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ABSTRACT

In tangible augmented reality (AR) environments, the user interacts with virtual objects by
manipulating their physical counterparts, but he or she often encounters awkward situations in
which his or her hands are occluded by the augmented virtual objects, which causes great diffi-
culty in figuring out hand positions, and reduces both immersion and ease of interaction. To
solve the problem of such hand occlusion, skin color information has been usefully exploited. In
this paper, we propose an approach to simple and effective construction of a skin color map
which is suitable for hand segmentation and tangible AR interaction. The basic idea used herein
is to obtain hand images used in a target AR environment by simple image subtraction and to
represent their color information by a convex polygonal map in the YCbCr color space. We
experimentally found that the convex polygonal map is more accurate in representing skin color
than a conventional rectangular map. After implementing a solution for resolving hand occlu-
sion using the proposed skin color map construction, we showed its usefulness by applying it to
virtual design evaluation of digital handheld products in a tangible AR environment.

Key Words: Augmented reality interaction, Convex polygon, Hand occlusion, Image processing,

Skin color map, YCbCr color space
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Fig. 2 Generation of the minimum rectangle of interest:
(a) virtual object image; (b) binary image in the
minimum enclosing rectangle
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Fig. 6 Construction of a skin color map and skin region
extraction: (a) Initial rectangle; (b) Modified
rectangle and its convex polygonal approximation;
(c) real world image with hand regions; (d) Skin
regions extracted using the skin color map defined
by the initial rectangle; (e) Skin regions extracted
using the skin color map defined by the convex

polygon
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Fig. 7 Hand region binarization and smoothing: (a)
segmented hand image; (b) binarized image; (c)
smoothed image

i

ol
o

2 g

ak3ith. Fig. 6(c)= & 9ol £
< Vet Fig. 6(dy= 271 3
2 ;_‘_ FH ¥ A AR E o
98 YER Y, Fig. 6(e)=

?:sﬂ_:a 9% A ARE o) 83
o

>
>~
==

2

F> o
N

Ju S
4oz 2
i, ogh i I

& mkn: op
e Z A 2

= el
ol Wojt AEIo] 138k
A" = 2o} Fig. 6(d)ellA gt 7o
W Akl o] mol=e I A
of fIXstaL lo] A A7F etairt, EE}EH
6(b)°ﬂ*19]— 7ro] UIE &3 HAXE A7 oﬂ
g|ﬂ__ Zo]J_ 2vE 1’;}-7]—63 o= :L,\}zﬂ- i/yq Flg
6(e)2t o] el = (™AL 5)e] A A7 7Fs sl
A, AbgAke] $4Y0R A8 4Y Pl
uh7] sk A71e, olel) el Radse e &
BYol AEE + AUk WA, o] A F&3} 7
L Tl & FY9S MANZT & =Rl =
Park 5o & 49 P3|} #FS &3
U:] .»‘Lﬂs?ﬂ-ﬂ_ﬁ o]u]x]‘:— 01\?:1 At O]oﬂ 7]-}\1-7ﬂ§ﬂ

o>~§3£‘
b 2z
9

B

2

o&r

Z o o) v =2 o =Z o]FT}, Fig. T=
& o] oxiste} Yyt Ae Yehied),
ol b A AN P9 Yehhe ol xlst

omlA), 23 4 G WA 2T H A
Aol BeAXE & The] A8 AE IHS
drd FgHrh.

4. d

13

(=)
=
o

b}

Rl AR I A AN 85 e



116 BRARR]

Fig. 8 Input images used for test
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