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Active Shape Model with Directional Profile

Jeong Yeop Kim"

ABSTRACT

Active shape model is widely used in the field of image processing especially on arbitrary meaningful
shape extraction from single gray level image. Cootes et. al. showed efficient detection of variable shape

from image by using covariance and mean shape from learning. There are two stages of learning and

testing. Hahn applied enhanced shape alignment method rather than using Cootes’s rotation and scale

scheme. Hahn did not modified the profile itself. In this paper, the method using directional one dimensional

profile is proposed to enhance Cootes’s one dimensional profile and the shape alignment algorithm of

Hahn is combined. The performance of the proposed method was superior to Cootes’s and Hahn’s. Average
landmark estimation error for each image was 27.72 pixels and 39.46 for Cootes’s and 33.73 for Hahn's

each.

Key words: Active Shape Model, Face Alignment, Color Features

x

24 (Active shape model; ASM)& ¢
FEH oy Od—ug —rgfﬂ'ﬂ -rl??H At

o]@t} Cootes 5 [1]°]

(covanance)«] oz TP ©

W3l Mo Q¥ ow &83le] A A

Z Aol F Bk 7iAel ¥

71 A% iLﬂ O]ﬂ(actlve contour model
A

Hl2]e] S

3O ML

i) rOII

ok
ot oo jo

=
Lo

jins

0;

0¢

it _|

tlo

i

e

o A e

n:E
rlo
oL

=

o
o
2
&
n
]
oy
o
> &
o
r&'ﬂ

X
_%_I,
i ot ‘o

onl[‘%

| 4

UukAQl 55FE 222 A <5 (training)
Alg (testing) 2] 27) GAIZ T E T} g5 TA oA
© YEBFeEZRE HE volHE HF LR 5
o EHR EAS FE39 AP ARE 7| &3t
Zola, AdEAE 74 A JE€I e &4
< &85t vA o FFoEHE EHFRE AA
3tal FE3h= Aot 2 =&olAE g5 ART
Aol thsle] d=FFE hFe dE 7Ee=E A&
stz gtk SETA oA AHEEE tHEZQ] 54
< 4= %@, d=9 T8 EA HE9 JPeo = *
d 5= @ =rvl = (landmarks) ] Eﬂ 54 o 33t

N TR} MEO 23 HREE FHE = W
o AErtaE 99 &3 w2, Y 58 e
€ Fog V|EHEY APeltk ES A At
I BR= AR QR AY FE9o 75
Aol FE ALHI, AsHFY 7o E &&HTh

% Corresponding Author . Jeong Yeop Kim, Address:
(48015) 99 Pilbong-gil Haeundae-gu, Busan, Korea, TEL
1 +82-51-540-7105, FAX : +82-51-540-7280, E-mail:
neocopy @ysu.ac.kr

Receipt date : Sep. 16, 2017, Revision date : Oct. 31, 2017

Approval date: Nov. 1, 2017

" School of Undeclared Majors, Youngsan University
3% This work was supported by a 2017 research grant
from Youngsan University, Republic of Korea.



1%
ko
rlo

)
Lo
N

i
rr

2
g

P

O
U B of -z xf
i oox Topf
o ©
BN
R R
e of
g

=]
-

N
N

o

fo
oo

4

s,
o

of ot B
f

o

- ofn
oftt
)

T

-

iy

Y
o B
w b

fuj
I

Ny

— Lo
o lo 4y o o

# =9 (Active appearnce model; AAM)
SMe &H-& Bekstr] faf At =4
Wnta FH EH2H (texture) K2
F7HE AT AAMS 2d sy A 2] A7to]
ASMe] HIs| 71 Aeo] dxolt) I EE B =&
Al ALt = oib) Aol F
o A5 MAdstaAt gtk ASMO| F8

D ed3 Je=

_rd
2
ol
(o

Ju FE

[
o ¥ 9 I

N

ox
N
2o

HE £ dME e 8
 SETANA LojAE B
ARG NA

]

S
Mo ogt

£ o
N

w7 SR A
7 FE57] @,
Al A el =

e g @

EEURE )4
o)

oy oot

&

o
(HUN)
o2

d

0z
]
0
IH
i
£l
°
o
2
0
or
on
0
i
0
12
3
N

it
£
>

ox
ﬁo
I
N
o
©
o 2
oo
o

el
r

£
f1oo 2
oflt

FD‘I
o o

M

N
2: 7S

4
L

=
ol = rlo
of
ol
N
=2

=)
0
i
o o of\ Jo rlr
N>
AN
3
oh
hy
)
N
52
o
B2

o
T
2
N
X
52

Ir
K}
A

k=
{
Lo

X

L
ox
off
N

o= o e
© o N 1o

o ¢
f
N

o] Wl ute FEH
o] ASM| th3
EEACEE]
Fg BN 1

e}

N

f
o

[

M Mo o =
N

g M gl )
— 18 oX

9 1o [o
M

d o)

o
o,

4

|
o ¢
_0|L
N
g fe 4N g
ol

oo 4o fo
IS )

o 19 N lo o

4o 85 % 2 3 o0
i)

i

fr -

3
o
o

o

8r7] Zk(gray level)2

oo o

6) Memta T F98 Pt &
ste APE F2T o AEHE =77
A9 (Euclidean distance) ¥+ v}t H] 2~
(Mahalanobis distance) 522 | 3t= o] 9t}
Y= A Rte npdetenl 2 AT U S %
stAl AHEE I o, A g AHE9
HE 783ty] Wi oS 584 Ao
Ak, eFd BA =79 sde] Qi
= 47 ASMY EAH F,
QA 549 o]go #te FH
o} Hzol AtHE ASM 12k
2 AHgste W2lolth 18
2 AN HRE FE3}

o
o

©
R

il

Ho
o do X M

ot

A}

byl

N AL
ke

)
N

oE ooy ©o(n

rir
St
2
R

3l

d n
o =

N
30 8 oH Ay g oo o X2

o

ol
r
Hl
s
ro g

ol
ol
&
2L
/)

)
\

¢

N
o>

AN

_E‘
Mt |o
N,
K

2 U e
X

2
»
ro
oZ
o%t
oy
2
N

U
ol

32 fr
£
=

o 2|1 M K2
jﬁ
B

Mr o
=)
o
N
o X
ol

ok

N
N
> 2 ot do [0 rfo
>
op
p'g
fr
o ok

w© e ¥

[d o
Mo o 4
o

1 oz U

2 oa N

o

2 2
i)
_VJ_
o
L
e
ox
o

N

Ay

|o

frt

N
o
2k

o
o
QL
rr
2
i)
32
£
it
nNo
2

o
ot
bl
N

I\
N
&
kv
rr

,d
)
o

N
M
>
>
)
o
ox
oft
N
N
~
id
i
2
N
o
5 s
A

sl

-
N
o
N
o
2
o o
giiA

R o g

e b 3
R R
EE = e o
fr g o
g ok
I‘%ﬁmln
&
L
Noﬁa
N2 R
g 0 F
o 2
Do o
tiai]
il tlo Mo
o % 20
o
8 oge X
}_‘irlrd—o’
B M

e
I
fl
K
e
w 1o

<l
o) o
)

B

_o'g

2

3

é&

o

5

i

H |y
Loy

< B8] 3
ASME AT AGE WS
2, A2, tzrae] ) gl o
£ Asbata, Wkl we W

2 71530k A dA A

o] g3t
Aol A 7}
| gkel wis)
st37 ol

nlg HE 7

o)y e

o o

i

o

,d
o«
N

)
o0
=)
(o



1722 ZEDICNES ==2XN X20H XH11=(2017.11)

=8 gk Fuol Wl e o] g3l 4o 23
£ /A E U HEE FEAT AGT gL V)
9 12 ZEA AR FE =7t w3, AR
L FARR A S 7 2Z M E 712 A
WM 1A =29 23kl Z2adol] g W8-S
89Fsta, 3= A W yES FAF
o2 Aidith 44NN E AeHE X3 A9
A%E AHgsta £t

211X =2mel ASM
[1]o] At 134 Z29Y & o] &3}
4Hcovariance)®] FFOo.2 HHH v
5l M9E YYo=z Fgsle] 7
I2E& FE3h= Aolth Cootes?]
of 27 GAZ FEdrt S
g A, v
3 #HREE o] &3t

Cootes

o
rE

° 5
o ofn

2o

d

o

ofh

R
o oy 1o O
> 0 &
1)

B
o
lo

ok

\

[ o

o
o
i
tlo e

T
Bt 2 of 2 mE 0 o
fr 18 2 ro
EgjgrlrJ
A8 4N
= o

%
il

B

[
k)
o W og o
Qoox
@
99 ofy
2 L
>
11—
o g
o ol
o Lc;
2
O:
= 15

L )
a
1t

18
[o

|
2
oy
)

K
f
2
e
fru
1z
_O'll’
£
4
N
2
o
Loy
i)
& n

r2

S
kY
~ o
o
£
X

=2
2
o
o
B
<
ol
e

[
il
A%
e
it N )
o oof 2 Jx

=y
fT

ol
4o orfr

Lo

4
oo
o
k1
B
o
N
ro
_[3_,('
o my
o2 [ o ox me U T fo p@

oo @i oF :
oo
2 o [o
4y Mo

=)
U
Y
o
o
0_‘,&1‘
T
)
o

k=)
U

i

43
N

[kl d

w WERL Ly
wke] Wzt AEel
FARREH Fohs Fuat
L& Al4rat7] flsted, A i
N7He} d=vka HSo] HE Lig A1) 2ol 49
gk A71A (xy)E 22k T3] evka 3o
AA #EE ofn It

Lo
o
1
of?
oy
o
il

i)
e
1o
Oﬂ
1]
4
g
24 n

e
| o
N

K
it

_Vﬁ -
3
2
oft
K
o
X
X
i
=

Tio Yio
Ti1 Y
L= |z (1)
TinYin
olsh o] 7ol WEVHL WEF o) §ate] W
HE Q] Ly 229 o] 78 & Ut o714 K&
sterol A7heke A Qe srolt
1 &

z2sle) Pix, & 7o) AA WA, 2
oA HEnT HFHE 7Fo R 31 Fig. 2 a)
o 134 AA e Riol that wr) ghel X
HER] g s 23 2ol Fett A4 Grme
Sl ivAl P LAl Asvkae) sgehs
7] WY mAA sh4 B g v g
91— [G,.m - G/AL.n G,.Lz - G;Am G/.Ls - G,:sz
G om= G- 1}, (3)

zeade] Bk, AL gy & o83k 1A
G gl tisted 24,69k 2ol AR 5 ek

_ 1 K
91 = T(ZJIQLL (4)
T = [;1;2;32]' (5)

FEAS,E A6)3 2ol AT 4714 L
A el FuAe Fo Femyol

o
e
Y
2
B3

ofl
DE
)
|
i
i
g
- M o o
Mo o o
o 12 4 ooy
o 2 Ml oox Yy
8o o
s o @
oo off
of he 2 @ Al
AR

_>|~1_¢‘
2
N
o
o
ok
B
30
o
=
i)
e
Mo
jg s
o
rlr

L
o M o
o Mo

2]
[
=)
H
™
=]
N
o
o oo
_0|L
2
P
N

5
S
N
N
-
I
i)
i
CUY

-]

(1
>
o
v
o
£
_|>l
o
i)
T
X
{0 &3
o
12
1o
)
fuj
rlr
—
)

HU 0}11 li‘
to mo o HMr o o wo My mp M o N

He Ak AN o] 7. f(x)=2 %
np&ebenl 2z 7e] F Ha ge T A

Ha o2k Ao s Aosta, s A%
ol iid devka 4 A3 I,

f@)=(z—=z, )5}71@ —z,) (7)

lo >
oo g

)

1A



A A 3 2(global minima)7} obd
B H A (local minima)Ql 7A-$-olBna 9A 9o
e SYY Os HF AHE A
‘]

2.2 2xHE Z2OY ASM
221 T2 ade Milborrow[4]7]- 1% =9 3}99\

E AR dEe] oAt & 2 5
© 22 ZEAAE ARgSkaL, yrA
ZT2ode AL ach A & a9
IR AESH7] ofele Wt AR 5
< MA3H7] §g B olH, Seshadril5]
Aeopel] thete] 22k T2ARES 28
& AL = e 218 13 Z2 5}
&k o] A Fdsiy, 29
E7F 12 A A A 231D 9 E$(window) E
9 Zlojth Aed 1Ak ZE2atd Ao Hgte
FIA At ol Wk w2 T 22k
29t Aol ME 22k FE S 1Ak HE o] FE

i
32
1

( r_[E J

_>|.1_4’

o
o fo o

off
2 L o o o ox [H
Hfl Hdo o ot O E i of K e 2 |o

rudmerLF

shol, AWH Q) ALl A 1319 e Fe)
239g AL, FENS 7T U= 134
1] Feje] Takel g FAs] ANTER 1342
E4Y BUF B & ERAAE AL B

Lo fu

g
1

=

Rl IH J

2.3 YEIFZE JHdet ASM

Hahn[6]2] -2 Mohammad[3] 5] #1237
Fo A= 49 FelHE 2l AR= 69 FenHd
I F w3 o S 3 AHE o] 83t FuA
o] |iFE Axtsle HHE VWMo E ok Mo-
hammad <] -2 371 o] &R Eofo} A&t
AdE T+ Jde dHE 7RIt dF 29, A S
2 A, 3 o] 7 AE AS 5L HE Y T
Tt Hahne FejAE HT-E AL o 370 A3

]'5'- S BF ol &3t
F5te] Mohammad 52
HI o} Hahne 2 (8)«]

9)9} 22 71Ee] A

fr= 69 iR A ’51

el Al(11D)E Alatste] A

i
o
lo
glr’
K
>

E= ($i*$j)'VV(z,*x*-) (8)

X

[zjk
[

Yk

_ [sjc?s@J —s;sind;
sjsméj sjcosej

”} )
Yir

A7A, e W E Fol F8taA st 53 FH
o1, xi WIS Heste o Fejoln
Ij ayy Gyt
U,k Ay Oyy t, yjk (10)
1 1 11
n—1 .
E= Ewk(xik_a11x7k_a12yjk_tm)2 (11)
£=0 k

n—1

2
+]‘Eowk(yzk Qg1 Ty, azzyjk*ty)

3. Wk Z=ulul YEIYES 0188 ASM

of et

ol FelME 139 T2 =S MM
7] Asted Wy Zevdg 2 gshs ASM W
< AkRth. AFFGd I F2 5] AEra
HEo| F245e NFoR, 1Y Zaad 78
g, FeiFE2 /WA Hahnol 4 53 A 3
ol e vladtt. 31 Hahnol 33 B34
Z2dde AYPste] FuA LS Z2AdS wE
Axg g At

st&5g 9l AMgshE Make 7€ S fAke
™ o Fig. 1] Jetiidct.

Atste WY T2 AESE =
o] deiE 7129 Fig2 ()9 &2 2 =
Fig. 2(b)s} o] 712, A=, fgados
he) o r AN JuE T4sks Aol 3
GA A AtE s Ht 223D HE xerE T
W2 72 ALtEa 4149 2ok ZE 8
tate] W e Py 29 wE e} Wsle] Hx

I



1724 ZEDICINES ==2X X20H XH11=(2017.11)

Read all landmarks from
Image Database

|«
v
Take adjacent region of each
landmark

—>¢

Calculate directional 1D profile xt
for each Landmarks

No y
Minimum of cost
function ?

Fetch next image

¢ Yes
End of image set ?
‘ Yes

Calculation of mean shape
(landmark coordinates)

v

’ Calculation of covariance Sgr |

No
> Include the valid profile
into data set

v

Calculation of directional mean profile
vector Xmr

l Save the learning results |

Fig. 1. Flowchart of proposed learning step.
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(a) conventional search space

(b) proposed search space

Fig. 4. Example of search space for 3 adjacent landmarks in testing step.
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Fig. 7. Example landmarks extracted by conventional and proposed method.
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Fig. 8. Comparison of performance by conventional and proposed method.
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Fig. 9. ROC curve of comparison,
Table 1. Performance parameters for conventional and proposed method(500 images).
Terms Cootes’s Hahn's Directional profile Proposed
Average Error [pixell 39.460 33.731 31.207 27.720
Standard deviation 13.968 18.545 12.264 12.840
Execution time [sec] 605.6 595.5 606.4 635.7
Table 2, Performance parameters for conventional and proposed method(300 images)
Terms Cootes’s Hahn's Directional profile Proposed
Average Error [pixell 40.509 35.795 32.498 28.927
Standard deviation 12.807 19.526 12.302 13.032
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