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Digital Halftoning by an Iterative Procedure based on a Human Visual Model
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ABSTRACT

Because of the limited spatial frequency response characteristics of the human visual system, when the pattern consisted of dots
is viewed from appropriate distance, it is seen as a continuous gray-level image. Using this visual phenomenon, digital halftoning
is to obtain a binary image (halftone image) visually similar to continuous gray-level image through the binary output devices such
as a printer, facsimile, LCD TV, etc.

The two widely used halftone methods are the ordered dither method and the error diffusion method. The ordered dither method
has a simple structure and is computationally fast method, but has low spatial resolution and displays visually-annoying periodic
artifacts in the halftone image. On the other hand, the error diffusion method has high spatial resolution, but displays artifacts due
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to the algorithm to be processed.

In this paper, in order to obtain a visually-optimal halftone image, an iterative digital halftoning based on a human visual model

is presented.

Halftone images by the proposed method display little artifacts, and at the same time have high spatial resolution when they are

compared with those by ordered dither and error diffusion methods.

.M B

e ZE AHFAS 48 IYEARAE 83
HoZ on/offe] ©|AEHTE Yt W& A
ojt}.

A g 3#ZE 71¥(Digital Halftoning)& °13%&
YANE AL o|RGR(ol3), STE F)d o
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Fig. 1. Halftone image rendering system
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el hEH 2APSRZE Bayerst AYE Aol
ded FRH 2z A3 AAd 2Yx) gL 7R
2 vt £33 doyy dieze AHe 949 ¢
RN g BH7l 2Ass 23”9 3rist e
A%, A&l Jehddd, Aoz nYPY AL E
Hatx Re ol EYPXNE ol8Y AL, YUY d
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9] ojeFg A& HA(slightly noisy rendition of
edges)ol slwed Hsde 94 Wi @ gad
&9 o &AQd 7idsng AgEE 29 FFA oat
ki zbol 7 A7}

SAEAE & A FFe S v Aol v £
FEHoE oz AgEe ¥ dFHAed 289 34
AT FARE QFAS diad BIAYFEY =9
olct. 2d Bol, E due AFFARA, LAGYS
el YEjolE& A3t T4 Gl SFZE 2
Ag HY FIAIEE eARNYHE AAse 4F
W7} doiydrt.

g 48 FHLE] Adedl 2 F R 7
A A$E AnEY o ARNEH] Ay, HAXNE A

www.dbpia.co.kr



HF/ANARde AR £ HEAAN 48 A E HTE Y

219

FAY st E #E8A MA2A A8 WA (pertur-
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2e 999 o3 Fedrt,
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1 yN=2TH
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0, otherwise.
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Fig. 2. Block diagram of error diffusion process
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tion)¥ of#ist Zeo] Hejdrt

1 MoN-t
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€% THINCD & A DG Dy
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M
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Ag4e) FH Yol & X P}, dvAe 494
% SEE 937 FIRYFY Aole AHH HF
Aol g} wl# RA S 31t

3. MW OERE B8R

q3e Badm Friste FAe AN fqqd <
Ztel AlZAEge] 2AE F 3 dge JEURd
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1. MBS Tk U RARE
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el Azt o Bl QXE THATIeH. ditFe
2 ANz eA} e oot To] FoEY,
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zZtel A2REgFE vee F, Gt 3% 9943 3
ZE Ao Falo W Jehln *E 22Y AER
A& Jepdc,

a9 39 B =&oA AME#® AZe d¥289As
& 34Y a=e oA Jdehiden a9 49 Al
N29%4 &, VMTF(visual modulation trans-
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Fig. 3. (a) Approximate impulse response coefficients of human visual system
(b) Its 3-D spatial domain representation (Ref.(7] S. Kollias)
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Fig. 4. VMTF curve of the used visual model
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0 , otherwise.

A(27), (28), (29)olA fi= k¥ & Fo) 494
£ Jehdie, Ae exe $£¥& 2dde 1FE
(fixed) Hetvlgloln, g foo @ FZE F2ol
® THe 29X & 4dehdd.

NzZead] d@ HEAELA(MSE)E otdig 2]
R Rias

N-1N-

MSE = —Lbr 35 (hx(f-g))? (30)
. N® =0+

714, NxN& 94¢ A7lE vehdg.

2. MRBBEE A

B =RdAe A9 ARz Futge B4%
7 e /PAREAE AgEd 7120 23E BEA o
Ao} ALgat T AU PAEEAE AGHRIEH
(visual-modulated threshold)gtz Fel3ts, 4
Aoz FYA ol Bl

TH=w-h+*w (3D

714, we ol3A HAFFeRA, AL o
A& AHEET,
A31)& FIFHFIHAA @5 ol 2ot

TH = FYW - W ]

(32)

FVIU-EDW ]

o714, I+ ANEEH(all-pass) B & Zer)
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BEgXE Alzte] Al2ds He Fude] $x& Z
. TH & #Hdgeo] 1o 95& FFgAct,

www.dbpia.co.kr



224

BREEESARLE 95-3 Vol 20 No.3

V. R #R

Aol AT FAEL 256 x25627)9} 256TA2 A
22 & Zv Lena¥dd® AzxzE YWyl £o2 Uy
AzE Hxolnl 21(27), (28), (29)°1M k=0Y mel %
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£ AFEE 2% 1003 ¥HEF9 MSEx 318.380%
o AZAZEEAE AHEE B $9 MSE® 36.772
B2 23 &7t 1/9W A

e ]
] ]
2o - ]

: |
|

2800 19,

sk T

2% 5. Lena%d 3l g B 2A4FA
Fig. 5. MSE curves for Lena image
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ZEANE o ol FZE JBEL B Yol 98
dolnl dAEn A Avimel EHog AAFGUL.
53], 2% 69 945 d#d, dZ=(contrast)e
gAE& A e NEjdd Azxx BXZF(tone
scale adjust)elgles AAAFE At 28 8

790

AzE #xx4 aHxzt AAse gled, d3g &
el vl g #sl 0.05 o3kt 0.95 ol AxwE
bzt 0 124 dEH e s Hstyct.

duelFel o ¥ FAANE A& F 2
E1he] 93 FAES HE8s #Es] de 2y 63
oy 79 EE GAEE 150 dpicldte] Aadza
AHatdt, T3 wedAon apFEIMel shAF s}
2 984 450dpiol AR QMY AHTE J4% 1
& 99 AjAlstAd

Aekd wWylel £44E Bolyl da HAWAILE A
gtx], F84 SARHA AN A FAhe A

dgda e s ZE G4 ke dXxE Yl
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7b & 16l Aol stk &FFRZE 4 (21) M 9}
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ANEIL, cghol EFE AT 9 £ A dARE Y
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AxzA A(24)9] Jebd ubet o] A 02 EAEIL
ApS el 45 AdE 949 I 494
A Ve,

1 349y
x Y ooy (=100)o] i AhAQ] gEol AHEH
Table 1. Results of image quality evaluation
% Relative values to C.D. method (=100) is used

Method ~——ietric ¢ Anm
C.D. 100(%) 100 (%)

D.D. 102.6 101.8
E.D. 142.8 2873.5
Proposed. 175.3 971.4

E 1o Jehd Z7E B2W, $ZYBE cE AULP
Wgel 74 wom, x84 (error diffusion
method)(¢13, E.D.Jo] F4&olw 43y doiy
(clustered-dot dither)(elst, C.D.}3% #4438 dd]
¥ (dispersed-dot dither) (o3}, D.D.Jol A9l
& FFoz 7MY Wtk oA AIE wyd o
AR ST E Gate &0l dAF4e &% Y 4
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Fig. 7. Halftoned gray-level ramps obtained by different methods

(a) Original image (b) Error diffusion method
(c. d) Dispersed, Clustered ordered dither

(e) Proposed method
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(c, d) Dispersed, Clustered ordered dither
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