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Abstract: Given no prior knowledge, the process of converting from a grayscale image to a colorful image is an “ill-posed”
problem. Most of the previous methods are based on convolutional neural network (CNN), sparse dictionary and user
intervention, making colorization either at a huge cost or an arduous work. This paper aims at solving some of the deficiency in
previous work, such as methods based on user-intervention require too many human resources, and methods based on machine
learning cost too much computational expense. Motivated by this, a novel automatic face image colorization method based on
contextual information is proposed by this paper. Our facial image colorization method is based on machine learning. Utilizing
the strong correlation between grayscale lightness, texture and color, we first train a joint distribution from our training set, and
then solve the color of a targeted grayscale image under multiple constraints including first-order LBP, Second-order LBP, and
lightness. Several experiments were performed to show that the proposed method outperforms the previous approaches by
offering better authenticity and naturalness. Aiming specifically at facial image colorization, our method manages to achieve
convincing results under a relatively small amount of data resources. As a result, this paper achieve desired effect by applying
the local binary pattern (LBP) in the field of colorization, and hopefully could be applied in the field of image processing.
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gray(z,y) = 0.2989 % f(z,y, R)+0.5870* f(x,y,G)+0.1140* f(x,y, B) (2)

Definition :

gray(x,y) : output image as grayscale image

f(x,y.R) first color channel, red channel pixel value in specific (x,y)
coordinates

f(x.v.G) second color channel, green channel pixel value in specific
(x.y) coordinates

f(x.y,B) third color channel, blue channel pixel value in specific (x,y)

coordinates
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BT ARSI

1. X —mIRE B G AT B sh &,

K%

2. EA EE BRI EN, ST A AR
FHPTX R LBPE S K EEH . fFEIXMEER L
{140 52 58 AL ) T 2 5 6 A2 BT I 5 R 2K 8 - e i
TAERFE-EUE W = 4E AT . R ARG AT
HRGBHEBH G E S, Blfi(g)= RHg)=G,
f(gD=b;

3. HHATEULEN, 4> WIRGB =i iE 5 — AN @ 1 5 B

— AN [m*n] A A RE, R BT H FIRGB =8
T =AME AR S B AR TR .

4. )5 ¥R,G,B = ANl iE 5 PR BT A R, BT
DL 3R E I H b B .

VRIS R R 19T, i sEaG gt e g
MNZITEEUE A R A R . B RTR, %07
TR W S B T Lizuka[ 517 G Ak IO RUR

S 2-3. “IKJE-LBP-NLP”[f) B _E N SC5: G/
RO

YZRBY Bt Training Phase

1. Input: EAKm*n kN EIEP;

2. Cr: 64*64*64*32 DUk S5 RE; /KR ERGB

I IE FIrfE o A

BRI K

3. Cg: 64*64*64*32 HIPU4E R EFFE; /UK ERGB

THIE M g fH A

YIUE4 Cr, Cg;

Fora=1: file_num do //file_num K& &%

I = RGB2GRAY (C); /UG CH#% il K i K E1

Forj=1,....mdo

Fork=1,...,n do /m*n B )& —MEEHEN

. Ibp = gray2lbp(I)

0. nlbp = gray2nlbp(I) /44 /K & 1415 NLBP K4

1. Cr(i,r,lbp(i,j),nlbp(i,j))=Cr(i,r,lbp(i,

J),albp(i,j))+1;

11 VRIREEEUET AT, KB TG 2%

Cg(i,r,Ibp(i,j),nlbp(i,j))=Cg(i,r,lbp(i,

J),nlbp(i,j))+1;

Ir, g 53 HCHIP/NMRGBI#E 1E

IE TR N SR ATKAI I G 3=

End for

End for

End for

FIN RT3 73 AD5, 641E 1Y

20. D5 € RGB i Frit 4> fi

21. D6 € RGB i#iE H o5 1

A B Bt Generating Phase

1. Input: BEAm*nK/NFIKE E&I

2. WIHEAk imn N[ m, n, k A9 =48, RGBI 2 HIHERE,
HEIE;

3. Fori=1,...mdo

4. Forj=1,...,n do //m*n R K& MEEMN

— =0 %N v A

12.
13.

14.
15.
16.
17.
18.
19.
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5. FIHERMEZR/BENIMEZR SRR KT [ 1, § 151
K PE{Ez, LBPEME B AILBPEILNLBP K% 2 1n
i /2 [ 73 A DS | rfE

6. r{H =max/rand (D1(z,1,n:));

7. WReEEimnf[ 1, 1R,

8. M ARNEZ/BENUME R R BE R [ 1, )] B
K PE{Ez, LBPEME B AILBPELNLBP K% H 1n
FITis /2 /1 73 AT D6 ) gff;

9. gff = max/rand (D2(z,:))

10. ItgfE fEimnffI[ i, ,2]70 &,

11. b & = (grayl( i, j )-0.3*r-0.59*g)/0.11 it A=
THER b E

12. IRb{EEimn [ i, 3]0 &,

13. End for

14. End for

15. 1z [A] imn.

BATATCATF A0, A ST St R 3 € B A a] BAAE

B NBVRRE AL Bk, RIVER (R 75 & N A FE A A BT

BIERIIA R EGE t, ASCER T B E T
EATRRIER 77k, BRI 55 A SRt
FOHAT L. W] DL BITE Lizuka %5 1) 77 20, FTAS 5K
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SR AN KGR A 5%, JEHRE S BEERKEN
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fERaE. X —mE, f7 ENUEEMGEREY
SRS, A SR LR E G, AR
MBI (O IR R 2 5 T Lizuka 55 7592 o

(b)

() (d)

B19 a vk % EIE b YatziviE[SIFTR NGRS R b BT
XAE B R A EaRA.

W20, AR SC MGG FH B — 29 K FE A 1) 45
F5 R LRSS AT TX G, w7 LUE B g g,
R R NG R, X E LR AR
ATzt — 2R RO . W] DL B EE ik AR
W E T ral;, RERE T - MEREE S
B GLE R, BIERIMLBPA R, RAIKHMEKEGEE

9 JEk E AR R N 20 3R 5 R B A B, WA I ey B
i 1] 1 253 €0 22 W PO IR

(a) (b)
BI20 FiF AR a9 REHOM R BT 3 S A5 bR — W2t
P B2 5
25. BETZH E P XEREHBRKERGEOHE

2.5.1. RFHFMEREAER (KLBP)

EAR IR C LRI LBPE, $8H1EE — P33
ARI N, FEAR IR N O S N RE, RES A B AW
{8 DA SRR 7 TR AR Ok 34T b e, B A T A — AN 84,
256F 1] fE FILBP1E -

1 2 3
8 LBP 4 (6)
7 6 5

3*3 [ LBP{E AH B 1) & % B B & HAR = et — AN
AR I, RRAEE R AT DLAR L ok . (H A — 5K
256%256 1) MG A1 FER A, A FH B —LBPAE i vk B3 H ok 1)
I AE BARE R I — 3 REE B, v LUt A
LBPHTIFE 1 B 3UE B R A TEEM . A& T
— AN 1 JR A AE R EAE 2, Nearby Local Bianry
Pattern(NLBP). 1 FFERFfR, FaAE—AN5*SHARIER M,
HLBPJEHE AL, PAARIR A PO A B, BIME S5 4AES
Je B E AT LB, SRS AE S R R IE U7 3T
B, AR IR AL . IXFELES*SIAR IR A ELE X,
ST LA AR Sy A\ B, 256 AT .

P21 NLBP = 45 R A YA

AT HRAERILBP, NLBP## & i) — a5 hn ™
(R RARAE . X ARRAEIE T 1) B RS E, B E R
(o —ANVE R AR, DOR— AN sEE K LG
ROR o NI FE ) (R AR A 20 R R Tl 5t 20 A
SAELBP, KEZMEIR 2 4. (#/5 LOMCRET
R OSCREE ONNSIE L.
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2.5.2. ET I EFSCH D4R B M

i 2 BT tH i T — B LBP I R AE B AR N B
hefaBERNEE, BN AEEENARE, AUE
MICERCR . (HR23*3RARAE BRI E ,
REE M NREBEHE RSB ALZ T, 4R2T
BEME I R AR AE 8 43 b 5 0] e 2 HH Bl 5> (R 17 00, BRI
FEBENLIUE I 2 A BER A AMER R B iR XX
AN, AT EREEEEE AR, AR T —
AN A TR AR KB E A
Nearby Local Binary Pattern(NLBP). H 72 fif [f] 502 A
AN &3 A FE A 8AMEL, [ AN 28 18 31 J) 3 (1 AT A A

N1 i.i N2 i.i N3

R 5 | L2 L3 Lii

N8 L8 NLBP/LBP L4 N4

ii L7 L6 L5 i3

N7 ©l N6 il NS
22 LBPSNLBPH ¥,

WE2f7R, WEUNIF LSRR ENLBPATS
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o T Zai s, Hilin—"NKLBPE, 74K
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g LRTR, AR FNG G A A ST R SR S IR
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LBPH AR AE [ &, 255 N NLBPAE KR AE [ & L R A4
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(RO DA R 30, AR SR DY 4 B 43 AT i /0N, K R DY S48
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RNITZ, TR RINEB RS —, BT LUK BR8N ARIT Y
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FlE AL S R

=, EWERET M LBPI U4 LR A )T
B EoF XA RER, FFEERGBHEERTEK
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B23 21 - )R 3 A4 HE (LBP)- 1K Jai i — (B FEiE (NLBP)- i €2 ) DU 4 43
#i4-D.

e FxUERIE, R, G, BESD MWL T oM, &5
PR A0 REAE 9 e — AN SR I RGB 1 i (A
T RARSEEL T

L X —RIRKEEG#ITANE®G, B —RIKE

EUEAE NI

2. MEAEREENEB RN, ST, B—
1% Z YTt B LBP{E , NLBP{H 5K JE{H . 7
XAMGF S S A AW 52 T AT 2R
e IR 5 - Fay 8 B AE - YK S 3 A SRR R - 2 1)
PU4E oA . R A Z(7)IEATHHERGBES A A(E
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3. HHATEME ER, 5 HIRGB =@ IE B — ANl E X N
— AN [m*n] W EHRE, A H FRGB =18
T 1) =AME L IS B A FE R G = T .

4. i Ja ¥ R,G,B = AN EIE M FEAE AT A Rk, minT
PATS 2] — @I = H AR e B

5. LI EAREE RN

(a) (b) (<) (d)

E24 a vk E15 bSatoShi%s[S]HT R H 4 AR W 44 145 Se o — B
TXARER OB aFE.

wnER4fR, EIE5E24, (b)) PSR L,
A DUA B IR G 72 i [S)F ¥ A HE e L (il o)
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T DORSHESR i — R BB I R 5 2, R —
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se AT ARSI T SOWSTRIAT T, BRI SRV R e
Ko AHH LB T RN ANE B SRR, AR E
e HRCRAE, A2 M RRE.
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B25 O 23R, 1B 43R 520 295K 7 i LA Ela R FH OB | R SCRR A4 SR bR — B B SCABRITS BRI 25 R WA =B B F SCART R 21

iR,

El26 LBP-NLBP E{§ %t Lt & AR aEE + 4 LBPEIG 4 ANLBPE4.

FEAEBH 1 3% J5 72 b satoshi & 0F 78 %5 1 48 A 145 2%
RUF2Z 5, R8T BE X2 S B LBP A& LA XA
] R BEAT IR . W25 B, Gl H B LBP R MR AR
W E —BLBPXT L, M KAREIZE GFRATAT LA H
FILBP T A= B 1 BUG AR G — B LBP 4 B 4% 58 i ik €4
WD T AN ERMBRE SR, EPIEERX AL,
LBPT A il i) G A B B e 3, BRI 35 (8 in B 4%,
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HRRIE, ERENLS A G AT T XA NG R
SAE. TN TNLBPIIZIR, FH B REH T 1b5E,

3. SZI% Experiments
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RO G SRR B ZE. EAZE3ITH, K
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fI3 4. a3 3E0 A SCA N B F R it T TR A
o S5 G AR AT S S0, AR AR S AT

HRAMAR 45
3.1. ET ETXEBREEMRNZWNITH

T EMEAHEGSEE ARG AR, &
SO B4 ¥ 77 R ZMean Square Error (MSE) DL K I AE
{5 [k Peak Signal-to-noise Ratio (PSNR) {E A2 WL 1F
o Sk E— AR Al E R E AR S5 R E A
e PIANRECE AR

MSE = Yce(rgb) 2o sisM o= j=N(Cij— ¢i)? 8)
3XMXN
255 X 255
PSNR =10 x log, ¢ ©

XEMNACEE BRI RA, o AR 5k
HHUR e, g b=IEIEMIEL e’ AR IR B i r,g,b =38
ERE. WA UUE B, MR R EE R
R, TIMSEN 98 3118 7% Ffl /)y, MSEfE BN
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PR A3 T A [5] (26 i i T A [ A B Sk P A, BTt
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E27 (a) WARIREEE (b) B—2RE LR (o) [SIFMALR (d) —BILBPEIR (o) “MLBPE: R (f) BEJHK (2) NECKG—HLBPEE R (h) N

K G Z M LBP4: &R .

ABE IR T —H A NG LG H I, E
278N T ARV 5 Satoshi 25 [5 10 58 FR 50325 (R %) EL
TR 175 E27H X R Z W PEAT FIMSE,PSNRAE . i
= NEMA, EWAWE, wTLVE BT R — K
L) BA BB — N RIRCR, XE AR
FORMRRBAS R ATHEL Tz, BRELREG R
i T R RR e, (ER TR 07T R R a] UG BV 2
HE, B EEERRR Y . ST TR T R
VLtb B — 2R R ARV, A A B B —
ZIR . EIRIEE, FRATAT LATE B Ho T A 6 B 4 25 o 2%
M EEAE A B b o 1 J R AN, 2 — MRS
IR, X2 KON TE SRR 2% TS ok B g B &
H—ERENTAETY, S EaEI TR
I ZE R . 1PN AR ST B T LBPRRE I ufb 57k
B EARE A BRI E, USRS A A R B

GBI R AR A2, mAIRAS THRAEZ A g R

MM EghmT LA, #ilE EHE KBS B0k I B AR L,
MR A 5 ER. XLl A LR AW 5
IE %, ZLBP3RE T — PR E R m S g R,

MALBCR . X LAERIYEMSE, PSNRAE %t M B
BRI, A SC R BEAEMSE b #R 2 8 1 [ 51k 78 i 5
%, #WRANT0.03ME. R TAEDGEZEEIX B2 N
P FRATIE W] LR ILBE & M 9% (LBP-XLBP)
B, MSEfH B K. 1mERm BG5S R B iR
PSNRIEH, [SIMIBFF R AP m IR, AR
AT A SRR, FTLATE S B2 R PSNRIF LL st 2
H—/NPSNRAEZE A7 L #, T LBPIIM AN 78 B 45T
[5], tHBEEZATRIRUE, BEEARKMEZ, HENRE
WH M. % ATk, 3Tk E-LBP-NLBP-Zi (1)
T LBPEEE T T H RN G m AL, T HiE I
o

F1 FTMSE, PSNRIFA S E HVE B WIE
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MSE 0.0256 0.0249 0.0111 0.0091
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