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Implementing Augmented Reality By Using Face
Detection, Recognition And Motion Tracking
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Abstract

Natural User Interface(NUI) technologies introduce new trends in using devices such as
computer and any other electronic devices. In this paper, an augmented reality on a mobile device
is implemented by using face detection, recognition and motion tracking. The face detection is
obtained by using  Viola - Jones algorithm from the images of the front camera. The Eigenface
algorithm is employed for face recognition and face motion tracking. The augmented reality is
implemented by overlapping the rear camera image and GPS, accelerator sensors’ data with the 3D
graphic object which is correspond with the recognized face. The algorithms  and methods are
limited by the mohile device specification such as processing ability and main memory capacity.
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Fig 1. Augmented Reality System Diagram

B =Rolxe) A $AEL AlaRe <ad >agh

274 A2Re BH AY Ahee] AN g B
B 922 95 92 A4 A 42 94 Fe o

e ARl wel 7] O AE AR 2 A vE A
RE Fds] Atoltt w3 Bt 7]719] GPSAHHES} 7
e} 2rkEZS) Tk A4 PR} I ZPRY s EE
2 9j8te] 3D e ARE =Rk 5 Ale} st
A ek ARl Y= GPSERE HE] Wal FA
JEo] ulEE AHE AulE Z9] |A}7] AMZ B S 4
ek SIX7I9ke] R vlolele]s e xuo] A44H
BR 71 5 glow] A8 2ol Wae ANl
A5 Zgo] 7153 ARE FEE= Aotk

1. d2HE =&
At Q2 ANsAY 29 SAE Q48] A
t dZe) AES AAslelo} BT A2 A%l U B
& AT Anp} BRgos wRd
FA7 N Q2] AE PRE A

Y

~

o

Q2] 7829



a2
i
e
B
=2

4
M
o
i)

ol oY
e

fo rlo

Hu

N

o
>
rir

Hir

rlo

F TPie e TR
570
229 W93} A7texture

oeie 2450 EE Wele) AuE VAT, o
EA42) A7) marke 39 AT gk A,
of ¥b] sl et ST AR BN 2
A7 Aur} A 9ze

HRES HEIA 22

ot

T
3
1T,
g

ug ==

n
e
l
oX
i

it

1

N

<

T
O%
e

1> B
2ot ¥ mo 1ot oF rlo Mot 1o of

N

|

e
it
Py o
e
H
d do o
e
1
5
=
lo,
o
N
K
rO
|

Soitt HEEE I 2 BvtollEt A9 HA] 45
o f&3A E-&=ar ITHI0l
3 7Nk A= AS WHES E51Y g=E o] AelA
SFe A= oA 9] 5L o838l dFS HEskE 7Y
©F AdaBoost[11], FEigenfaces[12], LDA[13], ZHl
E93[14], hidden Markov[15]" So] Stk
Hear-like features} AdaBoost 45 @& wlal
A A dEvd #4EY3E|E52E Haar-like feature
= FZ3h= WMol AdaBoost S &alglEe
gy WeHoltl16].  Haar-like
= Haar wavelets¥} ]840 2 AL}
o] 9l o]Eo]ty. Papageorgioull71E ©lPA9] 3% A
3= ARTRE Haar SIo]E3E SA7HIeR
AgERE We] ARAYS ATtk Viola and Jones
Haar  €lolE3 7ideld  ofoltjols  =Hstod
Haar-like featureS AME-3iC).

i

L

p

=EIEIIE

e

T2 2. Haarike feature
Fig 2. Haar-like feature
Haar-like feature= ©4) A& Qb9 o]2-sl= AR}
g Jds At A7 oWl Fre Fe Fale] A=
9] AolE T Zlolek. o] ztele oln|A] 9 E FEshke
H ARRETE dE B0 AR dF QAN BAHeR
B g0l w9 FrT} ¢ Ytk I2BE o] g9
2 FEeE Y 52 F vk Viola - Jonese 9Y
FollA dE 2719 AESE 2708t Haar-like feature
£ Alkelal dEo] ofd thE o|n XY wjo] giF} vlwate
Ae 85 AAXZ FA3IT) Haar-like feature= AXH:
EUb wEre gl Aok Ed FF Qs AR Akt
o AREro A oW e FrjEte 2 At B &
S Ak £ gl

Boosting ¥a18]&2

fe2]
=
K

EJL
ok
oy
o
Tr‘
1o

o
T
£

i

zog'
a}%J
<)

o, »
N
o e

=e 359

Schapire[18]¢]
boosting garEjFel tigk Aol ZA 719315ich
T OUAEE NS
Adaboost(Adaptive  Boosting) &azzl&elc{19]. I ¢
o= LPBoost, TotalBoost, BrownBoost, MadaBoost,

LogitBoost 59 €xElE 5] /NE=A:.  Adaboost &

[e2

&

ot rlo Mr M

I
POUREPY
o

NYFE FEFVIE WEHA sEsHA FEs] B 2
FlE 7HEAE Eola AR BR ERVe 7EAE 5
Fol AR A3 ER/7I1E wHEo] Wtk Adaboost €3ElH
Loz ek uke-& AN HlwA FFEHQ BRII2
ARETE darelEe ohe 219l

[l m7ie] sEHolEE FHlgt
(:Cl7y1)7~~-(90,,,,7ym) IIEX (TS Y= {_171}

7R %713

1

—i=1,...
m

D, (i)



100 A FENRE S HoEE(2012. 1)

A2 bgs t=1...79 u};i@:}
oAeile] oF8) SN 7K D
S5E W 7EeA| AR Hagto] He czh& 285oh, =

Fropitt.

ht = argmin € e (AI 2)
€ = ZDt (2)[% # hy (xz)]
i=1
LA €, = 0.5 o® A3k,
2. o, € RE ARtsitk
1. 1—¢

) = e e, (Al 3)

t 2 €

3. 7IEAIE #HYGSIC

Df“() D’(Z)GXD(_afyzhf (II» ......................... (Al 4

Zye D7t B 230} HEE
ok 7FEA Alke ot 2ol gtk

+1 y@G)=nh,(z;)
yiht($i):{_1 y(z)#h

AitsE 92 4ol

[@A3] 58 B7719 282 o3 2o

H(z) = sign Zat

t=1

Viola - JonesE Haar-like featureg‘r AdaBmst“i’E]
5 o83l HuA FIE = Zo} il
A EF 2719 AEE %‘E—:“"é ol ol FslHA
Haar-like featureZ AXWgch Zb AL S5 QAR
¥} Hlmale] dFo] opd HES EFSITEL  Haarlike
featrew= FEFH7VIOJEZE B2 $9] Haar-like feature
7} "Q3ItE Viola - Jonest <2¥ 3>3 o] WAF
(Cascade) #7715 AH88t HE&EE] g3 tEo] 7%
-EE7)E viE 9E2 duEE golEE Ag AR
Tk 7oy gEo] obd Fate dislele 7] TAIRE b
ANFoZA WA kS & F JTH0L

stage 2 3 aes N s
h h _ b h nirrate=n

*(Hi“ﬂf J ﬂ'fh—*

ll o 1 l1.f 1-f falsealarms =fv

T2l 3t 2R
Fig 3. Cascade Classifier

2. A=A 2E

Eigenfaces €12]5-2 AFRY] da& QAske €aEld
©=2  PCA (principal component analysis)Z}il sh=
AR AAE oY Al dF o|u||d] HEsle 7|E 1]
olf] Wlo]zolA 7Y FALETE 2 9ES FE F U &
12FOF Sirovich and Kirby[20]ell o]a] #AItE 334
ol dZ9l4] dag]Zolt) EigenfacestE #dld I=F8R
Aol AAE 5 o B dE AKICE KE F
AXoE 4t @& dHoHoltt tiFE U7y dFe
o83t EFEFQ YTE HE AT & Yui= ol2oluk
Eigenfaces= 714 Q12lolv Y&¢7], 5904 2 &5
2} Q14 5 kst Holol| o] 8-F) 18 EE Figenfaces:E

t} EigenlmagesZkal H2+ 727 gtk dud3e oe
3} ok

[ skeev)

LMAS 92 omA(nxn)E A 27

N=nxne ¥e [z waa,
B Iz 749

A% Se MY )

S = {FLF2~-~FM} .............................................. (Al 7)
2. Byto|u A& Tt
1 &
e N e Al
v Mn;F” F)
3. "t oln|A g} Z7te] igoln|x|eke] AolE it
jS = Fi - W '''''''''''''''''''''''''''''''''''''''' (M 9)
A={® &, &}
4. Covariance "IEZAE T3t}
C=A44T (TR D Er— (Al 10)
Ty o] MiEYAE AA AREE u) Z7)7F AM g
AE JJrHE TFat) ayeg G771 e ok vEE



Lot
et
e
B
ro,
1>
SE
sl
rx
o
2
o
o,
ot
ol
o
e
1122
-
el
=

L=ATA (m>Xm) e, (A 1)
5. L miE2~9] Figen VectorE v, =3P v} 2th

Lv; = A\,

ALv, = X\ Av;

2 (] 3

AA TAUZ_ DY U R RN — (Al 12)

CAv; = N\ Av;

6. u; = Av;Elal o3l ;= Eigen Vector(Eigen
Face)”} @t} Eigen Facee face space & 7147} ®tk

Cu,

i N

h =
Aol Z2AA 19 W 7P AT 2 71AE T

2 J¥ehks dElelth. @, ¥ Eigen Face?] A333o]
.
K
@, = ijuj ...................................................... (Al 14)
j=1
NEAe w; = u] PR AN

a
i
o
Y
oo g
fincs
v

omlA] ZAze] tislel the-g Tk

Q4] Bag 94 olmlA) Tl vhse] Hi# olr|x|sle)
Aolg 7o,

&= Eigen Faced] 7|AE ZEAAS 3t} oluf 7153
WE]E A3t

Wg

ZE MN9 Eigen Face$}te] o2& Alkksle A7} 7}
Z FAolHA olggke] BAFk olskl A% dlF ow|x|<}
2 dFolgal sk

€, = minl|2— Qz” ............................................ (Al 18)

€. <0

r

3. d= 3Nl 1
AR @A) PR ATLEES] GPS AIAMdlA] Lol
v 2plEES PR Al ARAAME o8-
I8 AR 2PEES ulgtEEA o= 9XE ulEkE
© Ae ¢ F 7t glong AuEES] AA)AA HEe} T
Eol Algate] dF A HRE Gohfe Aot d=F A
914 AF o]l ARE-3) Figenfaces Yag1ES ARE-3ITh

Azl AW YW, A, 3 2 P $F 1Y De Qe

itn

) ZREE Hue ueliud 9Esde] 2w Hue
G glomz A FHdwE 24 9] ol 57

2ol Wke 3D AYEE @ AN BA) Aoz
SYA oleES goA 2 FFsd FRIA
SDAEE AHEAS} 35 QEAEBE BhgahAN AN

oz RS 2L F IS EES T

£ AlzEe] 3 g HAEE ofo]E B ofo]g=20]A]
ANE olo]E4E 1GHZ Cortex-A8 Apple A4 &
AlAel 512MB HIl HIEEE gAlstal 9lom, ofels=2
£ IGHZ 7230 Apple A5S A&3h 512MB ™|l )
E221E gAlsla Atk FU1% BT GPSE B 7R Al
2 AEH Feks zhar ok AZEY ol 10850 %A
A} =T xcode 43S AHEBIG LR o]n|x] lolHz
OpenCV 225 AHE3IH 3D gigx g2xZdols 93l
openGL ES 25 ARE3HSIch

£ AFexe <ag 49 #o] 49| =S Viola-
Jonesel ofal AW, 5, 95, A B ok AR

Holl
AL 27 PAE sl 50x50 P 272 ZFskeie]



102 ESREFEGREE G012, 1)

A4 olm|Az 7

tje] Eiﬁ‘r A )

Figenface?] 4 oJu]x| 2 9
Yirolu| x| 2 EigenfaceS F=3l] &
ogfujo] 2o Aty <Y 5>&
Aol A9 Fidet gellA dEs s
Eigenface®] 14 ¢18]&& AME-3le] E- o]H]A] W 7
YAehe FFS ol B EEol sdskE 3D 1y
2 QUAEE openGL ES 22 AEy3 spdolct Hw 7}
wetll Hol= Al dF FAUS ]5—7— EEH%‘% 3}
= SAY A58t £ k]
BAE 3 7]e} 02 FRo} I A4 5?}% ?Ifi
oq—rl:‘r <1 5> ()€ 0] oig A ERE
A 95 shdel 2e AR AHE BT ek AR
A k] C= AHoln|R|, LE FH&ES $AI8ke ov|A|, R
S ARk olmA|, Us 9 $Alske oW, wiA]
o E De olefiiakE SAIShE oW AR Q143 Aot
<ad 5> (b AT 43I Fdelth

(IS0
=L 5158
@8 AR
TEIERE

(@& 4&4

£ to me

>~
=

X

=

os=H @<
Gl

T2l 4. Hgenface £24 0[0[X|
Fig 4. Eigenface Training Images

(@4 b ELsd =3
J2 5 ZLSATSIE QIS o= wet o
Fig 5. Face Orientation Recongniton for
Augmented Reality

8 242 ekl o)
s 47 pisoL £ o
2R B9
‘?%% 35"}% HQtk 4 ?ﬂ] ﬂwﬂlﬁ 0%1 ek s
SJ8] £219] Qg Ablol AAISle] AR ) s Tl
F olrlA)E Auskn E olelAsh AL FARE A S
HolEiE MBI S AT S ANE B 53

tilo
PR

FZ

<H = FHI 243N A 2He] 7 wgd gt

AZFE E748 Aoltk oo|E4 9] A Al AT
AZ HAzke FA 3076msoln ofols=2e] -
185omselty. 22t F71F BF AW/SE shet dEa
Zko] wl$- ol 2850 05l o) APsl FA =
Y TS Bl ARl oFA Felrt stk
AleEth Zald 77le sad AHFE ok 2249 A
g o] Wojx|x w3l wxa= 740} 05*&%*01 BAY )
222 go] A0dh= Y1
vl 717] el A3 & El S AHgated ok o}ﬂﬂ 71714
Abdol SEHA 11 Akl A bE daEls 3 iE
ZgsoF & Reoltk. Bl 7)7)= Adse] Alg =L A

omz A v Aud daelFe] #8o] 7hsd Aot

r1r o

1. 0jojx| B= Al
Table 1. Image Classification Experiments

ra =olo(o|x| Efolo[ofx| A Efelo[ofx| B
ST | MER | 25R | MER | 25F | ¥ER | °=R
Pl B7 13 &5 175 105 85
e 975 25 87 13 123 877
] %02 08 862 138 136 864
& %3 47 506 494 207 793
! %6 34 597 403 258 742
Hi% | 975 25 736 64 166 &34
H 2 2t 259 AFARKms)
Table 2. Elapsed Time of Each Module(ms)
NE Hegiet | 2 | g2 | g2 | FoEt
ST gyEls | opils | S | oy st
Olo|E4 6.2 783 1584 47 1497.1
ojo[mj=2 657 655 559 14 14410




9 A2 Q4 B EAFAA % 4D 7d 103

V. 2= 4958, Jly, 2011
[71 Constantine Kotropoulos, loannis Pitas, “Rule-Based
nlglo Face Detection in Frontal Views,” Proc. of IEEE Int.

A4 719 Aol AFE AME 2 7}
AA7)7) AHe] QU WEE peT Stk B ERe
2nle EALgA] 929 92 39 AL s
R A8k meld 71719} W Ahsileke olﬂs}@%
Q29| 9212 ek T3 AR 2L Qe 2
ARl tgEE 1 |EZ Aojsic) 1)
BAEE 929 $49¢ 4ala te F19u oF
GPSH} 7 A 31 A 9 SAolels] 4 9
A FAAA oA Bl F < gltk FF A7 AR
muld 7)71¢] st} 3 zhzte] muld 7)7)9] A%l
E %‘mé 2 A2ES Apgsled Woh o asla ok
2 A|Z2ES s Aot

=22

s}
=3
QHAES ES

E to r°“

\::

_1>~l
2

L

1l

mt
ot

S
[1] Mantro Press, “Smart Phone And Web Revolution,”
pp.19-37, ISBN:978-893-6306-064-5, Sep., 2010.
Seong-Yoon Shin, Byung-Seok  Choi, Yang-Won—
Rhee, “Color Recognition and Phoneme Pattern
Segmentation of Hangeul Using Augmented Reality,”
Jounal of The Korea Society of Computer and
Information, Vol.15, No.6, pp.29-35, June, 2010.

Hag-hee Kim “Implementation of augmented reality
and ohject tracking using multiple camera,” Journal
of The Korea Society of Computer and Information,
Vol.16, No.6pp9-97, June, 2011.

Hag-hee Kim “Techniques on Multi-Marker for the
Implementation  of Augmented Redlity,” Journal of
The Korea Society of Computer and Information,
Vol.15, No.11, pp.109-116, Nov., 2010.

Eun-Young Kim, Dong-Yeol Oh, “A Realtime Music

(2]

(3]

4]

(5]

Editng and Playback System in An Augmented
Reality Environments,” Journal of The Korea Society
of Computer and Information,  Voll6,  No6,
Pp.79-88 June, 2011.

[6] Chong Woo Woo, Doohee Lee, “A Development of a
Framework for Building Knowledge based
Augmented Redlity System” Joumnal of The Korea

Society of Computer and Information, Vol.1l6, No.7,

(8]

9]

(10]

(11]

(12]

(13]

(14]

(15]

[16]

(17]

(18]

Conf. on Acoustics, Speech and Signal Processing
(ICASSP 97), Vol. IV. 1997.

Kyung-Shik, Jang, “Facial Features Detection Using
Heuristic Cost Function ,” The KIPS transactions.
Part B, Vol.8B, No.2, pp.183-183, 2001.
Bo Whan Won, Ja Young Koo, “Rotated Face Detec
tion Using Symmetry Detection” Jounal of The
Korea Society of Computer and Information, Vol.16,
No.l, pp53-59, Jan,, 2011.

Chulhan Lee, minYi Jung, Jongsun Kim, “A Method
of Generating Changeable Face Tenplate for
Statistical ~ AppearanceBased ~ Face  Recognition,”
Jounal of the Institute of FElectronics Engineers of
Korea. SP, Vol.44, No..314, pp.27-36, 2007.

Viola, P, Jones, M, “Rapid ohject detection using a
boosted cascade of sinple features,” IEEE Computer
Vision and Pattem Recognition, Voll, ppbl1-518,
Apr. 201

A R Mohan and N Sudha, “Fast face detection
using boosted eigenfaces,” IEEE Symposium on
Industrial  Electronics &  Applications,  Vol.2,
pp.1002 -1006, 2000.

Hyun-Chul Kim,  Daijin Kim “Face Recognition
using LDA Mixture Model,”  Joumal of KISE,
Vol.32, No.8, 693-833, Aug,, 2006.

C. C Tsa et al, “Face Detection Using FEigenface
and Neural Network,” IEEE Intl. Conf on Systens,
Man and Cybemetics, Vol.5, pp.4343-4347, 2006.
Kung-Ah Iee, DaeJong Lee, “Face Recognition
Using Wavelet Coefficients and Hdden Markov
Model,” Joumal of Fuzzy Iogic and Intelligent
Systems , Vol.13, No6, pp673-678, Dec., 2003,

Viola and Jones, “Rapid
boosted cascade of simple features,” Computer
Vision and Pattern Recognition, pp.1-9, 2001.
Papageorgiou, Oren and Poggio, “A general framew
ok for object detection,” International Conference
on Computer Vision, pp.5tb-562, 1998,

Rob  Schapire, “Strength of Weak Learnahility,”

object detection using



104 R FE A G CRE(2012. 1)

Machine Learning, vol.5, pages 197-227. 1990.

[19] Yoav Freund, Robert E. Schapire, “A Decision-Th
eoretic  Generalization of on-Line Leamning and an
Application to Boosting,” Vol.9M4, pp.23-37, 19%.

[20] L Sirovich and M. Kirby, “Low-dimensional proced
ure for the characterization of human faces,”
Jounal of the Optical Society of America A 4: 519 -
524, 1987.

AL 2 N

of 3 ot

1984 = sk FAlE sl T8k

1986 @ = Pled A 2 Az
T8} BN}

1949 @ Texas A&M  Electrical

Eng. PhD

A A Agojek Zepmiclolsls} w4

S E N A A A

Email : hlee@seowon.ackr




