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Superellipsoid Body Model

Nam-Gyu Kim*

Abstract

Human motion tracking algorithm is receiving attention from many research areas, such as human
computer interaction, video conference, surveillance analysis, and game or entertainment applications.
Over the last decade, various tracking technologies for each application have been demonstrated and
refined among them such of real time computer vision and image processing, advanced
man-machine interface, and so on. In this paper, we introduce cost-effective and real-time human
motion tracking algorithms based on depth image 3D point matching with a given superellipsoid
body representation. The body representative model is made by using parametric volume modeling
method based on superellipsoid and consists of 18 articulated joints. For more accurate estimation,
we exploit initial inverse kinematic solution with classified body parts’ information, and then, the
initial pose is modified to more accurate pose by using 3D point matching algorithm.

Keywords : Pose Estimation, Point Matching, Body Representation, Superellipsoid, Human Tracking

AFH ¥d 2 /Ay AFEH FsEE 59
1L A= G e &5 Bese] FAHD 9o
W, AgHE 48 obol e A8 £49
2 2] o~ = 51 o o 3

AW gAY R4 e AN g A, dedsE TRY AU, ARed gHe 9
N gA9e wE FAT AAAE AAdo}
st Bl 4 F4 o] HAZe] 7T

¥ MM AHFirst Author) @ 27 5 = = o 3 5 A
@452012(5 052 24%)' ATU2012d 068 259 ¥ AQA, $ob A AaE gEY ¢ lE 2
Greanin 0om 22, meel gul Al Wek F4 FaelFel Fo
x SO|[Hetm Holmst = OgsA EAet. e =25 74 Wi 9lo
ngkim@deu.ac.kr H, HEr|To] Zelxelo] Jgzgo] FAHE
@ = olm= 20109 So/(4&tD MU TRHION oI5 o7t3l AFH A5AE 2 JEHHIHE FHof

HREAZ (2010AA203)

Human Motion Tracking based on 3D Depth Point Matching with



(2012. 6)

=)

256 CIXg2d=ss ==X H13A H2

7
N

—
0

o
il
Bih)
oo

N

o A T

Ko N
=]

e} o

H 2] H(point)
ez, Ao d vtA 74

]

[e)

)

0SS

3|
T

Ho},

1 5| ofof

she

=l Ae FHHeE Y

=

Z

J 5915
7 Al (bounding)

Al

CREEERS

‘A (box) &l Th

o
Nz
1
o
N

A

$eE

"
N

o

NI
ol

oy

)
RK

o
T
o
T

|

eH ol EATHA %

)
=gt

——
o

N

9] A (silhouette) HHE 3

O

ol
s

o

ﬁo
W
ﬁo
-
i

0

X

ay

2 oo
= ]

o] AA

mpx ko 2

B
=1

wol 7b A3E A

el

T

A

£ % (blob)

p
T

i of T

o]
TR
XO
o]J
N

)

R

&

Gl

oy

oo
o

-

j

"
.ZT

—

oR

e
S

Njm

ol
)

o
H

0
He

Absh
SECE RER R

faw A
L

3B 2

2

FAE BY

€3

}_
Gavrila

&

Al
=

7Ved

A
L

B

No

s

Gavrila

KX
y

T&3F99 a[1], Cheung 1%

oy

27|

e

3l

X

o
N

=

3E

o
=

tA 2]l Wren 1%

= A4S

2~ €l
h=

|

B

el

_goﬁ

o)
"

xr

Gl

el
N

oV

X
N

=K

el
fi

B
22|

2]
2]

[}
™

RERE

FoI[3], 7HAa7toll A ofulElE

S

Z

J

Al

el A

el
3
)

iy
mﬂ
il

—_
1)

M HIS

s

©17] -3
ae @
g A

°
7
d= AyEd. npxuow 75 A

].

23
953 2
w48

fu

ﬁa ZMD

H

o}
=
=

ARA

O

AN

T o
wr

ki3

o

vl

‘113,]
7] 2
fol mtl %

5|

A

whel

TN de

)

H71E T

B

3

PN
=

~

o
™M

"

ol

o

m

0|

=

—

[e]

skl eH4l.

!

BiA

B-

)

TH O FHTEEL S
ol N -~ -0
%Jl%wizw@quc
_ R~ L e o’
é%&%@ T ool N oo B
N 75 A I - A e
ﬁEB o D ™
CEE W B R gy o
=T o = ok ™ = _E o ﬂa
g O L AT mu H
TR M M xo o 9
Toam PPl e
mMﬂoﬂvlooEuW%qulﬂnmﬁTLt
R _ 3 — = N
Hx S®EALS O ax
PR T TR Il Y T
qT W = g A= I
moahiwj%c%%ﬂmM%
oF T o -~ = =
ol o] N ) = ml_xﬂu .mnﬂmﬂ
Wy o w E T
= o E S A
b g EWe o 2
PRSI o 2 e o o] B
wNe o B W ool Y E =
MR N DN BT B
= WRT o5l ~ M 22
03 ‘Dr‘_7‘mwl =N
CRC G = i
N S = <l =3
o} m A TwT 83 =
AEL.OH [ .wpzT_ <
g X E g =
~ B = NN o
Aﬁiﬂmwbﬁﬁﬂﬂﬁ i
LB B WL
A P
R RS T e i
= I e e R e
=2 S o= oo T
oﬁncpmt@ro@. — ™
.S S X g W R
SE~NE w7 T g H
Mw,m;lam_mﬂoctﬂ oﬁeﬂéoma
CEN_PoT T
W E T E R R
m‘lr]_l LIJ;.z_I
) X 9 I
@M%_@o_w%wﬁ%yo
OB W oorm X oK
e L ) o
oo oo w ™ORN B W B



EtRA S 20Igt ZE HE D= &8s Mg SHY FH Jls 257
(cyclic coordinate descent) &ilg]F[8, 915 AH 4. AA) 24 £F
gk 4717 Bl de 27 A4A 29
= = kv = oS 3 =]
A3E AANE Z=AHSEE A nx 7|HS
S BT pIE TASEE PR YRy ekt ganse W, eez 2
] = 31 =L
T8t A UH]O ok 51 ku}L jKiP(ltiﬂatwe Qe u mAS goAT]e ARE, %]
i IS orsl AAX 7 X _
c‘losest point) WA= tvhgsk g ] | el A & 4ol & B Huzi A o] =
ggara glon Folx HEo F Hitd o .
Soral mEH O e b 4 ooels 29 & ok AWHoR §4Y F
ALSE W3 kS Zol W S 9l - -
PR gk ek d s o) A gwelzel FAnE BAL Fold 2713
o o o - ghol obd Azke] s8] weh @ AASo)
3. At gueFY v 3F S0 A v, o2 fla F4 AadelNE F
A ool wha W vhok Al RS whojok
At daE]Fel FAHE Al=de 4y o steh o] & fle] 2 =EoAE FA AA o
A Ay A4 3FA Zolgks e 34 o] Fo R A & uf miry 27 e 715
W oggom PHEY o F g4e A Ax  fFsy, o& Mo AR A4 RdL ¢
7 dEe] Qa, 3le] A=z FAE A4S b A ANE S ARF B
ets &835te] AAZTe R 5% [11].
::ajE"C 2 (u,v) = a;co8"u * 0sv
Z10|7F CHAl g ’ y(u,z:):azcos”u-Sin"v
Zej/7o0lZt B4 Collar(Right \L\eck Cola(Lsh) 2(u,w) = agsin"u
g Qo) xx I I Shouldar{Right) Shoulder{Leff) *7r/2§u SW/Z*WSUSW
& vV ElbowiRight) Elbow(Left) . .
= S b =0 N X=a,V=f(a) ey, Z=f.(x) * 2
| Arzjo%:;g'ggt | |Ar% oo ae IJEEIJXLEH% e Writst{Right} Writsi(Lek) fu<‘t):(t’u/(;l)‘t+l(71§tugl)
: I— Poic ¢ fo@)=(t/a)z+1(-1<t, <1)
7| AL ALk AA 29 2 AmEnd (Right Am End
v ¥ RcERY et Ol X=1) s a Y=y 2= L) - 2
| HERO - | | K e M | Koo o @)=t /a)y+1(-1<t, <1)
g AH 279l (igh) st f@) =t/ ay+1 (1<t <1)
of7| 73 7| =5 sHole e
* 2t Oxl0] = s(Rohi @ 4 X:fr<z) . z,Y:fl(z) sy, Z=z
I A7) 7 | | gt | “"L'jf\:i"“o e £ =t fa)zt1 (-1 <1, <1)
= i = £, =t /a1 (-1, <1)
SEEE A 5 21 (2% 2) A4 £F B Fxs 2AYL 9@
(19 1) A FaEY SEE 33 BAAl A A
(2" D& At dnuFe HAAH =55 °olF 3 = BT AA AF[12]F T
vebdth §lgE e o2 FEH A4S Y z3} o] dolguo] st star, 7)ok Aol w
wo AP g FEUT AY G @ Ao AN BHS Py Foh s
et ol s E M FH o AA R (2% 2)¢ 9% o] 18749 #A=
Eol(7]) SARE FE[A, BEA 7o A TAE glom, 7t #HE HYE VEeRE A
A mds gt 7k A 2 A 27 A A FxEE Aodrt o9 yEo, #A
8 Fol, ANZIoZ Eoloi dolg IS B 3} pAole] BFol U IR B&e AT
g3to] 34 WAE FYPh B A WAR 7] A3, SHolt FWol Yk AATEE 2Y
At A9 AA B ARE o] &35t AA g 3 o AMEEe B A (Superellipsoid) 42
Rog FREE, 7 o) WRel, £E, WE, & Aestel et o BAME Ay 9P
HE 5) ARe gr|4e dugFS ol g3 % frabalAl @S] HdE, & 2o WIS 9%
7] AME ®ET 27 AAREH, A 2d g o] ¥ & (Tapering) 71 H< &3t} [13].
o] BeA AR} zlojgh R ¥RIE wHS Hd Fxo g4 AYE vgor, = Al
e woh A AAE wAse], HEHoE A AL folHmelnE F8F /N I A
& ZEaHd Agseo] Ao ETE FEEAT A% =ats dag 7wk B



=

258 CIXIE€ 28 =53 =2X M13& HM2s (2012. 6

= 1A W, B A . o
% e B, 7 9 7ol ol A £\
g AEsha, 2o HPets oY Fosg ' B
Fate] /W mAS WE| Fh . - o

Face/Head

=~
) o - .
A RAE Ho] Fa 9tk 4 & : )(« Endotead
=] Point of neck —— — F’mn[o! neck
[<)

Hand 3
(Right) ™, /

Az =e] &y FH A =3 7R Al x/&d
A wAg waske] 4 o] 2§ Wk sk 7 (e
Body Center
Foot (Right) — je— Foot (Left)

Crotch

Ao FEIt oA
p=(p.p,), A=A e

ojmA] el HAL ¢=(q,
KR
=

=1 =
St g9l B4 4

< 1> 544

A FE Y

E]'Z‘
h=
A FAE R, U E S £ G BHGE
1 | p'apEs 2 0}1%@ qE Pl 25
pl< g & }”.r> & & pl piz Qe
9 poﬂ S @.% @%%, qbodu?z Z/K] o i’“‘ ].ﬂst}o i‘ﬁ—v—
[1‘/ < I;m]y 9] 7(_-)] ’OTJJ: Pup(’ﬂ‘rmA 19} v‘: memmmoﬂ ST 5]_
=3 == P hzil ! - :
(=9 3) AlA % A = 9 3 | pwetmo) m = got mE spAwa] 9l A phed 22
/lg /Kég {\lxﬂ E’AEA ploweatrmo] 7 = qbody'—r HE A e Ay rrotrh =
phu!dg}_ mnhhe o] A ﬁ < —?"—/QE__‘.—_P/‘/[Q} P/u/hl ? Eﬁ
4 | Pere g Fol, e 2% HEGE Y rE
5. }1\_1 iﬂ l':'l__(lq _‘_"If’l__z‘s_gl‘. pf/p{lus _ (p(roth+(bodu)/2
A EE LR ESER L VS
Plefthup(drmoﬂ b ,‘5_]_51 01 3,1.9.@ 1_’
/\]i od gA] = = 7.4 ol& o1zl o Ak mofrhg} hfado] 01 H Oﬂ 7}_ ]__‘% 2 hmrk_‘T_%
‘__ﬂ a = go .J_.7]§*]' J’]’o ]'1‘, H [ele] 5 71_»(,4}3]_54011_),;;;#0“ A_Q_OPO:] p”kg%p
_Q_El'?—E] }\]—E‘;— 03 < %%6‘]—{— I’,]—Xé% f,‘— 'g S plreckz) prieck o] 2= 41 2 & 7| ALl of preck = 2
oA gede FEae 2L 24 a4 9o Pl pre] 2 8 o] 3.0
6 nrrk 1]_ (1)0(11/o] o:] }J ;] /H Oﬂ 7} =) 7],77]_ o A, [mw[nfi =
= =) o T=
HH7§ Zé HE Zﬂ7‘] 0]"1:‘ 7/4\_9_ ﬂiﬂ]—% 7] tgi}— @_ o wr o iPllJ,ﬂoﬂ 2 8351, pru/wnL %_%
FAF B A w40 gl WA A | prs pr 6 4 5 %
_ - =} =2 o 71\~ Ifnu =33 right rfool = =
BE o] gdte] J|F mhaa 94e WEL OF g2 yds PR P T
~ o P’ff/g]_Piq}(l/Hnoﬂ _‘1_3]_5] Eq ==,
E3 Al tisk M (contour) ARE F= 3 ltll7lqntL]_plrerko] Ad A A A, plend 2 2=
@ 9 ZA FrolE A RS BF T 5 geyow Pt g stel, i 3%
5. . p . g =
e g AREL Tgsa 9
(17 H= Fe Ggony P G >29 54 452 JFom A B8 2
FZsta, o Ao RREH AA R 2T & & o 95 e 2F% 2 IS 47
S 93§83 A AL ¥ 3 Ut AL7ol(armpit), (neck), &#(hand)& °©]&



al

S
=4

KX
S

AA 2z o

[e)

=

peoH, 7zt 1Ay

=

o
pu.

o]

[e)

o] ¥, & 7&o](crotch), &E(foot),

[ez]
Ll
meg Heol geoln,

Fpelvis)

gul

e

B

% wy oo BT REET T Y R
R W% weE e
%o W= 0 N e X
o - o Nm a- N M 2 oo m E 3
—~ 0 et — = —_ T T Q
X ] X .QEEQ.;TEE X DR e S
RERRY B ﬂ_.alﬂo_wroq ﬂUZ‘mnﬁ% AN
o _zT],.rE ~o O XU‘_MH 5 BNS) < N
K B ok N oF X . w S oo o 2 o > BE
- = B T A o @ DUNEN, QTR N
- N T T T Nm 2o = o o
&ww o ﬂ.%%%a;_ﬁo%dﬂ oy & de oo
1% —_ ‘,I ‘mm ﬂm) T —
) ]ﬂ7ﬂr&rﬁlﬂmmurzﬂwFa_xo
# N s RGN QX o
M = _&ﬁmEM%,E&D%E(D\uHZ_n%
w Bo Y MM E0x I UT g Y
2 s ®BBTARUICToETEL
: S ELT b L0 b
) R N N R
T S AT EEH M MO X
N R EIIRT cOFWE T T
C SRBU L OMF o n
oy Br — mx — o
) DYC S N AN SO
= ~MFT T T T M RT %R o
= < TR Jo® ool urw T R M
= N RGNS B M e i S el B A AT B
i > A s
_ . " T HOE O _ T BR ER o] ™
X o The xlp KW dom
= 2 o N . G i i
5 % SphTUREE T BTRDL g
o CE g A ETEX F AT TR
4 e O IR AR
oy N PR HNT Y g ﬂ.ﬂ:oﬂmﬁ%%
A~ —_—
.mtﬁezt B EWMﬁﬂaﬁ%UrﬂﬁLﬂa ﬁeun;wlﬂo B A
A ) O mRBI o Aﬁmraﬁﬁidut%z
%@_% o T RxEgoF_aTTRETIT e gx
— © of oy > =~ T 2 o NX BT ®-~g P85 N
L4 A R o R R
® 5w e R 5 Eepitf s w_B o oa=M 9w
— | 5 o
- A E 553 L0l 3 S50 L ae
Eyw® gl amhw%%wmmwmwwmiwwﬁwwﬁo
TS - — o 23 S
‘Wl 0 Jﬂl\ Aw 0o e ~ m. hy - 9 o = als W e M £ o
- n mEZEWT R T | = o] %"
lrmwn‘muu W GO et oy o B0 e e
[ I I N o @ . £ W o W T M T o WO
- B - LW " WERTFT PR P BTN
3T TE W EN U ERWE R O

1

=]
=4

=
]

olwl, CCD ¢ x1¥l&2 F

=

1o

=

=

3}
(ol
g4 (29 7ol Halwe 2

Al R}

Rl

2

2} o] (disparity) 2

278 o]7de] Fheet

o]
]

L

L

J =4

A

1

A
Tl

2 oglolgh AR

27] AA 2R

=
2 0]



(2012. 6)

=)

260 CIXIg2d =535 ==X H13A H2

o]
BN
¥
)
of

)

wA
2

71 9717t e e Al

juld

o A

g o 72 k-meansol

6.2 32t4 A "WAS T A A

oA

| AR} JhvetE

A

A

¢

0w el

A

]

A
A

I A A=

(29 8l ®

o

(2" 9)9

L

L

® 2>

<3t

2

7] 9718t

=

nhep o,

A

T

iy
=
w
iy
]
=
X
Nn
iy
|
on
)
oF
il
o
o) I
=
o ®
— oo
X
<
m T
O# o
Ny B9
~ ET
il g
= o
o)
<)
3N
g ]
I+ "
™o
™ OW T

o ol " | R
gy oI O S
g 7 <o|P T
o i ny X o
F T grlol IR
- T op|T oA ™
T ool N
= 2 Ho = RS Mo
) 1o 0
|z Fo T Mo R= R T
el 3 o ol
(L 1 o oy Wp|o Zo|N
N N oo Nl ol ah in
™ i R ol
ol ol mmo ™ Mo w
1& LI il ol | R | %R
R A E
! A o N =
Haq op °F 5 5 ol
ol 1) ) Ton oh| T m
TR Eaw gl P
SR Kl ] -
No R kN
~ | e = (B mr|dr ™
N T oF T " 3o = of
M — ~ o
= M
w2
do 5
(L
= ™
T
7o I
= o
1]
B £
A
o m
oo §
o e
oy
!
H
-
N
WJ W o)
KO 0
N
"X
"E %o TH

ER2H|

il
3o
-

| gkel o

Z]
el 2719

A=

ICP(iterative closest point) il

t}. ICP

«

21

¥

colm, F7Re) 34

!

B

el
N

L

&
&) & (transform matrix)

=3

L%

3}

)

at7] 4

[e

:,7_

[e)

=

gl

Ll

2ol



<3 3> B}dA] R} Zlo] 3t uls ¥WE Al

%l dugs Ay
A€ (selecting): EFHL A

= 32 2 AE .

9 vl 3 (matching): 44 49 vyt d M3t (@) 24| == 9 AX 2 Aot

7 MEHE EFA o] WS 3

3 7}% (weighting): th-3-3+e] A2 g

& J1For Bttt

A 9] (rejecting): A&=7F 9 dES U

Agtoll A A9 gt}

5 Z 8-(assigning): 4% - WIS Z 83},

1

2 3}(Minimizing): W3d yYHS #-&35}]
6 Agloz Eolrl =& ALy FrE
AEE AA LS vy Fggct

ICP dae]Fe] HA Yo AT S5
A

7] o5tol ;Lfa DA Jold Folzl uLm () 1P 79t & j= 2 0|8 A At
549 8% 97 gt(threshold) S vlel 4ol (¥ 10) Al 52 A
o] Fojx Ak el slA g FEE S
(29 1002 dudF F8 #3o me F34
Asls BT (At 98 JFoRHE 54
A3 A4 RS Uk AR BoFH (he
Ao =4 Az wel 7

(2 1D)S AANgrew g 2259 F2 o]
e Zaage Ay guwem, x3 o
16-20 Ze 99 d5s zta vt
6.3 =3 F49 &8§ 49

TaE 229 F3 gugEs FEsle v
g 2RT R A ARy TR AA e A

328 st dE (2F 12)94 R Fa 9l
t}. (a, b, o) 7PFE7E otol Algo] oz 1}
E hed Aute] Fo] dF¥OTHEH QLEH
o2 A (aolthrt Alge HE9 FES Yo
Ab) &< o] vt = stH(o)elH, (d, e, )
= AN &5 wWo YFoRHE QEZOR
FADeol= T4 T ole) Bl niH =
) 2945 BA9Fa )

(a) (b)

=3

B =RdAs Al 24Y F48 f9 71E
o] e AA md gdAE Fgste] Ao
BEo VMRS gaelsta, A 9 Eata




262 CIXNE28 =83 =2X M13& H2& (2012.

A7) peke ol §d 27 A FHI} A w3
FueEe B A4 FH AAET G AR
ooES, b RS ge) B8 dE 1w
Fowm B 5 $§ Popl FRo| 4
§ 9 & eSS

a4 AeRrY dol g AnE 223
= Azke] Fvekel, rolazAZEA 7Y
B wEHa g, A 496 e @
" -
& 4 A #4
2 olgste] FA FAFOoRM, P37t gl 7}
A4 AR gEAgel Bl Fo AUE AL 5
e Aom Y, §F, /1E 49 F
4 g Fate 4% Aol Wad etk ®
B A R9le e Al U eFE &
4o 4 2 Aotk dow B %neE 482
3 19 2L AHHANE Fope ez A%
2 AT gt}

[1] D. M. Gavrila, “The visual analysis of human move
ment: A survey,” Computer Vision and Image Unde
rstanding, Vol. 73, No. 1, pp. 82-98, 1999.

[2] K. M. Cheung, “Visual hull construction, alignment
and refinement for human kinematic modeling, moti
on tracking and rendering,” Ph.D. dissertation, Carn
egie Mellon University, Tech. Report, CMU-RI-TR
-03-44, Oct. 2003.

[3] P. Maes, T. Darrell, B. Blumberg and A. Pentland,
“The ALIVE system: Wireless, full-body interactio
n with autonomous agents,” Multimedia System, Vo
1. 5, No. 2, pp. 105-112, 1997.

[4] R. Plaenkers and P. Fua, “Articulated soft objects
for multiview shape and motion capture,” IEEE Tra
nsition on Pattern Analysis and Machine Intelligenc
e, Vol. 25, No. 9, pp. 1182-1187, 2003.

[5] T. B. Moeslund, A Hilton and V. Kruger, “A survey
of advances in vision—based human motion capture
and analysis,” Computer Vision and Image Understa
nding, Vol. 104, pp. 90-125, 2006.

[6] R. Poppe, “Vision—-based human motion analysis: An
overview,” Computer Vision and Image Understandi
ng, Vol. 108, pp. 4-18, 2007.

[7] R. Horaud, “Human motion tracking by registering
an articulated surface to 3D points and normals,”
IEEE Transactions on Pattern Analysis and Machin
e Intelligence, Vol. 31, pp. 158-163, 2009.

[8] S. B. Niku, “Introduction to robotics: Analysis, syste
ms, applications,” Prentice hall, 2001.

[9] L. T. Wang and C. C Chen, “A combined optimization
method for solving the inverse kinematics problem
of mechanical manipulators,” IEEE Transactions on
Robotics and Automation, Vol. 7, No. 4, pp. 489-499,
1991.

[10] S. Rusinkiewicz and M. Levoy, “Efficient Variants
of the ICP Algorithm,” 3rd International Conference
on 3D Digital Imaging and Modeling(3DIM), 2001.

[11] Point Grey Research Inc. “Digiclops and Triclops:
stereo vision SDK,” http://www.ptgrey.com

[12] Korea standard body size index, http://sizekorea.kat
s.go.kr

[13] A. Barr, “Global and local deformations of solid
primitives,” Computer Graphics, Vol. 18, No. 3, pp.
21-30, 1984.

[14] A. K. Jain, M. N. Murty, and P. J. Flynn, “Data
Clustering: A Review,” ACM Computing Surveys,
Vol. 31, No. 3, pp. 264-323, 1999.

[15] N. Kim and J. Park, “Human motion tracking based
on body parts classification of silhouette images,”
2nd International Conference on Information and M
ultimedia Technology (ICIMT2010), Vol. 3, pp. 346-
349, 2010

ok
Aoy
&
]
N
]
40,
(2
=
]
i

19954 :

o =1
1998 @ #£3

Tk A AA A
1

>§\\ 2005 : ¥
% 3t (

20061 ~2009d: KT T4AT4 Add+4d

2009 ~ & Al seldigtu AdEsI Zug

A EoF: Mg A(Virtual  Reality), 74324
(Augmented Reality), ¢17t3} AFE A5
€ (Human Computer Interaction), 3 & 7l

ol (Computer Game)



