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(A Study on EMG Signal Processing Using

Linear Prediction)

M OREY 8 B YT FE o4 A
(Sang Hui Park, Youn Shik Byun and Kun Ki Lee)

2 o

47bA) B ol el LHsAlEY Aol AYRdE AAlsha 2t Y] gell wste] el

s e 4£0P°1 Aled Asiadet s Al W ovle] <A
Lohaln HAlok ol Ai AR oz AW Arlsl4 mas sidch e v
o) ef g FAoll Uoir] T3 A4 X‘llﬁt’iq Levinson-Durbin tatelgEol of #3kal abae|iz9)

S sizelglon] A¥el Fulss) 500H29 FSeb Al ctol olubitah AbRubitel Zrb abslgl gl 2|
.

AU el A4S Gk dlael Es AL i GRS A dgren] vhe] 484
A4 clole] £5 0Aelneh A el <A e e Leieuol ol Bavesian Audel €l s

stoteh.

Abstract

In this paper, the linear autoregressive model of EMG signal for four basic arm functions was
presented and parameters for each function were estimated. The signal identification was
carried out using function discrimination algorithm.

It was validated that EMG signal was a widesense stationary process and the linear autoregre-
ssive model of EMG signal was constructed through approximating it to Gaussian process. It
was confined that Levinson-Durbin algorithm is a more appropriate one than the recursive least
square method for parameter estimation of the linear model.

Optimal function discrimination was acquired when sampling frequency was 500Hz and two
electrodes were attached to bicep and tricep muscle, respectively. Parameter values were
independent of variance and the number of minimum data for function discrimination was 200.
Bayesian discrimination method turned out to be a better one than parallel filtering method for
functional discrimination recognition.
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Table 1. Interval statistical value.
statistical value standard
mean . .
interval deviation
1 —0. 059 0. 562
2 -0.038 0. 402
3 —0. 040 0. 509
4 —0. 067 0. 329
5 —(. 048 0.530
6 —0.003 0. 396
7 -—0.036 0. 460
8 -0.061 0. 343
9 —0.057 0. 425
10 —0.006 0.371
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Table 3. Parameter result for each function.
parameter

function & & & &

RF 1 1. 206 —0. 558 0.099 | —0.217
RF 2 1. 209 —0.675 0.187 | —0.264
RF 3 1. 173 —0. 686 0.211 | —0.229
PF1 1.125 —0. 444 0.040 | —0.220
PF 2 1. 164 —0. 624 0.186 | --0.287
PF 3 1. 174 —0. 681 0.216 | —0.234
RE1 0. 953 —0. 467 0.017 | —0.037
RE 2 0. 845 —0.288 | —0.131 | —0.033
RE3 1. 029 —0. 407 0.060 | —0.187
PE 1 0.871 —0.396 | ~0.008 | —0.035
PE 2 0.832 —0.293 | —0.136 | —0.041
PE 3 1. 049 —0. 452 0.068 | —0.177
RS1 0.621 —0. 400 0.062 | —0.117
RS 2 0. 634 -—0.373 0.076 | ~-0.063
RS 3 0.641 —0. 365 0.002 | —0.035
PS1 0. 628 —0.413 0.070 | —0.117
PS 2 0. 633 —0. 388 0.086 | —0.006
P33 0. 636 —0.342 1 —0.015 | —0.006
RP 1 0. 267 —0.217 | —0.038 | —0.217
RP 2 0.321 ~-0.206 { —0.008 | —0.138
RP 3 0.534 —0.196 | —0.041 | —0.049
PP 1 0. 262 —0.218 | —0.050 | —0.220
PP 2 0. 321 —0.206 | —0.103 | —0.148
PP 3 0.531 —0.190 | —0.051 | —0.047
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Algorithm Iteration number
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Table5. Parameter results of subject J.M,H.
parameter
a, a, a, a,
function P ( )\.\_
- a T
F1 0.993 | —0.115 | —0.155 0.033 e el
F2 0.952 | —0.214 | —0.021 | —0.091 ' : A /‘
F3 1155 | —0.322 | —0.162 | 0.002 DA A A A AW' A AN AVAV
E1l 0.868 | —0.098 { —0.011 | —0.105 Av Ik 1 V WY
E2 0.744 | —0.109 | —0.023 | —0.069 ¥E L ; s _
E3 0.694 | —0.069 | 0.120| —0.141 (b
S1 0.243 | —0.222 [ —0.004]| —0.115 , . :
S2 0.250 | —0.137 0.008 | —0.090 - ﬂ ﬂ
S3 0.272 | —0.043 | —0.098 | —0.045 Py v"w“v’\v“w/\vf?w’AvA‘MAw”uﬂv V{Wv\;
P1 0.596 0.016 | —0.014 | —0.145 ¥ o= : .
P2 0.594 | —0.172 0.206 | —0.134 () -
P3 0.475 | —0.042 | —0.092 0.029
ANano s AR AA.f‘\AAnA A g A
NAERA A A A V»"V""' WV”VVVVV
g = ; .
20f (d =
s . 9 814 A5 Falg wstol 7 2HE AT
] o x
5 o . (2) 2HE A5 (b) 0.5KHz (c) 1KHz
3 § g (d) 2KHz
~ Lop . Fig. 14 EMG signal for various sampling
o frequencies.
o5 R (a) EMG signal. (b) 0.5KHz . (c) 1 KHz.
x (d) 2KHz.
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Fig. 13.

Parameter a, for various sampling

frequencies.
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Table 6. Parameter results for various electrode Table 8. Function recognition using parallel
position, filtering.
position of function Flexion Extension | Supination | Pronation | None
function electrode B-B B-T T-T
parameter Flexion k1 7 - - 6
a, L169| 1.121] 0.781 Extension 3 5 - - 2
F a,; —0.672} —0.474| —0.271 Supination B p o ; -
as —0.199 | —0.121| —0.311 :
a, —0.221| --0.051 0. 149 Pronation - - - 50 -
a, 1. 092 0.783 0.653
E a, —0.413| —0.262} —0.331 . ) e
8 —0.035 | —0.125| —0.081 o2 Azthch 7t Zlsol A dAELS FFEEF U
a, —0.065| —0.040| —0.071 %, AATE 0%, 39ET 86%, 3WHEF 100%°]
a, 1. 157 0.470 0. 403 t}. Bayesian ShH®] L o|&3to] ode Au: 1-’;;15
s > TOA%) OS] T0M2) g g 9o vhebt Utk EREFL 84%, AREF
ool ool U aam, e 90w, BMEEE %% dase
a, 0.901] 0.209] 0.421 doet olAe W Ay vimstd g6t
P a, —0.350 | ~0.172 | —0.298 Aot aglellA & of yaide gy et Bayesian I
2 0.053] ~0.064 | ~0.113|  wxjo] UM FolA o $4siche AL ¥ 4+ AUck
2 —0.120] —0.190] —0.036 A8l 472 Z18A%F ol 7 Flvel RyHeoz

B 7. AN distol obE

A4 a9 3

Table7. Parameter a, for various variances.

statistical value

function variance parameter a,
F1 232. 4 1. 1660
F2 305. 4 1. 1734
F3 392.1 1. 2093
4 442.0 1.2069
El 48.1 0.9532
E2 80.6 0. 8451
E3 148.4 1.0292
E4 164. 4 1. 0099
S1 96.6 0.6343
§2 154. 1 0. 6603
53 175.7 0.6211
S4 192.8 0.6410
Pl 66.2 0.3214
P2 90.8 0. 2874
P3 105.0 0.5347
P4 172.0 0. 4336
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Fig. 15. Relationship between functions and
parameters.

E 9. Bayesian St ol 2J& 71galA A3

Table 9. Fundion recognition using Bayesian

discrimination,
function Flexion Extension | Supination | Pronation | None
Flexion 42 5 - - 3
Extension i 46 1 - 2
Supination - 2 45 3 -
Pronation - - 1 48 1
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Fig. 16. Comparison of recognition rate using

paralle! filtering method and Bayesian

discrimination method.
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