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ABSTRACT

This thesis concerns about muscular contraction classification using principal
component analysis. A multi-channel EMG acquisition is use to record multi-channel EMG
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4.3 msdszanamluiig (Spline Interpolation)

9 = L]

@ S vy o |&a o ' ' & v a o

Wa1wInd ladeyanasiuveinsimTissvewnazaes ez ladeyaneglugiivaing

e ' [ P = 5 A Ao ' ¢ o

ax4 w21t msdszuaa lugranuualihi Fadiudsdaldwpuwanimlszanumilandu
' ' 9/ = i A o 7o EY v . . a

Tuuaazyisdoya vazFonnyuimmaniunangudu 1 (Spline function) U3 gUuvy

k4 @ " . . ! ¥y ¥ Y o o

funu Ao mdszuua TaolHdunsa (Linear Spline) msvszmmalaslsdulnaiids

@94 (Quadratic Spline) tay MsUszium IaglMnduIAaMaaay (Cubic Spline)

4.3.1 msuszinamiasldidunsa (Linear Spline)
S du o Y A s 1a o
Wudanduradungeuya 2 ypnegaanuy
FMIUTNN 1 ¢ F(x) = £ (x,) + mp(x — x,), % €[x,,%,]
fnsuran 2 f(x)= f(x)+m(x—x),x €[x5,X,]

dwmsurain : f(x)= f(x,_)+m,_ (x-x,_ ) x€[x, ,x,]

it m =L G) =S pum 012 on (4.13)
b 1-x

4.3.2 madszanamlaglfiaulasiasass (Quadratic Spline)

‘-‘Uc!.

maimauiﬂmamu wwmmns n ﬂ“’ﬂmuauwuﬁauﬂuw n -1 @'I?JL"L‘!ENT]‘D@]I.‘H@M (knot

1350 interior point) ¥M3119%34 2 ¥331@ 9 19U Quadratic Spline HIDWHUIWANT A 2ADIL

v do  w A 4

{ 4 " (] s A c; Y "
euNUTBUADNIARITaIN yaan sernIderaala q nyuwdniaesnlddszumenly

¥ ¥
= 2 CV - |

ueazyeteyaligduuuall f(x)=ax® +bx+c uReflanFusideaesiyszuimm

Handuves xefx_,,x ] dmiusaedi i la g aglugl
f(x)=ax+bx+c, Wo i=12,..,n (4.14)
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1. aaavlansunegAanuiinumiungayon gl (Interior Points)

d’. =) OA: w9 o s -
UM TULNINNA 11— 1 99 (X, Xpr..s X, ) W IANAMIV =2, 3,00

“Fn-l

a_x_,+ bf—lx;—r T, = f(xi—l)

ax; +bx. +¢ = f(x,)

¥
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A oy o v G g B e, A A 4 A
PINNDUY 1‘1]1“3‘]%:1 l@‘lﬂ\iﬂl’ﬂ 2(p-1)=2n-2 FUMIAWAUITU N i=2 HIDN X, ‘H%ﬁuﬂﬂl‘ﬂ'ﬂu

LHINFNANU [x,, x,] 1AZFNNTDI [x , x,]
¥299 1 vz ldaums f(x)=ax’ +bx +c,

¥2991 2 v ldaums £(x,) =a,x +b,x, +c,

2. WanFunviiarnuga (x, fx,) vazdandui n inga (v, f(x) 1910210 2 aumsdenu
f(x))=ax; +bx,+c
f(xﬂ) = anxs + banT + Cn

v
=) )

o daor as d! das :; la o =1 1w 3/ Y ar
3. wwuﬁauﬂuviuammﬁanmu‘naqﬂﬂnuummmumﬂman 1‘51%316! a-1 auUMINWIUNY

Q

Y] o

vinflandumidaes £(x) = ax’ + bx + c vzlioyiusouauniiteglugl f'(x)=2ax+b

o .

' :
yanoun o lulinemua n-1 99 (x,. x,...... x,,) 92101 dM5Vi=2,3,....n

24, % b, =Dax b

ivi=1

<

o d ar d
4. ayWHsOUAUTR VeI INTUUsNIMA LY (Nutural Quadratic Spline) alda, =0
f(x)=2a,=0
‘o Sy v o o o Y o\ P ] a o
HAJINN 1@ 3n AUNIT A1NIY 30 muﬂiumm 1'ﬂllﬂ§$‘U°{Jﬂ'ﬂJﬂTﬁTﬂUiTm@iﬂcﬁ

4.3.3 mstszanamlaaldidulaamasats (Cubic Spline)

mshmyunansmmntszinumluidazgiszuiadeyan + 1 e weilunsiiu

' ¥ ¥
Ysganiammlumsiszanumlugialdagtiu Taeligduuy dail

fix)=ax’+bx" +cx+d i i=1,2,3,..,n (4.15)
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dar t:i la o A0 T o :1'. d‘l - u
1. ﬁmﬂaﬂﬂuuﬂaqmnuummmuﬂqﬂwaumﬂ‘lu (Interior points)
] ¥
AU IUTINMNA 2 — 199 (x,, X, ..., x, ) 92 1A M3V i=2,3,...n
3 2
i X Bl 8By bty S F (&)
ax., thx,  tex,, +d, = J(xy)
4 dy 3’3 Y W ' o . A A & &
ndeu lvilisaz lananua 2(a-1) = 222 AaUMSAWAUBY i =2 W07 % ma;ﬂugﬂw@u
] 1 d' d! ] P= ' = Y
FENIWFNWNHUL [x,, x,] UAZYIINTBI [x,, X,] ¥a9n 19z 1aaunis

f(x)= ale + beIZ +0%, P, ¥4 2 a2 1duns f(x)= arle3 + bz)cl2 +igx - d;

du oA du A Y
2. HanFufinilauga (x,, f(x,) sazHandui » f1uga (x, f(x,) 13192 14 2 qun1sdonu
F(x) =axg +bxg +cx, +4,

f(xn) = aﬂxf}r + bn‘x)::‘ + Cnxn + dn

3. oyussuiUnisvessndufioginmuiimummhinidiqaion 1218 » - 1 aumsdiofuan
BYNUTOUAVADI f(x,)=ax® + bx® +ex+ daziloywussuduniseglugl
f'(x)=3ax* +2bx+c igﬂ;%ﬂumu”luﬁﬁywm n—198 (x,, X,p....x ) WA NEMTV i =2,
B renes i

2 2
3af*1xffl + 2bj_.:xj_{ + Cf—l = 3a X + 2bx -+ Ci

i7vi-1 i1

v du o as dow o ar o o o k4
4. eyAusOUAVasveslsnTuNegRafulinumiuigaivennelu azld n — 1 aums
a d

AWAUINBYWUTOUAUADY /"(x) = 6ax + 2b AMTVi=2,3,...,n
6a,_x,_, +2b,_, =6ax,_, +2b,

v du o s LY P ; FY
B auwuﬁauﬂuaawmﬁaﬁwmmmzqﬂﬁ'mmmuqué (Netural Quadratic Spline) 3% 1@

(%) =6ax, +2b,=0 uag f"(x)=6a,x,+2b,=0

& Y v ¥ ) A o A
Indou lud iy deadszuuaumMs 4 » aumsiie 4 nawls @, b, c, d, Wi = 1,
a o = = ' o Y
2,..... n M wAszvvaums laglduas g v ldwas ngnivwa Tl luazaon

! o s ad % @ o
Tumsudszuuauns aelvziiieauednitnilalunisma, b, ¢, d, Taeldanuduiusves

T

1 ¥
x,] FafigthwuiluFadu dnfusiemsaiou

3
=

DYNUTOUAU B IVBIAIRFULU [x,

-12

aums TaglamsUszumm lusaimyuiniouainsess Jaas

&~ X—%, s
fi'(x) = —;f"(x.--l)+ﬁf"(x,.) We i=12,..,n
=y % P
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¥ Fd
o —~ = s LF=W s =l =) =Y L7 Qs
MINTBUTIINIAAINTI 9218 f(x,) ualinIndnnmMsduimsanalugesmialony

wazilanduit i DAy £(x)= f(x,) fgm x=x,
S S (=) s, JS) o
w2 ld Jilx)= o Al)< g =)

(4.16)

+|: Sxn) S0 ) XH)}(L ~ )

X, =y 6

{ S(x) _f"(x,-)(x.-—x,-_l)J(x_xi_l)

x—% 6

"
=

4 ar o ar % g as
HUENNE) 157ABIN1TH F'(x) wag £ (x) ndouly eyiusouaunile vesilandud

afAnfuiiauiiuiigdon
FG)=/"(x) e  i=12...n—1 (4.17)
MimsmoyRusauns (4.16) uazl¥anuduius luaums @.17) 1218
(6 =X )" () = 20, —x ) )+ (g — ) ™ (500)

f(xm) Sl + [f(’f,l = /(x))] (4.18)

i+l f |
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(Principal Component Analysis)

5.1 Uni

a 4 o o ad aa a { s a o o a
MIAATIZHeIAUSZNOUNAN (PCA) L'ﬂu’}‘ﬁﬂ’lﬁﬁﬂﬂlﬂu?%ﬁLlﬁ'i‘ﬂﬂ'ﬂuuﬂll‘iﬂllﬂET”I“HiiJ

] L
=

9 Y A s ::Iy U = aa A 3 P 3 o s w
msfumgduuyludeyaniiiags luunizndnimouginoivesnlsdmiunsdanon

Y o a 9 d’.‘ 1 1 A J
mayamismﬂi’]waumﬁﬂﬂmmmﬂamnuaiuuﬂa:mmanmﬂaau“lmmm

ar & a d d [

5.2 ﬁﬁﬂﬂ]‘iwugTWUENﬂ]‘il!ﬂﬁ]zﬂi’)&ﬂﬂ‘i%ﬂﬂﬂﬁﬂﬂ
d: o J o’ o k = '
mﬂwqygwugmmmnﬂmammsm'm’aﬂma‘i“lﬂiunﬂmaimﬂm R TUITVYUDY

a g 1 ay o de o " a . o
1ug'ﬂNa‘i’memunuumunmmnﬂmas‘wugmmiUm‘lmﬂ]jﬁ (Basis) AU

u=ae +a,er+..+a ek (5.1)
i = Qf
Tasndulseans o, annsomldan

u-e, u-e, u-e,
a =——,a, = N
& g, e, e, e, €,

(5.2)

— v e a y v g e ¢ = S 4
AuMsi 5.2 o19ueadnlszdns «, Wenms sRagunames ¥ aUUUFT e, UDS

Y a - a Y o 1
welagdrsvnnavenndd e, 3051 (2 wdas2wdaly R 5051 b)) saadlimiumn

&= = = 9 = &= = =
nAMBT u = 1.6e +2e:unz3l 5.1 (c) uaalivuinames v = 2e; +2.5e;
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5.3

(5.4)

= =N = 3 1 - o
U 52 uamauda i, uazk isuiuinaees « = (2,5,6) mwnsaouluzinanes

w=2i+5)+6k
widulsgansan
@ =u-i=<256> <1,0,0>=2
@, =u-i=<256>-<01,0>=5

a, =u-k=<256><0,0]>=6
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1

The First Principal Axis

6700 = 20UBLIEA
+

Variance = 1.284
(b)

51 5.3 (2) nawesanlmAn (b) namesalalni

a o o ) 4 ar a &
RTONHNINVBUIAADS Iunamesanly R dwdailuglin 5.3 () dnlszans «

s = d 1w o o o =]
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Wouununawes lunawesmles R* Awda § uaz j donawmesmly R vy Al
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=Y — = rdy = ° a [ o o
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Principal Axis) 110g g'juﬂuuﬂuwﬁnﬁ 2 (Second Principal Axis) gﬂ 5.3 (b) LLﬁﬂdLJﬂLﬂ@§
alaslni §udlszing @, uae o, lunmmesatlalw TMnGoudinify 1284 1oz 0.049
AWAIAY

Tumal§idawdalng e, uag e, aunsamidninmsdunleununmnes (Eigan Vector)

¢ o . = L4 a 4 e = L4 a d
ua:"lau,ﬂuu,mgu (Eigan Value) w3 TaSoudiunsng ¢ laof IS ousuning C an

HYUAL
| cov(X,X) cov(Y,X) 5:5)
| cov(X,Y) cov(Y,Y) '
Tavii
-
X = [x,,xl,....,xk]
Yz[yl’yzv'“"yk]r
k
cov(X,Y) =D (x, — 4 )y — &) (5.6)
i=l
uaz Tawd
] ]
=— ) XM, =— ; (5.7)
He=— Z‘ 8 K;y
fuiin1491

variance(X) = i(x,- = HNE — B

i=1

k
cov(X,X) = Z(x,. - u )x, — pu )= variance(X)

i=1

o = 9/ Y ¢ daa a A T A v A "
hl'ﬂkLﬂurJﬂLﬂ@ﬁﬂﬁ@ﬂﬂﬂﬂﬁﬂU l’e)uﬂul.l,’ngﬂ‘t’lnﬂ1mﬂﬂqﬂﬂa €, vsounuuanyn | (First

.. . ot Y w ¢ de Y A T oA
Pnnmpal Axis) LlaxvlﬂllﬂunﬂlﬂE]i“ﬁf’]ﬂﬂﬁi’JQﬂ‘Ullallﬂulnﬁa NUAIUBIDININD e, HIDUNU

L'l

WA 2 (Second Principal Axis)
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a d d o o ar v cu v &
5.3 MIUATIEYBAYSENRUHANTIMTUMIAAENNIHANIVBINA 1D
= o 4 ) ad 9/ ad = b Y
m3aasznesnlszneundn Wuitmsseygluuunaznaasdeyaluisnisizniuly
o2 4 4 ' 9 2 ¥ o 79 9 £
mulenNuMlounIenNuuanawvesdeyatiug Ias lagmithluszgnaldamludunms
3 ' 1l o Y =i Yo o d’l F 9 as
131519 1wy msvad luniiauiinisniuluse lewnud (Eigen face) dmsuns
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Uszgnaldiunsdauenyiamsuadniugnuiseenifluassiuasufe funeunisiGous
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Foyauazvuneumsiaswumilumulamy
531 Tuseumsadegmuteyamsiseui vesdeyaunilsdganalnhindunie
(EMG Mapping Data Training)
o 2 [ 4 [N g 3 1 L
Lo ahdeyansuulthdyga Ithnduilendasvailunmees egluzlnnmes
= 5 =t i = 1 1 '
Azl 5.4 Fannsodowduaunmslaawaumsi 5.8 wiiudlddeyatioglugdues

L= gl " ¥
L’JﬂmﬂiL‘SEN‘ﬂ'Iﬂ‘lﬂfj“l.’lj'll'ﬂmﬂ‘ljuﬁdﬁ'lﬁ‘llﬂﬂ‘ilma’lﬁ

LD f,(L2) - £i(1.3)
L@ fi(22) fi(2.3)
LiGD £,3.2) £,3.3)

g

=lAAD £ £03) £ £22 L3 £GD 562 £33)]

31 5.4 namegduuumstnddeyaveansnsz MeA Y

tl 1 tlz [I,v IIM
t?.l III rlj l(2:'-/1’
A=| : S : (5.8)
[:'I [."2 ij [f.w
_fNI ! N2 IM ‘r.\'.w e

' 1 Qs o a o § o "
2. WA v IuuAasuanYeuuATRY 4 awauns 5.9 32 lAmesng 4 dailvunaming

A & 1 ci 9/ 1 [N o o
IxM 1B i ﬂ'é]ﬂ"lmﬂmlflﬂ‘ﬂ’émuﬂclmtﬂﬁ$ﬁﬁﬂﬂlﬂGllm‘iﬂ%’ A

w = éZz, (5.9)
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1 — W = d & A [ = 4 A . =3
3. MM ¢, 1INAUNTN 5.10 92 IANATAS ¢ FaLVIAMINULATIS 4 e i=1 DIN

_ =3 .:‘i - 1 ' ' 9/ o 1 Al 9 " s
uag j=1o3 Mo ¢,.,, ﬂ'ﬂﬂ’lﬂﬁﬂ’lﬁiﬁﬁﬂ’lﬁﬂlE]'qu)ﬁﬂ“lJﬂ"l!.ﬂﬁfJ‘Uﬂl!”ﬁclullﬁﬁgﬂﬁﬂ
¢ij =1, -V, (5.10)

¥ = a J . . 2 9 ° Y a o
4. a$191anSouuasng  (Covariant Matrix,C) i 1% lumsdiuis laidumasngaiu

AUMTN 5.11
C=¢-¢ (5.11)

° 4 ' : Y s
5. A lertuninaumsi 512 vz 1da ledung (Eigen Value) uazlaiiunnines

(Eigen Vector) Y84 1n2130UNA3 N (Covariant Matrix) C

Cv,=4v, (5.12)

[
Y-

6. loidunnmas (Eigen Vector) filin1leiiuiag (Eigen Value) fifmgagaiiudie

«u Q

! @ a . ar 3/
dnlsznoundnvesyadeya A uumIAdAME  (Feature Matrix) Tnodaguuuuvoslem

4 y ' o1 o w S v = £
UNAABS (Eigen Vector) 1wuTﬂmmmﬂmmnﬂmaime%Lﬂumﬁﬂ"lﬂﬂmﬂma'ﬂamu

]
=

ftimdge Taseusadanaaesnim lewudssquinesn lu1d dsgii 5.5

L1

Eigen Vector

/

B> > > D> >

[

Matrix N384 Eigen Vector 910 Vector Ny Eigen Value

wndige lvlesfigaMatrix fifivina N x N

51 5.5 wnSndRNIz (Feature Matix)



7. a3 19 ToidumnInd (Eigen Matrix) E Tnsdangilh 5.6

11910 Eigen Vector
Transpose AMAY Matrix ¢
o u]: d a ==
AIUUNIAADIHAANEIIL

YUIANINUY 1 x M

(A A A A A A A

Eigen Matrix HYWAINY N x M
51 5.6 leidummsnd (Eigen Matrix) E
£ a Jd a
8. AT1UUNTNG Imgl MU 5.7

Eigen Matrix i} AUIDIVUDA

Matrix ¢ Transpose

> >

A

Matrix Img| Juuia N x N

4; a o
UM 5.7 WM Imgl
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= a y = v A o P
9. 3 1uuNnFvaIteyasinsznounan Imeg2 e lniludeyamu I imoinnlylums

seytialunszuiumaszyriamuaunIsn 5.13

imgl,
norm

IMG2 = (5.13)

imgl, o MNTFNUBUNNTAG IMG1 1o i=1 3 N uaz j=1 T4 M

N

norm = Z (img;) :

']

5.3.2 Tunoumsdadwumiluvninny (EMG Mapping Data Testing)
= 9 aad ! ciyd
msszyyiavesdayanaaeuiisnisaeae hiide
o ¥ Y e § @ A sq Y
1 ihweyamsuu/edyapa IihndwiiienagevudaGsudunmaes 1deglugl
< = a o &
naaes awaumsh 5.14 Wumwnind B dsllowia 1 x M

B=ly ¢ ty | Hiej=18aM (5.14)

J

v a | 4 1 " @ s
2. MAuuN3ng D 1Inaunish 5.15 1o D fewadssgnindeyatuaunaodoya

D=B-y (5.15)

Taoh

a4 Ao a ¢ o ¥
w mmaﬂﬂmmmnﬂizmumsamﬁzﬂmﬂﬂszﬂamaya
Y = 4 dy ] =
3. 99 unI Ny IMG1 ‘Uuiﬁlﬁ]'lﬂﬁimﬁﬂ 5.16

IMGl=ExD" (5.16)
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v " ] ¥
4. adhamm3ng IMG3 Minammsi 5.17 Taoft imgl, WuamFnues IMG1 fiad19vumn
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7. M3naou 1y 1le (Wrist pronation)
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8. M1sAaeu IHuULULD (Hand open)

4
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25

1 18 2

25 3 35 4
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1. wamsaauonmsinaeu IMauuun1ie (Hand close)

Anonumous input of Hand Clase no: 15

10 15 20 2%

(1

Anonumous input of Hand Close no 2

20 25 A B

EMG idenification is Hand Close no: 13

ST

(3)

Anonumous input of Hand Close no. 4
————rm

2 5 0 5

EMG idenification is Hand Close no: 13

s

Anonumous input of Hand Close no 1

15 20 25 k) 40

EMG idenification is Hand Close no: 13

10 ga_—_————r—

(2)

Anonumous input of Hand Close no 3

15 2 25

EMG idenffication is Hand Close no: 13

10 W"—

(4)

Anonumous input of Hand Close no 5

a———

5 10 15 22 25 @M H 40 45

EMG idenification is Hand Close no: 13

|€|

519 6.47 HAMITAALINAITHARD

Y



Anonurnous input of Hand Close no' 8

5 20 % M B 40 45

EMG denification is Hand Close no. 13

(7)

Anonumous input of Hand Close no: 10

2 -] 0 k] 40

EMG idenification is Hand Close no: 2

9)

Anonumous input of Hand Close no: 12

15 20 2% 0V 3F L 45

EMG idenification is Hand Close no. 2

(11)

Ananumous inpul of Hand Close no 9

S M 15 2 2% 3 B 0 4

EMG idenfication is Hand Close no® 13

10

(8)
Anonumaous input of Hand Close no: 11

20 F.-] 0 .HB

EMG idenification is Hand Close no: 2

(10)

Anonumous input of Hand Clese no. 13

2 25 0 ¥ 4

EMG idenification is Hand Close no: 12

31N 6.47 waMsAAULNNIHAGT (dB)
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Anonumous input of Hand Close no 14

5 20 % 20 - 1]

EMG idendication is Hand Close no 12

(13)

5UM 6.47 HansAALENMITHAN (D)

NaNIAALEATIAURANAIA 2 A9

Anonumous npul of Hand Close no & Ananumous nput of Hand Close no: 7

20 - 0 ¥k 40 15 20 2% 30 * 40

EMG idensfication is Wrist Supmauon no: 105 EMG idenification is Wnst Supination no: 104

31 6.48 WamsfALINMITHAND



116

2. wamsfanennIsiaaeu Inanuuiiaile (Radial flextion)

Anonumeus input of Radial Flextien no 18

20 ] 30 k)

EMG denfication 1s Radial Flextion no 21

)

Anorumeus input of Radial Flextion no: 20

& 10 15 20 2 30 » 40 45

EMG idenfication is Radial Flextion no: 21

3)

Anorumous input of Radial Flextien no. 22

5 M B WD B A

EMG iden:fication is Radial Flextion no: 22

e

Anenumous input of Radial Flextion no 19

10 15 20 25 0 * 40

EMG wdendficalion 1s Radial Flextion no 16

(2)

Ancnumous input of Radial Flextion no: 21

0 ¥ 4

EMG idenification is Radial Flextion ne: 23

4

3U7 6.49 HamsfauuNNITHAR



Anonumous input of Radial Flextion no. 25

5 20 25 0 3B 40 45

EMG idenffication is Radial Flextion no. 16

(M

Anonumous input of Radial Flextion no: 27
= Y

15 .t} 25 30 3%

EMG wdendication is Radial Flextion no: 18

9

Anonumous input of Radial Flaxtion no 29

10 5 20 25 MV B

EMG idenfication is Radial Flextion no: 25

S

(1D

117

Ancnumous inpul of Radial Flextion no. 26

k1 5

EMG idenification is Radial Flextion no 30

W.,- = TN P ETT EERCA N T

(8)

Ancnumaus input of Radial Flextion no: 28

15 20 -] 0 E ] 40

EMG idendfication s Radial Flextion na: 21

(10)

Ancnumous input of Radial Flextion no' 30

5 11 15 20 25 B

EMG idenification i1s Radisl Flextion no. 17

(12)

5U7 6.49 wamsAauNNISHAI (A0)



118

Anorumous inpul of Radial Flextion no 16 Ancnumous inpul of Radial Flextien no 17

) 5 10 15 %X W B 40 45

EMG idenification is Radial Flextion no 18 EMG idenification 1s Radial Flextion no 26

{13) (14)
511 6.49 wamsfiaenn1IHART (A0)

[
==t

¥
HAMIAALEANNANNHANAIA 1 AT

Anonumous input of Radial Flextion no: 23

15 20 5 b 40

EMG idenification is Wnst Flextion no: 72

311 6.50 wamsAALENMINAAD



119

3. wansnauennsnaeu IHauuuiiaile (Ulnar flextion)

Anonumaus input of Ulnar Flextion no: 31 Anonumous input of Ulnar Flaxtien no 32

20 25 0 3B 0

EMG idenification is Ulnar Flaxtion no 34

(1 (2)

Anonumous input of Ulnar Flextion no: 33 Anonumous input of Ulnar Flexticn no: 34

5 10 15

¥» 40 45 2 % 0 k<) 40 45

EMG idenification 15 Ulnar Flextian no: 39 EMG idenification is Ulnar Flextion no: 41

(3) (4)

Anonumous input of Uinar Flextion no. 35 Anonumous input of Ulnar Flexticn no 36

2 P V]

EMG idenification is Ulnar Flextion no: 33

517 6.51 wamsfiALUANINAAD
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Anonumous input cf Uinar Flextion no. 37 Anonumous input of Ulnar Flextion no- 38

15 2 p=3 0 » 15 2 P} 0

EMG idenification is Ulnar Flextion no 33 EMG idenification is Ulnar Flextion no- 31

(7) (8)

Anonumous nput of Uinar Flextion no: 39 Anonumous input of Uinar Flextion no: 40

™ 15 o B W B 4 45 TS

EMG idenffication is Ulnar Flextion no: 37 EMG idenffication is Ulnar Flextion no: 33

9 (10)

Anonumous input of Ulnar Flextion no: 41 Anooumous input of Ulnar Flextien no. 42

5 10 15 s M X 0

EMG idenification s Ulnar Flexhen no. 33 EMG idenification is Ulnar Flextion no: 37




Anonumous input of Ulnar Flextion no. 43 Anonumous input of Ulnar Flextien no 44

%5 IV B 40 45

EMG idenification is Uinar Flextion no. 39

(13) (14)

317 6.51 wamsAaUENNITHAAT (40)

] ¥
NANSAALENNLANURANAIA 1 AT

Anonumous input of Ulnar Flaxtion no: 45

5 1 15 20 2 M 3% 4 &5

EMG idenification 1s Wnst Pronation no: B1

U7 6.52 Han1sAAUINNITHAA?



122

4. HANIAALOANTIAADY IMIUVVIBIBAY (Wrist extension)

Anonumous input of Wrist Extension no 48 Anonumous input of Wrist Extension no. 49

T T TR

10 15 20 25 30 £ 40 5 10 15 2 5 0 B 40 45

EMG idenification is Wnst Extension no EMG wdenificstion is Wrist Extension no. 46

T T T T

(1) ()

Anonumous input of Wrist Extension ne: 50 Anonumous input of Wnst Extension no: 51

10 5 20 25 1M B L 10 2 2% I B L
EMG idenification is Wnst Extension na: 50 EMG idenification is Wnst Extension no: 50

(3) 4)

Anonumous input of Wrist Extension no’ 52 Anonumous input of Wrist Extension no. 53

10 15 2 % 20 k] 40 45 5 10 B X 2 0 ¥ LW

EMG idenification is Wiist Extension no. 52 EMG idenification is Wrist Extension no. 52

3U7 6.53 wamsAAUUANITHAA?



Anonumous input of Wrist Extension no 54

10 5 20 25 B I 40

EMG idenification is Wrist Extension no 60

20 25 IV F W0

(M

Anonumous input of Wnst Extension no: 56

] 10 15 20 F-] 0 T ] 45

EMG idenification is Wrist Extension no: 60

o et £ e e s

10 5 20 22 W B 0 45

EMG idenification is Wrist Extension no: 48

YT

(11

Anonumaous input of Wrist Extension no 55

10 5 20 % 0 *

EMG idenification is Wiist Extension no. 51

Ty

(8)

Anonumous input of Wnst Extension
. T T

no: 57

10 15 20 25 0 E ] 40 45

EMG wenification is Wrist Extension no: 52

T

(10)

Anonumous input of Wrist Extension no' 53

. g o

% 1 B 0 45

EMG idenification is Wrist E no. 55

(12)

3UM 6.53 WamMIAAUINNITHAAT (AD)
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Anonumous inpul of Wiist Extension no 60 Anonumous inpul of Wrist Extension no. 45

e ey o

10 15 20 2% I

EMG idenffication is Wrist Extension no 46 EMG idenificalion is Wrist Extension no 54

10 15 20 25 0 35 40

EMG idenffication is Wrist Extension no; 57

(15)

517 6.53 wamsAENNITHAAD (AB)
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[ ¥
5. WaNsAALENMIIAABY IMIUVIBI B YUY (Wrist flextion)

Anonumous input of Wnst Flextion no: 62

EMG idanificalion is Wrist Flextion no. 69

5 10 15 20 % 0 3B 40 45

(1

Anonumous input of Wnst Flextion na: 71

15 20 s 2 S 45

EMG wdenification is Wrist Flextion no: B5

5 10 15 2 25 0 B 4 45

Anonumous input of Wrist Flextion no' B4

15 20 25 VD 3B

EMG idenification is Whist Flextion no 64

® % D B 0 5

)

Anonumous input of Wnst Flaxtion no: 73

15 2 =]

EMG idensfication is Wrist Flextion no: 67

PR e s A iy Yool § s i

5 & 10 15 20 F.:] 0 35 40 45

(4)

Anonumous inpul of Wiist Flextion no. 74

15

EMG idenffication is Wrist Flextion no* 63

%5 2V B

511 6.54 wamsAaLENMIIHA



' ¥
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Anonumaous input of Wrist Flextion no 75

126

Anonumous input of Wrist Flexlion no 72

15 20 2% 0V B 40 45

EMG idenificalion 1z Radial Flextion no 27

0 15 20

EMG idenification is Ulnar Flextion no: 31

(3)

Anonumous input of Wrist Flextien no” 67

10 w

EMG idenification is Radial Flextion no: 23

(e rEy

2

Anonumeus input of Wrist Flextion no: 70

%5 0 B
EMG idenification is Radial Flextion no: 23
Foradmes Thadtrias

(4)

Anonumous input of Wiist Flextion no. 65

EMG idenification is Ulnar Flextion no 31

519 6.55 HANITAALUNNITHAR?

')



Anonumous input of Wrist Flextion no. 63 Anonumous input of Wiist Flaxtion no. 61

W 15 W 2% 5 20 25 B

EMG idenification is Ulnar Flaxtion no' 31 EMG idenification is Ulnar Flextion na- 31

(7 (®)
Anonumous input of Wrist Flextion no: 66 Anonumous input of Wnst Flextion no: 68

2 2 2 5 10 15 W 2% W B 4 &

EMG idendication is Radial Flextion no: 22

EMG idendication i1s Radial Flextion no: 30

W'— T e e

10 5 20 25 30 k-] 40 45

) (10)

311 6.55 HaNIARAUINNITHAAT (61D)
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6. HanmsAauenMsnaeu luauunadiiie (Wrist pronation)

Anonumous input of Wrist Pronation no' 77 Anonumous input of Wrisl Pronation no- 80

5 2 25 D I L

EMG idendicalion is Wrisl Pronation no 83 EMG idenification is Wrist Pronation na. 87

(1 )]

Anonumous input of Wnst Pronation no: 81 Ancnumous input of Wnst Pronation no: 84

5 0 15 2 2% 0 » L0 45 15 20 25 0 B 40 45

EMG idenification is Wrist Pronation no: 90 EMG idenification is Wrist Pronation no: B6

(3) 4

Anonumoaus input of Wrist Pronation no B5 Ancnumous input of Wrist Pronation no: 86

10 0 25 0 9 45 5 0 5 20 26 31 I

EMG idenification is Wrist Pronation no. B2 EMG idenification is Whist Pronation no: Bt

5UN 6.56 WANISAALUNNITHAND

9
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Anonumous inpul of Wiist Pranation no. 87 Anonumous inpul of Wrist Pronation no: 89

(7 (8)

317 6.56 WanIIARAUENNITHAR] (s1D)

HansAALEANIANURANAIA 7 AT

Anonumaous input of Wrist Pronation no: 90 Ancnumous input of Wiist Pronation no: 76

B AW 3 40 45

EMG wdenification is Ulnar Flextion no: 38

(1 (2

Anorumous input of Wrist Pronation no' 88 Anonumous input of Wrist Pronation no: 83

"5 10 15 20 25 M B 40 45 ) 15 20 2% M B 40 &5

EMG denification is Ulnar Flextion na: 40 EMG idendication is Ulnar Flextion no: 39

3) 4)

311 6.57 wamsfiaLennTHAND
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Anonumous input of Whist Pronation no. 82 Anonumous input of Wiist Pranation no 79
I —————

EMG idenification is Ulnar Flaxtion no. 32 EMG idenffication is Ulnar Flaxtion no 43

(M ®)

Anonumous input of Wnst Pronation no: 78

k]

EMG idendication is Ulnar Flextion no: 42

(®)

5UM 6.57 wamsAaUuNNISHAAT (518)
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@ A =) . . .
1. Nam:'ﬂmwﬂmsmaau“lmu.nnmwm (Wrist supination)

Anonumous inpul of Whist Supination no 105 Anonumous inpul of Wrist Supination no 31

10 15 20 3 0 B 4O 45

10 5 20 25 3V F @

EMG idendication is Wrist Supination no 101 EMG idenificalion is Wrist Supination no 36

(1) 2

Anonumous input of Wrist Supination no: 92

10 15 2 25 30

EMG 1dh ion is Wrist Supination no 96

3) 4

Anonumous input of Wnst Supination no 94

10 15

EMG idenification is Wrist Supination no. 93

10 W'ﬁ

5UN 6.58 WANITAALINNITHARD



Anonumous input of Wrist Supination no 96

132

Anonumous input of Wrist Supination no. 97

0 15 0w 2% 2

EMG idenificaticn is Wrist Supination no. 91

10 15 20 % 0 3 40

EMG idenification is Wrist Supination no 9%

(7

Anonumous input of Wnst Supination no. 98

(8)

Anonumous input of Wnst Supination no. 93

x 0

9

5 20 2% W B O

EMG identficaticn 15 Wnst Supination no 93

EMG idenification is Wrist Sup no: %

(10)

Anonumous input of Wrist Supination nor 102

(12)

- w w
gﬂ‘ﬂ 6.58 HOANITAALLENNITHAAND (AD)



Anorumous input of Wnst Supination na: 103 Anonumous input of Wnst Supination no 104
T v

10 15 20 25 30 B 40 10 15 20 % 0

EMG idenrfication is Wrist Supination no: 94 EMG idenification is Wrist Supination no 91

(13) (14)

UM 6.58 wanmisAauuNMINAAI (AD)

v Ed
NANMIAALBNNNANUAANATA 1 AT

Anonumous input of Wnst Supination no: 100

% B B

EMG idenification is Wrist Pronation no: 81

3U7 6.59 wamsAALennIsHA)
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8. WaNIAALENMTIAADU 1INV VIS (Hand open)

Anonumous input of Hand open no 120 Anonumous input of Hand open no. 106

5 10 15 p.1] p-] £ 1] s 40 45 15 2 2% 30 3% 40 45

EMG identfication is Hand open no. 120 EMG identfication 1s Hand open no: 106

10 whl ;

(1) 2)

Anonumous input of Hand open no' 107 Aaonumous input of Hand open no. 108

5 2 P 0 B 40 15 2 2 < 1 I 40 45

EMG idenification is Hand open no: 107 EMG idenification is Hand open no: 108

i

(3) )

Anonumous input of Hand apen no 108 Anonumous input of Hand open no. 110

2 P 0 3 40 5 10 15 20 2 20 » 40

EMG idendfication is Hand open no: 109 EMG idenification 1s Hand open no: 110

(5) (6)

3UM 6.60 WanITAAULNNITNARY



Anonumous input of Hand open no. 111

15 20 » 40 45

EMG idendication 1z Hand open no 111

(7)

Anonumous input of Hand open no. 113

15 20 25 0 3 40 45

EMG idendfication is Hand open no: 113

Anonumous input of Hand open no. 115

10 wﬂ“

5 10 15 2 25 0 33 40 45

EMG wdenification s Hand open no 115

135

Anonumous inpul of Hand open na' 112

p———

15 20 p-} E 1] k] 40

EMG idenification 1s Hand open no. 112

(8)

Anonumous inpul of Hand apen no” 114

15 20 % 30 35 40

EMG idenification is Hand open no. 114

(10)

Anonumous input of Hand open no” 116

15 20 25 30 e 40

EMG idenffication is Hand open no. 116

(11)

(12)

d‘ s e 1
g‘l_l‘ﬂ 6.60 HANTAALINNITHARN (A1)



Anonumous input of Hand open no. 117 Anonumous inpul of Hand open na 118

15 20 =} 0 k-] 40

EMG idenification 1 Hand apen no' 117

15 20 P 0 B 40 45

EMG idenification is Hand open no: 119

(15)

6.60 HANITAALUNNITHAND (AD)
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@ o = = a ' o ° ¥ E {
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