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Presice Multi-channel Electromyography Measurement System
Using Shield and Power Supply Function of Conductive Wear

TORU SHINMURA," JUNICHI AKITA,! SHIGERU SAKURAZAWA'
and MASASHI TODAft

Monitoring of biomedical signals, such as electromyography (EMG) is one of the most
promising applications of wearable computing systems. Noise rejection technique is neces-
sary for accurate EMG measurement, however, it is hard to completely eliminate noise using
conventional noise rejection technique of body earth. On the other hand, simultaneous mea-
surement for muti-channel EMGs is expected to be useful for user interface applications.
Conventional EMG measurement systems have the problems of complicated wires in wired
system or battery maintenance in wireless system, which restricts application areas of EMG
measurement systems. The authors have been proposed a network infrastructure for wearable
computing systems using conductive wear, which is named as TextileNet system, which solves
both problems of complicated wires and battery maintenance. In addition, conductive fabric
has the noise rejection efficacy for its low surface resistance. In this paper, we describe the
precise and multi-channel EMG measurement system using conductive wear, as well as its
evaluations on noise rejection efficacy and multi-channel measurement ability.
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Fig.1 Configuration of EMG measurement system.
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Fig.2 Inner wear of fabricated conductive sleeve.
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Fig.3 Circuit of EMG amplifier, EAMP.
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Fig.5 Developed EMG measurement device. EMG ampli-
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Fig.9 Single EMG measurement. (a) conventional body

earth, (b) using conductive sleeve (note that EAMP is
located inside the conductive sleeve).
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Table 1 Action performed during measurement.
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OO0smmO00000000O0O0O0O0O0OCOOOO0
gooooooooobooooooooboobooo
oooobooooooooboboooooooooo
000 GNDOOODOOODOOOOD 11(c)000OODO
goobooooooooooDo eavp0O0OOO00OO
gooobooooooooooooboobooooobo
ooboooooog

O00ooO0ooooooooo0o GNbDOOOOOO
ooooobooboob0 smmOO00O00O000OO
gooobobooooooobooboooooobooobooon
ooooboboooooooboboooooooooo
obooo 1xlbem 000000 O0OOoOOOOO
goooboooooooobobooobooonoooo
gooobooooooooboobooobooonoooo
GNDOOOOOOOOOOOOoOoOoOoooOOoOooo
ooooooo



3790 ooooooooo

012 00000000000000000 EAQ
Fig.12 EMG collectors attached on conductive sleeve.

T TaxtiaMat Wi class ENG Viemer frei1 201
128

b

[} aia 018 0% 038 048 058 OBr 011  0Be 038

oom 7 DT &n 7 (4] Susms [ | OotiscD (G ] (Gm] (B

(@)

| Taxtita Mo Wirstoss EME Viamer frar1 28 ==

« JR A SRR

[1 618 0® 0% &n7 086 145 1M 14 173 1

com| 7 =i L [ |

(b)

013 000000000000 0000O0O0000 20000
0 () 0000000000000 OODOO0O0O0O0O0OOOO
0ooo (b)

Fig.13 (a) Measured EMG waveforms of two points using

this system with wireless communication (c¢), and
those with body earth only (b).

3.2 DO00OO0OO0O0OOO0OOO0OOOO0OO

ooboboooboooooooooboooooooo
gooobooooooooboobooooboooooo
gooobooooooboooooboooooonD 120
goooooooooboooosboboooooooon
EAQUUI 000000000000 pAQEOOO0O00O
0000oo0OpCcOOOOOO

oooooboooooooo comvbobOOOOOO

Dec. 2007

000000000000000000000050
00000000000000000000000 2
00000000000000000000PCODO
00000000000000000 13(a)0000
0000000000200000000000000
0000D00000D000000000000000
000000000000000000000000
0000000 0.03[V, 000000000000
00000000000000000000000
000000000D000000000000000
00 EAQO0DO0000DDO0000D000000
0000 13(b)00000000000000000
000 EAQDDOO00DO0OND00DNO0O0D00D0
000000000000 coMO00000000
000000000 0.2[V, o] 0000310000
000D000000D000D0000000000
0000000000000D0000000000
00000000000D0000000000000
000000000000000000000000
000D00D0000D0000000

4. 0O O

0000000000 0000000000000
00000 2000000000

4.1 0000O00OO0OO0DOOODOOOOODOO

00000000000 0000 EAQUDOOO
000000000000000000000000
0000000000D00000000000000
00D000D0000D00000000000 Tex-
tileNet 00 0DO0O0D0O0000OD0O 1[Mbps] OO
00O000000000000000000'Y 000
TextileNet 00000000000 000O000O0
000000000000000000000000
0000000000000 0000000000

00000000000 0000D00000000
00D0000000000000000000000
000000000000000000000000
0000000000000 D00000 EAMPOOD
000000000000 000000000000
00OGNDOOOOOODODOOO000000000
00D0000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
00D0000000000000000000000
0000000000000000000100mV O



Vol. 48 No. 12

000000000000000000000000
000000000 0000000000o0o0o
00000000000000D000D0000000
ooDooog

0000000000000 0000000000
0000000000D000D0000000D000D
0000000000D000D0000000D000D
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
00000000000000D0000000000
000000000000000000000000
0000000D00000000000000000
0oDoo0oo0

4.2 000D0O000ODOOOODOOOO
00000000000000000000000
00000000 24GHz0OO IEEE802.11b/g0 0
000 LAN O Bluetooth 000000000000
0OLANDOOODOOOODOO0OO00D000000000
000000000000000000000000
00000000000 000000D0000000
000003000000000000000000
0000000 0ooOoooon
00000000000 DO00D0O00D000D0O00
0000000000000 D000000D0O0D
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
0000000000000000000000000
000000 TDMAOODOODOOOODOODOOD
000O0O0O0CDMAMNOOOOOOOOFDMAOD
0000000000 0000000000o0on
000000000000 000D0000000o0on
00000000000 D000D0O0DO00DO0n
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000 0000000

5. 0O 0O O

goooooooooooooobooooooooo
gboboboboboboboboboboogon
gooobooobooboobooooboooboo

oooooooooooOooooooooOoOoOooOoooooobooOoboboooooooo 3791

goboooooOooooooobooooooooboooo
gboooboooooboooboobooooooooooo
goboooOoooobooobooooooooooboooo
gbOooooboooooooooooboonoooo

g o o o

1) Binkley, P.: Predicting the Potential of Wear-
able Technology, IEEFE Eng. in Med. and Bio.
Mag, Vol.22, No.3, pp.23-27 (2003).

2) 00000 0O00D0OO0DOOOoOoooOoOoOo
oo0oooooooooooooooooooo
o00ooOooo0oooooooooooooo
0 0 D-IIO Vol.J84-D-I1, No.12, pp.2634-2643
(2001).

3) boUUO0OooL UoOooooooooood
o0o0ooOooooooooooooooooo
0000U0oOovole, Nod, pp.19-25 (2001).

4) 0000000000000 DOOODDOODO
pooooboboobooboboboobooo
oo0oooOooooooooooooooooo
0 SP2006-690 Vol.106, No.332, pp.1-6 (2006).

5 000000000000 O0OO0oOOoOoOoOO
pobooobooobooboboboboobooo
ooooooooooooooooooooo
00000000 TL2002-520 Vol.102, No.688,
pp-25-32 (2002).

6) 00 000 0O0OO0OO0O0OO0OO0OOOOOOOO
oo0oooo0o 0ooOoooOooooooOoo
ooooooooUooooooooooooooo
000 MVE2005-520 Vol.105, No.433, pp.37—
42 (2005).

7y ooUoooO0oo0oooO0 oooooooo
oo0ooOooooooooooooooooon
000000000 2005-MUS-61-(8)0 Vol.205,
No.82, pp.47-52 (2005).

8) bOUU00UOUOUOOOUDOoULOOUOOOO
o0o0ooooooooooooooooooo
o00oo0oo0oooOooooooooooo
000000000000 pp.143-146 (2003)

9) Hakkinen, K., Komi, P. and Alen, M.: Effect
of explosive type strength training on isometric
force- and relaxation-time, electromyographic
and muscle fibre characteristics of leg extensor
muscles, Acta. Physiol. Scand., Vol.125, No.4,
pp.587-600 (1985).

10) 0000000000000 0O0O0oOOoOOoOO
pooooboboobooboboboobooo
000000000000 Volss, No.l, pp.7-14
(2002).

11) 0000000000000 0DO0O0OoOOO
pooooboobooobboboobooo
D-I10Vol.J84-D-I1, No.6, pp.1231-1239 (2001).

12) O0O0O0oO0O0o0o0ooo0ooOooouooooo



3792 ooooooooo

gooooooooooooooooooooo
0000ooooooo 20000000000
0000 pp.493-494 (2005).

13) 00 00000000 OOoOoooood
god0oooooooooooouoo—0oon
Joo0o0o0oooooooooooooooon
MBE-99-1670Vol.99, No.688, pp.37—42 (2000).

14) 0OoU00O0OO0OU0O0oO0ooOUOOooOooOoOooOoO
Joo0ooooooooooooooooooo
Joooo0o0oooooooooogooooon
00000000000 pp.43-44 (2002).

15) OO0 000000000 O0ooooooo
gooooooOooooooooooooooo
jooooO0ooooooooooooooooo
D-110Vol.J88-D-I1, No.9, pp.1963-1970 (2005).

16) DO0O00O00O0o0OoO00o0oOooOoOoooooa
joo0oO0ooU0ooOoUoooOoooooooooo
0000000000 Vold7, No.12, pp.3402-
3413 (2006).

17) DO0O00O00O0 0000 OO0oOoooOooo
ooooUoooooooooo (2006).

18) D00U00O00OU0OOODOOOoOOooUoooOO
00000 0O0O0oooooooooooon
godoooboOooboboooobooooobooo
Vol.41, No.4, pp.262-272 (2003).

19) Tanaka, J., Kimura, M., Hosaka, N., Sawaji,
H., Sakakura, K. and Magatani, K.: Develop-
ment of the EEG measurement technique un-
der exercising, Proc. IEEE Eng. Med. Biol. Soc.,
Vol.6, pp.5971-4 (2005).

200 0000000000000 0OOOODOOO
goooooooboooooooooooooo
ooooooooooo (2006).

(0019030 27000)
(0D 19090 3000)

oo a

obo1voooooooooooo
gooobooooooooo 190
gooooooocoooooooo
o goboooooooooooooon
A ‘ oobooobooooooooooon
gobooooooooooooooboooooooon

Dec. 2007

o0 Oooooooo

gostooooooooooon
goooooooooooooo
gooooooocoooooooo
gobooooocooooboobooooon
goooooooo 1200000
gbooooooobooile0ooOooooOonOoOn
goboooooooooboooooooooooboonoo
goboooooooooobooooooooboooo
goooooooooooomooooobooooo
goooooooobobogoo

oo oooooog
oo04000000000D0DO
goooobooooogoooboo9no
gooooooocoooooooo
uoooooooooooooooo
gooooooocoooooooo
gbooooooobooooo 1200000000
gbooooooobooooooboOo1sooooo
gbooo0ovooooooooooooboooooo
goooooOooooooooboooooooooboo
goooobooboooomooooboooooo
gooooobooooboboooooooooo

o0 O0o0Oo0o0oo0o
gos000000o0ooooon
s goooooogooooooon
: ‘; gooooooocoooooooo
v gooooooooooooooo
& uobodo 3oocoooooooon
gooo0ooo 1roooboooooboo 900000
goooobobooooboooobooboooobooo
gooooboooooooboboboboobooooooo
goooooooooboooboooooooboobooo
gooomoooooooooon

5 4




