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Prediction of the Upper Limb Motion Based on a Geometrical
Muscle Changes for Physical Human Machine Interaction
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Abstract: Estimation methods of motion intention from bio-signal present challenges in man machine interaction(MMI) to offer
user’s command to machine without control of any devices. Measurements of meaningful bio-signals that contain the motion
intention and motion estimation methods from bio-signal are important issues for accurate and safe interaction. This paper proposes a
novel motion estimation sensor based on a geometrical muscle changes, and a motion estimation method using the sensor. For
estimation of the motion, we measure the circumference change of the muscle which is proportional to muscle activation level using
a flexible piezoelectric cable (pMAS, piezo muscle activation sensor), designed in band type. The pMAS measures variations of the
cable band that originate from circumference changes of muscle bundles. Moreover, we estimate the elbow motion by applying the
sensor to upper limb with least square method. The proposed sensor and prediction method are simple to use so that they can be used
to motion prediction device and methods in rehabilitation and sports fields.

Keywords: flexible piezo cable, wearable sensor, muscle activation, motion estimation

L AE

IZE 714 4328 712 A 9 95 oA kA
o] =90 F Ao A A8 5 9l
Z A B 2EAst A ® AT AL ITH12)
ol < 3171 $I3iAE WA AR 9
L& gotafof she, gpotsh ool A At hHsiAl
AREEEIAL Bl 71l B A RSS2 AlACK gtk Al
o] Y=g Feotslr] flaiMe 7IAIA A 2 B X E
o] Ao} kot FA Z7] L FAH AT 5o wAA
Eo] ol olF FHa7| flste] AAAEE o83l o
TAEE Bth 24 252 Al Jegi2 §2o|25 &
= A TEVIE, FASE0] GRS SAToEHN
A s Fotd 4 itk olEe Z§ =
7] S8l TeA7E 2174l
electromyography)—E* I8 oA A=
o5 % 9 WA DR = T A
-—i—‘?—a S48 2B (MMG: mechanomyography) A4 [5-
T7F AHEEAL SIT34) ey B 2R Al Fe]
AEE A7) fEAe= AsE FE2T 5 9)3: Aget 94A]9|
Fatsjjor gk gk unlE $ES T °J

AA71A wolz7t Alste] skl 41814 9)\% ANSE
7] ojg-9H, a7ke] gulehe de] Aok gk 2l Al

9.0
H=

* 291 2] Z{Corresponding Author)

EEH 2010610, 73:2010.7.12, A2 2010.7.20.

3hayd, 74 KAIST 7)1 A&

(hhn98@kaist.ac. kr/jungkim@kaist.ac.kr)

# o] =2 20109E AR Ador d5AT
A-FFEAFHARRI ] A& wol =3 E AT No. 2010-
0020449).

Copyright® ICROS 2010

= QTR AN HA o] My,
A BAR B GRS nOE 483 08 BYE S
Aoke ANE Adstag Aok B AFNE o5 243
A ek o) A1skeE Byl wud wse $19

o] Eflexible piezoelectric cable)S-
zkes 28 T =4 /‘ﬂ/\ﬂ(pMAS piezo cable muscle
activation sensor)E AL, Lol ALste] FEA| &

4918 a3k

IL HiH ol&

ol o] T2 TS (skeletal muscle)S ¥ EHE Aajx= A7
gof o) st ojg +F] EAskE %S T
S A f(muscle fiber) WF-ol] F o= o]Fo4 =

Q
NS A AR aatste] JAAHA dout
ATHE dolwgdo s F5atA gl nat
< WAk, UlFe] AR RSt 2
%157} t&é}ﬂl HUH8 FATS2 =83 W3l FollA
o] A Wsl= 1A A 7IetE WEkE o
oA HFFH o R FAHT = Qlo], o]F o]gsle] &

o)

it
)
[
o d
Z

rd
¥
.

Vb A ol AFEERE 4

2 dZs) A e of BYEE

staal gh}, AR B9 ZF(flexion) ) 4l 7 (extension)



on

928 &t

S " AT AN Al e o] F(biceps
brachii) @} 4HFH(triceps brachii) 0.2 A= Hhd)] Weol] )]s}
=+ e D}D}"Sh:} ol =
z SEE T 9

213le]| whet %]’oqﬁ]r o= 1@?"] 1:}271] Q‘H zF
S ‘?i

2
-
|
ry
rlo
i
dH
o
2
-

numqomrr

) e, olela Aeie) 494 S4% olgatl, o
2o BYEE FYFORA BEAY 24US A5T
it

R A

[e]
% 13} o] Motion Capture (Hawk dlgltal camera, Motion
Analysis Corporation) “JH]E o] &35} t). oj7]je} g Alo]
E S 7 o R SemEE XOFE o] 72t %}”q
(anterion) 2} S (posterion)l] WA 7R S HAsle] 35
waA wskE S DA 7ke] e ] 7}3 }
A 1,4,7,x g d a? AAHACH, FUR 2 PR 1}A 2,5,
8, v, h, e, b=, o7 7W7telel] Sl 73t 3 3,6,9,7 1, f; ¢ 7t
AL o]&3ste] SAHHk

ddste] mE A WIE #5el] Al ZEAY 53
7 Wit Al ZF wiFle] 91X E 3o SA YTk v
H']% ol-gsted, wiA ko] AT HEE & F g, 7

Wz w Alole] ARES dele] vid SHE 57
w o9 29 A9 AvkE wE, §9 Zhwel wel 7 v
A Feh FAE welw vk 53 e AHow EAE

2734 39S gk HE] Al E B vEEHA S48
™, 0.9612] “I#Al(cross correlation)Z  y=0.17x—2.48 3}

e wANoR el S ek webd BER e v
dlohe TAe ol
A Agshad .

hul

29} 3 7+ RS 35wl

9 Lo B W A4S 9% ey Al
nlA R,

Fig. 1. Marker position of motion capture for measurement of
circumference of upper limb.
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Fig. 2. Change of circumference according to elbow flexion.
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Table 1. Total angle change and convergence tolerance according to
number of twist.

n Aa (deg) THAES] 2 XK %)

3 54.7 19.5

4 50.0 9.1

5 483 54

6 475 3.6

7 47.0 2.6

8 46.7 2.0

9 46.5 1.5

10 464 1.2

Elastic material

Piezo cable
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Fig. 4. Stretch sensor for measurement of muscle activation

(PMAS).
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Fig. 6. 1D Control device for verification of sensor property.
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