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Abstract, This pamer presents s very genarul method Toy color disherng = il 8
frn pestrietad he far ns the number or {he enblr of inks 13 conceceed.
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1. Imtroduction

VWhen printing an image, It iz meoeasary bo produce the colars in the 1oaga
from & emull aumber of mks, The colorg are produced by alternating dots of
Jiferent inks, so thal the weerage color In & amall region around each pixel in the
rendered imape approaches the desired alue (the value i the original image].

There are four distinet wies of dithering:

o oifset printing

» printing cn an inkjet or lazer printer

a displaying of an itmage on a frooed palette display

s digplaying of mn Image o an application defined palette cliapley

This articl adresses only the printer chee, and the foeed palette display as a
apocial case.

There are various dithering algorithms sxmilable for moonerhrome iages.
Wast of them are of error-diffusion type, that i, the piwels are taken in a
predefined . order forming & path throughout the image, and the outpul. pixel
wliag are generated, while minteining the et yalue (che differenee between
the aurn of the picel wmlues seen EC far in the original imaye and the sumn of
the penernted output pivel vahues]. That erzor b8 distributed Lo some neighbour
pizeels {and each error-diffusion algorithm comoes with a seheme:). The advantage
is gimplicity and spesd; the digadvantage 18 thet there are, for pach alporithos,
some "bad gary lewels”, that is, levels thet generateds some anneing repelitive
pittrns — such ns atrighl. vertical or shnped line, or olher “artifacts".
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2. Quad-tree error diffusion

2.1, Ohd=trees

Lzt o b n prosibiee: integer {foe meost ol our etz o= 3], and et us suppose
the imege sizes nre multiples of 2% Now, Tets consicder the division of the mage
inte aquares of 2 by 2 and let's call ic the feved o diision. Alse, ot us associnte
a qquatl Lees tooeach sueh level 1Y division square, with the reor associesed to the
Teve] O sopnares Thega, wee divide each level 0 sgoare inte Tour squeares. and we
associate thom with the sons of the corresporcding, rent nesle o e correzpoonding
tree. The resulcing souares will be che feoed §odbasion soeores, We continoe
the procedure until level o, where each division souare will consist of oxactly
one pleel, Mew, for each division souare, regardless the level, we can define an
guerage color g being the average of the pixel walues of the pooels i that sqre.
W hiave therefore average values for the original inage, and slso averaze valnes
for the dithersd imape we are coustroeting. We can alzo define a distance I:-EII:'
errar} beraean the averare walue in the constructed imuege and the cormesponding
separe i Lhe aviginal image. Oure method 18 trying to achieve, for each aqnare,
an ercor that is less then o certain thresbold; ehe thirdsbabld 2000 depeend only on
the level of the square,

2.2, Quad-tree error-diffusion for orthogsonal colorspace Let's sup-
pose e Bhal sach pixel can have one of the colors: Black {000, Red (1D,07,
Circen ':D.]-.U:'. Bl |;|:II|:I'|'I,:|I 'l:}'rlll ::|:I:|:I:|. Wallna: :'|||||:I:I: T'.-TaHE:'Lrﬁ |;:..\.I-.|.|]:|I and
White {1|1|1:|, E.-;_'.__ oach [,:-jxl_':]_ b WLy cidur thab bueee i||||-e|-l||-e|' Al T BTN

Az a level k division square is 2"~ = 28%~F pixels, its wwragn color cam benay
calor 1hat ia multiple of .1.#' Maveover, the work on che three color components

cart be done independent Ty

Nowr, our sdgorithm tekes cach level O division sguare of the eriginal e
and, for each color component, computes thed compenent for the pieels n the
porresponcdmng square of the conarructed image. This iz achieved in three steps:

1. Birst, compute the origaed mage's average value in each node of the gioad
tree. This 1 performed bottom-up, feom the Tsees o e moot,

2, Bext, il the average value oy in e original images 5 & multiple of q—,', then
Let the aeriragne vl g of 4t root for the constructel tmage - take the
arme value [y = tn) Ochereise, ot

3 |-'1“1.2|;|

-zll:I = q"_ll
(the sguars brakets denote the integral pect) aond we poct the seerage walue
the everege vulue of the root for the constructed image be wy = o+ X,
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where X ia a randém value that can b kor 1 with cthe proba bility of being
Legual o 4% fay — 451

d. For sach non-leaf nsle of the 1oe associated with the conatrupcted InEg,
Wi compuge the average value of its song as folloars:

Lal & be the leve] of Lhe current, non-leaf, node {the song are them an leveal
R+ 1, and = & o nj. Then, let uy he the gverage value of the curean:

1 L . T ' L]
e for the vriginal image, = ,,—l, gy bhe average wmlue of the

curent, node for the constructod bmage {up = v or wp = A T
U2, v, and vy the avecage values of the sons of the eurrenn node i che
original inage, and we ahall COnstruct che wverage valios 1 e, wm, and
tg OF the sons in the constructsd image. Now, we put, for ; = 1,4:

[T

fgr—k- 1,
_Lr.' 11
Ij W, ind rf; = 1y i.

x
1.‘-

It is CHEY [0 2ea I.h_.[l_l:: irL'L‘_. = Elﬁ ar gy = Eﬁ + F.II_—IE, theay ] Toems betaresn

] 4 it ¥
2o o and wy lies hetwaen EE: R T Therefore, for each i = 1,4, we

can put eather v, = of ap W= 4 T:i .
L L 4 =T

S0, the ideea is, the same ag fior the reot node, 1o Putia = i o Kiaair,
where X, is n random variable that can take the values (Vand 1; srith

the probability to be 1 of mﬁ+3‘—- Unfortunately, it is posaille that

& - . i - : : ;
T aedr 5o, we just sort d in decrensing order, nnd if 3 mﬁmﬁ
then we put X, =

The algorithm Atirantees, for each division square; & diiference batwoen the
cnginal image averagze valus and the dithered imagn aversge tolor of g ot
the contribution of qne pixel. Also, there are ng o Lifacts as long ms 1he randam
marmher sauren s good rnough,

do Methads for non-orthogonal colorspace

[ the previens section we considerad chal escly pixel can take sy color wit]y
eolur eomponents of 0 and 1. Fur 8 real molor praater, this condition cannaol be
met bul within rather copree Approvimation. A el velloar ink, for inatance,
can never reflect s neh red and green light gz the white RLpRT, nor can i
abaorh all the Llpe fempoenent. Aleo, combining two inks tloea not result iy g
reflcetion coafficient exactly equal fo the product of the reflectiog coefcient of
the twer component inks) See 1) &l (2 foar & tomplete lpht mefloction mods]
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Therefore, we must fitst. measure the reftection coefficients of the pEper and
of wll avaaluble inks and combinations of inks. Let " he the set of colora of the
white paper aml all che inks and combinations of inks, (in Tact, each eloment
of € is the tuple (o) £, o) of (e reflection coeficients for the red, green and
bilue light]. Now, (7 is the set. of sehisveable ol for fne pixel. The dithering
algorithm tukes again each level 0 squnre independently:

1. For cach node, from lesves te the reat, compile the avernge color and
the'set 5 of admisible achisvenhle averngn colors. The set 8 for a loof
noda 38 aosubset of O of the frst colors from o decreasing distani: from
the pixel color in the original imaps; also we requite that that distanne
be below a giwn threshold, For nop-leal rodes, the set & g o sihael of
S1 F Su+ 8: 4 5y where Sy 8s, Sy; and &y are the sets of adinisible
achievalile colars fur the four sonz of the o rent node.

2. For the root node, chonse the best, sdmisilile achievithle color (from ihe
assncinted 5 set).

3. Fur all other nodes, pick the enlur in & that parciciputed in the genaration
of the culor of the perent node,

4. Conclusions and future work

The quadl-tres error-diffusion nlgorithm iz a fast dithering algorilln giving
A good-conbrase imiage with ne artifacts. The method for non-orthoponal enl-
orapace gives an scoeprable dithersl imege for very sall color sus, Hewover,
il is slowr {due to the exhaustive search in &1 8 + 85 + 5, which can have &
few dozens to a few hundreds clements) and creatos artifacts due to the deter
miniakic sapproach. The expected improvement should hie to combine aomehowr
the randomized error-diffusion with the ssonnd meatlined.
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