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The Method for Gestures Recognition Based on Myo Rotation
Shifts Estimation and Adaptive Correction
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Abstract In the gestures recognition system based on surface electromyography (sSEMG), an electrode shifts estim-
ation and adaptive correction solution is proposed, to the problem of low recognition accuracies interfered by the
Myo armband ring-electrode rotation shifts among experiments. The proposed method first estiblishes a polar co-
ordinate system that is stationary relative to the ring sEMG acquisition system, and defines an activation polar
angle (APA) that will be later used for measuring the electrode rotation shifts relative to its initial position. Based
on the meansurement of electrode shifts, interfered SEMG samples are adaptively corrected by a linear transforma-
tion in feature space. In the sEMG-based recognition application of eight common gestures, two experimental
paradigms are conducted, including a simulation rotation paradigm by right shifts of eight-channel sEMG signals
and a real one by shifts of the ring acquisition system on the lower arm. Results of both experimental paradigms di-
menstrate that the recognition accuracies of our proposed method are much higher than those of non-corrected mod-
els. In conclusion, the proposed electrode shifts estimation and adaptive correction method, improves the robust-
ness of SEMG-based recognition system, and reduces the training time and learning burden for users.
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HIE AL E A, 5EK 8 FhE WL I B R & 7E
At R AR e R R g B A S U () Bh 1 B
SR AR F I (N 2), KEFHAE N IHAD
7 R A R EOIRAS; SRR SR EARE D
AIFFEE 8 s M6 s, 5B — AN, 2198 s ((8+6)x
7=98s); 411 AMEARE G, #ikE HEE AT
WIEFR 3 IR, & TE B R — YOS I F AR 5 4 B
A8, IR BIRET DY = {cycleq, cycley,
cycles, cycles}y, Hdp e {0, 1,2, --- 8}, RINTENL
UYEFEETT N B9 RAFMBALE; subject €
{1,2,3,---,,12} FIR 12 45 5L HHRHE.

K1 RIEE RSV, B Myo B R NVEAL; WA
fLE: A Logo fa/niT IBIE 5 P 48X 55
Fig.1  The Myo around the lower arm according to
official guides. The position where the logo channel and
the middle finger are on one line as the initial position
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#iXHH (Mean absolute value, MAV) {EARHIESE
R B, DAIE 3 ol 088 B MAV RFAE 5K B
fiE=s 1A, BER & (Window length, LW) 24 200 ms
FIEEE (Incremental length, LI) 24 60 ms (%f B
LW =10 FILI =3, WK 3). Fk, Jfis 8 HiER
THI UL FELAE 5 000, 8 R AIE B2 o 80K s VR A AR
B, BEMEAS N 8 4E (1% 8).

1 LW
fvav (z) = W Z || (1)
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F P fE. EaE. R S
Fig.2  Eight common gestures in the experiment: rest,

grasp, open hand, peace sign, pinch thumb finger, pinch
middle finger, carpal varus, carpal valgus
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Feature extraction by a sliding window
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Fig.4  Electrode-shift SEMG by a simulation paradigm
with a circulation step7 = 1
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AR xo, RIS x5SR xe; il T
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AR xn INZRMSLI 73 2545, 13 BIIZRER S M AR 45
g Fl s mRIZFROR RS, B AT AR RS 1S ) D
FPE 5o, ALEES P Z AR R T , RREAGF 3K
BB o
Fig.5 The proposed electrode shifts estimation and
adaptive correction method for sSEMG-based gesture
recognition and its traditional comparisons SEMG-based
frameworks. Here, the labeled datasets X were split
into the training part ( X" | y™n ) and the testing part
(x%t, y= ). The dataset Xy was interfered by electrode
shifts, whose classification results were gy by the pre-
trained classifier. Or, Xy was used to train an
individual classifier, resulting in y%" and ' . As the
dot-dash line, the shift Ao was first estimated, and then
Tnxn Was established. Finally, Ypx Was the estimated
results of the interfered by the pre-trained classifier
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SEADHREA Xy 5 X, 20 A AR R, 2T
BOR G B P AR Y [, R 4 = 2 M) 8 £ 11 9 K
KE (Toxn ) BEAT WAL MG 1, 3R T —Fl AR
s B & SR IE 7 . BB A 4 T 1T RS 5 ST A
A S AR 38 3 SRR B DR BIR 3t R FH I Ao
R, AREBVPR SR H ARG AR, o B
PRATIE R B B R, A T R ARG H IR
PR B, 12 BT R S E I
S B RO HL o SR 70 BT RE IR A 2
HIIZRREA B e 5 T I S A S 4R 1 i 12 @),
A LA SE RS (1D B A HEAT 58 B IR A
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or carpi ulnaris)). f8¥JEJL (2. FDS (Flexor di-
gitorum sublimis)). E Kl (3. PL (Palmaris
longus))~ i & VL (4. FCR (Flexor carpi ra-
dialis)). fE#EAL (5. BR (Brachioradialis))- 2l {i
AL (6. ECRL (Extensor carpi radialis
longus))s HEM{H BRI (7. ECRB (Extensor carpi
radialis brevis)). i@dT AL (8. PT (Pronator
teres))s fa{H L (9. EDC (Extensor digitorum com-
munis) ) /MEEAHIL (10. EDQ (Extensor digiti
quinti))- J€/E WL (11. SUP (Supinator) ). A i {
L (12. ECU (Extensor carpi ulnaris))~ & &% J& L
(13. FDP (Flexor digitorum profundus)). 4}
FIREE AT Myo B 2R, LUEIE 0 Fr e 7 1aA
WRARFR I 0° 2= J7 1), J8IE 1, 2, 3, -+, 7 7090
X IS AR A b ) 450, 90°, 135°, -+, 315° AR A1 U7
), RIS 7’ 6(b) FrosrIisir &, i
Myo B ¥ /NE LA Z 8] I ik K .
¥ 8 IR LA 5 B0 MAV $FEAE 73 A
NEANRA ERAE. nE 6(b) B, NelE e
AT AR FERET, RE 8 s R A #
A SAEARAEAR T B0 AT . AR P BIR B F 2 H)
AR BRI R #EXR B 8 W IE AR RS AT A
AR,
Ty = (Pi,0,Pi1s Pi2> """ > PiT) (2)

b p ok MR JEIE 5 1 MAV RHIEE.
HHG (i, 5 x 45°) LARRALFR 5T R TE XL il 7E AR A
FRAW, RUIEIE 0 FIRFEE L HITE 0° Mdh L, J8iE
1 2240 7E 450 M4 b ARV, il 7 £HI7E 315° 1%
My b, FLAR B RREE KMEABUS SR R E. &

MyoRf T w ch?

_2n
4

(b)

6 A EAEAE (a) BOEALA, BIE Myo AN

ANE WA BB 20 (b) BRI AN FDEE E A

FEA R HIEAN R A ORI Bl |, RO P I S
THERA A

Fig.6  The cross-section diagram and scatter diagram
(a) the cross-section view of proposed polar coordinate
with Myo armband and the lower arm’s muscles and
bones; (b) the scatter plot with every channel samples on
different polar angle axis, and the proposed APA with
dot-dash line

ST AT G(D) BB B B A X
5 H AL A 0 R 2B A7 S R . S
THEAT SR LB NG, HE AL bR 5 9 I FE R A
TR, AR BT AT R B B, 7E
BB RN, TTRAEN by
By = (pi  cos (j x 45°) ,py x sin (j x 45%)) (3)
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Rz R E WIS E ORI o, HiH SR E
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m 7
P=> 2 Pij= (Pz:Dy) (4)
i=14=0
/\EP,
m 7
Pe =Y pij x cos(jx45°) (5)
i=1 j=0

m 7
py =Y pijxsin(j x 45°) (6)

i=1 j=0

a = arctan (py) (7)
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To i A B TR I A2 T SV I e
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77 1. DRI, 43R TR HAR 5 L 22 8] R AR A X
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A, KT ARER R N2 A AR A, B ] E#E
THE LR w2 5 5 7 () 35 BRI A . A R B s R AR
AR Z A, FEASCH, FITAbTHIATE LR AR XS T
AN AL E e =
142 ETREAEMBRKIE

NETRIETTE R, BB ILHAE 518K
KENHAE F R, Fits— “2ERIES-2 16
SR R LS AR B iy, B
ST LA g R HE 5, HoTiiE 518
SRR B SO oG, Rk, AT R A R
B R AE P R BT S T % B Ao, R I8 E
FEXE % B R AE AL B IR T Aa (Aa € [0°,
360°)), WIE 7 fi, 24 Aa € [0°, 45°) I, fmfs 5 i@
B0 EERA T WMBEREE 0 ALEE 1, ki %
WA -2 E 5 B, SIE 5 H & Bk
I, HACE R SRR P I A SRR, RIS Aac €
[0°, 45°) AT KIRN N

Pi = (Di,05Di1s - Diy7) =
Aa
(1 - 45O> (Pi,0sPits -5 PiT) +
A«
o Wily -5 PViT Vi 8
150 (Pils- s PiTsDio) (8)

B A 16407 95 x 45° FeBRmF f B, o
i =0,1,2,---,7, ZFE 7, WG HEIE 0 Ek
WAL TG AL B T @ j BT E LA B, HoAh
A% I 1108 I A7 5 D) [ 3

Bk, AW E—NEALR: W2 )EE

l/-\chz

ch2

ch3 ch0
‘> Aa,
ch4 ch0

\\achS

ch6 \]chﬁ
K7 WBIEE Aa N [0°,45°) I, BTG B BARAH X T9)
GEAL B w1

Fig.7 Every electrode shifts Aa in a counter-clockwise
direction within the range of [0°,45°)

T 0 9 MAV B8 5 (i B # B3 0 2 A% &,
F(A) ;2495 x 45° Rk RS f BT, 1P 8 o
RILE I 3 .

1.0 ;
08 P\ !
- \ /
06
Foaf a
0.2 X vl
oL ! /
0 45 90 135 180 225 270 315 360
ks i B /°
8 A HUMEIE MAV (i i 5 A5 e 5
TR £ 1) 5

Fig.8 The mapping relationship between original
one-channel MAV and shifted MAV on the shift angle

Xt H AN R IR L B 22 18] R S 5% 2R Bk 1k
W, ¥ Aa R [0°, 360°) AT B HLAR R A% AR B2,
RIRN

Aa
1—— A ©,45°
15 a € [0°,45°)
f(Aa) =<0, Aa € [45°,315°%) (9)
Aa
- _ A 1 [e] [e]
T a € [315°,360°)

FE A R 2146 8 JEIE L MAV FHiEE S W%

JE UL MAV RRAEE 2 18] I 2o PEBLSR 5C & FE PR R
Tsxs(Aa) = (tij)gys =

(f (Ao —(i—j) x45%))g,s  (10)

@ =p; X Tgxg(Aa) (1].)
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TR A D;L:joem = {cycleo} , K 70y 80% 1k
RNGES 20% 1ENIREE; [FIR, %4765 A
A1 E T 3R BB 55 DY = {eycleg, cycley, cycles,
cycles} , Hpe {1,2,---, 8}, WAL E T I
RN TAFA B BAR L, BIE2ZAE TR 2K

UM E.
2 SEWERSWE

HT A I PR SR B8 5, AR AT S, AT
G I AR SR T, X LR BT S VA R
5 AR ACHEN (K AR A% RS .

BIEEIA T BRI R AR WS Ll

N T RIS PR AR e S Al 1 H 5 E
AELIE A A EAE, IUE VA aT AT, AT E
S B AR A2 T2 5 BT Myo B3N 8 IBIEM
TR WL RLAR RS, JF BN ETE (R I 7 — N
HURHIE MAV, RIS BFREAH B X

X = (pi,07pi,17 e

Hr, m RoRFEAR.

8 JETE I AR AR v] LU AH 4101838 2 0] 1) 22
FAE RN 45° = 360° /8. [, 40 5 &1 E iE RAE
HFTHER A (r1=0,1,2,---,8), RIX
RIS T SEBR Myo B 3 £ RS T x 45, BF
AT Myo B BRI £ iEss + x 45° . il 7 fr
N, I JE BIRE AR B AT AR IR N

X (T = 1) = (pi,7vpi,07 e 7pi»6)mx8 (13)

WK 9(a)~(1), Bn T HIRE 1 752 B
WA S50 I RE AR A A . 7RI — R SEER
T AR B 5 A6 IR P RS A AU T A e 2 17 T
(1=0,1,2,---,8), BT HTELHIRALYR R AHXT
T Myo #iiEF: b, FEARMEG G PR, ST
LA AH X Myo B 38 A3 54128 4k . (R b 7E & 9 i
AARAEFR N, BEA 2 A 2 G £ AR AL 3 R

1.5

2.1

7pi,7)m><8 (12)

PR 2 T B AL bR 2R T R B BN BRI AR THE
T, MR EANLE T B SRR IR
(R 1), 9 K&K 1 ARSI 1 3 BVE R AR A
o [t A5 ASEADL PR s A% T 2R A, 55 400 PR A A 7% 155
J7 AR, SIS £ AR A I HAH SRR A% s
B NIRRT 22 Aac BN 45° , BARRF
SRR BTt . R, 8 — R AR SE
5, Bk 7 HE T HRARAR R T ARW A A T A &
AT AT Y, RESHERRHL AL o AR R AL T 1 S
FHBE.
®1 O FETEIERITRE T B AR 258, 1E ERAK
ik, A TG0 B e A AT ()

Table 1
each channel, the estimation of proposed activation polar

The simulation experiments by circulations of

angle — APA | and the estimation of shifts angle relative to
the initial position (°)

i e S = R o eI Aa

0 173.15

1 141.85 45
2 96.85 90
3 51.85 135
4 6.85 180
5 -38.15 225
6 -83.15 270
7 -128.15 315
8 -173.15 360

TEAW AL F BE AR A5 T 26, R PTG B
BIESE (R (9)~(11)), Wk 10 MgikE 1 A
FrE TR AE S THEE R, X T B & AR AR
B 5 R IE w00 F A U00R B . 72 R 2538
TEIFA TR — RV AR A S50, RE 4b
B U RE i 25 SR AR HAR AL B A K
KHLBEAR T F R (31.40 + 29.28%); I+ H
FE MRS — A [0°, 360°) RLFE T, PR HIKEE 2
Je NS EAHES, AW A D 180° Bt I I R
K. X2 HT Myo BI(EREEES, Ytk
FAE N 1800 B, AN B AR LB By s B2 1 LA AL B
5H1u6 LA AL B i 72 iR BB 5z, Bl o i 5
WIUEREAR 23 A1 22 S oK.

W 10 fras, HApREAAAR g 0BT %R T 7ERH
FARAAD R A2 135 0 R R BRS FE, BD 99.90 + 0.10%.
M 2235k A SC B4 75 32 1 37 34 U RS BE L 3] 99.90 +
0.10 %, FrA Bl AR A% B0 45 5340 100%,
i T ARG AR FR N 4y SRS (p < 0.001); FF HAE
TRFe M FEWER A TH 45 SR 2R Ak b B o i B & .
BEIEAR e, wE AN AR B R A 1 O, AL
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Fig.9 Scatter plots in the polar coordinate of SEMG samples from simulated electrode shifts and the proposed
activation polar angle (APA) in dash line
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shifts: proposed shifts estimation and adaptively
corrected accuracies (solid line) v.s. un-corrected

accuracies (dotted line)
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Table 2 The real experiments by electrode rotation, the
estimation of proposed activation polar angle — APA, and
the estimation of shifts angle relative to the

initial position (°)

i e S5 = BRI o T ME Aa

0 -169.58 -3.57
1 150.09 36.76
2 104.74 82.11
3 64.97 121.88
4 6.29 180.57
5 =39.97 226.83
6 -83.01 269.87
7 ~122.34 309.20
8 -175.31 2.17

B BRI S AR A 3, AF- A0 B AS [B] i #2 175 100
THVBEEAR 73 A1, T5AFE 5 WS 22 S 1, Bk oy
Mrim &, X A2 IR T R — N ANAESAT A R BT
IE, VIR F e WA R 7175 N 2 1k
{HRME A X B s i 5 22 Sk 565K (7), Frde
PTG BRI g 0 B — e S . Wi 12 Fix,
JEors THRE 1 R0 idtAT 17 9 AR IR A B
RS M EAGTHE O, AL B SRR 4 1K,
ZHZE R R — ML B LS M A T 28
ELEE /N ((stdmax = 6.56° , stdmin = 0.45° ), [ FEZR B
T AmFE A A TR R e S AR
T 1 9 M mE A E i E
B4 RIS EE, K 13, Hd R AR bR R 3T
WAL bR 2 W A% £ FE A T IME, I ALFRR R TR
AN EE, 4y s 1w e B0 5 2 1F g £ i - 35
UK P Bt o 5 A2 B 1) AR AL . SR A M

FE IO AR A — B0 7E LB G/NE — S [0°, 360°)
BHmFL L FE R AR EEAT AT AR 1E AL F 1 TR A R
N 38.21 4 29.88%; 2 I T 5 L0
M mES A AT (1200, 180°) X AIR, R F K
RBEAR (12.27 £ 9.47%). XFAR LA LT &
A% A B X VR R B e o () U 2, B XS T4
GE 7 B 2 RO R B Eze R RN AR A X A )0
AR ™ 5. 45418 6(a), DUEIE 1 A6, HoRE
LA 5 R 2k AR d s UL (7. ECRB);
) Myo B RAE— @ M (W7EE 6(a) Hidiff
EF e 000 ), M@ 1 3 E 20 i e AL (4.
FCR) M52, J A O e i 26 UL 12 38 38 1 51 8k A2
JN T 2400 B A e A 1800 INF, TSN e fl 4 L 5
T8 1 PEES Oz, DUERFE R I 1 —20, dhalyigit st
JA Myo BN, TEE 1 5 JE 004 g 46 UL T 2 5
FHAC AR, DURR TR P IR VAT 448 5.

W 13, W IR T 5 R O S BE 1 B
AENET AR EEX LT &, 2 i & A F R
FEAmFE T, AR SCHT 4 R AL f FEAG T 5 S NAR
1ET7 VR AR K HIAS IE AR AL 208 | 32 = F A Rk
B SeIG PR (R 3), 12 L4l m AL 2 1
TVIPHE AU 28.26%, 1 20112 1E & F T Hor 3
WS IR R 78.37%, WS I ETUHBESH
FHRPAEE (p <0.001), AR TR RS HE
Hff It 5 e 1

BE—25, R R B B AR S E E R R
(-4 0] 8, A SCREAT T 28 CIGAIE. 43 B AEAS FAL
BN AR SR HIEE L IISE 206 TF 5%
BRI i B S Y e s R ML Wl e
WARIGE, e 219 2 A AL 8 BT 52 S8 B 11
PR AR B, ik 3 PR IERT GRS s, &k 3
A5, AR ER IE R IR, B TR
CAT AR A H . E BT 2 (R (1A IE AT IR A

3 g

A SCEXT 2 AR Myo JULHLE PRI, B H AR
15t [vi) o B e 2 (i A% 5 0100 TR 1) A R ARG ) A, 42
T BT R AR B EA R WS A S B N
KIERIFH00 5. R TEAL s 5 /NE LA
AR R, AR SO SR R T AR RR R R
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Fig.11  Scatter plots in the polar coordinate of SEMG samples from real electrode shifts and the proposed

activation polar angle (APA) in the dash line
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Table 3  Cross-validation based average accuracies for
every subject in different shifted positions or repeated
trials (« indicates women subjects) (%)

Bk & T TS P W IE e H
1 38.21 £+ 29.88 86.56 + 12.04
2 29.98 + 25.65 74.16 + 26.81
3 24.54 £ 28.48 90.06 £ 8.16
4 30.11 £ 26.59 87.27 £9.51
5 x 36.95 £ 29.05 75.27 +£14.20
6 31.84 £ 33.57 85.19 £+ 9.50
7 25.91 £ 31.66 78.24 £13.61
8 22.62 £+ 29.25 82.26 £ 11.81
9 26.72 £25.09 64.16 £+ 13.50
10 25.27 £ 26.12 73.92 £+ 14.72
11 21.96 + 24.52 61.84 4+ 16.01
12 25.00 £ 28.86 81.53 +£13.72
M 28.26 78.37 (p < 0.001)
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Fig.12  The estimations of activation polar angle for
nine shifts in [0°, 360°)
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Fig.13  Gesture recognition accuracy comparison with

different electrode-muscle shifts: proposed shifts estima-

tion and adaptively corrected accuracies (solid line) v.s.

un-corrected accuracies (dotted line)
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