HARTRY F4EE Vol.30 No. 6, pp.621~628, 2012 621

4l - HiAlieh

VR 2F||H LU -HESFREN —Z2 T XAT LOREL
{48 Box and Block Test MO EIH

N NI S S ol S £ 2
i fle R OR K CAR e B

A Task Training System for EMG-based Prosthetic Hand Using VR Technology and
Virtual Realization of the Box and Block Test

Taro Shibanoki*!, Takaharu Murakami*!, Keisuke Shima*?,
Toshio Tsuji*!, Akira Otsuka*® and Takaaki Chin**

This paper proposes a virtual prosthetic hand (VH) and a virtual training system for controlling of electromyo-

gram (EMG) prosthetic hands in virtual reality environment. The VH has human skin-like texture with 22 joints,

and can realize a wide variety of human hand movements controlling each joint angle. Trainees can control it by

using EMG signals and 3D position and posture measured from his or her forearm, and can perform training such

as holding and moving virtual objects by controlling the VH voluntarily. In this paper, virtual box and block test

(BBT) was developed as an example for operation training of the prosthetic hand. Experiments were conducted on

five healthy subjects for five days. Manipulation ability of subjects were evaluated using seven indices calculated

from the measured EMG signals and 3D position and posture during performing the virtual BBTs. Comparing the

evaluated indices of the first and last days, four out of the seven indices show a significant difference at the 0.1%

level, and one out of the seven at the 1% level. The results lead us to conclude that the proposed system could be

used for operation training of EMG prosthetic hands.
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Fig.2 Developed virtual hand (Right hand, palmar side)
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Fig.3 Overview of the virtual hand control system
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Table 1 Initial joint angles and maximum equilibrium joint an-
gles
0 st 0max+ () max- ) st 01_nax+ ( max-
ir ir ir i r i r i r
i a| B |7 gl 2l i a| B v gl
1 10.00]0.00]0.00 - - 12 10.00|0.00]-19.0[ -7.00 | -61.0
2 [0.000.00 | 16.0 - - 13 10.00 | 0.00|-23.0 - -
3 10.00]0.00] 8.0 = = 14 10.00 | 0.00 | 0.00 = -
4 175.0/0.00 [-19.0] -5.00 | -32.0 15 ]0.00 | 0.00|0.00 = =
5 [32.0]-30.0] 5.00 - - 16 10.00|0.00|-19.0{ -8.00 | -61.0
6 [-2.00]-10.0] 0.00 = - 17 10.00 | 0.00|-19.0 = -
7 10.00]0.00|-2.00 - - 18 |0.00 | 0.00|0.00 - -
8 [0.00]0.00|-16.0] -3.00 | -62.0 19 10.00] 0.00 | 0.00 - —
9 10.00]0.00|-22.0 = - 20 [0.00 ] 0.00 [-19.0] -5.00 [ -60.0
10 {0.00]0.00 | 0.00 - - 21 |0.000.00|-14.0 - —
11 ]0.00]0.00|0.00 - - 22 10.00]0.00]0.00 - -

M;, Bi(a(t)), K;(a(t)) \xZHZHEME, % Btz EL,
a(t) \FHPGHEL NV, (1) 13 EFE, KROFETL Ly
BFET. HIGEL ANV a(t) 1, HTER Feve(t) 20Tk
RDEHIEHETS.
Frua(t)
‘O e o

Finre GFRIZEHN L 72 B 8E ¢ (233 % s KRB, DUiERE O
Feua(t) Tha. ZOLHIZEBING a(t) 13, IHEEHIE)
fEc®fTo T2 EEDOHmOIHEL NIV (0 < a(t) < 1) &R
RYZENTED. 20 a(t) #HCT, BIEEICHES Hitks &
ORI EEDZEAL % KD & 9 = IEE TV & VTR
L7z [3].

Bi(a(t)
Ki(a(t)

12 4 b, 5 (7)

= biyla
=ki1a t)ki‘2 + ki3 (8)

(
1a(
T/, BEI MV S () ERIGEL NV a(t) AV TKRATE
#15.

1i(t) = a(t) "™ (9)

T8, M IIEEHORETL MV ORKETHL. T2
T, M;, bij, kij (=1,2,3), 7™ SO LOHRET S
EHTHY, ks, by \TLFEEFOMBIEIHY T 5. R Tld
NS OERELS [3] EBIC L ) FHI L 282 BEICHAT
PRRRAIZPE L7z

Pl Eoflgic o s, Hilms s B L 32 VH O BHi
L RS, AU L BRI TS 2 & THiloBIEE
FEHTH. B, VHIIE) > 7 OMEIAES X OPFAE 2
EEICHEIT22 8T, 5iefio TR UHAL L) BA
o LWEREIESC, oM ERFOE v (BHELbiET
SOF ) BEQ] AR HEICERTRERTH L. Bl2IE, HlET
B L 2 ORI 65, B X 0K allEH HE N3 5 ERO
BOCPHAEE 02, 022 % Table 11277°3 £ ) 1230EL
7e¥rt, VH OFfHE &I g & ), RO ERT (8]
DEIREVTFEEPEBRTE %,

3.2.4 VH OA7i#E & L0l

VH Ol & £ ORI, VH ONBIFIIE Puapow (t) € R°
BLONEHAE 0,.(t) € R ZHHT AL LTITH). 22T
&, B AEIRYINE Th B 2 R EEL, T ONEN

JRSJ Vol. 30 No.6

(a) Motion control

(b) Position control

Fig.4 Examples of the virtual hand control
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Fig.5 Box and Block Test
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