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Abstract : Electromyogram (EMG) signal generated by voluntary contraction of muscles is often used in a rehabilitation devices such as an
upper limb prosthesis because of its distinct output characteristics compared to other bio-signals. This paper proposes an EMG-based
human-computer interface (HCI) for the control of the above-elbow prosthesis or the wheelchair. To control such rehabilitation devices, user
generates four commands by combining voluntary contraction of two different muscles such as levator scapulae muscles and flexor-extensor
carpi ulnaris muscles. The muscle contraction is detected by comparing the mean absolute value of the EMG signal with a preset threshold
value. However, since the time difference in muscle firing can occur when the patient tries simultaneous co-contraction of two muscies, it is
difficult to determine whether the patient’s intention is co-contraction. Hence, the use of the comparison method using a single threshold value
is not feasible for recognizing such co-contraction motion. Here, we propose a novel method using double threshold values composed of a
primary threshold and an auxiliary threshold. Using the double threshold method, the co-contraction state is easily detected, and diverse
interface commands can be used for the EMG-based HCL. The experimental results with real-time EMG processing showed that the double
threshold method is feasible for the EMG-based HCI to control the myoelectric prosthetic hand and the powered wheelchair.
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M = Zoe 2R 2 AFE AF A2 (rehabilitation
system)ol} HEAAM Ht} 4" oA/ BZIVE A8}
51 2,112}[4 5, 6, 7] a3 g3 ij‘?{—(autonomous robot)

7} }i %2 , AR 2 ol AA Feldse A 3]@0}1] %o].ﬂ u’}]—,mﬂ, A}%g 11101 1:’:‘%1]4 f& L4E
2 A AL A= & AlEE EAZ gFEn gl A AgstE FU-9-0-2Z A2 (human-in-the-loop
53 AHE SHOR AW ofx) % HE7I(prosthesis and ogonnop wgr AT AQHATHS] AES AAS TE

3
orthosis)e] B e AT} olFIA KO, 2, 3], 4 4y AAZ A A2HolBn FU-ou.-2Z A2

= A= AA7 JHE WH3E £ 9 FH-HEE
g ATe RAXAE RAALIEUTHGYA Aol A3 o] Foid O]E‘]T:]Z]Ji h]ﬁ] o ter int ? TH}‘()EI T;}E‘j\]-n—“é
A4 (JM}H%; 02-P]3-PG6- EV03-0004) 9\1_}5} 2 (human-computer interface, )»7F k=
FAAA : BUY, QAN RYT FAE 473 ABTRATL 3ot
T oo #4) ol 4891 & AL HCAZAE 7us
E-mail. ihmoon@iris.korec.re kr e 7} 9lRwk, Aol AFEE | oLedia] @ TR




472 olEE - &

A AFetA ok wrebA HZde gAY HA S
zste] GOl SA[10]& o] 8T AEAF FAHY <
E} ) o] 2~ (user-centered interface)7} A otE e} SFAPT
4 7Iek QI H o] 29 APde B HolE =l o3
B Azl e E, 4 719k QlHFolae F
A9 Fgol} B9 Qg 44 e ZAUT
HZde A E(electromyogram, EMG)[11], HAZ
(electroencephalogram, EEG)[12], <} % (electrooculogram,
EOG)[13] 59 AA AzE o]&3 AeH |27t ARJFEHIA
th olgfg AA ATE FA 53 FHZ Az UE A
A AZEHG A JEo] A3, Fgol g FAel Slof
A A" A2 gol AEHT Utk hHEAQ] JREAE 2
BE Az o) o9 A FA(grasping)? H FH
(opening)2 A|o|ste A 2|4 (myoelectric hand)7} 31 tH14].
B =RdAMe A9 Az g2 F &5 2HdA A&
ST WBERE gAY IEE 94an, Haol F
G pie AU ART + A= 2% $AE F 2
B E@AoZ F9] F=(voluntary contraction)o] 7}
%,} & o)) &PZ(levator scapulae muscle, LSM), %%
qek 799 £8 F¥Z(flexor carpi ulnaris)¥} £& HI
(extensor carpi ulnaris), %% EHFa]:L(quadriceps) Solth
AERE 2ol 282 2], B BAd F9 +
o=y 47}%1 o)de JxE TEY £ o]:} 289
FE AT ZTIAE AIZE YA Lol & Ued,
HEZAQ W o RE Fojy Fa4 34 Fol Utk 2
ZoA 7} 71ESE v e AR AE A5 A H
Zt(mean absolute value, MAV)3} w]g] As|&E
(threshold value)39] H]iwo] 23l Q23
= oItk et ALERT} FA " —:L%:% 4z
A @A 247ke) 28 wahfiring) A
b wAg & QU] e, sk 2ol wr 61 SR
2 B F9 FZHo B AEAY ﬂE(intentlon)%
Qs Q48] oo,
olg g FAE A3ty Y5t B =RoAMe

e
o £29 e LY BHAES ojFoE MyshE
0] 2k

X off ﬂoosora:

Z BEXx (double threshold value) §12] ¥ & g
T 289 A 9 £ o= O]% FE A Hlue
oAl AlgAI9 =7t Hup AES QA" & gloeEE,
Z+7] shue 28 5 AEvs 4se HCIRT: 22
9 0151”1]0]/\ “5 g Adg & Qi ASE ZHI= T
dkel ol 9l HhHG el AW Folxg T o4m9
Aojst Add HF(C4) T2 ASY AF(CE) &£ 93
upd] #xle] AF Ao Aojd FEE 4 Qv wEkA] A

L

¥

1

AAE ez Zhzhe] HC tisix Ad¥He #Hsy,
2 w2l ALT o)F PEA A4 wyol NE A5
S 2ok
2HE 28 2 MaHe

TRE AEZe & 4R £F e} 0710 mve
2.2 7}, 307500 Hzdl A7 JZEHo AE
oz gelAd JTH15]. 283 259 F#5 =9 =
T Az AEZL viwz AdFEAHQ FA U7 W F
[16], ¥ d79Ae 298 17 2o ¥5F 1¥ 3=
Al % (active surface EMG electrode) 2 5-8] HFEHo =z &
f9o 5 ZFEE SHY & Jdv MAV Ao E &3

o} &3] x| : A257, A6ZF, 2004

active electrode
___________________________ .
* HPF LPF I
G=6dB f=20Hz [ f=a50He
signal processing
RSP st s
[
0| LPF Uy mav | 0 BRF
| f=atz € k=204 [T £=60Hz

I 1. 28z AE Me oy

Fig. 1. Block diagram of EMG signal processing.
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Fig. 3. Levator scapulae muscle.
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Table 7. Control commands of myoelectric hand defined by
motion of flexor carpi ulnaris(A) and extensor carpi ulnaris(B).

command

A EMG | B EMG | state - -
grasping mode] rotation mode

on on 1/0 | mode change (grasping/rotation)
on off 2 grasp pronation

off on 3 open supination
off off 4 none none

E 8. AFAN 2EZPB) oW Y2 Szl uf
2Hoie Mo HHy

Table 8. Control commands of electric powered wheelchair
defined by motion of left(A) and right(B) levator scapulae
muscle.

MNE

—

i

A EMG | B EMG | state command
on on 1/0 go forward / stop
on off 2 turn left
off on 3 turn right
off off 4 ' none
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Fig. 4. EMG signals acquired from right(upper) and leftlower) levator scapulae muscle.
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Fig. 5. Recognized result by simple comparison of the SMAV with a threshold value.

Amnplituds:

a3 6. Al2F xledof) o|Ek ol Hut

Fig. 6. Recognized result by a time delay method.
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Table. 9. Recognition rate of shoulder elevation motions (success

number/trials).
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Fig. 12. SMAV and recognition results of subject D.
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