E33E 2
20154 B

WA SR T 254 J. Radiat. Res. Radiat. Process.
http://www.j.sinap.ac.cn/fushe/CN/volumn/home.shtml

Vol.33, No.2
April 2015

WEGEHEEFEEREEMNTEPRNN B MR

Wi oMk MR
V(R EBERA KRS A 230027)
2 OhE R ER A TR T T E R R T IS SR e EARRE AL 230031)

ES B

BE IR TE RV AT EERE RN, Bl RN AN A SRR, ik
TEAEIEN SIS IR IR B T — R (AR D07 58 o B0 ] A RO AE 2 5 15 DI o R DL LR S F AR
L5 G WA A A R N HE RS B U oK, BT R B T B0 RSBl T R T S ], DU
TR PR EL L AR A RS 59 o DA AR T B ) KB S LM s P T I U T B B B A T 4
YEOTE ], SRR T R TAS 2R AR Ao U S5 A v A s

XE  SRGEEETE, EUT, EMBISE, BRI R, EE

FESAES  TL38

A UIIE e S S PO A% e AT P 2 D 3
F % RE U T AE N S RI3R AEBCRE SR AL 17— Pl i)
RI7% . H AT T B SEBOR A% Bt 4R 12 e
BAINEEIZ BB R 4B, AR
#77% 8 EDF A5 ik e Wk, F 4% st i 40
B S RNk T TR EMEIH NE%ZS 5%
TR E AR, 7B T A8 B Al g LI
A PR R BT R RIAE
MFEARF DR R R AN T TR, Sl
AL AR Y EEL %L,

HAETHIETE CERFFAREMINGE. KEE
UERAE . HUMER AR RE SRR L1527 2 R . %
TR AR BA R A e R R L NS
TF RN AR b R FOLE I AT B ey (X e 5 A (A P
I TEAE o o i S R )2 5 [ 52 A 1 M R 2R S 0
=S CIR A HOE F B BRI AN T 5 a5 an
WERANFLREEZES SN, M FEE
AT TN, BdE T 1R [ P A% RE AT i
W TE R, RS A rp A RE 0 O 7T 7 SRR RE AL
Bl b F s e 0 BB R S TP T A
FEAEAZAEREA 07 F b i S I 78 By B XL

R B A% BE K A BORBT ST T eFDS [A1RA &5

DOI: 10.11889/j.1000-3436.2015.11j.33.020601

B IRASHA B S HE TR B 0 LR R A
TR FE Cyber Touch SEHL T REAU T 42
REE LB AR A B v 00 S5 SN HE (14 R UL 85 1 2 PR A o
ARICE S, RN TR AL S 5], 2T 3dmax
AN B 5 Y 51 % OGRE L3RG #UL F A 2 A 5
HER B SRR T RS T R A &
PREMT I e, DABCSH A 50 07 HE R B 4
B, S A T 18 i 2 AN A LR A
Ho MFIBTFLARER 13T 70 R G T E K
OLTASE R ) Tty P ATV 43 G I VR A R, RIS
WlE 1 B T AR = fE RS AT R R 2% R
Sy 55T KN FH BE A% Wit R 400555 11 S (3t — A B (K7
2o FERXREATIECRAT T Rl (1 5L A3t

1 ENFERESES
11 FEHEIBELEN

Fssh /gy Lo, WAL k7. Pt
27 Yk, HbdeE 148, mHEA 28, KR
Ve A 3 S, FHATHIE AR =A
HARFEELR R, BRERHE DA FHRE 4 4
H R Fi8 501 (MP) A 2 A E B ; 48 [7] 9615 (PIP)
A IAEHBEE; faimk T (DIPVA 1A EH B . R

R wp. o E R R S R L T (XDA03040000) . [ 5K H AR R 22 JE 45 (91026004) £ [E X ITER973 it %Il

(2014GB112001)¥ Bl

HAEE EF, &, 1988 4F 2 A, 2012 4 07 A T ERFEEOR R 3R/ 53 5 2n A, H Al B R BOR S At L F 7
TR, BRPESHEART, EEFR RIS S A4, E-mail: jing.wang@fds.org.cn

EIEH: NS, i+, BI#d%, E-mail: ligin.hu@fds.org.cn

WeFs B EA: BIFS 2014-11-11; 518 2014-12-01



WHMAESES T2 % 2015,33:020601(7)

B4NEHEE: EREHENRTA 24 HHE;
MP #1 DIP %A/ — N HHE. AR, FESEAMCE
A6 NHEHE,

FHRRTREEIA LIRS (DTS dh A
R — MRS, BATERLE 15 Q)RR
FHRUEANTRNER—AFHNIZES); Q)KIBHE
I E R LE R — AP N iZ3l; (4)PIP F1 DIP
Z Az B H AL R .

K1 FREXVEIAEEE

Tablel Rangeof motion of each joint angle of a finger

KA X Hh Y Hh Z

Joint X axis Y axis Z axis

A0 - 0-110 0-40

Al —45~5 - -

A2 =75~10 - -

BO -10~80 - -30~30

B1 —5~95 - -

B2 0~60 - -

VE: A0, HRIEEIC; AL, BHEHIET; A2, R
851 B0, HARMUIRITESCT; BL, HARMUH KT

B2, HRDUHREIRICT .

Note: A0, The joint closest to the palm of the thumb; Al, the
middle joint of the thumb; A2, the thumb finger joint; BO, the
joint closest to the palm of the other fingers; B1, the middle
joint of the other fingers; B2, the other fingers joints.
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Table2 Typical sensor number and corresponding joint

Fes (RSt

No. Corresponding joint

1 AT SR el f B2 T™M
Angle of thumb rotating across palm
2 IHEAXT T ARIKITH 1 EZ MPY
Joint where the thumb meets the palm
3 WS R B ML U
Outer thumb joint
4 WS e 2 A
Angle between thumb and index finger
5 BT TSR IT B A1 EZ MPY
Joint where the index meets the palm
6 RS R ML P
Joint second form finger tip
7 BIRE KA DU
Joint closest to finger tip
20 WSS CMHERDS TP R AR
Palm arch (causes pinkie to rotate across palm)
21 T 5 /AR ED
Wrist pitch (flexion / extension)
22 T Mg/
Wrist yaw (abduction / adduction)

TR T ZHEAT 22 Y )BT O, 25 RE SE N

5 BT TR BE LR, AR T35 E g ) = AT R
YeibrE, VAR FRARMEE . LAFRME)
YEgrmH—4EmE (V)RR 0 RonTFHRME, 1
FoFREH, MERXSFROMESSH, €
NFFRHIRTTE AL 15 B2 WNHERE, F
TRIZBPIRE TR N 0; Bl AEERT 15 B 92
KA, FRRisghPRERRA 1. Bt SRFHIR
Abrid A 0 801, AMRFHRILT 32 NFH, O F
HON 5 KM E(Va,Va, Va, Va, Vs). THFFHIS R
HAXWAK 2.

5
G =>72"xv, )

j=1
MERFIS 5 FHFIS XN, F 32
. BB ER 55 AT AR N n R A5 3.

A=i(i=12,3,..32) 3)

22 XEBRE

AU T AR T 1R A8 B A R I B T A 1 B R
U, MEFHERME. et serE. BT
WA B F I, B ek, B k3|
Wb AT . ) SRR TR R AR, fil R fi
WARBNEE, ARGLIRBIESRES), A RN,
T F-Fa R BRN BRI R
221 spAEAE N H Kk

S HESEIN AT EL A, R R I Sk R AR P
W E B NS o NAIUE SRS, ASCRA—
Fofr a7 AT AT 142 O BBl S A 5. SR IR
SRR EE T EA S WA BB E
PFAER— DK, TEENT ORGSR A
EIARAS, AT DLk G i 40T 5 AR AL ORI I AT K
BT AR, AR m R A T . SRS R
WF SRR ERMRES, HE—D s
AR TS, AT A AR, A R A A
S A FE

AR A ) ) R 6 2 A 1) 2 KL R
AABB. Jia 2 XL & OBB. £ [H[Ek Spheres.
SEJ7 A 714 FDH. H+ OBB fig it S & it B 1k,
AT OBB M REW AT RE B AT I . R e A S
JIT F 1 J2 VR 0, ]l A0 592K OBB A3 [l
T S g L — A OK R Bl R B ] S A
P S 7y, AR LAY R 43 o FH 1)

020601-3



WHMAESES T2 % 2015,33:020601(7)

TAriE, HENKFSCRM BRSFEEOR, BAES
KR .

ASCAEREAT B2 F0 5 90 ) 14 Al e Ao B BRIA
s b AR AR L, AT I S R A A
Bkl R RIS, AT BRI A
MALE A (DB QI R0 T 5 B 4T
VAR — AR 5 HAR R 2 18] R AH A A I 42
AT R A A S R, ANEEAT T AH A A
(2) K& FOLTF= 5 43t HTCHC A7) A (D %) 4 43 A 00 A2 i 7 R 0L
T 54 2 18 (R AH A2 60 Bl 5 N 2R AT T P A S A
222 HATEMFOLEIGE

M3 T T SR R A I 45 5, A8 B
VB9 (D)IMNHLERE B4 B T4 20 BRI
PR EAL, AR B FR A . R
Yk 5 i U Tl L R IR A, RIS AU bR IR
s TATEUS ), SRR E AR HUES
R FOL T A T 4 B A (AN R ISR A, (R B 4
OB, MR AA, SR R o R . o
BRI ()T ak; o), =
DI E AR TFIE SR R AR (TR PNk
MM EDLH —ANKT 90 F. QBshaUiem
e BIFAIBWASS, Bahalied k. 3)w%d
EREIAR . LRI TRIRED . BT
HIE T ZE b i T, B kA7 e s iR . #
M2z BB AR E RN R TR 5 A mni, 3
TRz sl eI A AR S HARAE R S T A,
A B o PRI S TR ORI EE T RAR
PR AR Bl ] 2 R 3 B

Start (tool mode)

Virtual hand grasping tool

Data glove - - i
gesture —_— Judging tool collide with
information an object

Yes

Whether the end of
installation

No

N
assembly °
objects
Yes

Refresh the
scene

2 TR HREREE

Fig.2 Tool mode interactive operation flow chart
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Fig.3 Non-tool mode interactive operation flow chart
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Table3 Typical operation and the corresponding
simplified operation

YEied R fRAE AL B
Typical operation Simplified operation
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Installation of mechanical Installation, grab, release

equipment and slide
TR TR E RS
Install new proton beam tube
package box

REBT T AR E R s B e B
Put the new proton beam tube

2R UL B

Installation, grab, release
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gestured to control the
robot arm to move
PRED. B3, B
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into installation position
PRER/N 2 B B 25 A 5
Remove the small indoor me-
chanical equipment and slide

HIBEFT L, 2T Hs TR BT, el
JEVBS A AN S B HE | 8 T 472 1 2 FH B HICR #E
B RE O Borb o B HOA R N 5 3 AR
SRt — M EM T30 AT RN P E AL
Yefz et FTHHE TSV BA I T4EE A R
PROEFE AR AR FREAM BB RS IRE, RE4EEA
T it 7 e

R AEBHRESR L —

K6 LB R sl 0 5 AU 3 22 3 o B AR
Fig.6 The robot arm to move new proton beam pipe into in-
stallation position screenshot
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Application of data-glove-based virtual simulation for nuclear facilities operation

WANG Jing! YANG Zihui

HE Tao> LONG Pengcheng 2 HU Liqinl’2

! (University of Science and Technology of China, Hefei 230027, China)
2(Key Laboratory of Neutronics and Radiation Safety, Institute of Nuclear Energy Safety Technology,
Chinese Academy of Sciences, Hefei 230031, China)

ABSTRACT Application of force feedback data glove allows workers to operate virtual objects directly, for

simulating the work process of high dangerous radiation environment, which provides a new solution to improve the

training effect of repair personnel of nuclear facilities. According to the current application situation of virtual

simulation technology operation training in domestic nuclear facilities repair, as well as the needs of replacement

simulation of the target for liquid lead cooled reactor, modeling and control of virtual hand, collision detection

between virtual hand and virtual objects based on force feedback data glove were studied. Force feedback data glove

has been used to control the virtual roaming and replacement interactive operation simulation of the target. The

experimental results show the effectiveness and practicability of the virtual model.

KEYWORDS Force feedback data glove, Virtual hand, Virtual reality, Virtual training, Virtual simulation, Virtual

roaming
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