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EMG-to-Motion Classification for Prosthetic Applications
— A Self-Organizing Approach with Level of Proficiency —

Kahori Kita*!, Ryu Kato*? and Hiroshi Yokoi*!*2

The purpose of this research is to discriminate many motions using EMG signal for prosthetic application’s con-

trol. The basic idea of this study is that, the current degree of proficiency, i.e., how well the application is operated

by a user is to be analyzed from bio-signal closely related to human motor process, and control rule is generated

depending on the proficiency level. Thus, our proposed system consists of two parts: estimation of user’s proficiency

level using EMG signal, and motion classification using self-organized clustering. In the experiment, users trained to

discriminate motions using our proposed system, and then they all were able to discriminate seven forearm motions

with approximately 90% accuracy. In addition, one of the users was able to discriminate nine motions with 21%

higher accuracy than before training. The results indicated the effectiveness of proposed system.

Key Words: Prosthetic Applications, Myoelectric Hand, Pattern Recognition, Self-organized Clustering, Proficiency
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Fig.1 A Framework of motion classification using EMG. In the
learning phase, a feature extraction function Grg gen-
erates a feature vector X from EMG. Gig combines X
and user’s intended motion Y to generate training data
W. Gru generates a parameter W which determined
the control rules for the classifier, and sends it to the
pattern recognition phase. A discriminant function Gpg
discriminates a motion yj from X
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Fig.2 The overview of proposed system. It consists of three phases: training phase, learning phase, and

pattern recognition phase
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Fig.3 Training data generated with a conventional and the pro-
posed approach (two-dimensional conceptual diagram)
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Fig.4 A process of generating training data (two-dimensional
conceptual diagram)
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Fig.5 Motion discrimination training with proposed system.
Training data are shown to users as target patterns, and
users try to fit their feature pattern (Real-time Data) to
the training data
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Fig.6 Proficiency level of prosthetic application’s operation
(two-dimensional conceptual diagram)
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Xl“ Class area of motion y;

{>O:Feature vector of motion y;, ;, respectively

Fig.7 A class area of motion and a relation between two mo-
tions (two-dimensional conceptual diagram)
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Fig.8 Types of overlap between class areas of two motions (two-
dimensional conceptual diagram)
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Yk 1 i” Yk
_Bizl o
X&he 1& XVE HOEH L 72E gy, OFHFBANS b, T
1 XYk 25 XV OBMERTH S xV* TTOFEL—27 1)y
NHiEE, DIIFHANY MVoRTEHETH Y, Xk LT
5% TV ORBERZEIE g, D2 5 A E TS (Fig. 7).
Wi, 2 TEHOBE y;, y; D7 T AFEHMOEREIZOWTHE
A, ZFEMEO Y 7 A A KL TERT L E, ZOo0HD
KRESPELVIGELELIGENHEESN, FhEh, 3#
DOEENRI NS (Fig.8). £2T, ZOOHOH L%k
APZERRE, FOPSZOOM OB M A ALZERLE T AD

i, v WKEHT D, ZOOMBETALLEE, v Loy ORI iO
THY, ZOoOMIEEII—HTH, bLLiE— ﬁﬁ%ﬁ
INBHLEIE, &y OfEr k2B TbEL, T

MASE 2 L FIHSKEL 2 BI2ONT, v & oy @%D?bk% <
b (0<y+v <m). 0L BERIE D RITOBERTD
FfCchHsbLEZON, KRIFFETIE, 2O v & v OM%E 28
fEMOEEE L L CHRHAT 5.
HHELRRT 5720, TEEy L8y, OTFHRS -
VI OMEE 6y, ., ZHET 2

691 Yj = ||Xave XZZ)EH (19)
KIZ, ZOOBED Y T ANER B HEH, B dbhe, —ib

BSEAI TR B AR HEL, COOBEO TR KD S 720
i ¥y DRSNS,
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(I‘yi +I% > 5?/1', yj) A (6yz‘,y]‘ = 0) A (I‘yi = ij)
(20)
729 %4, Fig. 8 @ Casel - Type3 125424 L,
{ cosy; =0 (21)
cosvy; =0
End. F7, N (22) OfMEETHA, Fig. 8 @ Case2 -

Type3 IZ5%4 L, 72, Biffy; © 7 7 AWM y; DY T AH
BWAEEN, AEER (23) OXHIhD.

(T¥% +T% > 6y,,4,) A
cosy; =1
cosy; = —1
X (24) OFMEH72THE D Fig. 8 @ Case2 - Type3 I27%4
L, 22, @BfEy; ®7 7 AFEIC %®77x%ﬁ#aih &

(ij + 5?/1'19_7’ < Fyi) (22>

(23)

s (25) %%,
(D% 4 T% > 8y,,,) ATV 4 8y, ST) (24)
{ cosy; = —1 (25)
cosy; =1
Db, Zon s 7 AEESEA E&%% TH5.

123 (26) OEMFEEGTHAL, o0y T AFEE) —
WE% % (Fig.8 ® Casel, 2 - Type?).

¥ +TY > 6y, .y, (26)
CDEE, v &y OFRZMIIA (27) TEREIND
B DYi2 + 5yi’yj2 _ DYi?
COoSy; = oTv: '6yi,'yj
_ _ (27)
B DYi? +5yi,yj2 _ pvi2
Cos7y; = IND ‘5yi,yj
X (20), (22), (24), (26) DWIFNOLEME L SR VWIGE

X, Zo0r 7 AEEIEEL ST (Fig. 8 @ Casel, 2-Typel),
v &y OFEFAMEIE (28) TEREND.

cosy; =1
cosy; =1
Db X5k 7zpmginr o (29) 2 HWTHESNS

yi &y ORE, 2 EOBIE y; Ly ©F T AFEHOEE
Oye.y, LT 2.

(28)

Oy,,y; = acosy; + acosy; (29)

%S, BYE g, ORBEE ¥ ZET 4. BEIL BifEy, O
75 AGHI & FOMOBBIRR & 7 B EEED 7 T A O E
MEORME LTERSINS (L (30)).

M
A’ =% "0y, ,y; = O
j=1

M FEIEHERT. % ZEEETH L7
R IEE .

(30)

Yk Yk

O, d¥F HUNI VI
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ID00 IDO01
00: Relax 01: Flexion 02: Extension 03: Grasp 04: Open
05: Thumb flex. 06: Thumb ext. 07: 4-5th finger flex. 08: Pinching

ID02 ID03 ID04 ID05 ID06 IDO07 IDO8

Fig.10 Subject’s nine forearm motions for discrimination

4. % R

HPPBEIED S BERER N L — = 0 R RIS T 5 H O
HUBERRRIE GREY AT L) & HWTHil 6~10 BifE0&KR
FEREAT, REV AT LAOWRER L — =Y TR B
R BRI D WGE L 72,

4.1 FHiE

EBREL, 2.1 B Cab7HERE TOEERINC T EH AL T
W20 RIEERELIAA BHE1ABTHL. T3, EiEH
VEEBDES © RIET 572012, WA RENEL 7 28)1E%
MELZAT VS, EBREFh O TR (18 &) 27 —% 7
1 — 7" (Immersion Corp #, Cyber Glove) % Fi\>T 50 [Hz]
DX T) L= FTRRIIIL 72, E512, BEReOBIRTMA
&, WEM% Fig. 9 (R 9 7eril 3 & (Bl TR, RA
FAYES, BRI 12BVC 1,600 [Hz] DY > 7)) v 7 L—
FTEHRUL, AT — & 24l L7z @B R BfEIX Fig. 10
IR 9IETH .

ZIT, PIRFERICE W THEAE L BIER R E oM E
WRAE L7521, AR & FHLE ClaRkRI=c & ORISR 2 ), 45
JE & AR & OBIIZPAREE D S VCIEOMBESHFTE L, W
MEVIEEIIIHREOR SRR E A LS5 2 & 2
L7z, E512, BB W dE HHE o ) 7% d<5.0,
oe < 0.005 %l 72§ A I B ERB R DY 0% ETH -7 2
L, IhEBEROHERNE L,

REV AT LEAWTEROFIL, 1) #AITT A2 BEO%
E, 2) L= U I LBl Om ETH LS. 1) I2BWw
T, FTIOEETIMT — & AR L THERBE ICIORL, %
BEICo & 3 (1 ENZ> & %84 3 MR BB Z FH
L, E2HEN L 2ok #IaRETH2EETI <5.0
LB ET, BEFRLE (dES RS &) BIEENEICER
FEL, BEBIZBOWTHBREDSEAR L TWD EEZ LNLEME
BafE L WIZ2) TiE, ZoO@ATREZEIERIZB VT,
BEBRE IR SN T — S ICE B OB 8y — v & — S
DML -2 TR T, HRE L ERERME & L CGRBERE

AARTRy PFREE 28 B 75

—— Subject A —8—Subject B

Motion
accuracy d

/)

Discrimination
rate [%]
TN
S 3S

9 8 7 6 6 7 8 9 10
The number of motion

Fig.11 The change of motion accuracy and discrimination rate
through training

B L7, HAEIHESES (d < 5.0 9D 0. < 0.005) % i
A, 1) IZBWTREICEYN L2, ThbbBRiLz%n
TREDFENE o 72 1 EMEZ B 72, &N REED
BHFENHI BN 2w S b T, BEOBEM FL—
SV, BBEER AR L EBRICIREY AT A 2
T LB, LTS & HESNIGEISH - B EDBIN
ZATH DS, REBRTIIEMNEOLLEWRIT 2720 15 50 k
L—= v 7 ZEE 3 ROEPEHE % 1trial & L, 5trial =
Fh L 7=

AN WA ANN 02835 2 — %1%, EhEs 55 HHE%
10, Z=EFELZ 0.05 & L, 32EH50.01 2 FHZH25E % 3 50
To B CHFEET L L

4.2 HEREER

4.2.1 BRI AT AL DENEED O

Fig. 11 ICER% @ LFE (RH) L (TH) 0%t
FRT MEIIBIERAE KL, ErSHICERGETCH L. 7
T 7K BERIC B L 2BEOFIgRE, ek s
A BMEZRT. SEED dEA 6 BfED L 21250 LT
Y, WERE A, B &b 9~6 BifEFE THORMITERERBIED
BE, 6 EMELET ML — = v 72 ITVEIEEOm EZ M- T
BY, BRI sERE A < 10 851 (Fig. 10 @ 9 bk
WRIEZEI), B T8EIMETH -7z, WEIIEMEHAYE S 12
ONnTHE (dEAEAD) LTHBY, 72, dpTeezEifEo
BERE M- IREIRET S L, FUBERTLHRED
SR AN E (d EANRA) L, BN S v, SFIEh R
ARG FE CEERTIE N L —Z 0 7 HBDIF ) A5 L, BhERE A
Tlix 9 BIEDBINED 53.52% 7> 5 74.56%, B Tlx 7 #ifET
66.90%7°5 88.18% (2 L L7z, 2y, |EVATFLEH
WCEIMERA N L —= v F R AT o AR, BifEEBICH LTt
FEL, BPIELILE L AR EE BT, ML —=
VIR TTENZEDS L, RBEY AT LOFMEIIRIE SN
7o, ZFIT, @M RERBMEOSFE RO, FL—=v 7
V2 &0 FEERITRE 2 B ERUR B IR IS BT A HE L kR
DDA % IR

4.2.2 FATTREBMEROHR

Table 1 [Z/RT & 5 I2#E#E A TiE, 1ID03, ID07, ID04
DMEIZERA L, 6 BEE Lz ZATTRTOEEDKEE d H
MWE0UTE RS0, BEOBRNEEIE L. F72, #EE
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Table 1 The change of motion accuracy d of subject A. The
values indicated by boldface mean the highest value
of d among each number of motions. And these were
deleted in the next step. IDs in the section of “Mo-
tion” are as same as those in Fig. 10

. Motion accuracy d
Motion - - - ,
9 motion 8 motion 7 motion 6 motion
1D00 0.00 0.00 0.00 0.00
1DO01 3.88 3.52 1.35 0.00
1D02 1.76 0.76 1.18 0.00
1D03 9.85 Deleted Deleted Deleted
1D04 8.22 3.32 5.65 Deleted
1D05 1.96 0.00 1.41 0.00
ID06 5.69 3.94 2.27 1.11
ID07 6.89 7.25 Deleted Deleted
1D08 7.51 6.56 2.89 1.11
8
- | @ (®)
(=
.§§4k\ /N
Q
5]
0
0.03

d)

a (
/ X\

o
f=}
o

Reproducibility o,
o
o 2

Trial

——ID01 —8-ID02 —&—1D03
—%—1D04 —%—-1D05 —e—ID07

Trial

—6—ID00 —#-1D02 —&—1D04
—>—ID05 —¥—1D06 —@—ID08

Fig.12 The change of reproducibility and motion accuracy dur-

ing training of seven motion’s classification. IDs are as
same as those in Fig.10. (a) (b) Motion accuracy of
subject A, B. (c¢) (d) Rebroducibility of subject A, B.

B Ti&, ID06, ID0S, ID03 DIEIZKEA L (F—7iB#Aa L),
WEE A EEIBRC, 6 BIED & X ICTRTCOBEDFEE d [E)S
50 LT EZolzicw, BEORNEEILELE. ol Lhs,
WERE A, B L AEITRELEMERIL 6 BIETH 72720, 6
BEPS ML —= I RBR L.

4.2.3 ML == 72X BRI R B ER oM E
BeBRE A 1213 ID04, #iERE B 1213 ID03 2B L T 7 8ifE
DT — 7 2R L, M- e EHPEREH I 72
#iR 7z Fig. 12 (RT. ¥ A ICBI LTI, 6trial HOHH
EMME Ao 728, Ttrial H 2325 L7z, 77T 7 ORGh 1378 &
HHOREERTA, 1IN EOERICBIT S 7
BEOFHBE, BEERL WA, BEE A TIE, PL—=V
ThRTHIZONT, TNTOMEDKELM E (d %) L
TWBZ W5 (Fig. 12(a)). —77, HBIEL, 1ID08 O &
HNZHFUA L (oo MASHFEA) LT < b o, ID02, ID05
DEHNDPHEN (o EA—E) D, ID04, ID06 D &
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IR EIHFIET A 0L, BfEICE Y B 2EmSN RSN
72 (Fig. 12 (c)). HHFEEHEHCIIEEEZ 3 MFER/T 208
WARAETS TR R 5885 — & CTEERITV, FHS
KEL o7 E2ONL. Thbb, BfELT) EB)/Sy —
VOBEREToOTCOLEELLND. T2, WEHRE BICBWT
&, 3trial  TICHEEE, FHEL L ICME (dE, o @255
T 5705 4trial HICHOES S KT (dE, o EAEM) L,
ZoO%IEL7: (Fig. 12 (b), (d)). Ziud, EB~0F )4
C7zd &z, FOER/ Y -V OERZIT> TWALEDTIE RN
MEEZBNS.

X512, WEE A B EBIZdMED 5.0 LT, o fliAT0.005
DT ERDGENEL, TEHEOERINCOVTEALEEZ
S5b. Thbb, MNo—Z 723512200 TC, fHEUE
By — TR ERT L2 EDNTEDLIHIIRY, KEE
DAY PV BN OB L, 72, sk
OFFR 7 VOB OE#SIKELS R EEZONL. £
DGR, EFIIREEDOFFH A N VAHERL T % FFIZE RN
BWT, BHANZ N VHBEEL RWEBEEE TN, B
LEIERBINREE 22 0, BRI RICORD b EEX LD,

5. & b 1) (Z

AWFgECTIE, HEESEICLELRZ LV OMEZ#RNT 52
EERHME LT, HEAME BIE L OMISEROBM S 12 ES
HE7Ze B CALAR B ERR L & RIEW BALD & O P FFAM L
BIREL, BHEICESL P L - RIS BB ERR
VAT LAERE L. S50, BEV AT L E R TEERD
ML —Z U T ERAToIRER, BRI L O L 2o R
IZBWTH I RE R B ER AR 9 By Tl L, BifER
S N — =V FRIRICBWTH 21%A L L e, B
PERRBNCH L CEA L 220N 5. SNLVIREI AT 2
FHOEERN N L — = TOERIEITR E Nz KIS TIE,
RO ML= T LPEM L o 7S, S5 BRI
DML == 7% LB AMENEE TR T2 L25TE 5
M, FHLFIIRE Y AT A LEROBIERR: A B L7
BEICM L=V TRRICERDPE LD PEOMFE R 1T .

BB ORRIRE, SCIRRHRANRATRERE I T a 7T
AEYWEREN [TLA Yy Yy AT —T2—AD
F%] OWETH 5.
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