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Surface EMG Amplitude Estimation by using Spike and Turn Variables

o A~
(Jin Lee)

Abstract - The EMG amplitude estimator, which has been investigated as an indicator of muscle force, is of high relevance
not only in biomechanical studies but also more and more in clinical applications. This paper presents a new approach to
estimate surface EMG amplitude by using the mean spike and mean turn amplitude(MSA and MTA) variables. Surface EMG
signals, a total of 198 signals, were recorded from biceps brachii muscle over the range of 20-80%MVC isometric contraction
and performance of the MSA and MTA variables applied to amplitude estimation of the EMG signals were investigated. To
examine the performance, a SNR(signal-to-noise ratio) was computed from each amplitude estimate. The results of the study
indicate that MSA and MTA amplitude estimations with first order whitening filter and 300[ms]-350[ms] moving average
window length are optimal and show better performance(mean SNR improvement of 6%-15%) than the most frequently used

variables(ARV and RMS).
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FEHIAE (surface EMG : electromyogram) A1&% T 7K}
A HelsHA HIZEA (noninvasive) 02 &8 4= Q7]

=0
A8 A (neuromuscular  system)9] M| & ojzHEo] HsH
HRES BA, olsich=d Yzl ol8% QUri[1]. E3dl AlA
9 2xYs "Yysle ZZA(skeletal muscle) QZHE] SATH
BHIAE AS0 FE(amplitude)S A ZSKO|UE= 28

(muscular force)2 PHAFOE FHsH= FHOZ ARE £
71 g, &5 & B&ET(prosthetic limbs) & ZH9| 0]
e, MA|9SH(biomechanics) 9] Aol 87 SUE AL A
CH2,3]1.

19708t Milner-Brown[4], Calvert§0][5] OF<E 1 (analog)
7l(rectifien& AMEsI0] 2RE ASERE I8 FH& Al
e AIFCE KE7R B2 AFARE6-11]0 Q&) &
IHE AT RZO| HiZHARV: average rectified value)
1S ZHRMS:root mean square)S ZEs0] FESH 48 F
g QIot AI=S0] AS JdEoj@al Urt 1980t Hogantt
Mann[6,7]2 ARV, RMSE Agst A UAE gHIAE A=
FE7IE AMAletll g5 B7ISIReH, Clancy 52[89] ol
o MAgH & TEFF7|9 ASHESHI(SNR:  signal-to-
noise ratio)® =0]7] ¢5t0] WMME} WH(whitening filter)2}
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BEAZ0|(smothing window length)?] 18 FAEFo7 H
AEIALE FZ S0 Clancy S€[10] A (invasive) 22 A&
Ko 285t EH-H= Fneedle) ZRT AlS0] HIGI0] BH
ZHE Ago] Bk 4 Qe st 759 doso thiAsho]
FNZEZF7]9 SNRE /Ndste B e JTESIUCH, Leelll]l=
Qo] PARES =S ARV, RMS FEZEVIE FHURIQ4E
(MVC:maximum voluntary contraction) Alo] 7128 FHIAA
T ASo HEst 24 dumE RAIGHRITE

NS AEFEg Qott] F2 ARBEHL e 2= 54
HEES U329 F 7K 832 B/ 5 Atk AAs, oA
AGst dFEoA A8s At 22, 1[EQ EEIE (random
process) OI2E EUZ REE 1RHARV), 2XHRMS) HHE
(moment) [12]E0It}). EME2s, 59 ESHIMUAP:
motor unit action potentia)=9 E&, FFo| 9lsto] Extst
Mg dlEl(interference pattern)QZ2 A= FHIAE Alg
9] sfidol Akt dalE A MeEQ Spike@t TurnHS4E
[13-15]0|H, o] HEEe ol28 oz &dl Je dli(closed form
solution) 2 FEot7]e OHAIT 1&AQ ASAE] ZIHoAM Q
Tole Als "M (stationarity)] 0] EQSHA] gol AF
(static), &%&)(dynamic) &5 50 thal Z5F FE7HsohH H
A& Fe SIS (algorithm) Q2 F80] gol5to] AA it
Zgol Agalitte FEE 7K Atk

2 AFodE MHE A HeEQl MSA(mean spike
amplitude)2} MTA(mean turn amplitude)® A&t FHIAE
N=2ZFHE HSOZ ALsto]l 1 s v, 76kt ol
Ql5to] AF S S (constant isometric) 20%, 50%, 80%MVC
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| O]%¥}(biceps brachii muscle)ollA] 478t 198719]
AL ASES DIMORE MSA, MTA H4E F&sko] A
s on, 0]g Soto] UEht MER EFF7Y
28719l AN o7 Hu, rist Z2uE

2. MSA, MTA ZEF37]
2.1 Spike, Turn ¥

BHIALE Ase I8 F-&oke 9 2dR(muscle
fiber)S0IA] 22 S P(fufmg)E MUAPE0] &3t WE AA
IEZHOE FulelH Al, S7FCZ B, &350 gd4y=
5% 7 " Aol I8 10] o)FHZoA VS8 BH
SAE 4S9 oE VKA AT EEE SollA spike@t
turn9) FOJE LFERAATH 5.
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Fig. 1 Spike and Turn definition in the surface EMG signal
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12 39 7158 o)RHEY g5 &, AR &
As BEo ZAFoR Uetd TI" 18 SdlAl,
(zero-crossing point)™} turn A (turn point)S 730H1_ ER=N
(threshold voltage) 0]A}0] FZHFIZE LIER M= HES YA (sign
reversal) A1t 71€719 8 (slope reversal) H& Z}Z} o),
spike= 1709 Hf €9 peak®t FAE uAGH= 2719 base=
SAEE S0lg 4= Qrt O7|A BERYAE ZHIRE $=HA
2B (system)] 7IRA S (baseline noise)? Aggte s
o] AAE3sH= Zlo] YubsolrH14,15]. O|2REH B spike A=
(MSA)T BT turn TEMTA)S THAT} Zo] ZH2t FoJgt 4=
AT

Spike®t Turn #=E 0|&%8H EHIHT MSo| TF FH
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NS: Nmber of spike)

: Spike amplitude, (1)

(TA Turn amplitude, NT: Nmber of turn) (2)
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2.2 Spike, Turn & FF7)

FHIFAE AS(m))s WY 7FAIeE A9 W (white
Gaussian random process)[16]0] uE, ZA HEHES AX|T
ol SEEE RZHZE Se(s(t)oll 98] A& (modulation) ]
o] Ty A= 482 H@Z(modelling) & —’.“— QtHe]. ol
RS HEgog EHAZoE S 28 ASEEE Z=EH
Z g, s(t)Q] F| A Z=87](optimal estimator)= 1% 29} Z0]
A 4 QU6 11].
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Fig. 2 Optimal amplitude estimator for surface EMG

9l J™AA e TR/ZRA "EHO Y(nverse) EH,
|« 1= 2o igte ZE2HR A8E Eelsh] fs 8%,
[ISe o18gETE Agsh= &Y, | « Vi 23 Ao ¥
SHeEl Ay 9RlE Fu AR 2ZO] TR HEsde AMAgst
718 42 UERATE 0] H oAl TEgh §(t)9] 2 7k
(maximum likelihood)[12] F&7]&= ARV(d=
(d=291 292 24 {8 = oH, _ﬁ—rxo ZC] SNR
A3 117/27 dHY gikE AASH] flote] #8E 3H
ZRE ASE WMsZIE dEs ole IR/TE o "EHY
RAYge, 1, (H)9 Hs1t olsgw Alste s8lich= HE719|

ool JoH sheHol SEERACHE,8].

I
gt
l~>1
ol

SNR= /4 « B, « T (B, statistical bandwidth,
T:smoothing window length) 3)

Qo] F47] oA d=191 ER, FHIHE 230
of ARV} RAGH S4& UEE = Mz AgE
of #eid U=[15], e dHe g% 2
MSA®{ (1), MTAB@2)E A &slo] M=z=e
g o+ Aok &, I8 29 mdolM, S5 4F I¢5FY
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Ho|etsl= A 673 15 20184 19

(constant force contraction) A0 ZZHZT AT s(t)7F 4

s2 URE 4 JAol, & 9 FF7= gt ZHIRE

NS, m(t)ZEE A13|7 (autoregressive) HE MU AH

EH(power density spectrum)& T6H0] 4] @)QF Lo RE&

4 QA= "H[8]2 uH/2% gH9 o e d(whinteing)g 4
St &, 0| HE H &5 MSA, MTA IEZFFV|E 1818
o

mn—1) 4t —Lmn—p) @

Ja

Q1 AoIA m(n)3t m, (n)2 WASH LEO Y Sl oLt
St ® BUIAT Alsol WAskE &2 ASE 22 LERMH,
pe APIEF BE R(order), oie A71EF HE ASE 2
Z} LIERATH

3. AE H B4 Uy

31 ZHIAE =5 4¥

B2 oo Ae AA AT FAF Alo] OiBE B3Y 28 +
= ol 9FSH 2Ho %IURTH(RMVO)SE SdlA &
Ao FUTAE ASE OO AAS REFFY9 A58
dgdoz B4, Frlsiin). og fsto] 21-28Fo 24.3)A
o] AZS HoIA 11HE tid oz 5RIHZTZE0] oJgt A
Z HSE "HRs] fIst =5 AIRH1,3]) 20, 50, 80%MVCE
FAAZI, 63 AE/1918 242 AAGto], & 198(3 %$MVCs <

6 trials><11 subjects=198)7H0] BHIFLE ASE +=F, AT
AL

O|FHZOl %¥MVC % AFS 1FH KA |AIE fst &
ZETHOAL W 3)QF IAAPE ARlel EE o2 0I5t
=(visual feedback) BH& O]83l0] sYUsH ZH(UH 29 Y
oA &4 ZZ s)g Zhst SAIAZIH AAGHICEL BHIRE
NSO FEL DelsysAt9] Bagnoli-2 EMG system[16], Data
TranslationAt9] DT9804 A/D ZIHEE AIEsi0], ZH Y=
20-450[Hz], EZE< 1000H), BE3} FuleE 1024[Hz] 2 24
Zt AR5kl AXISIATHELE A BHSAE 7] AF 4y

7]
e [11] FX).

32 BHIALT HA] g

&2 AolA] AIAS spike, turn FZFHSQ!, MSA, MTAS &
g% 1EFF7)9 dse FFZ41 SNRGISUFESH)E +
sto] dgRog grig 4= AUt ol QlsiAl HA, ¥MVC
Z0Z O|FHZoA £AS & 198719 FHIAAE ASE T
Ao= MSA, MTA TF FF& ZHZ HAIGIICH, 4] (3)9
SNRE A FF719] Ao ZAE 587t RAEQ, SNR=F
Aol BH/3aE50 RFEER12]E F8dlo] Z2uE BUHA
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Ch olmf spike, turn A€ BERLOE 1 #H)S =8 EMG
A" 7R &9 Agf <5~ 7[pV]de 185
10[u V]2 AE5KrH14,15].

Al (30 LIERAHERE Zo], 1=F FH7]9] SNRg F<dt=
QT QA0 FHIAE AF9 AR HYEE HoE ¢+ A
HIAISE WEO] R, FHIAE A9 R8T Agdr
HEZg 716t =, 0714 Ao A1 B8 AsE 7KL
oIgh 4 QUUH11). & AFolAl= o9t 20| |t THsh R4
o] WHE Agslo] WAglet A0l BHARE 9 Al Ze
HAYOE MSA, MTA ZZ FF& 4Aloto] Wst "EQ] St
g H|w, 7SI} ESt spike@t turnQ B FEZES AL
St OlsgT EAE0 ZolE WSIAIZIH MSA, MTA JE F
dg AAlslo] B4EZo] Hert TE FFo HRle suE
ASHCE QlolA AAISH RE BA SI12]E2 Matlab[17] A
EQoi(software)E 0235101 T2 I (programming) SIICH
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Fig. 3 A result of surface EMG amplitude estimation with
MSA, MTA

9l I8l 20%MVC SHd $F0E OJFHIZoA #3181
Z B0 FHIAE ¥ AlS(raw EMG), MG EAS &

g Qaid "Eost FRE A9 MHUR AHEZ(FFT
spectruma} AR spectrumE SA] HE), SYst FHIAE A
AS2HE et MSA, MTA T
A HEASRE TSt D2/427 o HEZE WASHA(4)9
1A ZE)st ASERE et MSA, MTA ZEFF Zit
(350[ms] FAZoDE 22 SAl0l LERA Zoltt. o] I"of LEet
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MSA, MTA Z1ZFH719] 4587t AEQ! SNRQ| HlE 2t
i3 ok
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2 o)A 20, 50, 80%MVCE 557t QAAZIH $=8s
198719 BEHIAE 2155 oz Q9 Ze Bhs
Algtod, RBZFF719] ol 598t gge 7Ixle ¥ 7t
Q191 WAlSE W O] x=9F WE7|o] Aol thste] 2zt
EA5IE Tt ol BAg Bolo] 2-st FEs 1}
et L0 A8 MSA, MTA ZEFH0] AWE 7
ARV, RMS Z1Z5% Aol Hiul, BASIAICH
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10 0kl D @ oh
D = 3

4.1 A3 FH R

2 OL0jAl= HA] MSA, MTA ZZZF7)0] thet BAg I
HOl e EA4517] flsto] EHO AE 0-10%H0RKs A
st YHE FHESIA @ Ag 9n)E WHSIAIZIH MSA, MTA
RNZzFH719] Ass 242 Hlal, BASICE the 138 40] 494y
st gH A4 #sto] mE IEFE A9 SNRe H|uwsto] L
ERARACE.
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Fig. 4 SNR of MSA, MTA amplitude estimators for whitening
filter orders

B 1 9WM4g gY KXo Tisk SNR &
Table 1 SNR performance for whitening filter orders
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Q] A= spike, turn AEE ¢t 350[ms] =
AAsty, 1189 FZARE 242 6HA 20%MVCE $25510] 0]
FHIHOA 5E7 £ETH £ 66719 BHIRE ASE Ao
Z Al (1),@0l UEFH MSA, MTAE A &sto] RAZFFEs At
9] SNR(=F4z9 Bo/a=439 #F&8Ahe dUked &2
UE)Y BFEHEAHQAMTZ 2kt 136t0] Liehd Zio|t).
Agh JHO| Al 66719 BATY BHINE A ASEER
B, 32801 AAISH BAwHoz FHalx X0l Ay A
UE AHEYS J5t0] fEstrh

I3 49 AuE AFEE MSA, MTA AEZFF7
WS IHE HESHK] &2 ORIARE 10719 @jAis =
ol tisiA & Aol HIlE HOJA] & Zg olsh 4
Ch ol OjFHIZoA 7|ZEd BHIAE ASE oz 7
9] ARV, RMS Z=Fg7]0] thsh #Ast gy SitE Ut
OIAY] MFE[811]1IH= T2 ZIE UEE Zojth & 7
REZFF719] dse Bast e s 27 SaE=
OFZ(F 50% OJA}9 SNR Ak5[11]) SHEASLE, 2 ¢79
MSA, MTA REZFH79] ALE 1A "HYY ZAou oF
13% SNR 452 HIJC

!

w
Z,
e}

N
B e T Ao

&z 1o
ol

T & 100 37FK] %MVC %0z FEsto] et HA]
1987119] FHIAE Aol tistol WAst dHo gikE A
of meta ZAEH FdgEQl 2uE UERHRICE § 12 19 49
Aot SUst 24 dEEe FAl dzol &&sto] Aol SNRO]
HelE B+ FEUAE, WS SHA &2 0xke] Aol Hls

71t dud %Hlge TRZ 42 UEo] Fdet 20

o]

Ll & 20% MVC= O]FHZoA gt T 66719 FHIHE
ASE THNOE MSAE HESH WEZFFVIO AlStiFSHI7}
HIAN S =2 0%(0RDH-8.95+2.97=2
137% &7H1xhsog Wsiete o] B9 ugg Sof & +
AOH, 0RF-10RF= 1R HStAZIH EAS Jx dis S0
A HOA 84 X0 AutET 1ol AAISE Zo]Th.

I 10] LM 84 ik 371 $MVCe BE AlSof
0] MSA, MTA FZof thsh Wdst dHyol g1t 94 &
H(SNR 3} H: OF -6% ~ 13%, 542 AS SNR ZA4)
A "HO Fgo] w2 ABEER FU SNRO| ZZFFol| &
gha AT

T BHE A9 48 ZAuolA MTA9 SNRO] MSA Hr} &

8

e
(D

o

R 0
By +85 ¥ 1 5 7 9
%MVC (%E7h
2 MSA | 7874249 (0%) | 8.95+2.97 (13.7%) | 8.29+2.61 (5.30%) | 7.79+2.47 (-1.0%) | 7.96+2.62 (1.10%) | 7.892.32 (0.30%)
MTA | 840£2.80 (0%) | 9.49+3.03 (13.0%) | 859+2.89 (2.30%) | 7.86+2.54 (-6.4%) | 845+2.77 (0.60%) | 8.31+2.61 (-1.10%)
MSA | 7524241 (0%) | 8.80+3.61 (17.0%) | 7.76£2.41 (3.20%) | 7.31+1.98 (-2.8%) | 7.54+2.37 (0.30%) | 7.64+2.48 (1.60%)
%0 MTA | 804279 (0%) | 892+3.16 (109%) | 8.16+2.54 (1.50%) | 7.55+2.06 (-6.1%) | 8.09+2.78 (0.60%) | 8.06£2.83 (0.20%)
MSA | 627£2.37 (0%) | 6.53+2.86 (4.10%) | 6.53+3.02 (4.10%) | 6.09+2.14 (-2.9%) | 6.30+2.43 (0.50%) | 6.38£2.41 (1.80%)
80 MTA | 649£275 (0%) | 655+2.75 (090%) | 6.40+2.51 (-1.4%) | 6.33+2.33 (-25%) | 649+2.78 (0%) | 6.44+2.48 (-0.80%)
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2 =AQO%MVC, 1x}9] Zite] AL; MTA Bt=9.49 >MSA I
=895 UEhte= 28 & 4 on, £580] Z7He4E I3
T SNRO| Z4sh=s ZUE UERS 2018 4= Qlot

9l & 100 UE Zaolx FES st e 2 oA
AgO0=2 AlLst MSA, MTA ZEFF7]= 71E9 ARV, RMS
RNZZF719F Hlwsto] WAgh geFo] st SNR &&=
QoLt BAHA 371K %¥MVCe 1987) 415 HEo] thst
ZojA AAEFCE =2 SNR A5E2020% MVC 2150
Z& SNR: ARV=8.75+284([11] X)), MTA=9.49+
; 50,80% MVCOl ZRE =St d1h) HATH= AMolTh
Ze Ao o= MSA, MTA AWIZF Qe ZHIRE
ol theto] 4&9] HIAE ZHY 9E& Sh= spike, turnol
ot ZZ HEOZ|(OHE 1 FX) UREY Zoz AZ4E, o)y
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Ol A+E 1IAE AFskl, ZEFF7|9 SNRo| dgks x|
= = R Q9191 WEEEO|(smoothing window length)E ™
SIAZIM S8ist B4 AmE 7 50] LERQICE o] Jge
MSA, MTA B RZE ALy st ols8w BEAE9] 4o
= 100[ms]-500[ms]E MHIIAZIH, 20%MVCE O]Fa}
SRS & 66719 BHIRE ASE o HE I
219 SNRg g dEst o4 7 ot
ZF ggistol Jei=2 LERA Zolch

18 59] AWMZEE A (3)0] VER o228 FF
SNRY| HOth2 MSA, MTA #8719 SNRo|] A Folof H
gato] E7kte ¢ 4+ JAom, 100[ms]E A
dojAsE SNRY| E71E2 £01EM HAG %2 AXs 4g
2 B & ik ol 7IES ARV, RMS TZFF7|9 &
(9,111 LXok= Zolrt.

rhe & 200 198719 ®AA FUIRE Alzol tistol MSA,
MTA Z}Ztog Edst BAg AAlsto] o
BRSO HEFAQl £RZ LERNQICH

37 R %MVCe] BHIAALE ASE tiidoz dojal Fzxg
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Table 2 Effect of smothing window length on the SNR
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Fig. 5 Effect of smothing window length on the SNR

A1} %7} AZolo] HI#EElo] SNRO] AXIH, MSA, MTAO| th
St SV HIlo] gHo] RARRIE X 28 SoliAl B gt
ER I8 4= Uk 20% MVC A0 thet MSAQ] ZARE 4t
HEM 50[ms]-350[ms] TZHoIAE= 2 SABICE SNRO) Hie
16% ooz IrietH ool tist ZEWRHFEAY HE
Z)0] HI&S 32% O|5toILt, 350 [ms] OJ4k0] FIoAlE= B
o] E7h= 10% Olst, BFEAIO] HIE2 37% oMoz 2t 1}
ERSATE TS 150 [ms] O]&9] ZdolE AgohH HE Z20
& FHY0] E7HEEE WFFF9 SNRO| BOX|H, MTAZL
MSAHLI ZF 258 58 Hols g g 4

OAY] Mol AE=[11] AIFEIRE0] FallRl Al As
g o= oF H4E FHEsie 78719 Fahgde dghl o
Z=RZE0] BAN QX}(variance error)@t BHFIOJO]A  @EHbias
erronol OgHAl EREH Ol5ET FE7]9] FHolE OF @
A Atolofl A& (trade-off) TAZF EAfeitt 1MEE FF 9| &
0] 438 BAle AA 8" A5 Eo) wdEE olg v}
A BHE, &% +5F 9d¥, a2k, 7 B4 (stationarity)
5g 1sto] Agdog AFsh= Zlo] Egsith olyst 7|E
o] AFOIA HER ZAWET F 20 LEM 2 ool Ay &
Q1 SNR B9 E7Hg1 ®xO A4AgS TchH, 2 AT
oIkl AIESE MSA, MTA Z&FF7]= 300[ms]-350[ms] -t
S Ao Fdojz ¥ & AU

oL

oMVC g4l - &52 Eﬁf]—fiﬁ]ij 21 100[ms] 150[ms] 250 [ms] 350 [ms] 450 [ms]
20 MSA 3.13+0.52 5.16+1.07 6.23+1.54 7.81+2.33 8.95+2.97 9.98+3.68
MTA 3.82+0.57 5.70+1.04 6.77+1.49 8.33+2.30 9.49+3.03 10443.73
50 MSA 3.28+0.59 5.13+1.10 6.23+1.68 7.80+2.74 8.80+3.61 9.66+4.47
MTA 3.90+0.61 551+1.09 6.54+1.63 8.02+2.49 8.92+3.16 9.72+3.82
80 MSA 3.09+0.45 4244+1.19 4944159 5.88+2.27 6.531+2.86 7.05+3.39
MTA 3.2940.69 444+1.16 5.06+1.53 5.93+2.20 6.55+2.75 7.09+3.24
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