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Abstract : This paper describes an information compression of electrically eveked myoelectric signal, M-wave. This wave shows a direct
response in late-response of nerve conduction study and has a characleristic with finite ime support, M-wave is a useful factor for in-
vesting neurodisease and Is ollen desirable to have a compact description of ils shape and time evolution. The aim of this paper is to
show thal the AR modeling 18 a elfective method [or compressing an information of M-wave. First, AR model parameters of real
M-wave are estimated. And then, they are venfied by approximaling a M-wave using estimaled AR parameters and by comparing to
other melhod, Hermite transform[4]. To concrelely evaluate the proposed method, the NMSE(normalized mean square error) ol approxi-
mation curves are compared. As a resull, AR modeling is effective for M-wave assessment because of its capalility for the information
COmMPreasion.
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Fig. 2. Medan nerve in wrist and position of electrodes for
M-wave detection.(R, : reference electrode, R, ! active electrode,
G, : ground electrode, S : stimulus position)

N-1-i

R(1) = go y(m)yn+1i) (12)
ole} o] A= A5 FRE AF mell G2 AR e
B o8 2HPozA 7tdstd T S gl ARvde 7

geH g 23t Wde o 7 dov, & AT
= WA Akaiked] FPEE F83le] H#o 52 ZAs%L
[b] 2(11) 4 7“}’%—2 Fg3og A4g £ 9lE Levinson
guglEe o4 AREZHE datdH

thee] 4 (13)& é] 9] 29 A4E FAH 57 W Akaike
o] FPEe] T},

FPE, = ¢, ( ) (13)

N& glolg 7hgeln, me 2D 25, e,5 5239 4
a2 vehlis, 4 (13)dM FPE.°l 7b4 & g 7hEd e
m< AR geidee ez 4490,

E odae o8 2L AR RAE S ojfdle d2 f9
AT EH EA M—wavegl 9% AnZ Fdstgoes, Hermite
EHE o] 43 M-waved] JEYGET wusld $RYE 45

sl

B AdAE A B 4% H7kE Aol 2347
40/‘*] AR e A A 48 P ZHE 7]7[<

o zgE A ¢ A 204, A35, 1999

'3

okl
re

oY,
ol

chgle S0 8! 5 mUsdiv
1o: 5123 2.00 nEsdiv

H-uave Hadian pln 20 - Z.0K HZ

Lati Dur fnD Araa)
— ne il ol
d pal 30 i2.5 5.4 S8 27.2
1at Z& 128 BE 5.3 5.9
30 42z a3 55 270
z.7 12.2 4.4 5.4 1.3
@ 42]1 81 55 a7
-] 12.0 8.5 5@ 283
30 120 8.0 55 8.3
27 12.0 8.3 5.6 5.9

H
N
u,f]
3
5
2
s
-

Juwasmany,

a2l 3, xAEez 7|88 M-wave ES3tH (Neolet Compass I,
) (MEL Foi f=10kHz, DECHY 20Hz-2kHz, T(ZA} 1 204
o] FHaley)

Fig. 3. Display of sequentially recorded M-wave. (Nicolet Com-
pass Il, USA) (sampling frequency f,=10kHz, bandwidth of filter
20Hz-2kHz, subiect : normal male 29 years old)

Nicolet(2£)A}e] Compass [[Z Ap2-sled 44 M-wave 4138
Axubd e o8 29 Z:lo] 5‘-301 A2 A7 (median nerve)

s Aoz 39T, 42y Fiit 10 kHz2 3t £ulg)

289 Folel HUT S (surface elertrode)P_E’-_—,— ] 25679
|

HolHE sAsyT) S5 2B 243 zl**c»]w% R 7124

2, R 2¥AT0)1, G 44 AFo8 £50 2aksd.

A2AAL A28 9 A% A7lE /M g gos
Q

4
Ao W2 M-waver} UEhs FRH ZE F,
9] A (supramaximal) A= (Gutd o2 10
9] "ﬂﬂ)% 33 gt vehyE Bhgs
AFgo A o AT AAEANE &
A=z ool vepbe WEE -?1'%6'}?\311'—}. Aol 4¢
Mo i 29 gaEsdnz]

a3 38 compass 18] AZEdoIgA -l,%"?_]- M-wave?2]
e, TR R dEET
gddls 100ms <17nirie] el
M-wave7} FAIE L, +&439 ®Ha 2= & ‘ﬂ'%O] A8 L)
Rzl zA 2] A3t ’:’] dB7)9) Nge 527 5 =
e 2379 3579 |dE %‘;11714%591 AR} 7 e
wals

28 394 A 7HEL 2 ms/div., AEe PEZL 5 mV/dw.
oz A4se] FYPgPon, o) At ddd wat s1Ee]
A B&E 2 ol £"E M-waver: ¢ 10 mVe| 3718 20
5.5 ms 4% Fol ghgol vebg

M-waves =] wE gyl

&
g AFL e Nse] Fo YR EXTE

— 3
d
o
D=
=
o oonl oxt offt

oz ok g ki



AR 7

nZ

15

i) " original signal

=] [ S =3

2 1o} N e e AmB

=3 \ A=9

£

«

=

a

B

©

£

Q

=4

1 —_— L 1 .
0 50 100 150 200 250

sample number

7 4 HEAIS 22) Wil OB AH H$E 08§ M-wave| 2
AlEt ZM(N=6, 1=3, 6, 9, 12)

Fig. 4. M—wave approximation curve using AH coeff. according
to varying scaling factor A, (N=86, 1=3, 6, 9, 12)

e
ra
-
=2
jr_
ar
_2
ot
et
i
ro
[ %]
o
[op]
|
==
=)
=
2
m
<
©
5y
fei
filu
S
i)

WA Ilermite B3E o] &3 M-wave J 2920 A 4[4]
171 9i8l Compass 22E FEE 249 M-wave
4

o2 Hermite WL Safggch. 19

ml,o
>
2l
o

T

==

= F&d

s

o

=

- }
B
lul

o] g3} M-waveS tha] ZAl53 Zaleln. HR 7
1 H& o duldEHg 42 ¢Fo] sl5d AHZH
O\%']““O‘jﬁ 4 N2 L. Conte®] 2¥ZA]E 2
2 1A, 745741~r-§: A= 3,6, 9, 122 WE
*‘5;1% it}

A & o HEAF Ao ol F=FH
: W}F—W olZ ol g3 ZAstE Asd 7 277}
¢ g 9 A=6% W 4 M-wavedl 9 Hermiletd
3k E’\}i}ﬂ Amel zte]7} 7hg ZThsH, webd HE
= 14 dzel wal dAs ghe AEEd gl

& 4
| Fsfobel 2 olm| i), o] L. Conte[4]e] d+ Za

rJ|1-

b
o fr kW for

£ e

B ome

>

U

o

-
s =

Il

oml_oént_i,
i
I_,\|__,

SepolEle 2

u
ot 2N

L.

[

o
=,
|

o, 2
N

i’

>

o

F
3 el
Q

a4 bellA e 47 M-wavesl 39 Hermite HE(AH 715 &
F)& o &3l oA TR A5 Abole] NMSEE vehfi%d
929 54 eld 22 Agel de A% N& 138 20
7 HEAF|EA HelHE 248 2AEgeH, ojs 2
A Az ] ﬁHEH Zh“)ﬂ oep 27 ~2170 8 1A TS Atg-Et

21y 5ef A % wl } Ne] Ad2 B2 714 & 4
ste] M-wavel® d#atd Hoz A4 A5 FE% F
o Folxz[qt, o]9} & Efe] ZAlse] Lo ¥ Hermite
of sofubA Ha, A4te] 3 7] W Ee) dAatao] BolA

Iad
—

& o] &g Azl i ZAE M-waved %

I

[
o

119.
I

NMSE

5 10 15 20

order N
8l 5. AH M-wave M&2} Hermite B (AH Al)S o|&8 2
ALzt ME Alo|9] Al Nt A S Jof WE Hys HEAS24

2M(N=1-20, =3, 6, 9,12)
Fig. 5. NMSE curves accordng to varying order N and scaling
factor A between real M-wave signal and approximation curves
using Hermite transform(N=1-20, 1=3, 86, 9, 12)

1.5
ariginal signal

® 10+ o~ TTTee approximated signal
° L
=2
5 °°
£
@ oo
k3
N 05
@ | ;
E of N
O \\11
e L

1.5 —_ ! S ! N 1 1

0 50 100 150 200 250
sample number

a7 6. ZAE =HE 15K g2 Hermite BEe M-wave ZAl
= (N 8. 1=6)

Fig. 6. Approximation curve of M-wave using Hermlte trans-
form without considering central pont control(N=86, A1=6)

(93]
il
. off *
gL_r‘
rLIP-
e
le

)1" A & M-waved o4

o =d “}E}Dﬂ)ﬂ% F3at1, ¢
O]ﬁéﬁ Mo FRE v A NI H27
A9 23 FEG FH4o 010‘11 74;1‘ ] vio 4¥4
A Z7} Qlojobtt &8k Fo] Thsdttie Aot

w, 29 49 4% A Hermile @ 3 19 0d& 40

2yl

= &

2 238 Hermite 7]A35d] el 4345 M-waved 3 A
2 H4EY EREE ofFAIHWA 4oz Auy FAYE
zAetel 488 Bolh. o < l’ﬁ.‘d AR 249 o
@ Ass Bas Yolws] 9)s) 34 zFglol Hermile #
e systag ,J 2 Compass JolA 53 M-waves}
SERELE zz\g glo] Hermite® §(AHA )& ol &4 ¢33
of ZAEE dgolth,

J. Biomed. Eng. Res. : Vol. 20, No. 3, 1999



312 A=

0

Ll

o -1

[V

B

N

= 2

E

| —

e

u— S

[=)

o]

o

— 4 s 1 . L 1 N t
o] 5 10 15 20 25 30

order of AR model

1% 7. AR Alof w2 B S2RHFPE) S
Fig. 7. FPE plot with AR order
15
& 1ot
2
E" 051+
©
T 00— —_—
&
‘o
£ 05
(5]
= ] 1
! 050 100 150 200
sample number
(a)
15
@
]
3
=
£
3y
=)
[13
N
©
E
o
= I I I
" %q 100 150 200
sample number
(b}
13 8 M-wave d &9} ZAIE 4 BT (a) M3, (b) 37
o AR zmE2ln} 30%2 Hermite HEt ZAE =M (HR 1=40, AH
A=B8)
Fig. 8 Comparsion of real M-wave signal and approximation

curves. (a) real signal of M-wave, (b) Approximation curves by
AR modeling(order=3) and Hermite transform{order=30, HR A
=40, AH 1=6)

0% 69 A@d AM2E Hermite Wke] 2=
ok 4.4 Ad3} L. Conted] 23418 #%E3d N=6, )\
st Compass I[& ¢|&3) B5% M-wave 4
EO]‘I‘L AL 939 F4H =Hglo] Hermite®#(AH 7]

oh HEA

[=]
)‘E1}'|\j\_

1

o

EELEEE

A 204, A3%, 1999

FH(1Fl FF). 2oj2z Hermite 1
ez, Sabgtetaa & W o A 94 038E e
1
=}

S3% glelekt AAT Ak b shl B ei4]

o]
28 (non-stationary)e] 2 W9 (random) & 4 A 2= A4

Azel BARE ofEA AAspoipy) BAEHW, £F 45E
A= To] A4 Q1§17 HH e o] Fo] HA
& gt

o3 QYA YA o]y AT HFg AL F U7
w2 £ =Rofi= o|wid ol A¢l H|o]Fe] HWaR] g2
AR 2dd #3g A wew Hermite #3lo] o] &3 Fd &

He Fdadch

2o 4\17 (ld)oﬂfﬂ L}Elrkﬂ Akaikes] FPEE
g9l o2 18 79 Jehdch AR A w
o 2 3% AR mHo] a4 8xlo|#|Rl, 3
gel7} mAsle] 2 =Edds AR mde] 2

olgA A4=old AFE AN A (MH-(11E o] &5
AR =¥ ﬁJrE]r“ﬂEiz Fakdch 29 89 (a)dAE A
M-wave 4358, (Bd*E ()¢ HEE gides AR 2d
& WPAF Hermite W8 o]4s] A8 F4& 4 Us
Wt

2% 8(h)2] Hermite WA Arz AEe 53 44
M-waves} 713 /Vé}/] ZAtEE ool 3042 ZA ot AR

=43 gyl HA
Hermite ¥ gkilo= o949l <

s At Al “J’tu ]

[]

R A
ki
o
ok R
FI e

it

ol
‘o
re
i
3o
#n
s
ofy
it
Y

IIO
_OJ
OIIH
oft

[

>
o
5,
H
LT
T
. 2.
=
1y
)
24
_l
.ﬂﬁ
7ot
3%
=
S
2
it
o
w
W
)
o,
=
j=s)
ol
o o
=
)

W,
e

L

v
bl
=
i
o,
)
i o
e
| i

Mo
.1

II'C" nio Oﬁ
o
e,
s
ok

W
—=
o
o
o

e

)
2,
.
e
=
et
fok
~J
—_
~J
—_
ol
E=N

2
He
=}
ol

t—]‘. Pln &=AE lL]- \__‘,]- Uﬂ =

M-waveste] S3l=

ey
-0
>,

=
'y
~
7

Lol Ry

rhe O

>,

o

1o,

g,

(=1

K=}

ol

Py

o )
TECI A o

=
4o
2l
re,
e
e

oft

e
i)
=

rE
o
b
[k

-'iNf
b1 ooxt 22

o

e E 2an 2AsaE 2% Hemie
GeAdE S AL A TA) ol FolAA YA
2 e olg d2da dgg AT+ Ak

AR m9d Wyl ol g8l M-waved] JHH" TEE B

=
o
jus)

iy

QA E gﬂ}“ﬂow A #-O-l =

"?4.0_?-*4 1 Aol g

= =

w9 2717
gz d5e FHE

-l
5



Z 1. 28 8(b)g HR., AH, and AR 2l
Table 1. Companson of HR, AH, and AR model parameters of Fig, 8(b)
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