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(A EMG Signal Processing Algorithm for SMUAP

Pattern Classification)
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Abstract

A new EMG signal processing algorithm for SMUAP pattern classification is proposed. It checks
the combination and regularity of ISI using a spike counter as a decision making routine, and
performs SMUAP waveform alignment in frequency domain and selects spikes through FIR filtering.

As a result, with the EMG signals recorded during 5 seconds at 10-50% MVC force level, the
SMUAP ranged from five to nine units were classified and identification rate is greater than 55
percent using a concentric needle electrode, In the IBM PC/AT the processing time typically
required 2 minutes.
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Fig. 1. A flowchart for SMUAP pattern
classification algorithm.

AMZTog 753 ZAZe o204 xiEw)
o} ol ol aclol o3t Ago] Hrhxo] SMUAP
okalo] pulo| w9 olejch zeimz 2 o Foll 4
¥ #4135 % FIR (finite impulse response) T A &+ %
Bl e aldle] odojal diojels Ao oo

AR
Foz eyl FAzzye FAMez A
A Fassdda gesle Alzed gfolaA
E FEota ol % FAoz 16702 diolekE 1A
Latolag stof Afalde dE adolants A

=
Zstoich olshiel weld 7t asfolage A

Fite nne : RS KU

\ , { _ i

.

1 Wete patat] 4996

a7l2. AAFA Sstel o Fulzoz vy A2y
< AlE(30%MVC)

Fig. 2. A EMG signal detected from biceps
by needle electrode (302 MVC).
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Fig. 3. A sampling effect of the same waveform.
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Table 1. SMUAP ISI analysis results from biceps.
concentric
el tlectrote £ [ 2 [22%] 229 | smuap/
%MVC| pike | SMUAP | spike | SMUAP |  Unit
B Active BN — 18 10 ] 340 169 17 5 33.8
| Filter | | Konitar P/AT 20 | 380 218 162 6 36.3
30 | 413 221 192 6 36.8
2] 4. SMUAP e B&F AjAg9] 2alis 40 574 303 271 8 37.9
Fig. 4. Block diagram of SMUAP pattern 50 879 474 405 9 52.6
classification system,
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Table 2. SMUAP parameters from biceps.
%MVC amplitude (v) duration (ms) phase rise rate(v/s) | firing rate (Hz)
10 0.19+0.06 9.53+2.67 2.5+0.5 1.69+0.87 7.93+4.34
20 0.19+0.08 10.03+2.43 2.5+0.5 1.15%0.52 9.20%4.11
30 0.32+0.13 8.87+4.07 3.1740.1 1.94+1.75 10.86£8.72
40 0.2940.19 9.76+3.96 2.56%0.5 1.254+1.03 9,93+5.95
50 0.29+0.14 12.07£2.73 3.3240.1 1.18+1.43 11.00+7.88
E 3. 30%MVColl4 SMUAP ste}n|e vl
Table 3. Comparison of SMUAP parameters at 30% MVC,
amplitude (mv) duration (ms) phase rise rate(v/s) | firing rate (Hz)
Buchthal 0.550. 32 7.1%3.2 2.1£1.0 2.0+2.0 16.013.2
(Mean=+ SD) '
?rﬁi) 0.14—2.49 2.4—24.9 1.0-9.0 0.1—18.6  7.8—25.0
FREEs
(range) 17—60 4.7-14.8 2.0—5.0 0.19—8. 22 2.1-27.0
T 3ol 4E 30%MVCAA 3aloihd HFE SM- wawe v g
UAP stelolel 54 el d7atEo dA7ZAze vla Test Results 1 Single Motar Unit Action Fotential Analysis
stod viebugieh, 2l Eo] wiste AgAA B 9y Y PO e e
9! sbolol gk o™ Buchthal A% HFHo 2 I
Z7% 45402 SMUAPS Al%ts 2 43¢ & T 3'?1 R
Jgomm W Folm, McGillel dlolebe 1SIE 58 : s o i E e e
A el elgoz A4 % Folo sl B ;iiif;i}
3+ L%EME ot & AdFe 2o Hlvﬂ g g, [NUAP L] oy [ NURP 2]
SMUAP %%l 7|alsle] Habzt A44& Fol b4 - bl
2 dsEe ey gk e <
2% 5+ Al ¥ F A 3AEF gz ol \/
sl AHgarl A TR 2AY $Roz 30% L PR = s

agls. A= delg o4 (30%MVC)
Fig. 5. Subject data sheet (30%MVC).
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