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Ahstract

In this papcr, we introduecd a simple and fase parch-hased rechrique far "coloticing” grayvscale images
by simply trans ferring color "sorare patefes™ herwezen a sonree colored imape and o destination grayscale
image, The proposed appraach atleinpt la maleh The onisance and toxturc infoomation betweoen the sorce
amd largel image palches, and ansfer the enure color wood, i, chramatic information. of the basr
matching source patehes 1o the targel paiches. Unlike pixel-bnzed ealarizatian approaches, which require
camparisons tor each sravscale pixel, the progosed approach helps in redusing the number of comparizons
madc and climinating the necd for homan interyention in the szlection of the matching souree and lerpel
swmches. This simple colarization tachmique can he applicd suecossiully 1o 4 wide vackety of imapes,
Kevwords: unage colotization, luminance value, chromatie infoesnation, parch trans far

Intreduction

The problem of coloring a grayscale
image invelves assigning  threc-dimensional
MGB) pixe]l wvalues to an image whosc
elements (pixals) are characterzed only by one
feature {luminanes). Tn other words, colatizing
tecluiique woplies transfeing color belween o
sources  colored  lmepe o a  destination
grayscale iimage.

Colorization, in general, 1s an active and
challenging arca of roscarch with soveral
applications. For example, in the imape editing
und compressiovn commwumly, the luminanee
information and just some samples of the color
{much less than the ordinary sub-sampling in
coramon  comnpression  sehemes), the ealar
components of the data can be faithfully
recovered. This has implications algo, in
witeless Jmupe fransmission, where Tost image
blocks can he recovered from the available
channelz [1]. Morcover, peaple can chat with
Ive video using cheap monocluwomeatic web-
cams instcad of color ones. limited bandwidth
by immsmiling monochromatic video, and
inexpensive and fully amomatic colorization
softwate.

In general, colonzation of gravscale
images  has  several  clallenges  iocluding
anbipmty. furzy houndary identification, and
user expert. Sinee different colers may camy
the same lwminance in spite of differences in
hue endéor  soturarion, the problem
clonving  pray-scaled  images  {ie,  the
problem of inveriing a gray palefte 0 a color
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palziie) his no wherently “correct™ solution [ 2.
3]. Thus, this in generol a scvercly onder.
constrained znd amblpuous problem for which
it makes 0o sense o iy W fod ao "eptuaum™
solution. and for which even the obtuinment ol
“reasonable”  solulion  Tegwnes
combinalion of steong prior knowdedge about
the sccne  depieted  and  doeisive  human
intervention. Fwen in the cuse of psewdo
coloring, where the mapping of luminance
values 10 color vadues is aulomatic, he chode
of the color map s commonly determined by
hurrian decision.

Traditionally, colorization 1= done by
first scgmenting the umage info repions, snd
then  proceeds to assipm colees o cach
scgment. Unfortunately, automiltic
sepmentation algorithms ofen fal o carreeddy
identify fuzzy or complex region boundarics.
Morcover, colorization of movies requires, in
addition, tracking regions across the Itames of
a shot. Exisling (rocking alporithms typicaly
fail to robustly (rack non-rigid regions, o eain
requiring massive uscr Intervention o the
process [4].  Teking the previons challenges
into consideration, the proposed patch-based
colorization approach atlempts o salisfy the
follrwing:

. CQuality; It
resulls.

2. Generalily; it should work well for o wide
rmge ol images.

3. User-fricndly; the number ol tunable inpal
paramelars shoold be minimal.
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4. Simplicity; the algoritten implementution
could be as sinaple as possible.

5. Dlliciency; computational cost sheuld be
{I1" possible) comparuble to timnes rpuiirad
by techniques provided by other anthors,

Patch Image Calorization

In this section, we describe a simple amt
last parch-based slgorithem (ir  transtore nw
tlors.  The previous published  image
colorization methods rely on searching
Juminance infonmation frem a target colored
mmage pixel by pixel (so as we lonsaly called
them pixel-based wpproaches), and applving
their chromatic information to pixels of 1he
larget  grayscale  image. Among  those
published work is the work of Weloh ef al |3]
in which the color 15 wansfierred rom a sourec
mage toa Laryel image one pixel al o Hme.
Their  procedure i simple  and  work
surprsingly well [or a Jarpe varicty of images,
Our idea of transferming color farm 1he souree
imuge to the larget one is ingpived by Welsh o
al work., However, it frunsfers cofors from a
s0WGe imnapge Lo the tarpel imure one patch at a
time by matching the luminance information
between differen! source and target square
patehes. The steps of the proposcd patel-hused
algorithun cun simply be sbuted as follows.

Firsy, pre-process hoth source und target
images by converting them to the de-conelated
YI) space, where the ¥ component iz a
mearure of lnminance and [ and & components
ure the chromotic information. Second. In
order tw account for global differences in
hminancs  hetween the two  images, we
perform a smouth lJuminance transformation of
Hertzrmann el a] [6] that brings huh image
histagrams imo correspondence but al the
sume time docs nof aller the luminance value
of lhe target image. Formally speaking, if
I.ip) is the Tumdnance of a pixel in the

source calored imege S, then remap o sy
aceording to the luminance distdbution of
target imape T
, T .
Liph= " (L AP) - 1)) = e (1)

x

Where wm and goore the mean luminance,
and g g ond zyparc the standacd deviations of
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the Tuminance, both tihen with respeet to
lominanee disteibution in S and 1 respectively.

Third, i order to immsfor syuave

patches of chiramalicity values from the source
imagze o the tarpet, do the following:

« Dhivide the targel image inte a
number of non-overlupping patches.
The patch is non-egusal sel of loce]
neighborhood of pixels with a pro-
seleeted slae. We e
experimented  with  non-caosal
patches of different sizes {vy. Tx3,
Jed, D= and 15%15) and we have
[ound that a patch size of 55 pixcls
works  well  for most  {mages.
Increasing  patch  size resvits i
reducing compulalion effort hur at
the expense of reducing 7esuh
quahly,

¢ Tor cach wargel patel, seun lhe
SOWEC Image i raster sean order
(from left (o Aghl and from wep 1o
bottom) in sleps ol one pateh, and
sefect the sowrce paich thal satisly
e best patch matchange, We report
lwo different varistions of patch
marching:

[. inthe fIrsl approach. we use
oy the  sum  lwmindnce
differences botween the
siuirce and target patches as
a criteria for patch matahing.
More concretely; conzider a
sowrce palch §oamd a tapser
pateh 7 cach of size #ap
pixels, then the sum ol the
pixel-wise Juminimee value
differcnce is caleulited as:

mare 1= D ix3) 103 2)

e

X, Altematively, woe can use
sum of luminance averaue
difference {5014 weight) and
luminance slandard
deviation diffcrence {5024
weighl) as an indicaror for
patch  matching.  Then,
malchil, £ can [

reformulated as:
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matchii, 3 =05 — a1 030~y
{3)

s l'or esch pecl in the cumend Large!
patch, combines  the chrommanic
components (.., [ and Q values)
from the pizel of the selecied source
patch that is closest in temn of
luminanee valuc with the Y walue
and conwvert hem back to RGE
COTOPLIACTLS.

Experimental Reanlts

This section Teporls some of the cxperimental
results abtained with the proposed pateh-bazed
colodzation technique, Figores 1 depiet some
results, All depicied reqults are obtained usang
1x3, 5=5, or 9=9 patch siee [or bath types of
patch matching.  As can be seen from the
results, the technique works well on scenes
where the image 1= divided into distinet
lurminance clhisters or texmres, Some cases
present  problematic in eolorization  Cvet
tolerable), where a number of patehes are
inappropriately colored, Also, patch size affect
colorization quality, [nereasing  patch  size
leads v reducing number  of  paich
comparisons required and  thus  reducing
processing  time bul at the expensc of
increasing guality loss, Time required for the
proposed  colorization technique  wvaried
depending on the sive of source imape (und
thas total narmber of source paiches), target
image (which determines the total number of
targel non-overlapping patches), and patch sice
and parehl matching function. Figure 2 presents
some visual comparisons botween the results
{where some guality loss occurt of the
proposed approach with those of DI Blusi and
Beforgiate (2] Antipols siralegy. Runming on a
zsingle Pentium IV PC compuler, we get tums
between 2 Lo 10 seconds vsiog un-optimized
VB code Most images can be colonred
reasonably well im under a few seconds. On
the other hand, the processing itme of vlassical
colorization  stratey of Th Blasi and
Reforgialen regquires from scconds to several
minutes which iz better than the {Ull search
colorization simiggy of Welsh et al. With
respect e implementation  simplicity  and
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processing,  Lime, our algorithm 13 more
cfficlent  wmd simpler than Amtipole
coloriaation  stratery  of DI Blam and

Reforgiatosing optimized eade.

Canclusions

Io fhis paper, we have extended the pixel-
based colorsaon approach of Welsh et al to a
new, general, fast and user-friendly pateh-
based wone. Instcad of transfermioy  color
infarmation trom the souree colar image to the
tarpet jinage nne pixel at a time, and instead of
Lettinye she user to allocate source swalches and
corresnondding  targer  swalches  for  color
trensfer, the proposed approach transfer one
syare color patell at @ time from the souree
image to the target image. Parch matching can
be determined wsing either sum of pixel-wise
luminance  differences or patch  Juminames
average and stundard deviation maotchinge.
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Figure 1: Some Hedulty, For each pase, the images mre urrunged as: Jeft Wr ponrce image, middle for target
imagy, snd cght for enlorization imapge
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Figure E: Visual comparisun results with Welsh et 21, colorizetdon algorithn.
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