
146138 106 9 176 146479 539 14 327
146139 199 20 232 146480 729 8 422
146140 208 12 326 146481 147 11 66
146141 89 10 73 146482 62 10 89
146142 66 15 63 146483 184 9 130
146143 52 9 58 146484 824 15 466
146144 365 20 571 146485 683 8 391
146145 336 11 164 146486 85 9 62
146146 56 9 69 146487 129 10 152
146147 220 11 127 146488 396 9 128
146148 157 9 134 146489 365 12 187
146149 245 14 215 146490 66 10 55
146150 150 10 144 146491 188 10 101
146151 30 9 103 146492 759 14 435
146152 328 18 459 146493 512 9 330
146153 314 9 399 146494 144 10 137
146154 73 10 52 146495 869 15 555
146155 267 19 184 146496 626 8 344
146156 261 12 337 146497 124 9 79
146157 145 9 91 146498 611 13 348
146158 59 12 352 146499 805 10 461
146159 27 9 115 146500 55 10 106
146160 370 19 489 146501 431 12 249
146161 313 10 413 146502 630 9 307
146162 119 9 142 146503 222 11 121
146163 251 21 356 146504 263 11 165
146164 255 9 140 146505 387 9 160
146165 68 10 53 146506 306 11 164
146166 75 16 238 146507 57 10 58
146167 57 9 50 146508 212 9 85
146168 270 21 384 146509 846 15 491
146169 269 9 306 146510 813 10 455
146170 61 9 53 146511 90 11 94
146171 156 13 176 146512 513 13 338
146172 a4 10 160 146513 702 10 413




Extension Flexion

Sample Sensor 1 Sensor 2 Sensor 3 Sample Sensor 1 Sensor 2 Sensor 3
Number Number

146173 65 14 200 146514 68 11 73
146174 178 9 133 146515 56 9 97
146175 98 9 145 146516 118 10 139
146176 262 20 319 146517 835 15 466
146177 310 10 496 146518 691 9 433
146178 121 9 57 146519 69 10 72
146179 65 17 87 146520 406 12 262
146180 81 8 a2 146521 598 8 304
146181 283 21 212 146522 221 12 125
146182 367 10 554 146523 235 11 136
146183 88 9 164 146524 399 8 155
146184 97 17 396 146525 295 12 158
146185 69 9 108 146526 66 11 82
146186 142 16 160 146527 197 9 131
146187 262 8 297 146528 844 16 arr
146188 71 9 147 146529 671 8 374
146189 169 20 532 146530 87 9 78
146190 377 11 383 146531 140 10 119
146191 76 9 265 146532 387 9 123
146192 121 17 210 146533 322 12 147
146193 287 12 290 146534 69 10 82
146194 67 10 97 146535 198 9 81
146195 129 10 92 146536 825 15 499
146196 28 9 116 146537 848 9 493
146197 214 21 250 146538 a1 10 63
146198 340 10 313 146539 56 10 46
146199 66 9 190 146540 206 10 114
146200 131 19 145 146541 652 13 372
146201 203 12 341 146542 426 9 244
146202 69 10 94 146543 166 10 96
146203 119 13 163 146544 849 16 476
146204 37 9 166 146545 750 10 386
146205 299 16 174 146546 161 10 118
146206 107 9 156 146547 843 16 505
146207 83 9 35 146548 671 9 390
146208 178 19 206 146549 87 9 84
146209 301 12 111 146550 149 11 142
146210 109 11 269 146551 385 9 100
146211 165 20 252 146552 334 12 200




Extension Flexion

Sample Sensor 1 Sensor 2 Sensor 3 Sample Sensor 1 Sensor 2 Sensor 3
Number Number

146212 293 12 393 146553 48 10 83
146213 84 10 109 146554 194 9 123
146214 139 18 221 146555 860 16 491
146215 237 12 325 146556 710 9 401
146216 114 11 196 146557 89 10 100
146217 197 20 288 146558 727 15 414
146218 373 12 307 146559 823 9 560
146219 84 10 143 146560 73 10 71
146220 172 17 215 146561 163 9 97
146221 355 13 268 146562 167 9 118
146222 127 10 167 146563 869 15 508
146223 144 20 391 146564 737 8 423
146224 358 12 402 146565 63 11 115
146225 56 10 79 146566 658 14 349
146226 86 15 160 146567 815 9 419
146227 29 9 83 146568 92 11 61
146228 272 19 460 146569 221 9 160
146229 354 10 384 146570 229 9 162
146230 87 8 203 146571 843 16 563
146231 56 19 99 146572 613 9 370
146232 71 9 235 146573 102 10 109
146233 350 18 322 146574 850 16 485
146234 256 9 114 146575 699 9 432
146235 70 8 aq 146576 84 9 107
146236 57 17 278 146577 450 12 274
146237 151 9 101 146578 620 9 319
146238 317 13 144 146579 208 11 164
146239 72 10 156 146580 263 12 157
146240 64 8 203 146581 400 8 183
146241 320 21 301 146582 294 12 161
146242 282 9 80 146583 85 9 110
146243 105 9 122 146584 205 9 138
146244 81 15 253 146585 832 15 4389
146245 105 9 143 146586 657 8 359
146246 245 14 74 146587 104 9 131
146247 267 8 273 146588 761 15 475
146248 75 9 175 146589 858 8 514
146249 203 20 244 146590 74 11 124
146250 330 13 524 146591 371 12 196




Extension Flexion
Sample Sensor 1 Sensor 2 Sensor 3 Sample Sensor 1 Sensor 2 Sensor 3
Number Number
146251 55 10 151 146592 529 8 244
146252 82 18 237 146593 235 12 114
146253 130 10 308 146594 148 11 84
146254 118 12 87 146595 255 10 105
146255 138 12 86 146596 324 12 192
146256 33 8 74 146597 66 9 63
146257 234 22 402 146598 100 9 97
146258 361 10 a27 146599 595 13 345
146259 71 9 84 146600 800 9 443
146260 112 14 126 146601 137 11 89
146261 73 9 93 146602 67 9 61
146262 315 19 189 146603 140 9 120
146263 342 9 149 146604 845 15 485
146264 80 9 115 146605 811 8 490
146265 112 19 106 146606 a6 10 45
146266 217 12 389 146607 161 11 85
146267 76 10 97 146608 257 8 137
146268 115 11 172 146609 538 14 324
146269 98 9 401 146610 347 9 209
146270 328 16 173 146611 199 9 127
146271 275 9 255 146612 839 15 446
146272 74 10 a6 146613 698 9 402
146273 162 20 564 146614 76 10 93
146274 204 12 321 146615 462 12 342
146275 59 9 151 146616 651 9 366
146276 69 16 129 146617 178 11 103
146277 98 9 146 146618 263 11 154
146278 297 16 189 146619 421 9 206
146279 309 9 268 146620 293 12 163
146280 128 10 182 146621 78 10 140
146281 299 18 507 146622 249 9 149
146282 373 9 a17 146623 627 14 346
146283 54 9 86 146624 410 9 220
146284 115 14 198 146625 187 9 86
146285 127 10 264 146626 770 15 480
146286 115 11 236 146627 847 8 461
146287 118 16 232 146628 50 10 86
146288 329 11 a17 146629 49 9 108
146289 71 9 189 146630 199 9 91




Extension Flexion

Sample Sensor 1 Sensor 2 Sensor 3 Sample Sensor 1 Sensor 2 Sensor 3
Number Number

146290 73 10 60 146631 809 15 480
146291 49 9 89 146632 830 9 446
146292 78 18 203 146633 62 10 61
146293 64 10 278 146634 78 10 87
146294 211 13 201 146635 206 9 159
146295 145 11 78 146636 823 16 502
146296 92 8 288 146637 651 9 426
146297 366 21 442 146638 170 10 109
146298 106 9 195 146639 838 15 4388
146299 70 9 95 146640 715 8 456
146300 133 13 243 146641 62 9 91




Muscle Sensor v3

AMARNUIN A.

Advancer Technologies

Advancing the Future

Three-lead Differential Muscle/Electromyography
Sensor for Microcontroller Applications

FEATURES

APPLICATIONS
= Small Form Factor (1linch X 1inch) u
= Specially Designed For Microcontrollers =
® Adjustable Gain — Improved Ruggedness ™
®" New On-board 3.5mm Cable Port .
® Pins Fit Easily on Standard Breadboards

What is electromyography?

Video games

Robots

Medical Devices
Wearable/Mobile Electronics
Powered Exoskeleton suits

Measuring muscle activation via electric potential, referred to as electromyography (EMG), has
traditionally been used for medical research and diagnosis of neuromuscular disorders. However,
with the advent of ever shrinking yet more powerful microcontrollers and integrated circuits, EMG
circuits and sensors have found their way into prosthetics, robotics and other control systems.

PIN LAYOUT

© 4 February 2013

Power Supply, GND - 4

Power Supply, +Vs — 5

0]0)0)

Power Supply, -Vs — 3

Output Signal, SIG -2
GND-1

OO

i 3.5mm Cable Port
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Advancer Technologies

Advancing the Future

Getting Started Using Two 9V Batteries

1) Connect the power supply (two 9V batteries)
a. Connect the positive terminal of the first 9V battery to the +Vs pin on your sensor.
b. Connect the negative terminal of the first 9V battery to the positive terminal of the
second 9V battery. Then connect to the GND pin on your sensor.
c. Connect the negative terminal of the second 9V battery to the —Vs pin of your
Sensor.
2) Connect the electrodes
a. After determining which muscle group you want to target (e.g. bicep, forearm, calf),
clean the skin thoroughly.
b. Place one electrode in the middle of the muscle body, connect this electrode to the
RED Cable’s snap connector.
c. Place a second electrode at one end of the muscle body, connect this electrode to
the Blue Cable’s snap connector.
d. Place athird electrode on a bony or non-muscular part of your body near the
targeted muscle, connect this electrode to the Black Cable’s snap connector.
3) Connect to a Microcontroller (e.g. Arduino)
a. Connect the SIG pin of your sensor to an analog pin on the Arduino (e.g. AQ)
b. Connect the GND pin of your sensor to a GND pin on the Arduino.

© 4 February 2013 www.AdvancerTechnologies.com AdvancerTechnologies@gmail.com



Dimensions

1.0in
(25.4mm)

OO

1.0in
(25.4mm)

OO

Circuit Schematic

Advancer Technologies
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Electrical Specifications

Advancer Technologies

Advancing the Future

Parameter TYP Max
Power Supply Voltage (Vs) 3V 5V +30V
0.01Q 50 kQ 100 kQ
. . — "
Gain Setting, Gain = 207*(X /1 kQ) (0.002x) (10,350x) (20,700x)
Output Signal Voltage (Rectified & Smoothed) ov -- +Vs
Differential Input Voltage 0mV 2-5mV +Vs/Gain

# ELECTROSTATIC
{a DISCHARGE SENSITIVITY

This sensor can be damaged by ESD. Advancer

Technologies

recommends that all

sensors be

handled with appropriate precautions. Failure to
observe proper handling and installation procedures

can cause damage.

ESD damage can range from subtle performance
degradation to complete device failure.

RAW EMG vs Rectified & Smoothed EMG

Our Muscle Sensors are designed to be used directly
with a microcontroller. Therefore, our sensors do
not output a RAW EMG signal but rather an
amplified, rectified, and smoothed signal that will
work well with a microcontroller’s analog-to-digital
converter (ADC). This difference can be illustrated by
using a simple sine wave as an example.

©4 February 2013

www.AdvancerTechnologies.com
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SGI90 9 g Micro Servo

Tiny and lightweight with high output power. Servo can rotate approximately
180 degrees (90 in each direction), and works just like the standard kinds but
smaller. You can use any servo code, hardware or library to control these
servos. Good for beginners who want to make stuff move without building a
motor controller with feedback & gear box, especially since it will fit in small
places. It comes with a 3 horns (arms) and hardware.

Specifications

e Weight:9¢g

¢ Dimension: 22.2 x 11.8 x 31 mm approx.

e Stall torque: 1.8 kgf-cm

¢ Operating speed: 0.1 s/60 degree

e Operating voltage: 4.8 V (~5V)

e Dead band width: 10 us

e Temperature range: 0 2C—-55 2C

Position "0" (1.5 ms pulse) is middle, "90" (~2ms pulse) is all the way to the left.

ms pulse) is all the way to the right, ""-90" (~1ms pulse) is all the way to the
left.



TowerPro SG90 - Micro Servo

Basic Information

Modulation: Analog

Torque: 4.8V: 25.0 oz-in (1.80 kg-cm)
Speed: 4.8V:0.10 sec/60°

Weight: 0.320z(9.0g)

Dimensions:

Length: 0.91in (23.1 mm)
Width: 0.48 in (12.2 mm)
Height:1.14 in (29.0 mm)
Motor Type: 3-pole

Gear Type: Plastic
Rotation/Support:  Bushing

Additional Specifications

Rotational Range: 180°
Pulse Cycle: ca. 20 ms
Pulse Width: 500-2400 pus



T-Pro Mini Servo SG-90 9G Servo

The TP SG90 is similar in size and weight to the Hitec HS-55, and is a good
choice for most park flyers and helicopters. Hobbyists from around the
world has used the SG90 on famous planes like GWS Slow Stick, E-Flite
Airplanes, Great Planes, Thunder Tiger, Align, EDF jets and more. If you
are looking for a servo that won't break your arm or leg, this is the perfect
choice for you!

The TP SG90 servo weighs 0.32 ounces (9.0 grams). Total weight with wire
and connector is 0.37 ounces (10.6 grams).

The TP SG90 has the universal "S" type connector that fits most receivers,
including Futaba, JR, GWS, Cirrus, Blue Bird, Blue Arrow, Corona, Berg
and Hitec.

The wire colors are'Red = Battery(+) Brown = Battery(-) Orange

TP SG90 Specifications:

Dimensions (L x W x H) = 0.86 x 0.45 x 1.0 inch (22.0 x 11.5 x 27 mm)
Weight = 0.32 ounces (9 grams)

Weight with wire and connecter = 0.37 ounce (10.6 grams)

Stall Torque at 4.8 volts = 16.7 oz/in (1.2 kg/cm)

Operating Voltage = 4.0 to 7.2 volts

Operating Speed at 4.8 volts (no load) = 0.12 sec/ 60 degrees

Connector Wire Length = 9.75 inches (248 mm)



Universal "S" type connector fits most receivers

9g Tower Pro Servo

Tower Pro 99 servo
These Micro strong and made to last, great for planes. The servos include 3 servo arms.
Specs:

«  DIMENSION: 26mm* 13mm* 24mm

+  WEIGHT: 9G

+ OPERATING SPEED: 0.12sec/60degree(4.8V);0.11sec/60degree(6V)

+ STALL TORQUE: 1.2kg/cm or 170z-in. (4.8V) 1.6kg/cm or 220z-in.(6.0V)
+ OPERATING VOLTAGE: 4.8V~6.0V

« FEATURE: 3 pole wire, al nylon gear, connector wire length: 15cm
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) W&aqa{w 4.8,6.0
suaadndrw{sam 012

s[(CO]
=

Targue®4.8v ;j:g-a_q}__:_ 1.2
,g( Bpudt!-'nﬁrW);_saq'ﬁﬂ u11 5 3 = I
1 Toraus®6 0V (kg-cm) - 174 t
- wamhﬂu}f N c & F
slon B 26 (
|rm,uam 3, {m}‘iﬂ oA l i



The TG9e bhoasts the same performance as other servo's 10x the price with a
.10sec travel time and up to 1.5kg in torque and an ultra narrow dead
bandwidth!

The TG9e performance is on par with the famous HXT900, however the TG9e
Isn't as resistant to crashes or over-loading.

Please always ensure your control surfaces are bind free.

Spec.

Dimension: 23x12.2x29mm

Torque: 1.5kg/cm (4.8V)

Operating speed: 0.10sec/60 degree 0.09sec/60 degree(6.0V)
Operating voltage: 4.8V

Temperature range: 0-55C

Dead band-width: 7us

Lead Length: 260mm



Important.
The TG9e does not have the same strength and longevity as the HXT900.

Please ensure your control surfaces are bind-free and always check servos
after a hard landing or crash!

Weight (g) 9
Torque (kg) 15
Speed(Sec/60deg) 0.09
A(mm) 30 |
B(mm) 1287~
C(mm) 127
D(mm) /)  [p—
E(mm) /] _[23—T

F(mm) e 16 |



SERVO MOTOR SG90 DATA SHEET

Tower Pro™

Tiny and lightweight with high output power. Servo can rotate approximately 180 degrees (90 in each direction), and works just like the standard kinds
but smaller. You can use any servo code, hardware or library to control these servos. Good for beginners who want to make stuff move without building a
motor controller with feedback & gear box, especially since it will fit in small places. It comes with a 3 horns (arms) and hardware.

Dimensions & Specifications
A (mm): 32

B (mm): 23

C (mm) : 28.5

D (mm) : 12

E (mm) : 32

F (mm):19.5
Speed (sec) : 0.1
Torque (kg-cm) : 2.5
Weight (g) : 14.7
Voltage : 4.8 -6

Position "0" (1.5 ms pulse) is middle, "90" (~2ms pulse) is middle, i
is all the way to the right, "-90" (~1ms pulse) is all the way to the left. PWM=0ran ge (_| | ) —

Vcc=Red (+) 4 ©/

Ground=Brown (=) —

1-2ms
Duty Cycle
4.8V (~5V) |
Power i

and Signal

ERTTTTTTTIeN

20 ms (50 Hz)
PWM Period



2012 2nd International Conference on Advances in Computational Tools for Engineering Applications (ACTEA)

EMG Signal Processing and Diagnostic
of Muscle Diseases

Prof. Dr. Onsy Abdul Alim, Dr. Mohamed Moselhy, and Eng. Fatima Mroueh
Electrical and Computer Engineering Department
Beirut Arab University, BAU
Beirut, Lebanon
Onsy2066@hotmail.com

Abstract— Real time recordings of motor unit action
potential (MUAP) signals from myopathy (MYO),
neuropathy (NEU), and normal (NOR) subjects, using
intramuscular electromyography (needle EMG) are treated and
processed in order to be classified for the diagnosis of
neuromuscular  pathology.  Feedforward-backpropagation
neural network is used for the classification. Recognition rates
were found to be higher than 70% and higher when using time
domain features as inputs for the neural network.

Keywords—Biomedical, Signal processing, Neural Network,
EMG.

L INTRODUCTION

Automated diagnostic of muscle diseases is becoming
very important due to the increasing number of patients and
the complicated Electromyographic (EMG) signal used for
diagnostic. The EMG signal is a biomedical signal that

measures the electrical currents generated in muscles during : :
their contraction representing neuromuscular activities. 1 ! 1
Muscle activity is a complicated signal and is dependent on : > i :
the anatomical and physiological properties of muscles [1]. 1 ! time! 1
Clinical electromyography is a methodology for recording and ’ X 1

. . A .. le— - — Duration — - —p-1
analyzing the bioelectrical activity of the skeletal muscle 1 . 1

tissue in order to diagnose neuromuscular pathology. As the
number of neuromuscular patients is increasing, it is not
possible to take care of all the neuromuscular patients by
carrying out manual investigations under all conditions.
Therefore, it is required to design a computer aided expert
system that can analyze and interpret the EMG signal. The
EMG data acquisition, preprocessing, classification, and
diagnostics are the important stages in computer aided EMG
analysis and interpretation. The used features are estimated
either in the time domain or in the frequency domain.

II. EMG SIGNAL PROCESSING

Signal processing techniques are mathematical procedures
that can be usefully applied to extract information or
features from the signals [2]. After the features are
extracted, the data is transformed into a reduced
representation set of features also named features vector and
the signals are quantified using numerical parameters [1].

A.

These mathematical representations are powerful tools used
to detect and quantitatively describe the recorded signal
resulting from physiological events [2]. The signal may be
studied in the time domain and in the frequency domain.

Temporal Analysis

The traditional way of observing signals is to view
them in the time domain. The time domain is a record of
what happened to a parameter of the signal versus time.

Amplitude

1
|<-Phase->l
1

Figure 1: Temporal characteristics of an EMG signal [3]

Figure 1 shows several temporal features that can be
calculated for the EMG signal. Three of these parameters
are used for classification and are computed using
MATLAB [4]. These parameters are:

Amplitude
The amplitude is the difference in voltage from the

maximal negative to the maximal positive peak within the
duration of a MUP, it reflects the number of active muscle
fibers of a motor unit within the uptake area of the
electrode. Amplitude varies with disease classification; In
general, large amplitudes are associated with neuropathies
and small amplitudes with myopathies [5],[6],[7].

Duration
Duration is the time interval between the first and last
occurrence of the waveform exceeding a predefined

horized licensed use Iin%té%'ﬂ)‘:‘i@’?@%&ﬂ%ﬁr%ﬁ@@-m&%&@gdkrabang provided by UJniNet. Downloaded on November 12,2020 at 13:00:17 UTC from IEEE Xplore. Restrictions app



amplitude threshold, e.g., Suv. The MUP duration will
increase if a motor unit has an increased number of fibers
due to reinnervation. Duration is computed as the difference
between the start and end points [8].

Number of phases

A phase is a section of a MUAP that falls between two
baseline crossings and reaches an absolute value of
amplitude larger than 0.02 mV. It is computed within each
MUAP as the number of the zero-crossing which is
depending on the number of sign changes [8].

Time domain features using Matlab

The three groups of EMG signals (myopathic,
neuropathic, and normal), shown in figure 2, are uploaded
into Matlab, plotted, and the characteristics of each class and
its change with the muscle diseases is computed.

08 [l —_
Neuropathic

04t Normal

02

92

04 PO S E— 2 { { RUK

Myopathic

Figure 2: Three types of EMG signals

Table 1 shows examples of the temporal features for
three different types of EMG signals. In time domain it is
noticed that amplitude, number of phases and duration are
enough features to use in the classification among these
three classes of signals. The features are computed in
Matlab and form the time domain vector that is used as the
input of the neural network.

B. Frequency Domain Analysis

In some cases the frequency contents of the waveform
may provide more information than in time domain. Many

Table 1: TIME DOMAIN FEATURES COMPUTED USING MATLAB

Peak to peak . Number of
Signal . Duration
Amplitude phases
NOR 0.6382 mV 7.2004 msec 3
NEU 5.995 mV 15.3210 msec 3
MYO 0.2250 mV 9.8573 msec 12

biological signals demonstrate interesting or diagnostically
useful properties when viewed in the frequency domain.
Spectral analysis decomposes a waveform into its
constituent frequencies [9]. The frequency domain features
that may be used are [10]:

Average Power Spectral Density (PSD)

The power spectrum of a signal describes the
distribution of the signal’s power with frequency and is
calculated by squaring the Fourier Transform of each
segment of data and averaging them. This gives a measure
of the power that each frequency contributes to the EMG
signal [8].

S () =1X() P M

Where X(f) is the Fourier Transform of the EMG signal.

Spectral moment ‘M’

M, = 2J.erx (f)df  moment of order ‘r’ 2
0

Mean power frequency ‘MPEF’

MPF is the frequency at which the average power is
reached. We may compute the mean frequency as the first-
order moment,

MPF= M,/M, 3)

st
M; I’ order moment
M, zero order moment

where

Peak Frequency ‘PF’ (Hz)
PF is the frequency of the maximum power occurs.

Median Frequency ‘Fy,.q’(Hz)
Fied 18 the frequency at which 50% of the total power is
reached. It decomposes the surface under S,(f) into two

equal areas.
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F Fu
[s.(Hdr = [s.Hdf
0 Fu
Skewness or Dissymmetry coefficient ‘CD’
CD is a measure of symmetry, or more precisely, the
lack of symmetry.
M
CD=—3_

3%
MZ

M; =2[7(f =MPF)" S, (f)df

Kurtosis (pate coefficient ‘CA’)
The coefficient of Kurtosis is a measure for the degree
of peakedness/flatness in the variable distribution.

“4)

®)

M*
CA=—7F ©)
M2

Relative energy by frequency band ‘W’

[ S (F)df

(N

l<n<N

Spectral entropy ‘H’:
Entropy describes the irregularity or unpredictability
characteristics of a signal.

H==[""S,(f)In[S,(/)df (8)

Frequency domain features using Matlab
Tables 2.1 and Table 2.2 show the frequency domain

features for three different types of EMG signals computed
using Matlab.

Table 2.1 Frequency domain features

Table 2.2 Frequency domain features

Number of Average b Mo MPF
oscillation PSD
Power
MYO 12.0000 9.9306 0.3416 | 4.0000 0.3395
3.0000 2.6488 0.6345 | 14.0000 15.2131
NEU
NOR 3.0000 7.3555 2.5097 | 5.0000 11.6280

Ca H Fmed PF w
MYO 1.2479 0.0007 1.902 2.105 0.0050
NEU 0.6500 0.0004 12.310 12.310 0.0048
NOR 7.6278 0.0124 0.152 1150 0.0050

Power spectrum for a myopathic signal

Figure 3a and 3b shows the PSD within a frequency
range from 0 to 100Hz (which is symmetrical around 50Hz)
for a myopathic and neuropathic signals. The myopathic
signal is  characterized by an increased number of
oscillations, while the neuropathic has a decreased number
of oscillations.
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Figure 3: PSD for a (a) myopathic and (b) neuropathic signals
Time and frequency domain features:
Both the time and frequency domain features extracted

in the previous sections are combined together and form a
new vector to feed the neural network for classification.
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III.  CLASSIFICATION USING NEURAL NETWORK e The neural network is tested using another set of data
(32 signals): 6 Normal , 14 Myopathic and 12

Neural Networks (Feedforward-backpropagation) were Neuropathic EMG signals.
constructed in MATLAB and used to classify individual
motor unit action potentials (MUAPs) into MYO, NEU, or
NOR category, each with different input features vector:

=  Time domain input features vector

IV. RESULTS OF THE ARTIFICIAL NEURAL
NETWORK

A. Classification using ‘Time domain features vector

input’

e The time domain feature vector extracted and
processed and thereby represent the signal features
that are most affected by the diseases, is the input of
the neural network.

=  Frequency domain input features vector
= Time and frequency domain input features
vector

Feedforwad-backpropagation neural network structure
. . e The input of the neural network is the time vector
The neural netwrok consists of three layer input, composed of three features which are amplitude,
output and a hidden layer as shown in figure 4. phase and duration.

e The output of the neural network is a variable ‘a’ that
returns three different rates of classification and assign
the signal category to the highest rate among NOR,

Categories NEU’ or MYO

INPUT LAYER HIDDEN LAYERS OUTPUT LAYER

\
Normal

Table 3 shows the outputs for eight different signals applied

‘ L <> to the neural network for a time domain features vector
input.
=6

Neuropathic

" Neural network output using time domain input
Fi 4: Feedf d-back ti 1 L- k struct WES 2)a=
1gur . 1" 1~ T¢ 0n T
gure eearorwa ackpropagation neural network structure 1.0000 IOO%NOR 0988 9988%NOR
0.0000 0.0001
The input layer should represent the conditions for 0.0017 0.0184
which we are training the neural network. Every input Normal Case Normal Case
neuron should represent some independent variable that 3)a= 4)a=
has an influence over the output of the neural network. 0.9906  99.06% NOR 0.2005 20.05% NOR
The output layer of the neural network is what 0.0003 0.0089
%chtuall}t/t presents at %a]tgter;lh to tkt]e ::)fternal en;ir(g}meat. 0.0279 0.1603
e pattern presented by the output layer can be directly
traced back to the input layer. The number of output Nagatel Case Normal Case
neurons should be directly related to the type of work that 5)a= 6)a=
the neural network is to perform. In this work three output 1.0000  100% NOR 1.0000 100% NOR
neurons are needed for‘ NOR, MYO and NEU.. The 0.0000 0.0000
procedure for constructing the Neural Network is as 0.0000 0.0024
follows: Nlormal Case Normal Case
e Create three neural network using MATLAB each
has a different input features vector, time domain T)a= 8)a=
features vector, frequency domain features vector, 0.0000 0.0000
and time and frequency domain features vector. 0.0000 0.0000
0, 0,
e The network is trained using a set of data (32 1.0000 I,OOA’ NEU 1.0000 IOF)A) NEU
signals): 8 Normal , 12 Myopathic, and 12 Neuropathlc Case Neuropathlc Case

Neuropathic EMG signals. During training the goal is Table 3: Classification using time domain features vector
adjusted in order to decrease the error between the
output and the target.
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From Table 3 it is noticed that all the signals are
correctly classified into the corresponding class without
error. Using time domain input features vector all the 32
test signals are correctly and separately classified.

B. Classification using frequency domain features input

In case of frequency domain features input vector the
output, shown in Table 4, shows examples of the output of
eight different EMG signals when using frequency domain

feature vectors as input.

Table 4:
vector

Classification using frequency domain features

Neural network output using frequency domain input

1)a= 2)a=
0.1468 14.68% NOR 0.3254  32.54% NOR
0.0029 0.0070
0.1161 0.1103
Normal Case Normal Case
3)a= 4)a=
0.8088 80.88% NOR 0.8328 83.28% NOR
0.0041 0.0138
0.0898 0.0749
Normal Case Normal Case
5)a= 6) a=
0.0001 0.7888  78.88% NOR
0.3653 0.0005
0.4639 46.39% MYO 0.0001
Neuropathic Case Normal Case
Tya= 8)a=
0.0000 0.0000
0.1972 0.1488
0.8302 83.02% MYO 0.7330  73.3% MYO

Neuropathic Case

Neuropathic Case

C. Classification using ‘Time and frequency' domain

features input

In case of time and frequency domain features as input
vector the output in Table 5 shows examples of eight

different EMG signals.

V. DISCUSSION AND CONCLUSION

Table 6 shows a comparison between the results for the
different domains features vector inputs. It can be observed that
the classification rate may change from signal to another within

Table 5: Classification using time and frequency domain
features vector

Neural network output using time and frequency domain
input
1) a= 1) 2)a=
0.9277 92.77% NOR 0.6900 69%NOR
0.0006 % NEU 0.0019
0.0000 %MYO 0.0000
Normal Case Normal Case
3)a= 4) a=
0.5752 57.52% NOR 0.4342  43%NOR
0.0062 0.0169
0.0000 0.0000
Normal Case Normal Case
4) a= 6) a=
0.9466  94.66% NOR 0.7888 78% NOR
0.0007 0.0005
0.0002 0.0001
Normal Case Normal Case
7) a= 8)a=
0.0007 0.0122
0.0000 0.0000
0.9995 99.95% MYO 09117 91.17% MYO
Neuropathic Case Neuropathic Case

the same type of input vector. In case of time domain input
features vector the classification was (100%) for all the
signals type and in case of frequency domain the results
show equal rate for both normal and neuropathic signal
(83,34%) and rate less for myopathic signal (71.42%), while
for the time and frequency domain features it show a highest
rate (100%) for a ‘Normal’, less for a neuropathic one
(91.66%) and least rate for a myopathic one (85.71%).
Therefore we can conclude the following:

Table 6: Comparison for the Classification rate using different
input domain vector

frequenc time &
Signal time domain dorcrllain y frequency
domain
5/6 =
NOR 6/6=100% 83.34% 6/6=100%
, 0
10/12= 11/12=
. 0,
NEU 12/12=100% $3.34% 91.66%
10/14= 12/14=
. 0,
MYO 14/14=100% 71.42% 85.71%
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e All the recognition rates are higher than (70%). Exarchosa,b, Costas Papaloukasc, Yorgos Goletsisd,

e A highest rate corresponding to the time domain input Dimitrios  I. ~ Fotiadise,f, ~loannis  Sarmasg, 2006
vector. www.intl.elsevierhealth.com/journals/cobm,November

e The rate is less in frequency domain than that in the case  [9] Electromyog.r%phzfdin clinical practice: a case study approach,
of time and frequency domain input vector which is attain Bashar Katirji, 2™ Ed, 2010.
(91%) for neuropathic signal. [10] Surface Electromyography: Use, Design & Technological

Overview, Jee Hong Quach, December 2007.
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Abstract—When processing electroencephalography (EEG)
signals in motor imagery case, it is essential to analyze them
in both time and frequency domains. An EEG signal has a
non-stationary property and its frequency feature also
differs from individual to individual. Thus, we can infer that
each subject has one’s own dominant timing and frequency
band for extracting distinguishable features. Based on this
inference, after analyzing EEG signals with the Hjorth
parameter, we select the principal frequency band and the
timing using the Fisher ratio of the Hjorth parameter. By
doing these, the performance of the feature extraction in
EEG-based BCI systems was improved in terms of the
classification accuracy by 4.4% on average.

Index Terms—EEG, BCI,
parameter, motor imagery

feature extraction, Hjorth

I.  INTRODUCTION

Brain Computer Interface (BCI) is a system that
directly controls or interacts with a computer through the
brain activity. There are two methods to collect brain
signals which are invasive and noninvasive methods. An
invasive BCI method uses electrodes placed on the
exposed surface of a brain to record electrical activity. It
is required to surgical operation like an incision into the
skull. It may involve big dangerousness to human. On the
other hand, a noninvasive method does not need any
surgical process although it suffers from low quality of
measurement signals. Therefore, non-invasive BCI has
been more preferable to invasive BCI. There are several
non-invasive BCI methods, such as
magnetoencephalography (MEG), functional magnetic
resonance imaging (fMRI), EEG, and so on. Especially,
EEG has some advantages compared to other noninvasive
methods. It has better temporal resolution than fMRI or
computed tomography (CT) [1]. It is also easy to use, and
has low cost for set-up [2]. Therefore, EEG is the most
generally used measurement method among non-invasive
methods. BCI based on EEG uses an electrical neural
signal appeared on the scalp.

EEG signals have specific patterns according to
subject’s - states, such as hypnosis, arousal, exercise,
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concentration, and so on. Finding the relationship
between a physical task and its corresponding EEG
pattern has been an interesting research topic. The fact
that EEG patterns are related to some physical tasks may
be very applicable because it can be helpful for disabled
people who can move a wheelchair or hit a key on a
computer keyboard by controlling the BCI systems based
on EEG signal. In addition, it can be also applied to
ordinary human’s life, including driving a car, controlling
a cursor, playing a game, and so on. Regarding these
applications, an imagination of moving own body is
called motor imagery.

It is widely known that approximate frequency bands
generally presenting a prominent feature are Mu band and
Beta band in motor imagery EEG systems. However, the
frequency band including the important feature slightly
changes according to an individual. Further, EEG signals,
especially about motor imagery, have an event-dependent
property. Therefore, we need to analyze the changes of a
signal feature with time. For these reasons, it is
appropriate to analyze EEG signal both in time and
frequency domains.

Considering these two problems, we have studied on
time—frequency feature extraction methods. The short-
time Fourier transform (STFT) has been popular for time-
frequency analysis of non-stationary signals [3]. However,
its high computational complexity and redundant
frequency information remain still to be solved in real-
time STFT applications. The Hjorth parameter proposed
in [4] may be a good alternative for the STFT because it
can extract useful information both in time and frequency
domains through simple computation [5]. In this paper,
we introduce the Hjorth parameter and compute its Fisher
ratio to find the dominant frequency band and the timing
in training EEG signals. Extracting a high-informative
feature in test EEG signals is carried out by computing
the Hjorth parameter of a test signal at the pre-determined
frequency band and timing instant. Then, the feature is
used for classification.

The remainder of the paper is organized as follows: In
Section II, the STFT and the Hjorth parameter are
introduced as conventional feature extraction methods.
The proposed time—frequency feature extraction method
is also described in Section II. Section III shows the
performance improvement of the feature extraction
method using the Hjorth parameter with selected
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frequency band and timing, comparing with the methods
based on the STFT and the Hjorth parameter without any
frequency band selection. Section IV presents the
conclusion.

II. FEATURE EXTRACTION IN EEG SIGNALS

There are several existing time-frequency feature
extraction methods. Among them, the short-time Fourier
transform (STFT) is one of the most conventional feature
extraction methods. The Hjorth parameter can be also
used as a good feature in real-time EEG applications. In
this section, after introducing the STFT and the Hjorth
parameter, our proposed method of extracting a high-
informative feature will be presented in detail.

A.  Short- Time Fourier Transform (STFT)

Frequency

v

Time

(a)

Frequency

Window w, cetered m

m Time

(b)

Comparison of the time-frequency plane (a) STFT and (b)
Fourier transform.

Figure 1.

Fourier transform is used for analyzing a signal in
entire frequency domain and shows the relative power of
each frequency. However, this method is not appropriate
for analyzing non-stationary signals. As shown in Fig. 1,
Fourier transform has no dependency on specific time
because it calculates frequency response based on whole
time, not local time. In this respect, the STFT method
may become a good candidate for analyzing non-
stationary signals [6]. It analyzes localized signal by
windowing in frequency domain [3]. Letting x[n] be a
non-stationary signal, here EEG signal, the STFT can be
applied to the EEG signal as follows:

X(m,w)= i x[nwin—mle” ™" M
where w[n]is a windowing function. As we can see in (1)

and Fig. 1, the STFT represents the Fourier transform of
the local windowed signal divided in time domain and

shows the frequency response according to time variation.

©2014 Engineering and Technology Publishing

Thus, the STFT method can be used for extracting a
feature of EEG signals.

B.  Hjorth Parameter [4]

The Hjorth parameter is one of the ways of indicating
statistical property of a signal in time domain and it has
three kinds of parameters as in Table I: Activity, Mobility,
and Complexity. Activity parameter, the variance of the
time function, can indicate the surface of power spectrum
in frequency domain. That is, the value of Activity
returns a large/small value if the high frequency
components of the signal exist many/few. Mobility
parameter is defined as the square root of the ratio of the
variance of the first derivative of the signal and that of the
signal. This parameter has a proportion of standard
deviation of power spectrum. Complexity parameter
indicates how the shape of a signal is similar to a pure
sine wave. The value of Complexity converges to 1 as the
shape of signal gets more similar to a pure sine wave.

TABLE 1. THE HJORTH PARAMETER
Parameter Notation
Activity var(y(1))
Mobility /m
var(y(1))
mobili (¢
Complexity M

mobility(¥(1))

While these three parameters contain information
about frequency spectrum of a signal, they also help
analyze signals in time domain. In addition, the lower
computational complexity can be achieved with the use
of them.

C. The Proposed Method

EEG signal generated by motor imagery has event-
related desynchronization/synchronization (ERD/ERS)
properties [7]. A decrease of power spectrum in Mu band
(8-13Hz) is generally called ERD [8] and an increase of
power spectrum in Beta band (13-30 Hz) is called ERS.
As shown in Fig. 2, when a subject moves right hand,
ERD is occurred at C4 electrode. The power spectrum of
an EEG signal has a variety of shapes like ERD/ERS.

Channel C3 Channel Cz Channel C4
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Figure 2. ERD/ERS property of motor imagery(right hand moving).
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When a subject moves his arms or imagines that, the
distribution of power spectrum is changed in Mu band
and Beta band. The power in the Mu band decreases but
that in the Beta band increases. On the other hand, the
power spectrum is converged on Mu band when a subject
is in the relaxed state. Because the Hjorth parameter can
detect the difference of power spectrum, we can use it as
a feature vector.

Considering that each subject has a slightly different
timing and frequency band of ERD/ERS, we need to find
the individual dominant band where ERD/ERS appears.
To achieve this goal, we introduce the Hjorth parameter
for analyzing EEG signals and then use a band-pass filter
to get a significant frequency band by removing
unnecessary bands where ERD/ERS does not occur.

It is important to select a significant feature in motor
imagery for improving the performance of classification,
because significant features can differ in every subjects.
Therefore, we find the timing and the frequency band by
using Fisher ratio as in the following :

After band-pass filtering in an initial frequency band,
the filtered EEG signal is selected by windowing in time
domain. The duration of a window is 1 sec and windows
are overlapped each other for 0.5 sec. A feature is
calculated by using the Hjorth parameter at cach k th
window. In this way, all features are obtained in all
windowed durations of training EEG signals, and then the
features of each class are ensemble-averaged. And this
procedures are repeated, changing a frequency band to
others. The frequency bands are selected as the following
way. The n frequency points are defined within the
frequency range of 5-30 Hz and a frequency band is
composed of two points among »n points. Then, the
number of bands is the number of 2 combinations from
frequency points, ,C,.

In order to select the important timing and frequency
band, the Fisher ratio F(j,k,/), where j is the filter index

(j=12,---,,C,) » k is the window index, and / is the
index of the Hjorth parameter (/=Activity, Mobility,

Complexity), is calculated from the averaged features of
two classes as

I, (nles 1) = my (e D) ©)

F(j,k,0)=
(] ) O-l(jskal)2+o-2(jak’l)2

where m,(j,k,1) (i=1,2) denotes the average and
o,(j,k,1)* stands for the variance of the Hjorth parameter
[ of each class i at k th window and j th filter. If the

Fisher ratio of the extracted feature is high, two classes
are distinguishable by the feature [10]. The prominent
timing and frequency band are selected as

[j-k.11= max(F(j.k.) )

where ; is the index of the prominent band, f is the

index of the prominent timing, and / is the index of the
chosen Hjorth parameter.
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III. EXPERIMENTAL RESULTS

A. Data Description

BCI Competition 2008(1V) Graz data set 2b was used
for analysis [9]. This data set consists of EEG data from 9
subjects. The subjects were right-handed, had normal or
corrected-to-normal vision and were paid for parti-
cipating in the experiments. All participants were sitting
in an armchair, watching a flat screen monitor placed
approximately 1-meter away at eye level.

Three bipolar electrodes (C3, Cz, and C4), following
the standard of ten/twenty electrode system, were
recorded with a sampling frequency of 250 Hz. The Fz
electrode was used as the EEG ground. The signals
filtered between 0.5 and 50 Hz. The placement of three
bipolar electrodes could be slightly different for each
subject. Subjects conducted an experiment which was to
imagine moving their own left or right hand in
accordance with the timing schedule as given in Fig. 3.

Preparation

Becp

Fixation cross Imaginary perio

[ I l

0 1 2 3 4 5 6 7 8

Imagination of
left hand movement

Imagination of
right hand movement

o>

NEEY

Q
=

= Pause I
>

l Time(sec)
9
Figure 3. Timing schedule of one trial [9].

Experimental time per one trial was 8 secs long on
average. Each trial started with the preparation phase for
3 secs and the short acoustic warning tone was sounded at
2 sec after the trial begins. At 1 sec after the warning tone,
a visual cue was presented for 1.25 secs on the screen
monitor. Each cue was a randomized arrow pointing left
or right side. Next, the subjects imagined the
corresponding hand movements according to the
randomized cues. After imagining the task for 4 secs, a
short break was followed up to 2.5 secs.

B.  Feature Selection

We chose frequency points 5, 8, 13, 15, 20, 25, and 30
Hz to implement the proposed method. In this paper, the
number of filters is 21. After filtering, the Hjorth
parameter is calculated in each frequency band during 10
secs after the visual cue started. And then a band which
has the highest Fisher ratio among the features is selected.
Fig. 4 shows the Fisher ratio of each parameter at each
time interval, as an example of subject 4. Comparing Fig.
4 (a) and (b) indicate the Fisher ratios of features
extracted by the Hjorth parameter without and with
filtering of subject 4, respectively. The Fisher ratio of
features with band-pass filtering is higher than without
the filtering. Fig. 4(b) shows that the largest Fisher ratio
of Activity parameter in 8-20 Hz band and at 5.5 sec.
Therefore, when a test process is performed for subject 4,
the band-pass filtering with 8-20 Hz frequency band is
applied and the timing of 5.5sec is extracted.
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Figure 4. Fisher ratio of features extracted by Hjorth parameter of
subject 4. (a) without band-pass filtering (b) with 8-20 Hz band-pass
filtering.
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In other subjects, the Fisher ratio of Mobility can be
larger than that of Activity. However, the Complexity
parameter is not selected as a feature because the Fisher
ratio of that is very low in whole subjects. Consequently,
Activity and Mobility parameter is proper feature vector
except for Complexity.

C. Classification Result

Fig. 5 shows the classification result on the subject 4.
The classification accuracy of the proposed method is
higher than that of the method using the Hjorth parameter
alone. Considering the occurrence of event in that time,

the proposed method reflects the ERD/ERS property well.

We can see that the proposed method outperforms the
method without any filtering process in terms of
classification accuracy.

Classification accuracy as time index
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Figure 5. Comparison of classification accuracy between before/after

band pass filtering (Subject 4)

Table II shows the classification accuracy obtained
from 9 subjects when feature extraction methods are
STFT, the Hjorth parameter, and the Hjorth parameter
with  selected band pass filtering = respectively.
Classification results with STFT is presented in paper
[11]. Linear Discriminant Analysis(LDA) classifier [12]
is used to classify for all the case. Because the dimension
of feature space is one, It is simply classified with mean
values of each class and variance. Comparing to

©2014 Engineering and Technology Publishing

classification accuracy between using STFT and the
Hjorth parameter for extracting features, STFT has 3%
higher classification accuracy in average. And the Hjorth
parameter with band pass filtering is higher Classification
Accuracy than general Hjorth parameter, even higher
than STFT about 4.4% on average.

TABLE II. CLASSIFICATION ACCURACY
subject STFT(%) paraI:IrJ;::)tril(%) miiﬁggs(e%)
S1 71.2 80.6 80.6
S2 55.7 53.1 61.6
S3 53.1 60.6 60.6
S4 93.8 86.8 98.1
S5 86.2 77.6 81.8
S6 83.8 61.2 84.3
S7 65.3 63.3 72.5
S8 83.8 86.2 86.2
S9 79.4 75 86
Average 74.7 71.6 79.1

TABLE III. SELECTED FEATURE INFORMATION FOR EACH SUBJECT

Subject ~ Parameter ?zr?(;l(?ll;)}/ Time(sec)
S1 Activity - 5.5~6.5
S2 Activity 5~15 5.5~6.5
S3 Mobility - 4.5~5.5
S4 Activity 8~20 5~6
S5 Mobility 13~25 5.5~6.5
S6 Mobility 8~30 7.5~8.5
S7 Activity 5~15 5.5~6.5
S8 Activity - 6~7
S9 Activity 8~20 5~6

Table III shows that each subject has their selected
frequency band, time and parameter respectively. It
underpins that each subject has specific time and band
occurring ERD/ERS.

IV. CONCLUSION

In this paper, we employed the Hjorth parameter as a
feature extraction method since it can efficiently
represent ERD/ERS property of EEG signals in motor
imagery. By band-pass filtering the significant band
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found using the Hjorth parameter and the Fisher ratio, it
is confirmed that each case has own dominant frequency
band and timing. The classification accuracy with the use
of the proposed feature selection method is higher than
that of the conventional feature extraction method, STFT.
In further research, a study on automatic band selection
methods would be needed.
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Abstract— The use of electromyographic signals (EMG) to
study muscle coordination requires robust methods to accurately
detect EMG onset, especially when investigating anticipatory
actions or the order of muscle recruitment during motion
analysis. Some studies have used the normalized cross-correlation
function (CCF) for estimating activation delays. This study aimed
at evaluating the use of CCF to determine time delays between
pairs of EMG, in comparison with a visual detection of EMG
onset. 372 isotonic motion EMG from four different muscles from
31 subjects were analyzed during the movement of prone hip
extension with knee extension. All comparisons including gluteus
maximus muscle resulted with significant differences between
methods. This found suggest that the use of CCF for evaluating
delay in muscular activation onset requires caution, since this
function takes into account the whole signal patterns and not only
the EMG onsets.

Index Terms— Cross-correlation function, electromyography,
onset detection, muscle activity, signal conditioning.

I. INTRODUCTION

he muscle coordination has been studied by surface

electromyographic  signals (EMG), generally using
discrete parameters such as maximum amplitude or activation
onset to compare the activation patterns of agonist or
antagonist muscles during a given action [1]. The coordination
is relevant for analyzing several muscles during the gait cycle,
[2] as well as in some specific joint movement [3] [4]. The
normal pattern is also used as a reference for rehabilitation
procedures and for improving the control of upper limbs
prostheses [5]. The EMG onset values are usually considered
for investigating anticipatory actions or the order of muscle
recruitment during motion analysis.

Unfortunately, there is no "gold standard" for onset
detection on EMG, which might serve as a performance
benchmark. There are indeed some studies assessing EMG
temporal parameters that even don’t report the methods used
to identify a myoelectric event [6] [7]. Visual inspection is still
the most commonly reported approach adopted for detecting
myoelectric activation. Either when performed by a trained
observer [8], a visual inspection is however dependent on skill

and experience, has low reproducibility and involves
subjective criteria. Additionally, it is time consuming and
therefore is used only for evaluating a moderate number of
individual attempts.

Various studies have proposed methods for automatic onset
detection, by applying different transformation in the EMG
signal [9]-[11]. The onset is defined as the first moment when
the measured signal exceeds a threshold [12], which is usually
preset as a function of the signal variance in a period before
the activation onset. The objective automatic methods are
more accurate with respect to reproducibility of detectable
events. Different computational methods were designed to
identify the beginning of the myoelectric response on time
[12]-[15].

The cross-correlation function (CCF) has been used to
calculate delays between muscles, without the need of onset
detection [16, 17, 18]. The position of the peak of this function
reflects the delay between the two analyzed signals [19] and is
used to estimate the time difference between them. The use of
the CCF in EMG signals and it correspondence to time domain
was originally addressed by Li and Caldwell [20]. They used
the CCF to compare the same task in two different cadences.
The CCF was calculated in EMG pairs and EMGs were
considered delayed by the time lag of the peak value of the
CCF. The authors commented that the cross-correlation
coefficient could be used to determine phase shift based on the
whole time series profile without subjective judgment of the
investigator. However, according to [3], the traditional
detection method results were different from the CCF results.
The CCF compares the entire pair of signals, not only the
onset position of them. Then a question arises: the CCF can be
used for onset delay in EMG signals? There are no studies
comparing the traditional detection methods with the results
obtained with the CCF.

The CCF has been applied in EMG studies for
electromechanical delay evaluation [21] [22]; myoelectric
cross talk [23] [24]; motor units (MU) activation synchrony
[25], muscle activation time duration [26] and myoelectric
activation patterns [27]-[29]. The specific calculation of the
delay between muscles activation has been accomplished by
the CCF in several scientific papers [17] [18] [20] [26] [27]
[29]. Others have used delay obtained by the CCF for
comparing muscle pairs [18] [27]. However, none of these



studies compared the traditional detection onset method with
the results obtained with the CCF.

The objective of this study is to apply CCF in identifying
the delayed activation between muscle pairs and to compare
the results with the traditional method based on onset
detection.

II. METHODS

A. Data Collection

This study used a random sample of EMG collected for
another study [30], previously approved by the Ethical Review
Board of The Federal University of Minas Gerais.

There were 372 surface EMG signals from 31 healthy young
subjects (15 women and 16 men), age 24.5 + 3.47 years,
average height 1.70 = 0.09m and weight 66.89 + 11.89kg. The
activation patterns of the gluteus maximus, semitendinosus and
erector spinae muscles were assessed during three trials of hip
extension with knee extension on prone position movement
(Fig. 1), interspersed by two resting periods of 2 min.

Fig. 1 The hip extension movement

EMG data collection was made by a MPIS0WSW
electromyograph (Biopac Systems, USA), 95 dB common
mode rejection ratio and 100 MQ input impedance; software
Acknowledge (Biopac Systems, USA); and surface active
electrodes TSTD 150 B, in bipolar configuration with 20 mm
interelectrode distance. The sample frequency was 1000 Hz.

The study followed International  Society — of
Electromyography and Kinesiology instructions [31]. Skin
preparation for impedance reduction included shaving, rubbing
and cleaning with alcohol. Surface electrodes (Ag/AgCl) were
placed in pairs, parallel to the muscle fibers [32]. For the
gluteus maximus, the electrodes were placed at the midpoint of
a line running from the last sacral vertebrae to the greater
trochanter; for semitendinosus, medially on the mid-distance
between gluteal fold and knee joint; and for the erector spinae
muscles, at the L3 level, bilaterally 2 cm to the spinal
processes and parallel to the lumbar spine. The reference
electrode was over the lateral malleolus.

B. Signal pre-processing

The EMG signals were imported to Matlab and processed
by a band-pass second-order Butterworth filter, applied in
forward and reverse directions to avoid phase shifts, bringing a
final fourth-order filter. The filter was applied with two
different cutoff frequencies: (1) 10-450 Hz [33] for gluteus
and semitendinosus  signals, whose were free of

electrocardiogram (ECG) contamination; and (2) 30-450 Hz
[34] for paraspinal muscles, in order to reduce the ECG
contamination.

C. Root Mean Square (RMS) Value

It is well established that the EMG amplitude during an
myoelectric activation has an stochastic (random) nature and
vary randomly above and below zero (Fig. 2), and can be
reasonably represented by a zero-mean Gaussian distribution
Thus, the simple average of the signal provides no useful
information, and it is usually analyzed by its RMS value or the
low-pass envelope of this absolute value. The signal amplitude
may vary from O to 10 mVpp or 0 to 1.5 mV (RMS). The
usable energy of the signal is limited to the frequency range 0-
500 Hz, with dominant energy in the range of 50-150 Hz,
where usable EMG are those signals with energy above the
noise [35]. The estimated amplitude of the EMG can be
mathematically described as the estimate of the standard
deviation of a random process with additive noise [33].
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Fig. 2 The EMG signal with negative and positive values and its RMS value.

The integration of the EMG signal squared (quadratic)
measures the signal energy and eliminates negative values. A
measure derived from this integration is the root mean square
(RMS) value. Each signal is converted in 20 samples window
RMS values, according to Equation 1 [36].
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D. Visual Onset Detection

The onset detection was visually made by the same
observer. The EMG was plotted on a screen with two
horizontal lines, corresponding to two and three standard
deviations (STD) above the initial baseline mean. The onset
threshold was the two STD interception occurring immediately
before a three STD interception. A resulting example is shown
in Fig. 3.



The difference between each muscle onset visually pointed
was calculated for the muscles pairs:

* Gluteus maximus and semitendinosus;

* Gluteus maximus and ipsilateral paraspinae;

* Gluteus maximus and contra lateral paraspinae;

* Ipsilateral and contra lateral paraspinae;

* Semitendinosus and ipsilateral paraspinae;

» Semitendinosus and contra lateral paraspinae.

In each case, it was computed the difference between the
onset of the first muscle and the onset of the second one, in the
above pairs.
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E. CCF

The normalized CCF was used to calculate the difference in
delay between the activation of the same pairs of muscles of
visual onset differences.

The CCF has been applied to the signals in RMS, following
the equation [19]:
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The delay between each pair of muscle was obtained by the
time lag of the CCF peak value, i.e. the position of the point of
maximum correlation between the signals (Fig. 4).
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Fig. 4 The Cross Correlation Function of two muscles. The peak position
indicates the delay between the two muscles.
F. Statistical Analysis

The results from both methods were compared by a single
ANOVA for repeated measures (a0 = 0.05). Individual
differences were found using Student ¢ test with Bonferroni
correction (significant for p < 0.008)

III. RESULTS

The onset differences between muscle pairs (averages and
respective standard deviations) are shown in Table 1.

TABLE I
MUSCLES PAIR DIFFERENCES
Muscles Yigia) CCF P value
onset
Gluteus maximus and 440,98 34.84 <0.008
ipsilateral paraspinae (507,77) (537.98) ’
Gluteus maximus and 429,41 81,51 <0.008
contralateral paraspinae (524,59) (252,64) ’
Gluteus maximus and 494,25 84,52 <0.008
semitendinosus (526,69) (275,98) ’
Ipsilateral and contralateral -11,57 18,49 061
paraspinae (218,05) (579,02) ’
Semitendinosus and -53,28 -34,62 075
ipsilateral paraspinae (249,31) (587,26) ’
Semitendinosus and -64,85 -24,09 0.20
contralateral paraspinae (250,45) (232,06) ’

Average in ms and standard deviation in parenthesis for muscular onset
differences calculated in both methods. The p-value for both methods,
including all muscle pairs on ANOVA test is 0.36.

0,36, after
However,

The both methods presented the p-value =
ANOVA, therefore no statistically different.



analyzing individually muscle pairs, the visual and CCF
methods produced different results for the muscle pairs
including gluteus maximus, as showed on the three first lines
of the table. For the remaining pairs, between semitendinosus
and paraspinae, it was found no statistical difference.

IV. DISCUSSION

The present study used the CCF to determine the delay
between myoelectric activation of pairs of muscles. In signal
conditioning, the calculation of the delay between two signals
has traditionally been accomplished through the CCF, since
the position of its peak reflects the delay [19] (Fig. 4).

The traditional method of visual onset detection was
improved with the use of two different thresholds, two STD
immediately before three STD. This method was used to
obtain the differences between all the muscle pairs, which
were adopted as references to evaluate CCF results. This
improvement in visual method aimed at reducing the
dependence on the human observer, but it still consider some
subjective criteria and is time consuming. The development of
an algorithm to automate the process certainly would improve
the reproducibility, and thus the reliability of detected events.
Automation streamlines the process and it becomes faster.

The CCF is an automated method and has been used for
assessing delays between muscles in EMG [17] [18] [20] [26]
[27] [29]. In the present study, 372 surface EMG signals were
analyzed and the results showed no significant differences
between the two methods for muscle pairs. When it comes to
analyze individual pairs, however, the pairs including gluteus
maximus showed statistically different results (Table 1). For
semitendinosus and paraspinae the results didn’t show
statistical differences between CCF and visual detection
method. Concomitantly, the gluteus maximus muscle showed a
later onset in relation to these others (Fig. 3), that showed a
similar onset. A possible explanation for these differences is
the fact that, independently of the delayed onset, the overall
activation pattern of gluteus maximus during hip extension
movement occurs approximately in phase with the other ones
and the CCF takes into account the entire compared signal and
not only their beginning.

Li and Caldwell [20] proposed the use of CCF to determine
phase shift based on the whole profile of the time series,
without undergoing the subjective judgment of the
investigator. These authors showed the onset results and the
CCF delay results, but did not perform comparisons between
them [20]. They only compared the same task in two different
cadences. However, a review paper [3] performed the
comparison between traditional method and CCF results
obtained by [20] and pointed to the controversial results
between the two techniques.

Reinforcing the above explanation, the visual inspection of
examples shown in Fig. 3 for gluteus maximus and
semitendinosus muscles suggests that the later presents a larger
activation, with advanced onset and delayed offset than the

former, but both muscles presented a similar triangular pattern
with peaks almost in phase. In such case, the CCF would
present a peak with zero or small lag, independent of the onset.
In this sense, the present study agrees with Hug and Dorel [3],
who commented that cross-correlation technique should be
used with caution, and certainly as a complement to the
classical method of detection and the visual inspection of the
profiles of EMGs.

Despite the CCF application in Biomechanics, none study
objectively compared values of muscle activation onset
obtained by standard method with the results obtained by the
CCF. A sole study [27] analyzed EMG patterns by calculating
the peak value and the delay of the CCF. The CCF was
calculated between pairs of muscles during completion of a set
of eight movements with upper member in two ways: (1) The
reproduction of the same motion; and (2) The same movement
in different directions. Other paper [17] used the CCF between
EMGs of the same task performed in two stages, test-retest.
The response to cycling training on sub maximal level was
analyzed by CCF peak value and the CCF delay value for the
same muscle EMGs during the same task performed before
and after training. A study on patterns of muscle movement
manual grab [18] used the CCF to obtain peak value and delay.
These studies have considered only the delay value calculated
by the CCF, without comparing it to traditional onset detection
methods.

Other study [29] used the CCF to examine the long and
short head of the biceps muscle while performing tasks. The
authors used the CCF of EMG signals to confirm the muscular
activation patterns previously analyzed by traditional
parameters of EMG amplitude. However, they don’t show
values of muscle activation onset traditionally identified to be
compared with the values obtained by the CCF. As the peak of
the CCF was positioned near the origin on the graphics, the
delay between muscles was null or almost null.

This study used the CCF to calculate the delay between
pairs of EMGs using their corresponding RMS signals. As the
formula for calculating CCF involves the medium product
between signals (Eq. 2) and the EMG is a signal with
alternating values around zero (Fig.2), the direct use of raw
EMG data would produce a reduced CCF, eventually with no
significant peaks. The RMS solves this problem because
eliminates the alternating pattern. Besides, the integration of
the quadratic signal keeps its energy. The RMS is a derived
measure of this integration, that’s why it keeps the signal
energy.

According to [37] the CCF would be influenced by many
factors, and inversely with the level of muscle excitation,
conduction velocity of MU and the physical size of the muscle.
The values obtained in the CCF would have a direct
relationship with the subcutaneous fat and skin conductivity.
Briefly, the CCF values are proportionally smaller, the shorter
length of the muscle fibers, the greater potential variability of
the timing alignment of fibers, the lower layer of the
subcutaneous tissue and greater amplitude in the conduction



velocities of MUs and the number of innervations. The CCF
would be minimally influenced by cross talk. For studies that
consider the peak value of the function, this information is
relevant. However, the present study analyzed only the
position of the peak value. Thus, these factors have no
influence on the results obtained in this work.

V. FINAL CONSIDERATION

The CCF should be used with caution in studies of muscle
coordination. CCF estimates of muscle onset differences were
statistically different from the results obtained with traditional
technique of onset visual detection, used as a reference.
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