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=Abstract=

Identification of Nonstationary Time Varying EMG
Signal in the DCT Domain and a Real Time
Implementation Using Parallel Processing Computer

Young Seock Lee, Jin Lee, Sung Hwan Kim

The nonstationary identifier in the DCT domain is suggested in this study for the identification of
AR parameters of above-lesion upper-trunk electromyographic(EMG) signals as a means of develop-
ing a reliable real time signal to control functional electrical stimulation (FES) in paraplegics to enable
primitive walking. As paraplegic shifts his posture from one attitude to another, there is transition per-
iod where the signal is clearly nonstationary. Also as muscle fatigues, nonstationarities become more
prevalent even during stable postures. So, it requires a develpment of time varying nonstationary
EMG signal identifier.

In this paper, time varying nonstationary EMG signals are transformed into DCT domain and the
transformed EMG signals are modeled and analyzed in the transform domain. In the DCT domain,
we verified reduction of condition number and increment of the smallest eigenvalue of input corre-
lation matrix that influences numerical properties and mean square error were compared with SLS al-
gorithm, and the proposed algorithm is implemented using IMS T-805 parallel processing computer
for real time application.

Key words : nonstationary EMG signal, DCT domain, condition number, AR parameter, FES, parallel proces-
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Fig. 1. AR model of nonstationary EMG signal in the DCT
domain
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Fig. 2. Block diagram of hardware for implementation of the
proposed algorithm
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Fig. 4. EMG signal collected in biceps
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Fig. 5. 1. values of autocorrelation matrix in the time and
DCT domain

g, 8 g £ A PARE 2 5 7] gl
53], & =59 4 (6l ef3te] e AL 53
He Aol 53 £ A4k zA dgg wA
ack 2% 69 (a)9} ()& 2+ FHol A9 g1y 2] A
&+l &} condition numberS el I glr). o] R
DCTH WA A o] 23 EAo] AA 2z A|HH 5
2 EAEc} ol AxE veplE &S 4 5
o}
B A Foll A& A atwe]Ee] HubHql A%S
7V&t7] ¢18ke] SLS el &3 MSES vl st 19
72 10708 2H % AY dlo]elol tfsle] MSES] JFS
T 2 Z2 A Alokd daejEe) MSEZ} A1 Al
413, a4 ekare] &<l SLS el &Rl o] 2o m 2 &4
T A3 AR g vjAA A e e s}
B3] AAE AT AL depa olok =23l 2 88
dAl2A4 29 49 A9 RS A sl Ag &
22 &L A L3le] 2 TAHE A5 S e 2 glch
E ATl A Akt el &g 0 29} 2 39 =
ol H £z e F25 e 2 3l 432 AR
A% 1A 712 s M e " SAE AEo)
1024HzE A= o] glemz J AZe] A4 9 0.

condition number

T T J
120

[sample]

condition number
T T I

1024
[sample]

33 6. AL(a)? DCTHM(b)2| Q124 X7| AM2+ 81249 con-
dition number

Fig. 6. Condition number of autocorrelation matrix in time
and DCT domain

MSE (d13)

10 (*‘ T T T T T T*ﬁ‘
SLS ;
ot Tober o /,;/}~;«;;};7<;£ x’\'/\ . ‘
| N SN |
R, AN i
i /_ g :
10 J
1 w
| S o
20 N S | _ |
0 10 20 30 40 50 516
[block}

a7l 7. DCT T A2 |E D} SLS Y12 E 2| MSEH|[ 1 (1071
Ag dlolel P )

Fig. 7. Comparison of MSE of DCT domain algorithm and
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Table 2. Operation speed depends on the number of pro-
cessor
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LA X AlF (electromyogram)®] A ] A 4} (time varying nonstationary) 548 A5 9] A3 &
Wolgs Aok 53], M2 5o AAAEL S1%F BaA o el A
SRS A FE o] 43 7153 A7) 252 21§ FES(functional electrical stimulation) A]28 ol §1¢
TR 4139 selve Q4L F83 242 4 a8y, FHE A A w3 9
o5& HEE 59 a<ldl oA Apd wAA BAS s 9l7] d)Fell |7 el wel Wk Q4] 9
g & A EsA AT F e A2 Gl A AXZ) st 7§ H3EE st=d
2] A7} a7} g, € EEdAe AHHEY 2AHE A3 E o)4k o3 ¥ (discrete co-
sine transform)& o]-§-3le] WF H o2 &7 oS Arel WA A (state space equation)-2 WA ¥
HwH Aol Ale] AR (autoregressive) Xl-g A3 Foizl TAHE AT &) 2 gepre| & 24
tolow, Akt dare]EE AXZ AHEE e 2709 E9HQ F QA4 Ay A E e
INMOSA}FS] IMS T-805 ¥ & 8] FFE § o83l 54| ol d4kg F o2 G F
2] At &S w9k AR Gl FY el S AF3) Hal o] 37 23} 3 v
+ 98 A714# ¥ (input correlation matrix)¢] condition number?] W3} 9 3 F2}452 3} (mean
square error)-& &k 7]&2] SLS(sequential least square) &3] &3} v] wahsd e},
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