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Implementation of Markerless Augmented Reality
with Deformable Object Simulation
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ABSTRACT

Recenfly many researches have been focused on the use of the markerless augmented reality system using face, foof, and hand
of user’s body to alleviate many disadvantages of the marker based augmented redlity system. In addition, most existing augmented
redlity systems have been utilized rigid objects since they just desire to insert and fo basic interaction with virtual object in the
augmented redlity system. In this paper, unlike restricted marker based augmented reality system with rigid objects that is based in
display, we designed and implemented the markerless augmented redlity system using deformable objects to apply various fields for
interactive situations with a user. Generally, deformable objects can be implemented with mass-spring modeling and the finite element
modeling. Mass-spring model can provide a real time simulation and finite element model can achieve more accurate simulation result
in physical and mathematical view. In this paper, the proposed markerless augmented redlity system utilize the mass-spring model using
tetraheadron structure to provide real-time simulation result. To provide plausible simulated interaction result with deformable objects,
the proposed method detects and tracks users hand with Kinect SDK and calculates the external force which is applied to the object
on hand based on the position change of hand. Based on these force, 4th order Runge-Kutta Infegration is applied to compute the
next position of the deformable object. In addition, to prevent the generation of excessive external force by hand movement that
can provide the natfural behavior of deformable object, we set up the threshold value and applied this value when the hand
movement is over this threshold. Each experimental test has been repeated 5 times and we analyzed the experimental result based

on the computational cost of simulation. We believe that the proposed markerless augmented redlity system with deformable objects

can overcome the weakness of fraditional marker based augmented redlity system with rigid object that are not suitable to apply
to other various fields including healthcare and education area.

= keyword : Deformable Object Simulation, Augmented Reality

" Dept of Computer Software Engineering, SoonChunHyang

[Received 16 February 2016, Reviewed 24 February 2016, Accepted 9

University, Asan, 336-745, Korea. May 2016]
% Dept of Newmedia, Seoul Media Institute of Technology, ¥ B O:‘:r"" Agigta SEdH AdoR S+
 Seoul, 157-930, Korea. kOB RS 0I59E JEYAN fﬂlﬂ*‘ﬁifﬁﬂ =
" Corresponding author (mhong@sch.ac.kr) = —zr?ﬂoﬂ ot 3 9 F4E =29
Journal of Internet Computing and Services(JICS) 2016. Aug.: 17(4): 35-42 35

http://dx.doi.org/10.7472/jksii.2016.17.4.35



HY=H AlZ0|MS st B 07| ST AL T8
1.4 2 T AatEe B AlEH Ol el ek Al ¢
) . i 7ol FFEL Aok AW P& Thel = LYol Wt
7@ %) (Augmented Reality)> #43 7H3AIAIE & 2] or= Ao Hls) BEET} EolA T Q= W EA)
o Ao AHe) Yl Tl BASE ol2dtel o A9 ASH A7k FAHL vk T WFEA
AREARE] A ol BelA] o A ek 4zt 9l = 3 oy 714 AASE 23 A BT ol ARl
o = ggke 3= 7)< 2 2 &
QEHE%O];_ Qli_:;'_j'a O]—‘_;]EOIE}' §]i A}f‘x}ﬂ_&t’ ‘:ﬂ Zﬂ—g—E}_’f’_ 9_1‘:_13] EHEZ'}?_] Ao = Bullet, Carbon, CI’y,
=9 o 3 A 2 A 7}0] Ala X o
?,‘ EZO = 1-8-3ted AL-§ X—]'Q}/\Exﬂ 1_‘-] Jo4-go] 7t Intel Havok Cloth, NVDIA PhysX Zo] 9t}
‘6“;} ‘3‘701—@/%] /\]v/_\_E‘“:‘JOﬂ T\%?‘l— T—lo-'-7]— =1 %137—9 O]Oﬂ Lq— O]E{’B‘]— W3 %Z—ﬂ }\]*&E‘ﬂo]/‘q‘—.; TS (_—5]__1:_‘ HEA) O El
- = - O U= X YOMT oo

2 #d 7% 50l Yol BAsT e FAIh £ R
2SS WalE 317 o8t AT 7HAE B/ ¢ Aok Ait S5 =gAT =

=743 48 AGSHA F3357] 913 Software Developer R i o5} 03 O A Wh(Fini
Kit(SDK)[1]3% 2to] B2} 2] Toolkit[2]0] A3 Slef & A AR LTS 7] A A2 22 P Finite
B oolkit[2] ] xﬂo 13 9 S El Method), $14F 257} whal 2 X740 2 A B o]
AR 7% w3 @l Aloiz ek B 274 e e e w2 e e
42 o8, A9, B4 Bof SolN dofeb Bguz g 9 o] AT AR L Mass Spring Model) 1
= Bol el AREEAL QiTk ol F WSS MPEA A

=5 w0V fldiME de Tl

Aol Fe7t WY =
EYES] el FAHAQ

wa B =FoAME oy
FHEEAE R Z73EA
ok S 7]E9 ALgo
7NeE Alste] AREAL9Le] Foa-go
H) wlA71ke] F733
7o 2 B4

N
N
R

5 et
oo
o

N
NS

m_h
X,

ofr
ol

o
A )

%
=
1o,

> @ 32 orp ol ofy
)

ol ¥ H ;

et

rﬁ
ot
1o 1 o Kl

¢

ofN g

do Jfn pet < off
)
iy
o
offt
:ol=
>
op
>
Lo

7.

T
il
N,
Q‘L
rir
>,
[
ol
flo

-
oo
of
ol

rfe
rir
M
rlo
o
dlo
i
m
o
o,
it
N
[\S)
o
2
R
Y

>

£
|o
i
, 1o,

E
ofh
i
N
>
tjd
&,
o
e
<l
2l

2
3
o
=2
>
E
)
e i
L
e g o rfr
ofo b
o

X
ol
ok,

X
rE W
o
H
B
o
2
o\
__>{‘_141

o\ oL M

o
e o

] .~

i
By ofth
=
o

k4ol p2t 0% Mo
o i3
ojo >
|

rH—‘ FUZ', OE J“J
>

Sl
0 % o
o

=
ol
L
>
rlr
~
tfy
_O‘L
1
]
=
ko)

[\
i
i)
re
-

i

N

—_

rI
0|

AEXN AlZY0lMd

AlEdeld

e
o
N
=
1o,

d Vel wdew

2’1

rlo

EHoldEe] A AEHE F /A WHolH, ol
T 7 RS Fate] A8l g £ B AEd oA
SkaL Stk Ao 2 Algd oS 7T o 7P &
o] HALHT gl= W< Mass-Spring 22
< 7 =EE0
H 25 7RIt 7P 22 Ee AAEE
2} Shear, Flex(Bend), Structural 2O F
Structural 223272 =T} QIFEE 712, A 24 &

ste 2xygo = Hd o 38 AesH, Shear 22
g A9 Ak SHFHsHE WFoE &gt el &

re mx
S 8 o oo

ir

BN Hu o

T

hyy
ar

r_g_‘l
i 2

[
1

o @

Hog
1M

& o > o
ol 010
o
=
N

© o o [H o
i e e 1
=)y

dr N W

a2

fuo

R

<l

i_:‘,
oo

Flex

Structural

(2! 1) Mass-Spring AlAHIS] A=E] 25

(Figure 1) Spring types in Mass-Spring System

w
(o)

2016. 8



o

o

ol

oL

ool &
>,

Ip

Meon p

>

&

il

=1

[ﬂ:

_O|L

H

N

X
~ o
Tl
T oo
2o

= o r_ggrll‘
Tﬂé“gé‘:
Of
© ;? > =
= N =

W I
N wd & 2 4o
X do
)

£y

=
Q
g
<3

2 Euler Integration, Midpoint Integration, 4'
Runge-Kutta Integration ' 5 53 st

13

o[\
ol
(st
{2
rlo
=
bl
Y

0 2 n}7| (482}, Marker)”]¥
H] w}7 (8] 2% 2}, Markerless(Non-Marker)) 7]4H
TFEE F vk wpATIN SHALALS T
A E o] §-3te] 7He] 33 EAE
rah Fhelet Gt mlE] ok&E np
7Fsatal mhA el ti gk Q12jo] Tha] AA|
ARE 7HA SRR 2
Eidi L

=
oL

14
=
1>

2 |o 1>

P

o
)

%
R0

[t
o\ m

N
lo N rd oY Ho

M jo o

2o h f e

ol
-

ruﬂ
o ofr ol

O e 41 o Hdr KU L
A

& oo gt o
o[\ _a
rir

g 1% 2 o o
2 1 =

il N

ol

yo it

o

o
2
rp
2
=(I)(=r
[*3
o
_O|L
[r
Y
rpN
ﬁi
ro,
AV
iy
o
N
)
N,
k=

A
N
-

¢}

254 15802 A3 38 Zel=2] Science Fun<]
AYslHO 2 A YR &S yeRd A7} riAE

7o g S Has Sl S Sl

(22 2) oA 7|8 AR Al2ELQ| of
(Figure 2) Example of marker based AR system

dEAQ wpA N S7EA 71 A golHeele
ARToolkit, ARToolkitplus 5] it} $]9} 2+&
EA Ve 55 AL VINeE M
7337 Wiol of&E Pl o] wpA Q&
7HAT ol & Hkslr) fls) vl wpA N S
o] 7L UL o9} TlEe] Hutd 3o A< =
& T A7t Si3] AYET Y FA oIS,
v wAZRE S7FEA 71gol@ A 9Edle Aol
ol ¥ E Gelx T4 33 EAVE AT &
ERF AAEA =W AAx il
= 71&olth AT EAE S7A77] A8 ok & Al

&

®
X
i
i‘!’
i
o[\
ol
>,
iIsh
=4

ofN ot
o
T =
< =
R
> Tz
5%
)

R o
o
¥ ok
Gall o
Mo N
N
B
o g
19 rlo
o >
ok ol
DN
ofo (o
° e
N o
PN Y
1o o ofo rfr

oA SAA AR Y O deEshal
Ae 7 ek 2y AL A
I FAEFAS ALdtHA A=
OE w7 F A JHEAE o
o] 7 eSS 7R Uk

o

2
ol
-

o &k BA 5

3. WY EA A gHodS 84T F24IA

BERe ANz gEY 94 GAeRE 9
£9 9% FAetn 1 JAE wEo R 3349 BAS
Z7sE ) A e] 248 A2Ee A g 7
AT The 1E3E B =R A B TG 2
28 Azde] EEEolt)
Start
!
salo] @ar o= ExN7 ST
=0l 2Ix| =5 ™ THE 4
} J
Sxol HeoE o A pEan s
J !
X0 Be =as -

AlZEo]E

(37 3) HMetEl ZUHA AlrdE 55

(Figure 3) Flowchart of proposed AR system

ro

b= QIEY MESs| (173443)

37



B EH| AlB0lNS BRS¢

=

s

27484 A28 7R T ke @49

o2

AL
o=

M

Puty] g £ =R e vlo]ARAZEANY] J]Y)

V25 AHEEH oM, Kinect SDKE AH&-8le] 91£9] 93]
2 ANZEe R F2 STHIZ 3] AT AFEAe
A9 YA} NS FH8LT time-stepd VL9 9K
wsteks Anteth EA7E &9 AE we] 9Ee 9
2] o AP EA Y 9 POE A LEFH o] A BT

fich AAROR ABHIAE AT
P2 AEE £o A2 H Qo

4. WYEA A EFANAE 28T 3734
NEC L

i

N
e
gt

24 AlE20lMd

e
i
oF

e WREAE 7 om Sla) Aoy

HOE HE HEHCE 2 3D YA
L By o}oau} B Rl 48

=EEE AEAASE T

e
24 o
)
T
HU
gﬂ ol
bl

oo
(e}

b1 wE

r{n

°f‘f x

:‘é’ ofl
mo g

-

)

i

il

Y

ol

38

fu) F

}-1:1

i

U_;

rulo

>

e

oY,

A 9 o
(o3

%o

° O

ng 5 3}"4 QE] 0]'09\5}[14] 1 Tetgen
3 A v ZdE9 XqE"]‘jr Z *ﬂ 74A]
S At Rde o]F2 d4dH &~
o HAAROH NES AxY wE Lo
], &% 3 9 HEE 7KKt

of

H“F_,
g
c’c%
HJ

e

(

do o b2 omo o oy O o oft [T

(2 1) oo 22 &2
(Table 1) Mash model information

T& |spring | node & |face | Ks Kd
ele 1000 1,483 241 200 350 0.01
ele 3000 3,042 612 1,048 600 0.01
ele 6000 6,481 1,270 2,120 970 0.02

(O% 4) A 7i02tet AlZ2o[ Aot o|o|X| 8|
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camera image and simulated result image
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(Table 4) Experimental settings
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