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Automatic Colorization of Grayscale Images

Using Generative Adversarial Networks
Mohammad Mahdi Haji-Esmaeili & Gholam Ali Montazer*
Information Technology Engineering, Tarbiat Modares University, Tehran, Iran

Abstract
Automatic colorization of gray scale images poses a unique challenge in Information Retrieval. The goal of
this field is to colorize images which have lost some color channels (such as the RGB channels or the AB
channels in the LAB color space) while only having the brightness channel available, which is usually the case
in a vast array of old photos and portraits. Having the ability to colorize such images would give us a multitude
of possibilities ranging from colorizing old and historic images to providing alternate colorizations for real
images or artistic creations. Be that as it may, the progress in this field is trivial compared to what the
professionals are able to do using special-purpose applications such as Photoshop or GIMP. On the other
hand, losing the information stored in color channels and having only access to the primary brightness
channel, makes this problem a unique challenge, since the main aim of automatic colorization is not to find
the image’s “rcal” color but to colorize it in such a way that makes it “scem real” as the original color
information is lost forever and the only way to colorize it, is to provide a somewhat “proper” estimation. In
this research we propose a modcl to automatically colorize gray human portraits. We start by reviewing the
methods used for the task of image colorization and provide an explanation as to why most of them collapse
' to a situation known as “Averaging”. To counteract this effect, we design our end-to-end model with two
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separate deep neural networks forming a Generative Adversarial Network (GAN), one to colorize the images
and the other to evaluate the colorization of the first network and guide it towards the proper distribution.
The results show improvements over other proposed methods in this field especially in the case of colorizing
human portraits along faster train times. This method not only works on real human portraits but also on
non-human and artistic portraits that can be leveraged to colorize hand-drawn images some of which may

take minutes up to hours by hand.

Keywords: colorization, gray scale images, deep neural networks, generative adversarial networks, image

information retrieval
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(Figure-1): The difference between grayscale intensity and
color diversity for choosing the “proper color”
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(Figure-4): Color image histograms of faces and bodies
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(Figurc-5): An example of a generator network in a GAN
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(Figure-7): GAN architecture for colorizing images

ol b Jleil g5 5l sl pppa plin 4 &5 Cul
S9) 2 S5 g il 0 dsdiee )0 ptised Lara
b Jobes a5 ol YO5 10 YOF sbal b (g st (g jmoli 5,
G POOYE Jloisl g565 o 5l (6 0 piged (sly (I
b somiimn bLo | & b cenl € bley g oSl Ll
35 sl @ie8 Shol JSie 3 10 VL (gL o w355 )
) iP5l oadis b pigad sl Jlpdar Hex sl
PLl 5 255 b sl asgame 5| SzsS slasgomme

! Generative Adversarial Network

2 Contextual Clues

¥ 2be ) 5l YA Jle

&

Sl S, lp goleduin ig) -0
rolai
Sly W Gl ) GpuSE pea o (65l K
55y e LS ] eaBeS, o igm Ko 5y
S S )0 gedge nl 285 i s Jol a9 S0
Jieglsieas Losl Golo prin ppai S Gl Jl> 0
&35 Sl @l ptiged Glyeds Joeyd darmms 5l (pulSe
Dpee (o5 pead) Vb slal 4o 5 sdazny YL
aeia S fuSoy olasd ol poal 2 1n5 el o



d? &) )L.>L.v L_.lﬁ'b‘b. LS)LW L)'»'-‘ s 00 ool
pooadalll caw g lene 4 s 2y BB 55
2o [25] 5 [22] pgzen st ONN glaasis sl
Gy o Jg [21] oS oo o goma ol ialS
I) Sg> UoG- OIS Q> el uS) QL?;:‘ 9 aLa.ﬂ u““’IJB‘
Al sload o o5 > plin 4y pgal Db 5 ()l
Ol 4 55 MaxPooling ygzes aleas¥ jgia> 5058
S oieeh o eadesliul AD Al e el JSine
s les Lg\))_ij.o.: LQ{JA.: as J.\SSA oolazwl S5 L;)LA}LA
250 ey sy adadlolasly oo g ey sleaSl
VL o DMl (609 5l (s pS gl g ASS (25w
2 g aSuh ok yo DIl ol 69,0 5 poa

RGN PP K Ul‘“’ L)‘) m &) )L.}L.w (A) Jg‘n

w8l L3l 55 p0 oMbl g (el GBI slis |
AT ol
o syl s yge oSt s caal ) 495 b
(00d 5) p9a) Z (29,5 5 (S S 29a) X (5295
Slogsseel ) 5l olio i 05y 50 I e
y o &8 csl (5355 5785 pga @ 4258 b coslie
SlaSs c e Siled P(ZIX) &g
Sl O Ll Al caas S 3 S (6 sk mjlo (NG,
25 ks 80 0locu 8 5 5 S B naa (550l
OO €l Ll ;o I s pled ASLD Ks oo
Ll &0 hjgal cdan .0 )ls o g 5al S5y ygad (50505 b
50 a5 sl g palal 5l S,y a0l AT il S ygeon
el () 55 0w Sl 4 (oaBly s nles &S00
Gl sl 0 o0l led golgitun 5, 850 LlisLo
ol &S [7] 0 azsl @ s (gbens 5 ibl5 s JS Lo

\N \> \5 \ \> \>> \N
: AN I .
: {
; 90~ %
i | ‘ l N ) %
I )
J | | | i \T \¢

LI Al )0 g HLs L s(A- JSC)
(Figure-8): Residual architecture in the generator network

a5 b Las ) Cross Entropy aob 340 & 90a | Ll
3 005550l o o) MAET (slbas b 5 ((s32ko
S (o8 oy (Hly pges

Gross can = — log(D(Colored Image)) )
Gross 1 = ||Real Image — Colored Image||4 *)
Gross Totat = 0.5 Gross gan + 0.5 GLoss L1 P

0l (§ el S, pgas Colored Image Lulg, opl ,o

Lol K5 shle el isai Real Image 3 allobe Jawgs
o eyl S0, S eSose gly das Al g0 5l ol
oo mal K, 5l GAN las ool polal (650l K,
I SSlo L1 sllas 5 WS o (655 Sty 45 80,0

! Feedforward

2 Mean Absoulute Error

o Ban al g 5l dali Ll asis Bos Al

By 9 5 0aBS5el K gl e S e
sled 803 5l il s (e 65500 5 (MAE)
el ojlal oS uL"W“” (Cross Entropy) <ol
S5l sl W 3 MSE sl MAE o (5,055 4,
5l losddrslis dastin) sddolz] pglad adols )
LY s Sl b 6510|505l i (S50 3 (MSE
Se ol [ =1 1] e oo e (5955 prgal a0
Y 2 50 0,5 0 LAB (S, slas o Gond LY
Sieslrie 5 RELU (sjlolss b 51 (3T &Y i
OO e LY o 3T el sas oolizl BatchNorm
(Tanh) S gyl colil 5le Jled ol SO 5l ey Ko
8L a4 |, LIy A lawgy oadiolm! polie b wiS oo oolaiu]
A ol Boe mb K0 gw jl a8 vgaze [—1, +1]

FA ol ) 5yl 1YAA Jlo




a
J
1
D
A
)
Y
.
S
*
«
.‘-;\
:‘D
é.
3
)
9
A
32
D

2ol Ol (KSr gPa 5 St gples
Ot S A (Al slal 5 Ll ASn bags satolon
35 gkl acsis )o (s nled 850D IS £o i 5l (o
G2l Ol s slbs ke 5 oud Gaastie adly il ||
Oy 39y yho Cuaws & o) (ZAS L (Lol S g 4l
3Nl el 0 Ll Al oS cwlie oy Lol 5
9 95 o 995 Oy8las S5 ln Rl B pleel,
e Culgs,s a5 WS G MAE gllas sl 5 ol Lais
2l 3l S el (sl ales 08 0 K, b (6 psbas sl
Oz b dadd g oole 000 (gled A0 Sl wlas,
oigy Sl dlie ol o el el Hhb sguse &Y
5 i el K slaws) bl &t 2590l (sl [8] (solgiminn
il olae (B 5o L sl sais sl (g ples ASS

D1 i il aSel g Sl Sty p Esdge

el SO 5SS, S, le g aiS e bad> ) poas
D5d o0 lood awliol 420

Spled 4l —0-)

s ONN &S S5 sl sples 800 3L
Sladsd Mhe it Sl Kol 0sd b
bl a8 gor S 5l el gles 308 T AL (6,
9 S 5l € Al S ygea ) pslal wiS e (2
9 Fyuan ol (Al )Y (rw spled 0 S)b
b o a8 el ol Siie 3l padly jyslat 5| sl
Om pled dadbg waase glaa¥ L g (i CNN AL S
Sl ol BB gyt (sgrae polai  (Hly pslas
2 skl el Wlgise (s Ll Al Sk
s s Bob 3 g S A (iS5l plols sl

for number of iterations do

e Update the discriminator:
m

i=1

e Update the generator:

o Sample mreal color images {(xV,x®, ..., x™} from real color distribution paqeq (x)
e (enerate m fake colorized images {2(1), z®, ...,z(m)} fromreal gray distribution pgg,:, (x)

Vo, % Z [tog(d (x®) + log (1 ) (G(z@))))]

e Generate m fake colorized images {z(”, z® . ,z<m)} fromreal distribution pygeq(x)

Ve, % Z [tog(1 =D (6(z)))]
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Table-1): Generator network details
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Conv + LRelLU

Encoder 2 64 X 64 128

Conv + BatchNorm + LReLU
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Conv + BatchNorm + LReLU

Encoder_4 16 X 16 512

Conv + BatchNorm + LReLU
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Conv + BatchNorm + LReLU
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Conv + BatchNorm + LReLU
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Conv + BatchNorm + LReLU
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Decoder_4 16 x 16 512 + 512
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(Figure-13): Common problems in colorization
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(Figure-15): Colorizing artistic images
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