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Interactive 4-D Eye-point Control System

Use Pick and Move Operation of Principal Vanishing Points

Miwa TAKANOBUL'®)  SAKAT YUKIHITO? HASHIMOTO SHUJI?

Abstract: This paper proposes a novel interactive 4-D eye-point control system via pick and move opera-
tion of principal vanishing points. Principal vanishing points are represented by projecting infinite points in
directions of 4-D principal coordinate axes onto 3-D space. Since the principal vanishing points relate with
the 4-D visual axis, it acts as a landmark to move in 4-D space. Thus, it is expected that we can easily
achieve intuitive 4-D interaction by utilizing them as an interface of 4-D space. We constructed an interactive
system that enables users to handle the principal vanishing points in 3-D space. Using the proposed system,
users can intuitively move in an arbitrary direction in 4-D space and observe various 3-D projection drawings
of 4-D data from different 4-D eye-point. The system is composed of a personal computer, a head mount
display with a six-axis sensor, Kinect and a compact wireless mouse. We evaluated the proposed system to
confirm usability and intuitiveness for the 4-D interaction.
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Fig. 1 4-D space visualization model.

00000000030000000000040000
00000000000000000000000000
0000000 [8,[90000400000000000
000000000000000 (10040000000
00000000400000000000000400
00000000000000 300000000000
0ooo [11], [12], [13]0

0000000000 10004000000 3000
00000000000000000000000000
00400000000000000000300000
00000000000000000000000000
04000000000000000000000000
00000000000000000000000000
000 [4000000000004000000000
00000004000000000000000000
00000000000000000000000000
0000000000000000000000000 4
0000000000000000000000000
0000000000000000040000000
00000000000000000000000000
00000300000000000000000000
040000000000000000000000 40
00000000000000000000000000
000000000060000000000000OO
00000 Kineet00OOODOOOOODOOO000ODO
00000000000000000000000000
00000000000

2. 4000000000 ooooo

400000030000000400000000
0 Zyywzew, 0000000000 300000000
00 z..2w, 000000000000000000
0[8, 9001000000000 p, 00000 p,00
000000000 p, 0000 A000000000 3
0000000 2%kx2x2000 f(>h) 000000
00000000000040000000000000

© 2013 Information Processing Society of Japan

vpy ( 2

2 RUEHIX
P (0,1.1,0,1.1)

1 B
Pt (0,0, 0, 1.5)

4 B
p; (0.75,1.1,0.53, 0.53)

3 RUEHIX
P (0.75,1.1,0,0.75)

02 00000300000000000000
Fig. 2 Visualization of 3-D projection drawings of the hyper-

cube and principal vanishing points.
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Fig. 3 4-D eye-point control process using principal vanishing
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Fig. 4 Setup of the interactive system.
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Fig. 5 Observation of 3-D projection drawings of the hyper-

cube by the perspective projection using the user’s head

motion tracking.
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Fig. 6 Pick and move operation of the principal vanishing

points using the user’s hand motion tracking.

0000000000000000000000000
0000000000 3000000000000000
000000000000000000000 40000
00000000000000000000000000
00000000000000000000000400
00000000003000000000000000
00000040000000000000000000
00000004000000000000000000
00000000000000000000400000
0000000 (kh, f) = (0.8,05100) 0000000
00000000000

5. oououooob40000oonon

0000000000000000000000000
000000000 70000004000000000
00000000000000000000000 300
00000000000000000 70a00b0000
00000000000000000000000000
000000040000000 »=150400000
0000000 (hk f) =(05051000000000
r=1000000000000000000040000
00000000 (hk, f) = (0.5,500,2000) 000000
00000000000000000000000000
00300000000000007010000000
000000030000000000000000
0000000400000 w, 00000000003
000000000 w,0000000 vp, 000000
00000070 100000000000000000

© 2013 Information Processing Society of Japan

(a) e

(b) A2

07 OD00OD0O0O0OO0OO0OO0OO0O0OO0O0O0O0O0000

Fig. 7 Visualization of the hypercube via the proposed system.
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Fig. 8 Result of the user test for the system usability.
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Fig. 9 Evaluation of the 4-D eye-point control.
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