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3D Animation of a Humanoid Model using EMG Sensors
Tsutomu HORIKOSHI"  and ~ Yoshie NOGAMI'*

T Shonan Institute of Technology  1-1-25 Tsujido Nishi-Kaigan, Fujisawa-shi, Kanagawa, 251-8511, Japan

E-mail: T horikoshi@info.shonan-it.ac.jp, I nogami@mat.shonan-it.ac.jp

Abstract In marine sports such as surfing, it is difficult to practice repeatedly under the same conditions. On the other
hand, VR is a technology that can repeat the same experience, and is expected to be effective in sports training. In sports
training, it is important to understand how to use muscles, but in the current VR system, the use of motion sensors is the
mainstream, and muscle data is not used. In this research, we aim to reproduce the three-dimensional movements of trainees by
measuring the muscle movements during surfing training with an EMG sensor. In this presentation, we learn 3D motions from
EMG data by deep learning. We propose a method to reproduce 3D motion of human skeleton model using only the EMG
sensor using the learning data set.

Keyword Sports Training, Virtual Reality, EMG Sensor, Surfing, Deep-Learning

.U Hic FIT, AL, =T 4D —= 72BN T
<V AR—Y T, BORERFICENT S0, VRCEHLTWD. VREMZFMHATLZ LT, ALK
Fl—a2rF 4 aryTOMYKLUBENELY., £z, MEBBLEZBEVEL N —= B3 —T 4 T8
KRECZORELEASNDTED, bv—=22T% LT WTHAREIC R D EIFFTE D,
S THLHHBEAKBHICERBNR N —=v 7 %2179 2 AR=Y blb—=2 7BV TEE 2T+ 57
EMNTEARNVWEWHIRERD S, HIcH—7 4 > T3, O, E—varery42E&2RHTLIED B TH
WETOMAREHE CTHY, a—FNfFEHE->TO L 5. L, F—varkrdid, 3 kKx~7 bty
—= V7L, =T 4 b ==V T HEICHE W (FREEOE X - ) 2T LIICHEED.

LTI, TNETRENRBRIENFR ETbRLTETW — 7 4 T, A= KO EIZD & W) EHER 23 FE
2. HWICEHBRARN—=YTHD. Y—7 4 2BV T

—F, "—F ¥ LU T UF ¢+ (VR) I, K% tH ML TH-TH, BHMELYLETIE, HREOLKE
TEXA/FHTXAHELT, AR—Y L —=1 WEHEBRRKELL B ARD, T ML —=2 7T,
JICFIATAH b2 TS, T HERTIIY Yy F ¥ WOTETEREZ FH T 2 L EZNH 5.

— R R L O A R B I SICE D A E—var¥dFy I FrEELMEZL, MbEEET
NTWLENRH D, £72, 360FEMAM 2 > TE DY ELENVE EMNTT A LIXFEETH B, #EILEH N
WHEREEBFERE LY, FFROoELEBHEFHELLS TERVGEE, MY A Y U Rk Y ORI 2
S YN/ AN Fl S E OB X U TICEEMRT S AR L 2o T

2020 Information Processing Society of Japan 1
2020 ITE



IPSJ SIG Technical Report

W5, L2aL, E—varirREMGE VY% L
HEETDHZ L, EHOHFLVWIBATEELL R
A

W, HEEY PP OEEXEHET S0, HED
W R 7 — 2 %58 L, BERNEZITV, 2Ry il
BIZFIH L72FRe, Bt PoERET —% ot
ZIEMULIENNZRZEL, KA VXT3 RAZFH L=
B ERNMESNTVWSIL,2,3]. £/, EEDOHEEZ
BT NLVIYXLAOFEBIZLY, BRIIT —Z0OFHIC
Bk L7273V AALIEEINTWS [4].
AfETIE, BEBEOT—Z 16, FHHEAL O G R 7e
ghx - BEEZEEL, TORETF—2&2MH->T, HE
T—BDHNDL IRTMRBEEHE - BHT 5. *
LT, FIfE - ABEOHAOE N 2 HId 252
EEBBELTCWD. £ZC, ARTIE, FTEOHBED
HND, BOIRTHEZ 2 HIT 5 FHEERET S,

2. BB FIE

EMGE v OANLIDBEHRET LVOT = A — g v
ZHEBT L7291, EMGE VHIFEHR &K BHKOH) X
(8o AE) oMRzEREFRICLVEET L. £
DBy NT— 0 2T, BEFT—ZDOLh5E
EEHBTD.

MEAEHET D720, £TE—FALIZ EMG &
EOE—varwr428EL, $RE OB %5
T 5. 2D EMG Y EANMUEERSIT — X f1)& L,
T—varerytEHAMORERIIT —% g(t)& LT,
HRM =2 =TV 3y b2 TEEEITH. ZDF
By Mo T, EMGEYHDHNE 3R ITHILE
EEWETD.

W

i —

LSTM

0
W,

K1 EMG Zffio7/-81ZxoFH

2.1. HEX
HERKIEEEOHBEO BRI E % 5 (KKK I
BRELZEMRIZCEIVFHLZLOTH S, il X
DEIEEDO XA I VT RERDED, b OBEME
DTN & 72 B Rm M ER OWILRGE & LM
SN5. MERGENEADEEZ & DH7-DI2, HHMIZ
RIBOVHEEZFHELTH, HHDHEZFMTE R0,
Fo, HEE Y THUTEZEFTOBEEEEIL S

2020 Information Processing Society of Japan
2020 ITE

Vol.2020-AVM-109 No.5
2020/6/3

~300Hz O HiPH, #RIEIX 0.01~ImVEETH Y, FH
B REETHY, /A XLV, 22T, HET
— X ORI L LT, EEOMfEE LV, —EDK
Ml % CTFIB L LB © ARV (Average Rectified Value) 4L
P A&21T 5 [5].

T
ARVU):J h)|e(@ +1)|dr (1)

=T

IS

-, J°° heydr =1 EE TR R & T 5.

B, % r LT, B IRTOEREEZHAVWE. K
2(a) 2, EMG B> % (7Y v 7 EEH 1kHz) D
BT —2EmT.

X (D) Z#EV, ARV ALEZ O AREERNK 2(b) T
HD. BIRIZIE, EMG 7 —#Zxt LT 30 AOBH)
V¥ (R 0.038) 12k bz 1T - /- fE %
Thb.

-1000 v -
[ 5000 10000 15000

(a)EMG &t Hl| 57— %

250 ARV

200

150 l"

Ny
MM

|

ML
W
ML

| “ [
ol I

Il TR ' ‘*
50} ‘1‘\ “‘ | ”h‘ W H‘\
f Iy iy

0

1IN e Lt

e P, 0

0 5000 10000 15000
Time[s]

(b) ARVT —#
X 2 #%%& (EMG) ¥ 5 —& OFiLHE

Mtk il
bl |

2.2. EMG BB 2o BB R I8 &HE

EMGE 5%, EWICEBROEFREEND. —F,
T—varvrthoT—2%, BHEICHAMEE RS
DEWNEHFTH D, BE O HMED 5 Kk BT o fE R
ELTEEBINMC 2B 2L, HEOMMNRES
ik, ZVEAEOHEREREHAOH X & BEEff



IPSJ SIG Technical Report

22 ERZYLEVWZDH. EIT, EMEEFOZEDEE
ANT =2 T H0TERL, NABEOBEIEL DA
Ty T EIO0AT v 7 (0. 1Y) & L. BEIEY
IR DREHOBIEZMRET D720, Eafith”r 1 v
ZEHBT, 10027 v 7 ThoThbRe VT —FDE
MEDORBEML L, BEEIT- .

T, HHOBEIE, RoB)E L, B LRSS
— X ThdHED, RINCH-TZHEDOKERR &
FNBLEETSH. 2T, BRIT—F OB
Wo itk DT — % ORFBRKREFH Cx 5 EHEH
FifE (LSTM) ®* vy b — 7 2o - H{iRll=o— T L
Xy N =Xk 5%BE2ITo0-.

ZZT, WAoo E T — X%, 4 WoeX7 hLo
A= =Fr (xyzw)EHAWD. 3RITERTOE
BERATLDIE, kAT —ABREDLRLTWY
DN, Venray 7l 0WIBRERBETCE L. D
Fo, Ens@holEiEc, R UL (bik) 2RHT
ECLEIBRLETHD. 4 RET MO IT A —HF =
FrERAWD L THEER - BB E-BICRT LN
& D. KRTIE, AED 3D BHRETLEZENT
olcix, #EROBEEERL, TOBEEICEN -
TWAEROMEE (Aifx) 274 —F =4 TEBT
5.

B.EMG 2o 7= TRROE X HEE
3.1. HEIALE

=T 4 BT, THROBIEHNEETHS.
FIZT, M AR T IO R ET VERELE.
KEREECIE, KEBDUBHM & ~NLA A MU V7 A, FIRE
TIE, THEZEEMG, TR 4w AL R ORI O fh A DY E E)
LCTHEMAITbLEERELTNDS., E—varky
ik, RKEBEXOTFROFEHICENEN 1 IFTTES %
HET 5. SEMEHALEZE I, AR—Y BT
oA YL AE—va vt (UYL TAE
WH 1kHz) L UV A ¥ L 2 EMG ¥ (o 7V 7
JEui ¥ 1kHz) TH 5.

Xzﬂ%&ﬁﬁﬁ%
INAZRNY VTR
TRE= 5 /
R AR

3 TRfimibE 7 v

2020 Information Processing Society of Japan
2020 ITE

Vol.2020-AVM-109 No.5
2020/6/3

B4 4 KR IYEE A% ER A2 IS EMG & > ED T 7o kR

3.2. B W I TR R

FERICHWEE T — 2 OF 2 K5I RT. HEE
T E, BEERASFHBIREL AR L, K5 (a) A, KBRS
MWEE A (Quad) W XIZ/NA A MY v A (Ham) D25
DEMGIE 5 %, ARVAEZOFE R TH 5. K5(b) i,
(a) Lt AR OE—varvryCHEILEZY 4 —4
=Fr XyzwDETHS.

ARV

Ham |

0 0.5 1 15 2 2.5 3
Time[msec] x10*

(a) EMGE v ¥ 5 —4%

LEG: Upper thigh
VAVAVAVANE=: F
0.6
0.4

0 J\/\/\/L/_
02 l . . ,
0

0.5 1 15 2 2.5 3
Time[msec] x10%

(b) Motion® >+ 7 — % (x,v, z, w)

M5 FERICHEMA LT — 24

Wk Y — v iX, MATLAB Deep-Learning Toolbox
AL TWD. AENZ, B2 EMEED S —7
R AnZ—rHEL, FEICHWE.

KBRS, TR ZhiC 2 @, ENG Dot T
— X EFHBL, TO200F—FEANEEL, Bk



IPSJ SIG Technical Report

WAL D A= =F A EHIIEE L TREAER
NNE L TCERHLEZ. LSTM7 By 7 ZBIFAENL =
v NEEE 100, FEEEK 100 BITEEEIToLE X
O FRELOE YT —2OFEMBER 6 ICR-T.
i S O U R, MEEh A = T — AR L TS, IE
DR, MU LZEL TEENRERTHD Z LD,
5.

FTFEEXRY PV ORBEMRIEE LT, ZHIIMH-
7ZEMGHZ ANIZLT, E—Yarer+oEsiElL
FRERER 7TICRT. KT, MR ESE 24080 K L
LEOHNT—2THY, (a)iE, KEHOFHIT —
2 EEPT—%, )%, TRHEOTFHEET — X %2 &
BERRLTWVWE., EHOE—Ya rF—ZIZHWEE
EHBETETVWS I ENMHBREES.

Nl 1]
10 20 0 40 T 50 60 70 80 90
50 100
B
JRVNS = v
6 = ZEQI = 7 —h /7[?<
0.8 LEG: Thigh
Predicted Motion
Real Motion
0.7 }
A ! \ \ M )
) \ | AN
0.6 Y I
P [ \
| Il 1 | i f
| | |
0.5 | \ il I’
| | i |’
M |
0.4 \ i‘ .
! .
0.3}
0.2 L )
0 0.5 1 15 2 2.5 3
Time[msec] <10%
(a) KEREEE— 3 vk P flx
LEG: Lower thigh
-0.4
Predicted Motion
-0.5 Real Motion
-0.6
-0.7
/ |
0.8 \ |
\ A
-0.9 “:» / " :
Moo LW W)
=il T
-1.1 L L - L L J
0 0.5 1 15 2 2.5 3

Time[msec] «10*

(b) FRREE— a3 » & Hix

M7 FETFT XL DT EENO LK

2020 Information Processing Society of Japan
2020 ITE

Vol.2020-AVM-109 No.5
2020/6/3

B 8 1%, R RREE —ERRRRLCE) 2
2 MV ERLEBEZHPLET—ZTHY, FAlF
FIZEFEAL TR K7 &R (), ()8 THlE
EMTF—22EELTERLTWVD
H8% HChind Xk HiT, EMGE I DAHT, RIAIFICH

ERT MLVOEEZFRTETCWDL Z ENERERS.

LEG: Thigh
0.8
\ Predicted Motion
\ Real Motion
0.7 = !
0 \ \
) f Il N " I\ \
0By | | " \l ( "M
) ) I
| |
0.5 A | 1
1 | N
Iy |
0.4 | I
il
{ ’ I
0.3
0.2 \ - L - L 1 J
0 0.5 1 15 2 255, 3
Time[msec] <10%
(a) KERHE—v 3 vk P ix
LEG: Lower thigh
-0.47
[ Predicted Motion
Real Motion
=-0.57
-0.6
-0.7
-0.8
|
-0.9¢1 ) \ |
Mg g LA
-1 L ;
0 0.5 1 15 2 2.5 3
Time[msec] «10*

(b) FRREHE— 3 > & Hlix
M8 REEF —FICT LD PHIMERELE

4. B

JEMEBICB L CIX, EMG B2 0Hns, BiE % T
HAGETHDZ ENHLMNE R -T2, SEIOEETE
MEBHOHLTHY, K 3OMKILTT LTH oIk
BcxprihxThotm. LML, =74 Tk, ®
LEELEOBE L, SHOFAETT VTEREL
Tncniw, ZRICLY FOREOH X ZHTE TE
LZ000%, FHEHMOBKRIEDL FD, LV EZOFEN N
BCThbD.

2, AEFELEZF Y bU—20F, — AOWEBE
DHTORMIETH L. HROHE W I AENKE L,
HET—Z DML, MAICEY KESRLL., 0
W, MAMCTHEZEET2HA4EF, HEOKRKMET
EHRLT2HLERDS. FHIZEBNTH, EHIZ L
L2FERBEORBEELRFTL TV LERDD.



IPSJ SIG Technical Report

5.8

EMGE vV Do TREOBXHEZITS Fikzx
BELL., LSTMV Ry 7 2o ENNEHICL Y,
ENTFRETH Y, A OHARIREED FEALNFEE TH
DZENbhole. 5%, Fr—=2 7 ~O@#MHHE
MEMRE L TNL.

BEE
K213 ISPSE A JP18KI10977D B 2 5% 17 7= & @
<.

X B

[1] deAd fak WM NRZFZ: “FHEREFICL 58
BBz S rRy AV RO~ =F a2 b —
a0 H AR S SUEC W) 73 & 735
(2007-11) pp.152-158(2007)

[2] A. Hiraiwa, N. Uchida, K. Shimohara, and N.
Sonehara, “EMG Recognition with a Neural Network
Model for Cyber Finger Control”, Trans. of
Society of  Instrument and Control Engineers,
Vo1.30, No.2, pp.216-22(1994).

[3] mHEE, FHE, dHCR“EMG F52MMHL %
EHMBRAL VY T4 v 7T R, BEHRE
¥ & XEE, J87-D-11,10,pp.1996-2003,
(2004).

[4] REEWE: “FMT —7 7 —= 7 E 2R~
A F ¥ HhR(2019).

[5] /NEF S : “MATLAB THASAKESQMHE” | o
7 F 4t (2018).

2020 Information Processing Society of Japan
2020 ITE

Vol.2020-AVM-109 No.5
2020/6/3





