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Abstract

In this paper, we introduce a method to synthesize realistic make-up effects on input images efficiently. In particular, we focus on
shading on the make-up effects due to the lighting and face curvature. By doing this, we can synthesize a wider range of effects
realistically than the previous methods. To do this, the information about lighting information together with the normal vectors
on all pixels over the face region in the input image. Since the previous methods that compute lighting information and normal
vectors require relatively heavy computation cost, we introduce an approach to approximate lighting information using cascade
pose regression process and normal vectors by transforming, rendering, and warping a standard 3D face model. The proposed
method consumes much less computation time than the previous methods. In our experiment, we show the proposed approximation
technique can produce naturally looking virtual make-up effects.

AAYS: 1 ob, 29 24, A A=

Keywords: Virtual makeup, light approximation, normal map


iAnnotate User
Underline

iAnnotate User
Underline

iAnnotate User
Underline

iAnnotate User
Underline

iAnnotate User
Highlight

iAnnotate User
Highlight

iAnnotate User
Highlight

iAnnotate User
Highlight

iAnnotate User
Highlight

iAnnotate User
Highlight

iAnnotate User
Highlight

iAnnotate User
Highlight

iAnnotate User
Highlight

iAnnotate User
Highlight


[y
L]

T—

Az

Y
oo Mo

_ur&l'
N
0|

AL AA I JAof 7M4FA o 2 H4(makeup) &}

A2 e Y= waA Agstr] it e Al
L &8 A2](mobile device)o]] AH 7}u|}rF AH=F
S N0 8 Aeiete] thergt EikE 7]
- 2R3 SIck 47 Sloletel o) 4
= ] 2UeHo] 42 P4 o] ks
A A5} ¢t & goli}, 7HAHA
&50l 27054 Ut o|F 7H
. SR AZA A A
| 5°ﬂ avpAo= egd

57 9o,

ofo by
of
i

o
9,

[
ol
ne
t
rg
2
i)
Auj
o| rl
m

o o U o 1o ol @ ol
fo e
o2 Topy Ml
o )
)

fol oo
by
o2l

I rE
o
=

[ _}:lo
ol
el
r{r

o

Horlo
i
=)

o
i 12 o
E=
B!
=2
O
g
ot
ofl
4
1o,
olo
op
é

H
1o,
N
N,
oo
2,
x,
Ir
)
2L
i
i)
0L
2t
[e!
{1
i
o,
e,
iy
lo,

Dol

o)
Io &
Ho, ok
Ul oo
I -‘NI (
Y
o
F1o

ol g

Y]
lo]
ol

it e ko Hz
I Um €

5

tu

‘I

|

e
)
()E_, ‘}9‘.‘4
ol

SE

Q.

i)

Ok)

>,

Q.
o ™
o8 [m, |

(shading)-2 2 5}7] HFeA5}A] B-511

._IE
fr :
llo

e

N
ot
T |
)
B
o,
1)

[

AN do [

b0 o [0 oo g KT

)
< |
-
~O

o
Q,
I

10 |
I
o 0%
| >~
2%
<,
i

Wl

of, Kt i
o, o2 ol

ﬂ,
oo of
[o]

— o ¢
O "
oo

Eo
fr

oﬂH‘— i]—

o

ok o & T |
©]

tlo 5% .o
o,
=

(]
=

A
H1or
r2 o ()N o fo |

S

2 |0 oo
O:s

Lot rlo I
i
do
3

fo

[e)
SR, ol® Hrwle Ea(blush)

%
[,
ol

=

I-:J

=

sl 2o] = sl A|at n}T

FE oo my &2 do & [ Bob 12 30 fr [O b2 HN Iy 2l o ofo 2L do i o oufn iz
g

2 1o rlo HT 68 oo |2 o2 2 L

1
oo o
ol
ol

o0,
(sl
o x|

o2t 1 [lo

°
Nood o N

=X

)

>,

i

_9.4

%

>

ir

h‘ﬁ

o |

9,
ol <>>“

o

o [

)

ol

- {

rr
AN T | i)
oX ot N o

1o
N
N

o3l
=

o

ol
fijo
i)

I ofo
oli

ok
a2

ol

ol

ox,

ot
ok
N
4o
o,
R
rr

)
r>~ J

of of

n:% go &
1E oo o o
_0|L

< o
Ao
o
o)
Nor e

BN
o%,

o5

olt

=i
1}lﬂ
ftlo
He
o
ol
-

Ir o

(% of
I e &

{U
T B do b o

flo 4l |
2 R o2 N o N B~
e hoae o & Hoo [ [ fob [@ lob 1O flx

Mr (g |
> o

Oll
:L
=
oo,
_é
39 E Iy Do
rlr
o
1 i
of
o R
ol
ol
2
o
1%

2
z

31-7:1)/} oqéL
oz 5 4ol 29 ma
mew s Y 5 E

Quozie Fuu WA HMEHES AMs o

Kemelmacher-Shlizerman®} Basrio] 2|3l AQtE] QT 1], o] H
He da A N2 T2 HSFA2 W] JA2 A }5}7
Olst HH o 2 o A] QlE] JAto| A 2Tl A HEo 7+ S

E AAsH= 114 o] g @ 5ot whetA] Kemelmacher-

N
N
o
X
v Lo

18
of

N rE
Wi
O Mt
x &

olo r l_,
ne

kl

N

e

L

<L mlo

l

e
o

=

i}

Shlizerman®} Basrit= 12 ATS] = H B O] 7} 514 A Hof
st H A 25 WS olgoto] XS TARSEYL, £=2] A 2|25}
7192 o] 25ko] WA HIE| S-S AlAbsl ureS Aokl 5

At Fo)e ] S o) ATl 52 AH) s s 72
o] uhi o] At Bt e} Astero] u]e I B Ho] gich,
whepA] 2 Rl Asket YT EA ME S a7 ek A
B BAote th2 A B A ~H AR v R YEErt e 2y
A MR SRE AR B& 4 ek Aol Aol
o5& whE A Al4telr] 913k WhE-S Aottt

R EEEEE

P EETLIEREEE L ESREEES EEAC!
L upgle Aobaiet

o] 7510] 10, A 2o o]
AL AR 2 34 9] 718

[
o e, [ _ll-;
n 9
N D
=
ot o
o 13
Ir
o N
N,
o
.
o>J
24
>
g
lo
N
N
o>*‘
oN
tO

o 03 Lo o3 I L
Do |
I
2 D
> (i
A

12

o

1o |
0L
o
]
oo

ol |
oL,

2

T

i

>,
e

>
o«

)

ol,

=l

[

o,

ol,

N,

1

ol,

e f
=l =

l(_}‘ |

oN

o

Im

o
e my

HU b
ne
[ Tgiu)
fily ful
I ]
:-_L
BN
o o2 |
[bio ‘>->|:4

A=

S-S

fr iz Ho

ﬁ‘; (}l@ |
M= kg
I
ol

Ij ok

N
=)
I
1> 1
(o
fr
sl
3
>

0 [
U
58
N
2
|o
i
Sh
a,

il

e N, o

‘>‘

>

olt

o,

fr ‘
:a
o2

o

=)

)

1=
o o o2 |

1o
T,
>

NI

2,

tlo

of 1

o

)

ofo
ot

ol

19,
o,
L
-
]
ot

jro)

o |
._Im |
12 |
2
o

=Rolq 2We YSolm Ao 2ZL
Kemelmacher-Shlizerman} BasriZ} A QFeE A= A 25 (relight-
ing)ol] TR Ao|A AT —‘?‘j 2}Qtskeitt. Kemelmacher-
Shlizermany} Basri7} A|¢IsE HHH-&
AF8Ste), o] HiHo A= ‘3'17\4 B 32}

o % 7oz o2 sl AT AT

[e]
e TH

N
ljg
1
H
i)
lo

e 6N
o b

l=I:l
N

Jo
w\ﬂgw
]
OI—E[‘

e ne e

2
W o |
ol


iAnnotate User
Underline

iAnnotate User
Underline

iAnnotate User
Underline

iAnnotate User
Underline

iAnnotate User
Underline

iAnnotate User
Underline

iAnnotate User
Underline

iAnnotate User
Underline

iAnnotate User
Underline

iAnnotate User
Underline

iAnnotate User
Underline

iAnnotate User
Underline

iAnnotate User
Underline

iAnnotate User
Underline

iAnnotate User
Underline

iAnnotate User
Highlight

iAnnotate User
Highlight

iAnnotate User
Highlight

iAnnotate User
Highlight

iAnnotate User
Highlight

iAnnotate User
Highlight

iAnnotate User
Highlight

iAnnotate User
Highlight

iAnnotate User
Highlight

iAnnotate User
Highlight

iAnnotate User
Highlight

iAnnotate User
Highlight

iAnnotate User
Highlight

iAnnotate User
Highlight

iAnnotate User
Highlight

iAnnotate User
Highlight

iAnnotate User
Highlight

iAnnotate User
Highlight

iAnnotate User
Highlight

iAnnotate User
Highlight

iAnnotate User
Highlight

iAnnotate User
Highlight

iAnnotate User
Highlight

iAnnotate User
Highlight

iAnnotate User
Highlight

iAnnotate User
Highlight

iAnnotate User
Highlight

iAnnotate User
Highlight

iAnnotate User
Highlight

iAnnotate User
Highlight

iAnnotate User
Highlight

iAnnotate User
Highlight

iAnnotate User
Highlight

iAnnotate User
Highlight

iAnnotate User
Highlight

iAnnotate User
Highlight

iAnnotate User
Highlight

iAnnotate User
Highlight

iAnnotate User
Highlight

iAnnotate User
Highlight

iAnnotate User
Highlight

iAnnotate User
Highlight

iAnnotate User
Highlight

iAnnotate User
Highlight

iAnnotate User
Highlight

iAnnotate User
Highlight

iAnnotate User
Highlight

iAnnotate User
Highlight

iAnnotate User
Highlight

iAnnotate User
Highlight

iAnnotate User
Highlight

iAnnotate User
Highlight

iAnnotate User
Highlight

iAnnotate User
Highlight

iAnnotate User
Highlight


Z e

Asho] 28 ,Juau} 01

JJ. a 7‘}% Sfl(least squares solution)= AA5}
&= b 2 o] AL oAFo] oo AWl 3214
.‘—T%}H ZH-S Esfo] oAk _g].ia:] 4]

= AFol H HA H]]E{E 7:]]/\]'01-—— _L]-X-] ]1—]
A st 34kt
oot LYWL FHEE FU A A2Y 59 SFolk NG
SHAIT, 71 3H 5 M SHe] Wash $-8o Agslels
M A B2 AL AR 87T et B Rl Ao
2RE 29 342 9t 34, 92 G0 a8 9y M S
ARFSHE 1S Wgste] AL 3L Bestels] Sl e
AQkeich. 53], 7H) 8 591 $AE B2 HSET 47
7 ghrh HgoA 7 3PS deskaict

[T
x|
ol
_,_4

-E

o

:% |

i
ot

ﬁmow am uu}a
0172 s]uto = 3
o] 7RQIzte}

[e)

°
N
U ol
o ol
(}E

o m]o
L

(]

JSO=

Jk"ll‘, e i

=gl
é”.:

oli

ok,

2 o
A
1 Mo fon
10

1=

o I
2

(o]

ol

-

N,

e,
>
ot

21 7]

it
fllo
)
x}b
o,
2
[\}
=
ne
of
o2
N
N
2

is)
©
X
of
B
xz_F\_L |
=
S
5
)
N

o
&
ofl,
ol »
-
19
s
1%,
of
59
)
e,
e
2\
=
N
N
! <>_>|"_, (
i
2
1

i i)
10
Iy
oty |
B
{1
1T
>~

¢

£
T,
o
ir =
(98]
W e

o o 4

!

o,
[l‘; ]
o 1L
S
%
o
|
=
inj
o,
ot
ol
Mol NN HQ HT 6f ¢

%)
2,
ol
o
Fl
10,
v |
0, O
Ll
o8
b2
2,
A=
o

I o,
L
i ¢
10,
OII)
5

flo i3 o
k‘o_{l‘
o2, |
T,
>
tu

ofl
_?_15
O
=
s
B
OE, of IO [‘_>,:, ]

[l o

2
ox,
O
7
i
10,
o
N
Y
S

= 5

ol 04 ¢

E ftlo !

o, of

w2

Lo

o2 B oo flo i 62

[~ ox

%0, |
N,
B
1o
jn)
)
1%
Q

I,
o

|
(

o fo S
A A

e [e

O
) )

N
e
i
Jm
o
et
e
BN
od,
o
o

fr
g

of| A AlQtsh= A A

|
(

e 1e 2

i
o
lm
ﬁ
™
_\-1'{
BX
oﬂ,
filo
Hr
oy

N ol
iu)
e
f

ZbA B AR I319] ]E =iz Hg@—;— AFe5he A A A
lF_r'_ "1': —|E-9]' A2
9F+Wﬂﬂ7vﬂﬂﬂmﬂ7HEP&%%§@Eﬁ
o} _Q,_(ﬂ:o]— 2 oh:]-[

—

off > o “Xl o hu T
Jl&
i,
rO
ol
=
2
ik
s
oli
=4

¥ oo M ol o Ho
flo 4 o [ o (M
o Koo w

oo
j;
,4;

GAA A FAHL 71 ASE 0] HH = sl ThAlA Sk
(boosted learning) Bt ol 7]6stc}6]. THA| A Sh&ol A= % 7]
ZAA 2 HE AZSle] THA|A 0 7 A5 HAste] 2ZZ
A AFLS A=th TAH ZHA| ﬂ-ﬂ‘ﬂoﬂfﬂ 7k SA of| A AFE-E]

H2] o=t

WAZE W (fern)o] b ek 7F WL olE AAbo] ol 7

240)(index) S AAFSET 8l A F ZHO AolS AAx=

), AeE | EXA Wz} Htgko
o

1 ZNe] Hof EHoH

:_\1 fr

r>_>|1 ol
|t
fllo |
R

B
Ll)-
>8
~
2
il
% (
Po)

;:94
[r
»
9o,
rr
ke
L
o

NI
}N
o)
[o

i o2 SL

B
N o o Rl
B
ofN Jm
Am ¢
o 1
o M

e oo
(& 4o
flo Ir
ne L

ot
B
fo
E

lo, Hr &
£ o ff
B oL
N,
1o
:O.L_(,

oL oz
T

P
B 0%

N \UIO
|

N
N
N,
o,
DU

2,
LA
oL
D
of
b
~

o

ool T (9
~
H>
>
%,
2,

U o, el

o XN rlo

i
Lo
i
N
1o
_);l_!‘
B
b Sl [ o

of & M Ho o |
H ]
o |

N
N
>
1
>3
2,

0%

1o

o rfl 2 i (o Hr ot o |

°
2}
._IE 1
fol
fun
e
N} iy

R
10,
N,
i |
fol
S
=
w8
<
o
]
o
e
e .J}L \Ulm O},‘L o8
fr

ne, o L
S
in)
o,
i)
8 L
O
|o
fu
4z
n

e he |

i) e L

o H¥

o |
=)
o
k)
|
Bie
2]
0,
o
2 ]
R
-ioll
=,
rir
Am
o
o2

oli
oy
I
[
o
o

o
filo
4
%0,
N
E=)
Mo
2,

>
i-‘l

L rlo o
>

i
BN
i)
ol
el
2
i
&
1o
o
ol
H1
o
a,
R
>,
=~
>
s
1o
EN]
9%‘
g
o
e

R e LA R R O S = N > R~ TN )
tol, &
4
T
lo
=
o
AT ol

4> 2 o o O ok

1B =oAL 3 0] Mol AAtsh kA o] AAto] ol e
x{u}@gg B/HO].‘— J}xqo]a]-l— ;ﬂ }\HO]_L]. S 75;}% AL
Zroll oA 7} itk Aol Zotstet, =, 2 AR} o] of
oA A5 4 ?l‘— A B E Sk A of| =715kl THA| A ZLA|
3718 Aashw 2ol ol Mol 914 Qo] AHE 1.8 2 o},
whebd 2 Aol S Bel A ALY 21 HHE 2

a AT} B Eo] 2% JHE BASHEE ofof 9l
! AArgtet. ol 2 AL 7t apg
EH5H7] Yl B =RoA= Kemelmacher-ShhzermanJ—]- Basri
ol upels} Solell v 20} g8 bR T TM SPe] B
%
5
1]
=

rlo
Am

AN 2B B3] Bag A2 o) ) 23
47

A B =5o] th3 1t 2 Hofl Zetato] §4
w2 A A A et ] o R o] Afgho] o2 ol el


iAnnotate User
Underline

iAnnotate User
Underline

iAnnotate User
Underline

iAnnotate User
Underline

iAnnotate User
Underline

iAnnotate User
Underline

iAnnotate User
Underline

iAnnotate User
Underline

iAnnotate User
Underline

iAnnotate User
Underline

iAnnotate User
Underline

iAnnotate User
Underline

iAnnotate User
Underline

iAnnotate User
Underline

iAnnotate User
Underline

iAnnotate User
Underline

iAnnotate User
Underline

iAnnotate User
Underline

iAnnotate User
Underline

iAnnotate User
Highlight

iAnnotate User
Highlight

iAnnotate User
Highlight

iAnnotate User
Highlight

iAnnotate User
Highlight

iAnnotate User
Highlight

iAnnotate User
Highlight

iAnnotate User
Highlight

iAnnotate User
Highlight

iAnnotate User
Highlight

iAnnotate User
Highlight

iAnnotate User
Highlight

iAnnotate User
Highlight

iAnnotate User
Highlight

iAnnotate User
Highlight

iAnnotate User
Highlight

iAnnotate User
Highlight

iAnnotate User
Highlight

iAnnotate User
Highlight

iAnnotate User
Highlight


2 71t} o5 B Ao RE ARFEC] 3k 9]2 fof 9lon,
FEE oh AN BN D] Gefef faboled
= HA Hﬂ]—:ql— o%g__J

Z a]—x—l o]

Bh
_O|L
rr
o ]
H1 )
lo T
v
L’L
i
O
AU I
A1
o
?
t01
[u]m

HSHE 7 a1t j%ﬂoﬂ. %"3% 74.]/*}6}— ?ﬂ,EQE *J%’fﬁ_
A 2 4= Q1AL 70| AlFZ|Q] szo]of mhet 2-9o] Halst
L Wst =0 g 92 oty whEbd] B =HoM g rES
23] Wgstol U2l GAol AL o) Fal WA WS
A4t 2 =2olA A HEE Atches 2 117 290
et
w17] Q12 AAo|A e SR ol Fol2]7 338 mlel
3219 Qx| e} HhgkS A 3sto] At Agtstet. o]of Zhe oJAab
e oA b ot 1 il et o
A2) 2419 AE ol Fol 7S v Fhuake] 9)a)2} hers Zhe
712} A $t(camera calibration) Y} A ¥} =AU slch =, 32149
A p;2t B9 B (projection matrix) A, FAF 2] A x; 7} 5]
2| H 2418 245} ol 314 i Ry} H 9 t2 2= T2
LFERTH 7. 8.
E =Y [Ixi—ARp;+1)|[° (1)
i
2 =rollAe olet 2 EAA AFEEE AP A el
Levenberg-Marquardt HHH-2- AL235HcE o] 7] A RS S A] HHA
ol HhH of] wh2} Rodrigues A1-2 AF-8-5F0] 2] ]2 © 72 X3 5]5}0]
AlASte}, Levenberg-Marguardt HHHH o] EX 3} E X o] 7|47}

22 AN(AA] Ao A 74712 Al o] 917] | o]} 2¥
2 -2 Q18 HFH 7o R oF 23 Fe 2 °J°ﬂ A E

ot
¥ o
fu

12 o

fr

ox,

i
oM

ox

ol

2
0 L °

e
i
] 1o
w rr 5L

% o
-0,

-

i‘lr ;>bo U A T

)
=

»
o
lo

rid,
o %
ol ;‘E
LA}
=
40 H
N
ol H[l\l:}
I‘lO 2
© e
o
%
2
EE" of
o > r9,15

ol
S5
=

N
N,
e 1l

] 3. 5. 91 5 F3o] 4l

Py oo |
I|m
ol

2 Hoo o

olt
ol
A,
e
N
g
i
2,
o

ST

0,

o

=N

ie)

S~

(e

i

Mo

o &

x>

_,J
e

L

ST (2

>
o & |

Ho

I o

of

Figure 3: 32141

HE Rdo] 7| glaA e o 7HA] o 2t

A B el 2 & 2 AALSEY] Q6] HA EAA-L 7|HEo 2 7HA B
1S E5lo] A9tE 321 2 El-S @t 2 (rendering) Srth. o] of

*;P Hiﬂ%ﬂ HW HﬂE%E tH*l E‘“E]E]Ohjr E—‘L J :.10301]/\%‘—

RGB Agol ztzF A1 #lE] 9] x—, y—,z—%0] gh-& AAs}gict.
o] SIAFS 339 EAAS Fe HES 2l bl e &
A7 AR TS S obFheh, At ool BAT dlo]g]

H 7FH(scattered data 1nternolat10n)% Z\ﬂ%ﬁjq. H oAloA =

o3
o
)
oo
ol
o
N
(e

918) WA Z}7to) st fw
2 wolluk 225 ojof 5}u]
A S

i
5
o)
)
Ir
[UZ
ﬂllﬂl

|
319}-"(
o
\_E

ﬂdd@oh}dﬂﬁ7} |
% @dlo] Folx]
ﬂAﬂJnEﬂﬂdd01 32191 9
2 7hsh7] 9l8l BlA A AAro] SjehEls
b ol 2R 28 A S
} 2= oIt} 19 3.8 3h GdAte] o=

2L
o g,

e o & oX
oty ol
L 0% i3
il

BN
mN
ok

ity

il

oHul-ﬂ.I
o
1o, |
(|
_1
;zj

o [ |

in)

ox 1%
-{E
N

H ol o O

2
o
2]1‘

O 4 Hoe o ke f ke lo N
ol

H i“ HE lo, H.H.I e, \U'LI ["_?_l', o_>|“_,
30 wo 2 i jm =2 o Sl o

N
o

ox, M
lo
1%

M og
o

= <>_>|“_,
2
o Lo
I v;?_l[ O_Nl..
o £ x
= . Hol offt
1 o o e
R )
g [ =

2
)
e
o

R

2
o 1o
ol
ok

Po] =1} /\;’q 7]. ZH
° 3719 mEle
. WA 321 e
L wlA o] A A

.
or%E
HT B oo

qps o flo
tor o wf o

m g =
o TS A )

il o2

L) _E
Oll
T 2o mlo
o IE
I,
(o]
ol,
fr |
=
N

o,
o
o
|)_>|'1_,
bol' ol
_k‘L_l‘
il
=
q,
=
of
1}_>"‘_,
2,

°
=
a3
1o
>EL
ftlo

2

», O
ol
k]

fot, [ H,

LA

L o

UIO OEL
[
1%

%
I
a
BN ol
od,
tol
_\-1'-_1,

o ot kb 1@ o rr

o
o
o
N
&
2 F
1o
)
o8
o


iAnnotate User
Underline

iAnnotate User
Underline

iAnnotate User
Underline

iAnnotate User
Underline

iAnnotate User
Underline

iAnnotate User
Underline

iAnnotate User
Underline

iAnnotate User
Underline

iAnnotate User
Underline

iAnnotate User
Underline

iAnnotate User
Underline


2 Ao AR A 7
25 9l A= Cao 5ol AIFeH | :
AlSA 2HA 21 AR S AFERITE Sl A AFghHEet o]
of| oJs 2= S 27
T} BasriZ} A|QFSt HiH o =2

S
7¥stod shs AL

ol:o
ol
ol
AT
lu
1%
inj
°
q
)
ol
1
=,
s
oY
)
S
e
S
o,
e
it
o

B A3HOIS A} |
Aol 22} 74709] 5 4 o] A A Eof Qlek, £ 8-S el
20 238} 54 A% 47) 2 ALRol

19 42 Qe QAo BE 34 RS A Weko 2 Ay
A 5AAS ZoR dee T QAL ob ¢ du 2 1%
Mo g eyl uE 2|5 Kol 1 gk 1elo]Ad ehtzol
71207 A MRoAE A2l AAr uo] g wakal 37,
917 52 A @8] TASAL Glor, S-S Este] Fo F4
3 FE)S g 212 8hel & 4 9lrk. of7] 4 2 Ao AT
sk dlo]Elolli= 4] 910 EA5o] §17] Tl o} 32 o]
Wiz AokshA) gith B4 o] 4 ofeh % BE oA Al WE
Ame 48 G4 o] o] Fa HEo| FTe 1Y% o)
HASHT QY 2L 2 5 9}, Ax) FAo|HE abo] e
48817 933, obS 915t ALS 2249 AALoR AASHeT,
A2.0] 7} skl 912 Aol Shaol thEln, 2t sk 7he

o =
A3, AQtols WHe T 2 2%

g A r =

5 L A 8T GAFS HolF 1 ik Z2te] e U

285}1A] ¢k-2 A1}, Kemelmacher-Shlizerman

v} BasriZh Aot $HE Sote] Qe 29 A8 A}, 2
o]

o 1

2ol 4 Aokeh WS BE S ol 3 gk WA £ &
THE A E5HA g G B BT Makiel Heh 31y
a3te] st sk g e

& A7} et

AT
2& BT 4 ek S5 VA Bo] Yag
A

Ao} o] BHET} L Aol B 2ego] @ ST,
A2 3 ol P2 924 5 -2 o] S LEhs Hko
1A ekt 8hg] 39 QAdol FolEk A B % 9l


iAnnotate User
Underline

iAnnotate User
Underline

iAnnotate User
Underline

iAnnotate User
Underline

iAnnotate User
Underline


> o n2 n2

ot 1o flo e

o

9

2, 1 N

o o

oo b

5 3

O:

i i

4T

o <l

o i

SN

flo ot X

= 2 S

iy BE po b o M
ool b o of

JIE ZAAAHA o}b HhH
k= A A4 517] 919 = ol =ot7| 2%l
AAtol A= HHO E.LLOH tﬂra} A W E] S A5
= TLAFSHA HH}Eﬂl A&st7] fet HHH-S AlQ

3:
~NT
I
o
B il
o,
o
jiey
e
ol,
N
a
o
[ ok
oz 1k

=

oFsla AAA L TP S FIE AL 4 99

SL
58|
[

r
Y

12 [d

of| A]

q|

>
ne.

Yol thal] 2T 7] M}l
Qlc}, whebA] Eeltolut AAl7
ol el A E14 7 Be A W67 ¢
ShA 2 24 3]7H 0] 7] |
P P P

2435 A7 O F a( temporal filtering)-2 A
]S Zx o2 yoltch

o
— |

2L i
oﬁ,

%,

ﬁ}? Hr ol A2 A gate]
oF

‘—r‘ [h‘ (
.12

i) f% |
o2 S

b c [{o

fr
= H{a I

0
S|
of

3

Ili‘ Pl

¢
i

o

o
o
fr ox o L kN

o A

o
F

g, o

Hg fu

= [

)

2

-0l

Ol

>~
Hﬂ
Zi
lo
HU
N
=
ﬁ
H é:\u
O

BN
(}E
0, |
oﬁ

d |

- R
A,

2>|x

iy
ObO “"‘
ol
=
i

QL Fo L Ho (R (T oE [l ._EL il
N N e 5

!
e
n:

B
)
2,
>
N
N
2
1[:5
o
>,
N
N,
llo
©
4
SL
v
s
H
o
5z)
N,
1

N flo
ol |
B
[

l

E
=R
i
>,
o
N

4
ful
02::
] <Z>_>l: ]
\_?L [
o -IOII
2,

e
0“;

Do o
0 oFl
ue ol ¢

4N _
E
oL
>
llo |

X
tol
> o |
N,
Ir
:L_L
o2
Lo

L ol
ol,

U - ftlo \{r ]

JEoJ b T R = A
lo o ol M s
I
HL
o |
o
R ol
[\)
> ]

[
fo, &
E

[t

g{: E |

(e

w JP>

4ol

1o N
20,
lo
N

g o

o,

o,

|o

oy

R -

o

dl,

g

X,

e

|

o g Mo

lo o oo o (R

b
Q
>
i)
1o
ftlo
do
R
D
4“—4
oL
)
°,
gL
ko
ol
iuh

Reference

[1] I. Kemelmacher-Shlizerman and R. Basri, “3d face reconstruc-
tion from a single image using a single reference face shape,”
Pattern Analysis and Machine Intelligence, IEEE Transactions
on, vol. 33, no. 2, pp. 394405, 2011.

[2] R. Ramamoorthi and P. Hanrahan, “An efficient representation
for irradiance environment maps,” in Proceedings of
the 28th Annual Conference on Computer Graphics and
Interactive Techniques, ser. SIGGRAPH ’01. New York,
NY, USA: ACM, 2001, pp. 497-500. [Online]. Available:
http://doi.acm.org/10.1145/383259.383317

(3]

(4]

(5]

(6]

(7]

(8]

[9]

P. Dollar, P. Welinder, and P. Perona, “Cascaded pose regres-
sion,” in Computer Vision and Pattern Recognition (CVPR),
2010 IEEE Conference on. 1EEE, 2010, pp. 1078—1085.

M. Valstar, B. Martinez, X. Binefa, and M. Pantic, “Facial
point detection using boosted regression and graph models,”
in Computer Vision and Pattern Recognition (CVPR), 2010

IEEE Conference on. 1EEE, 2010, pp. 2729-2736.

X. Cao, Y. Wei, F. Wen, and J. Sun, “Face alignment by explicit
shape regression,” International Journal of Computer Vision,
vol. 107, no. 2, pp. 177-190, 2014.

N. Dufty and D. Helmbold, “Boosting methods for regression,”
Machine Learning, vol. 47, no. 2-3, pp. 153-200, 2002.

D. F. Dementhon and L. S. Davis, “Model-based object pose
in 25 lines of code,” International journal of computer vision,

vol. 15, no. 1-2, pp. 123-141, 1995.

H. Aratjo, R. L. Carceroni, and C. M. Brown, “A fully pro-
jective formulation to improve the accuracy of lowe’s pose-

estimation algorithm,” Computer Vision and Image Under-
standing, vol. 70, no. 2, pp. 227-238, 1998.

C. Cao, Y. Weng, S. Zhou, Y. Tong, and K. Zhou, “Faceware-
house: a 3d facial expression database for visual computing,”
Visualization and Computer Graphics, IEEE Transactions on,

vol. 20, no. 3, pp. 413425, 2014.

K.-C. Lee and B. Moghaddam, “A practical face relighting
method for directional lighting normalization,” in Analysis
and Modelling of Faces and Gestures. Springer, 2005, pp.
155-169.


iAnnotate User
Underline

iAnnotate User
Underline

iAnnotate User
Underline

iAnnotate User
Underline

iAnnotate User
Underline

iAnnotate User
Underline


