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ABSTRACT

Various interaction techniques have been studied for providing the feeling of touch and improve
immersion in augmented reality (AR) environments. Tangible AR interaction exploiting two
types (product-type and pointer-type) of simple objects has earned great interest for cost-effec-
tive design evaluation of digital handheld products. When the sizes of markers attached to the
objects are kept big to obtain better marker recognition, the pointer-type object frequently and
significantly occludes the product-type object, which deteriorates natural visualization and level
of immersion in an AR environment. In this paper, in order to overcome such problems, we
propose tangible AR interaction using fingertip touch combined with small-sized markers. The
proposed approach facilitates the use of convex polygons to recover the boundaries of AR
markers which are partially occluded. It also properly enlarges the pattern area of each AR
marker to reduce the sizes of AR markers without sacrificing the quality of marker detection.
We empirically verified the quality of the proposed approach, and applied it in the process of
design evaluation of digital products. From experimental results, we found that the approach is
comparably accurate enough to be applied to the design evaluation process and tangible enough
to provide a pseudo feeling of manipulating virtual products with human hands.

Key Words: Augmented reality, Fingertip touch, Marker tracking, Small-sized markers, Tangible
objects, User interaction
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Fig. 1 Convex polygon and minimum enclosing rectangle:
(a) Binary image, (b) Extracted polygon, (c)
Convex polygon in red, (d) Minimum enclosing
rectangle
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Fig. 3 Candidates for the reconstructed contour of an AR
marker
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Fig. 4 AR marker recognition: (a) Recognition succeeds
when occlusion is free, (b) ARToolKit fails to
recognize when partial occlusion occurs, (c)
Proposed approach can recognize the marker
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Fig. 5 Recognition of a marker with partial occlusion:
(a) Marker recognized in spite of partial
occlusion, (b) Augmented image using the marker
information
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Table 1 Certainty factor of marker recognition
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[1] Move to main menu.

[2] Select submenu for animation play.

[4] Play the animation.

Fig. 15 Task used in user experience

Table 2 Questionnaire contents

Q

Q2 | Is it comfortable to use during user interaction?

—_—

Is it easy to click buttons during user interaction?

Q3 | Does it provide good visibility during user
interaction?

ato] thshl 20 02 % A FAES i
o7 ket AR 7S skt PMP Al
9 HEES] A7 5~15mme|H, Fig. 155 A}
84 W7k s flsl s d@AtelAl FolA
= &Y A vERTh gddA= Zhzke] 3
32 LS o] &ete] TPHAIES Abete] 2
718PAQ1 = W w2 olsstal, 974 WwE A
ate] FFF P 2ENA MR FRFS A
st S st o] Ay Aol LaHE
A17He 243519tk PEN, RING, PATCHOI %
She A WRHE o Wk ofu e} AA| AlFS

Oy

A st A 58 HER '@ st

Fig. 162 - 2 2817+ Yehdtt. 2
208 A7 s s AAl AlES AREshe A
(REAL)°] 717 242 A|7ko] @551 91, PEN,
RING, PATCH =2 2 2} A|7bo] of7F Z7}sh=
AL golg 4= 9lr} RINGO] 73] o2 714
o A 7S @ T3FA| 9 RINGZ PATCH 7+
o] BAA Aol= HolA] gkttt

Fig. 17& A& %71 2345 vepdioh A%
H}= B3], RE AE 3=2o|A PATCH/} & 4
FE IS

WPEN M®RING WPATCH mREAL

~N
o

Average Task Time (sec)
S

0 -

Fig. 16 Average task performance

W PEN B RING W PATCH

w S «w
L " L

Average Response
~

[~

Q1 Q2 Q3

Fig. 17 Questionnaire results

= =oI7] fI7 A7 &ds] o
FA AL 9tk & =R E 27 v E o&
sto] ARg-ARe] E71e BjA & A el A
TAE S A ST AlA E k] dd S
Sl v A GHol AR THAAE q14o] 7t
e sl vy ZIuke] wiA Q14 B 33
WS AL, v 9] Q14 G2 AR
23 Fd 271 Y] v Y ES wole
< AT A3 e Sl Ak Faas W
o] 77+q Fz g e g A8 e
Bl
AAE FE g eke] A vk

ok off

Z |o

o

o

o

X
ks

|
ox
Y
IS



382 Aot -
2o BPEe Hgo] Wa glom, vy 2717t
Ho} A ] AokE 71elA) OB AHg WSl
7 2ewst ke el dlth S, &
¥ o} 3 @uaEel A sl o

o7} A 71 & Sl W ek me
%1101 7:]0 zL o] /\154 ] ‘_ ;g Eg] D}XJO] 01
t}. olel g el that 25 nglo] Wag Ao
= Bl

@, AN E7HE A S A A e
weke] - 48 v ) Fasiok she
EAQo) EATE 2F A2 o} S AL
A e AN 45 P NLsTA 3
t}. 12 g5 Al A7) 1o EAskE A, A, ol
A, B2A So) 5YL 2] MdAAE
A71E 54 710 vlukA 24 whge] yes
slom, 7o) shjeke Beatel &vlee] RS
4% 5 gl WEe welskast Stk ol ut
2t S71E AL ZAE R85 02 Jds= Lol
B

l‘li‘

l‘ii‘

ZAel =

ri

2 2010 S %A1 ]

o} A7

Avjsta s}

fo 1y

e
o _©,
yi2
32 L

References

1. Lee, K., 1999, Principles of CAD/CAM/CAE
Systems, Addison Wesley, Berkeley.

2. Burdea, G.C. and Coiftfet, P., 2003, Virtual Reality
Technology, John Wiley & Sons, USA.

3. Park, H., Bea, C.Y. and Lee, K.H., 2007, Virtual
Prototyping of Consumer Electronic Products by
Embedding HMI Functional Simulation into VR
Techniques, Transactions of the Society of CAD/
CAM Engineers, 12(2), pp.87-94.

4. Bullinger, H.J., Breining, R. and Baucer, W.,,
1999, Virtual Prototyping — State of the Art in
Product Design, Proceedings of the 26™ Inter-
national Conference on computers & Industrial
Engineering, pp.103-107.

5. Azuma, R.T., 1997, A Survey of Augmented
Reality, Presence: Teleoperators and Virtual
Environments, 6(4), pp.355-385.

6. Kato, H., Billinghurst, M., Poupyrev, 1., Imamoto,
K. and Tachibana, K., 2000, Virtual Object
Manipulation on a Table-top AR Environment,
Proceedings of the International Symposium on

15

10.

11.

12.

13.

14.

15.

16.

17.

18.

H=
o

Augmented Reality (ISAR), pp.111-119.

. Billinghurt, M., Kato, H. and Poupyrev, I., 2001,

Collaboration with Tangible Augmented Reality
Interfaces, Proceedings of HCI International,
pp.234-241.

. ARToolKit, http://www.hitl.washington.edu/ARTool-
Kit
. Kim, M. and Eom, K., 2010, A Survey of

Markerless Object Recognition and Tracking for
Augmented Reality, Communications of the
Korean Institute of Information Scientists and
Engineers, 28(8), pp.54-66.

Comport, A.l., Marchand, E., Pressigout, M. and
Chaumette, F., 2006, Real-time Markerless Tracking
for Augmented Reality: The Virtual Visual Ser-
voing Framework, IEEE Transactions on Visu-
alization and Computer Graphics, 12, pp.615-
628.

Wagner, D., Reitmayr, G., Mulloni, A., Drum-
mond, T. and Schmalstieg, D., 2010, Real-Time
Detection and Tracking for Augmented Reality
on Mobile Phones, IEEE Transactions on Visu-
alization and Computer Graphics, 16, pp.355-
368.

Park, H. and Moon, H.C., 2008, Design Eval-
uation of Portable Electronic Products Using
AR-Based Interaction and Simulation, Transac-
tions of the Society of CAD/CAM Engineers,
13(3), pp-209-216.

Park, H. and Moon, H.C., 2011, AR-based Tan-
gible Interaction using a Finger Fixture for Digital
Handheld Products, Transactions of the Society
of CAD/CAM Engineers, 16(1), pp.1-10.

Park, H., Park, S.J. and Jung, H.K., 2012, Com-
parison of User Interaction Alternatives in a
Tangible Augmented Reality Environment,
Transactions of the Society of CAD/CAM Engi-
neers Conference, 17(6), pp.417-425.
Khoshelham, K., 2011, Accuracy Analysis of
Kinect Depth Data, Proceedings of ISPRS Work-
shop on Laser Scanning.

Derek Bradley and Gerhard Roth, 2007, Adaptive
Thresholding Using the Integral Image, ACM
Journal of Graphics, GPU, & Game Tools, 12(2).
Teichrieb, V., Lima, J., Apolinario, E., Farias,
T., Bueno, M., Kelner, J. and Santos, 1., 2007,
A Survey of Online Monocular Markerless Aug-
mented Reality, International Journal of Mod-
eling and Simulation for the Petroleum Industry,
1(1), pp.1-7.

Moon, H.C. and Park, H., 2011, Resolving Hand
Region Occlusion in Tangible Augmented Reality
Environments, Transactions of the Society of
CAD/CAM Engineers, 16(4), pp.277-284.



2 w1 o] 88 71t BRI W 2N 4SS R 383

L

2011 220 v har 2hd 2-eta) Shat
20139 AT gk Ak g s}t Aat
2013 ~AA) 2k Ake)-et
¥ sk Ay 1996 233t 2] g8kt upAt
#A Eo}k: Tangible Augmented 19963~2001d A3 AR} FFA+
Reality, Marker Recognition and 2 ATy
Tracking, CAD/CAM Appli- 20083~2010 UCLA 24keks} |t
cations B
2001~ A F=Adv) st AkedE-st
3} 51
Al E-oF: Geometric Modeling and
Processing, Virtual Prototyping
of Engineered Products, 3D
Shape Reconstruction and Under-
standing, Dental Engineering
Applications, CAD/CAM/CG
Applications




