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An Automatic Hair Matting System

Student:Chia-Ning kuo  Advisor:Chuan-Kai Yang
Department of Information Management
National Taiwan University of Science and Technology

Abstract

Automatic hair extraction from a given 2D image has been a challenging
problem for a long time, especially when complex backgrounds and a wide
variety of hairstyles are involved. This paper has made its contribution
in the following two aspects. First, it proposes a novel framework that
successfully combines the techniques of face recognition, outlier-aware
initial stroke placement and matting to extract the desired hairstyle from
an input image. Second, it defines a new comparison metric that is well
suited for the alpha matte comparison. Our results show that, compared
with the manually drawn trimaps for hair extraction, the proposed

automatic algorithm can achieve about 86.2% extraction accuracy.
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IR F A gAML o FER - FARIAFR -

3-10 % %3 # trimap f- alpha

A4 % alpha 4p i & 058 3 Kb 5 ER IR alpha 7 % $% alpha -2 ¥ alpha 2 @&

g B Bk ED] 90%4 b ehfp iu A& o 4 57 EE¥% alpha F %% alpha * § ¥

**+2f ¥ alpha °

3.2.3. Alpha 7 ¥

Alpha 7 B &4 alpha#i s A&k +» & > 3 Bafjb> ralpha v EF 1) -
Bz a7 EI - B AEAFDWEE o AR EEIN alpha foi R
alpha % i*a BAK® € (T e &85~ B & F#4FDalpha B4 % alpha

difference~ T Bl ® # #hit & Fg 3% alpha > Sghit £ % 3% alpha > A& (1, 1) =8
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& ] B enEp s alpha 4 1 § 9% 3% alpha » 12 gt #pde o

head
head - face

face

3-11 alpha = &7+ & B

FAEER o APt 2XEg % alpha - 4%% 3% alpha #3]3 ",ﬁ? % 3 chEf B

alpha -
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3.2.4. A2 Trimap

¥alphadifference iF= B it RS TR L iZ4FE T¥ 73 Trimap -
AAPAUE AR B o MR PR G RIVHEIE L 100 BB R
ANERPBER R A2 - > Fliietk ] o B4 F¥-alpha difference P ek
B # 2 % FUP5 = T PR 2N eif i 3 o =g 5+ fﬂx,‘ji%{g‘i A
BrR R A2 - W F A ANRBR Rz A2 - o

2% alpha difference > 0.5 ¢pixel TEaEsH B (B P 6 dmMALHE)

3-12 & % trimap h@ §

2% alpha difference < 0.5 ehpixel T8 24+ B (B2 6 ML LHFE)

*

3-13 & ¥ trimap 7% &
B fo MR PR o B R AR § MR Bk L o et 5
i ASM PR p-Te 38 4e b 2 1B pixel hdfsk o 5 T REEERERK LT EE 7 B

BRI 0 SRR B S R RS b 225 9 R o Trinap FlH %
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1 s {7- =t matting %A%E’E'Jﬁxﬁ% E% o a EBIAT 2T RT

H LM AM PR B AR 6 4 B (A (TR

3-14 PR % 7 7 B
A4 B Trimap

3-15 & % Trimap
£ £ * matting {6 > & {é ¥ Flek ¥ Alpha B %

3-16 & #* alpha
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4, RERBFAHH

AP A p A F 3 sk http://www.beauty-box.jp SEH 4R T T0 SEE] F o 10 £ B
¢ 04 trimap > ¥ ® #2{(7 closed-form matting 4R 5 3 ¥ % * k=4 F
% o % gnEi S#kc % alphaevaluation b > @& * MSE ~ SAD r2 2 st
# diehalphatpiv & o 5% 7 DBoutlier ens#icit 2 % (08258 ~ Cost function
% % 132 % ~ alpha difference £ final Alpha ¢k & o & * chR] ¥ < | %

1XX*200 2 200%1XX - 3 R Bl ¢ * & bliEe o

21



4.1, R Hn

» shalpha 4p i & 5 e & MSE 22 SAD 4% | 4 77 5 F4%4%:¢ 5 | - alpha
Fpie R e (& & i &)

86314 86264 121467
10654 10655 19610
44899 45596 56876
233 320 470
29 2% 65
118 121 176
0. 805 0.88 0.96
0.071 0.07 0.111
0.22 0. 233 0.421

% 4-1 Alpha difference %%

86392 86842 119088
8843 8844 18053
42807 43482 54997
219 305 478
21 21 56
104 108 155
0. 804 0. 841 0. 957
0. 024 0. 024 0. 057
0.138 0.149 0. 349

2 4-2 Final Alpha 5=

st Max #om TOSR@ Y o & F 78R FHE > Min £ 7 TORE " - @&

B MEZRE Bl en(E 0 Avg £ 7 T0 W HE-T IS ER)Ed g Skt~ Bl e
ground truth3*& ) -

&yt 5 & CostAverage £ CostMin ¢ 4243 > fe i & CostAverage #% )

@ CostSum = 7 B ¥l % chpixel é;%%;i‘&{,r: ¥ 5 ) pixel BEAE - 3 % B

BER SRR ETLNEE

TR % - A& % trimap 0 % = 5| &_final Alpha > % = 5| &_ground
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s SMAT Eﬁ‘z d b
~ ﬁ(\ ﬁ ) ﬁ ”~ m ﬁ

NiW
Ah(\”ﬂmﬁﬂﬁ

4-1 CostAverage & F &4+ % 10 3 12 MSE 3=

2lalo| @ [0~

T /
v '
.ﬂ

4-2 CostAverage & &4% % 10 5 2 SAD 3=

‘:"‘- 1 | "i*‘ @ (@ { i

y I mﬂ o : i

ﬁ ~ n ﬁqﬂﬁﬁ

"N ﬂﬂr\ ﬂqf’ﬁﬂ

4-3 CostAverage & F %4+ % 10 3% 12 Alpha 4p iV B 3=
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O“ﬁﬁﬂﬂ”%”

e & B L7 10 5% 12 NSE 3=

ARAARTRY A4
Goﬁﬁﬂﬁﬂﬂ“”
O&QG%\OQB

& 4-5 CostAverage & &£ % 10 5 14 SAD 3=

o f QAR 8l
@,[\l ’r‘anp‘ﬁ

Oﬂﬂﬁﬂ'\nggﬁ

4-6 CostAverage & # Z % 10 552 Alpha 4p iz & 3%



4-7 CostMin \_—r%‘rﬁx&f L 10 3k 4 MSE %1

el < ﬁ"*_ v |
A AA M ﬁ ﬂ 0 ﬂ ﬁ

L
Aﬁnﬂﬁﬁﬁﬁﬁﬁ

4-8 CostMin & #x 4% 10 58 12 SAD 321§

Y3l e mﬂnnn

ﬁﬁﬂﬂnﬂ NSO

4-9 CostMin & 4% % 10 5& v+ Alpha 4p i & 3= 1§
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& 4-14 CostSum & F #4F 70 10 & 12 SAD 3%

00~ PAN® A G

4-15 CostSum & F &4+ 10 3k 12 Alpha #p 02 & 7=
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4-16 CostSum & £ 10 5 v MSE :=#

4-18 CostSum & & £ % 10 3 2 Alpha 4p 02 & 321
APERZRT PR FEAFINF RGPS TEPREEL T v g

T MSE & SAD p* B¢ e 3038 w0 F ) PR w APk d chalphafp R ¥ 7 €

F 5% F 4@ B i o 7 g 4 alpha 4p i A2 ¢ MSE fr SAD 4 -
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4,.2. Alpha difference £ 3 % Alpha 5} i%

2 g arig £ F Alpha difference ¢h%- F4%4F » final Alpha ch& 5+ §
Ax4F o #rr2t i Alpha difference = 10 %% Final Alpha # 10 % » % Alpha

difference em 10 73 4138 & Final Alpha 9% 10 &¢ » BlfEie F =d o %

IR TR

45 31 62 4 26 55 6
12 54 69 49 31 57 28

13 23 39 41 27 16 68
10 13 41 68 5 34 40

39 62 38 25 12 49 14
42 38 25 62 12 49 14

47 4 17 41 8 64 45
4 47 17 41 64 45 9

42 25 62 38 12 14 23
42 25 62 38 12 49 14

4 7 45 64 37 58 b5l
47 7 45 64 37 17 58

2 4-3 Alpha difference Eifz4% Alpha fVRE{% - CostAverage

31 45 62 4 55 26 6
12 54 69 49 31 67 57

9 13 10 39 18 41 27
23 10 13 41 18 5 68

62 38 12 25 26 14 49
38 25 62 12 14 49 36

T 42 47 4 17 41 64
T 4 42 47 17 41 64

25 62 38 12 14 49 13
25 62 38 12 49 14 23

4 47 7 45 64 37 58
A7 43 7 45 64 37 17

% 4-4 Alpha difference #1#%4% Alpha fYRE{% - CostMin
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24 64 66 4 47 65 29
24 4 37 65 69 46 64

39 9 13 38 28 26 23
49 28 26 13 23 39 62

25 39 66 69 12 21 24
25 23 12 69 66 21 22

49 28 3 7 8 52 5l
28 49 8 52 3 7 51

65 25 12 14 13 21 62
65 25 12 13 10 21 69

6 7 47 4 51 8 28
52 7 47 4 28 51 8

Z% 4-5 Alpha difference Hifg4% Alpha HYREE{% - CostSum

P& 15 & Alpha difference ¥ Final Alpha % 7 & = M %> 2 &

CostAverage ¥2 CostMin ® = Alpha 4p 7 & best 10 & » B & iz —‘T’f-r%% 7R PPl

Bg o Jap| 2 %1% Alpha differen LP-enbd > %15 Final Alpha 2%
¥ 4p 023% ground truth > Fet R 4 N S

¥oobo gz Alpha diffe g B R F - % Final Alpha Z
HiEH ;= Sfic(alpha difference) - 3% Sk (Final Alpha) » BLZEZ
A0 HRE68 B0 2300 i) 3 0 ehcase FFEEIT worst
top 10 78:F > #7002 kG - LEF L OB % L 3 dic(alpha

difference) - i S #c(Final Alpha)>0 -
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4,3. DB outlier s%-#cit & :

86392 86842 119088

8843 8844 18053
42807 43482 54997
218 305 478
21 21 06
104 108 155

0.804 0.841  0.957
0.024 0.024  0.057
0.138 0.149  0.349
Z% 4-6 DB outlier %#cr=0.7,n=6 ¥ ¥ final Alpha st3*

87982 88168 119088
9480 11137 23121
43390 44293 58085

220 305 478
23 25 o6
106 111 168

0.804 0.841  0.957
0.024 0.025 0.057
0.151 0.169  0.388
2% 4-7DB outlier %-#cr=0.5,n=6 ¥ ¥/ final Alpha st3*+

1590 1326 0
637 2293 5068
583 811 3088
1 0 0
2 4 0
2 3 13
0 0 0
0 0. 001 0

0.013 0.02 0.039
% 4-8 FfAp fr=0.5 chE R HE r=0. 7 hE

BRI r=0.5 i R0t r=0.T £ LR SR P eng T s
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A et WAL r=0.T e o3 48 1=0.5 1t 1=0. T 4 PR 2§ P
BAB A r=0.T W r=0.5# PEIrF M LE c MY HIE AT 15 Hm AL

2o

4-19 B] 7 Bl 49 h A i Wple k

4-20 Bl * %5 49 # * DB outlier %# r=0.7 #h& % alpha

4-21 B % %5 49 # * DB outlier %% r=0.5 #8& *% alpha
A pk-DB outlier chsdien ER 25 6 ARHWM T =5 14 % - Bk

) Hu? Bz e i clie® € 2302 8(7) > F15 % N3 He? 8% psp &t
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PEod 3 HRER G F D EER SR ER L CNGFY AP AR

ek B > BL% DB outlier #9382 % o juk Bt 5 4% 1 % B row p

SRR EER 020 2% n B col FRRRES -

0.32 0.02
0.32 0.02
0.33 0.02
0.32 0.01
0.3 0.01
0.33 0.02
0.34 0.03
0.46 0.03
0.46 0.34 0.33 0.33 0.32 0.32 0.32 0.3 0.07
0.07 0.03 0.03 0.02 0.02 0.02 0.02 0.01
0.06 0.03 0.02 0.02 0.02 0.02 0.02 0.01
0 0 0 0 0 0 0
0 0 0 0 0 0 0
0 0 0 0 0 0 0
* 49 6 FE Bek) T

B S - R

FoEEF 8B FofEEG 6B N A ia

O O O O O O O O o o o o o o

0
R 4-10 R (5 AE (DL RE ) B [
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4,4, 2 H ¥ paper V& :

e i paper ehpdf ¢ PR X OR-R] P E 0 BINERDIE TR hiE
52008 o HiFAPaYFEE o
Paperl & # : frequential and color analysis for hair mask

segmentation[14] :

4-22 22 paperl 't -3 P a3 # trimap

4-23 #2 paper] ‘* $&-2\ i gk ¥ trimap

-

4-25 #7 paper] " f&-2% i g ¥ alpha
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4-26 £7 paper] ** #-paperl & ¥ alpha
722 paper] i % (B 4-26) 1 o i % £ (32§ > A AL s g -
B Hd L] FPL A PR B EE I TS L - AP aNE B o 0t adtk

22

Tl enEg IR &_paper]l $A3TEEINenT & o

4-27 ¥ paper] 't #-F B3P {8 A g Ind F trimap

4-28 ¥ paper] ‘' - Bl P {8 A ek B trimap
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4-29 22 paper] " E-RBIRE T A POR S

4-30 ¥ paper] ¥ d—R B2 3 {8 A s alpha

d 32 i anEg B A d 5 B closed-form matting sh B & s > @
closed-form matting * § Hoks chr it » Fpb G g B wpiten® § 5 MBI JoiE
ﬁ??ﬁ%ﬁﬁﬁ%%’#gil%ﬁﬁ%éi°
Paper? ¢ #- : Using integrated color and texture features for automatic

hair detection[13] :

4-31 ¥7 paper? * #&-%3%3 ¥ trimap
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4-32 ¥ paper? ‘" f#-% % trimap

4-33 & paper? ' fi-E % &%

re—

4-34 ¥2 paper? ‘" - % % alpha
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4-35 ¥ paper? ‘* #&-paper?2 s hair mask

¢ 2 paper2 it} it iZir - 5 alpha map > #7127 it §2# &0 hair mask

0 g o AP SE R A NGB T TS e L
4.5, FEZPEF A7

/|
# % g8 F 2 2 _CH o closed-formmatting .4 * & iF&matlab code °
%8 C+H+ matlab engine & iT/& i o
A RE
CPU : Intel® Core™2 Quad CPU Q9505 @ 2. 83GHz
RAM : 4G
0S : Windows XP
Matlab i : 7.0
PR
ARl L F)
“r% Matting = #ic : 31 =X (FF 540 14%2 = ~ FE300G30 2 [ & ~ ¥ 1 %)
fCf Matting * PR @ 9 8 A4
Ll PR I EL R

Tio- kR 8 A48 i B apFR £ A Matting + o
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4.6, k3R

S e S~ ST B R G AL IR P R 1R A ke B

== 1 - F3

Fp - F g asgEt o ad § § TR e a2 B AR R R R

Closed-form matting s7alpha & # BLAEPIR % > @ B % S L P18 2 &

e
PR RE TR PR HA AT S F ARG AT AT

‘I"g“zlj o

AW R4 pTot

4-36 3 1 3P pe
Closed-form matting alpha #t#:

4-37 Closed-form matting alpha B casel-#¢ %2 # trimap
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4-38 Closed-form matting alpha B/ casel-2f ¥4 # alpha

|

4-39 Closed-form matting alpha & case2-g %4 # trimap

4-40 Closed-form matting alpha B 7= case2-#¢ $%2 # alpha
SEREPTEI TEE
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441 % B3 1 ¢ e iipd-sg g2 ¥ trimap

4-42 % F 3 [ ¢ BLAFEE g -sf ¥ 2 4 alpha
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D. HFWmBEAXEY

ARW I ATROE - LA P A RFEE TR G R - BRED
FH BRI IoE R 2 B R A BF FEIoRIE & 1T trimap
BEEDIAEE 2o EAP. R NATEY Solicalpha AR > TR R
BA A FE2 o HZ AP b4 d 0 alpha z Feh L 0 £ % alpha § (FA
Aegikdl-Bed 2B AP iz Y 5 5 F#ReDalpha e

LREE L kG G A PLR o AFA F iR T o S Bk 9 5]
- BERE R L AESF R RT AARE TR o P EE &
R W IE R - B RS B R D R A
#] (texture segmentation) s # & & (metric) » & 3F ¥k 49 £ 47 fe it Fr ¥
R TVHAFER > » APRT 7 45 e B A ERGU L > Fa B 7
s enEg B W % jeit g R oW B PR o £ % 1 Automatic Hair
Detection in the Wild[15]~ = & 7 Bg &+ L 3%eficsy] » »7 i% Upper Hair Shape
Model (UHSM) » A= k»2% 7 4 » {2 B & @ " oh paper 42 1 iX 7 4& PIHCAIfe i
(model fitting) ¢ 1= % > pFRF o

S T OLLE S e R Do R Y TG R b & b blde
nguﬁf_j,i;;ﬁﬁvg A o T Bz P L RLFE 2 > T2 match
Ptk b A ik o uiis EBABLPFES B o

N R P IR AT B PR o AT R Y R T
— 1B | AR AU i /T*w%\ki’ frequential and color analysis for
hair mask segmentation[14] ¥+ ps— #% o JL3G 1 54 L $gy ~ B & $Hhe| E

A8 7 £ @D ATH S TR IR SN NS ’ﬁ*ﬁ’ MEIIL R PR
Frodrk B e - B pIRE Y L85 2 aug 82 B 7 0 iEd gz a2 JUE
Bad LR b A g B 1 B
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