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Abstract: Today’s technology enables users to manipulate complex, multi-part 3D virtual objects such as
industrial products, structures designed by CAD, and models of the human body in 3D space. We propose
a system that realizes gesture-based separation and observation of a group of parts from complex virtual
objects in 3D space. One practical application of our system is for training, such as learning the structures of
the human body or industrial products. By using an elastic metaphor, our method enables users to (1) ob-
serve the relationship (connection and its strength) between the parts and (2) separate a part of the object
efficiently.
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Fig. 1 Observing and ungrouping by proposed method.
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Fig. 2 Example of Explosion Diagram by Li et al. [5]
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Fig. 3 Example of ungroup in the case of complex model.
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Fig. 5 Part expansion example.

larm
dnviax } (0 < lawm < lmax)

(1)

(lMAX < larm)

L, AREMREEPEE L CLE) Z L EdET S
W, DRIZHIIMEIZEE SN, d, 12X S5 FTREES RN
= (LU, 7o —8— Y LIWRTB) BULETH .
K AT LTI, BATLOEER-7-F FREWTEEE T2
72777 ETry VR 1KRLMR G — Fled
LIN=D " T v h—IN= kL7

3.3 N—YDOERFRTR

JERB L 72/8— Y HICIEE 5 OFRICBIT 2 EMISRT &
I, W=V HIREDO TLOHE FB 2R $ 5.
FMFICBIT L, TLATORD - 72WEoME - Fk
2, =Y ORI EFOBE LFELCHINOML7Y;
&, FOBB M EERT L HFMICIE/ S— Y IZER L 7%
W (X 6). i, 797 ET, L TWAE =y 5%
FEEICH D, HWICERL WA= (728 21,
5(0b), (c)IZBTDd, =1D%=2) ¥fL-FFIch

© 2014 Information Processing Society of Japan

6 8=V RIZHIAT & 2l
Fig. 6 Example of the no space between the parts.
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Fig. 8 Parameters used for the local expansion of the parts.
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(a) 73— DFER
(a) Selecting a part
17 N=VOEFY 2 AF v

Fig. 17 “Picking” gesture.

(b) 7¥—Y #4BHT 2
(b) Picking a part

(¢)dn=1
18  Bhiify e ¥ — v O
Fig. 18 Gradually expansion of the parts.
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(b) krep = 60 (€) krep = 120 (d) krep = 200
X 19 I X BEBEDEN

Fig. 19 Expansion according to different repulsion forces.
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? hand = Tl 21 JUM o |25 L7 7 b — TR O KT
Fig. 21 Difference in representation of groups depending on

the value of coherence a.

(b) 75— AP — AR A LR S TV B
(et 2 lnanda > m7esr)

(b) When the parts are in the effective area

(Tefi > lhana > mrer), they expand gradually.

(c) 75— DWBHINICDH D, /5= AL > TV 58

& (mreff > lhand)

22 IO
Fig. 22 Cutting rubbers.

(¢) When the parts are in the effective area

(m7Ter > lhand), they expand fully. i
FoTWAEIENGHAL

20 RFTIC 8= BIATRD B BT 22 274 %:@JLJ?LT SR EATo TR AREFERT.
Fig. 20 Expanding the parts locally.
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23 RS NT/8=Y DT RIVEIR
Fig. 23 Displaying the labels of the expanded parts.
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Table 1 Experimental conditions.
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24 FRAEBENZIER L 72hl & DT 7 v
Fig. 24 Lung & heart model for practice.
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25 EBREE 5 B RS EHl

Fig. 25 Experiment results: 5 point scale evaluation.
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(b) BifH
(b) Microscope

X 26 K4 RACEPARICRFETFE 2 # L7226
Fig. 26 Test cases.

® 2 KREWMEO SV, TV, KT, T fps
Table 2 Parts, edge, polygon numbers, and average fps of each

virtual object.

Parts # | Edge# | Polygon# | Ave. fps
Foot bone 30 35 15,276 54.6
Microscope 34 35 7,984 57.5
Truck 29 29 62,958 32.7
Lung and heart 12 13 279,859 9.0

27 WFV AT v I X DI NERE

Fig. 27 “Scaling” by both hand gesture.
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[ 28

M= I B LTI &2 R E C L7kER, FzH»
KELEILL, ZEDS—v Ry UHELTWAHH] (3E
e TI)

Fig. 28 A large repulsion force drastically changes the look of

the microscope. Many parts and edges overlap each

other.

B 29 7V— 7EIRE L7261 (Bl & OlE 7L)
Fig. 29 Lungs and heart example displaying object grouping.
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