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Abstract

The error diffusion method is one of the digital halftoning processes that transforms the continuous-tone image to the
binary image and the method has the excellent reproduction ability. However the error diffusion method using the
permanent threshold has difficulty in proper binarization, so the method has the periodic pattern and is unpleasant to the
eye. In this paper, to reduce defects and to binarize properly, we propose the error diffusion method using the adaptive
threshold. Depending on the intensity distribution of the input gray scale image, we.decided on the adaptive threshold with
the average of the intensities. The error diffusion method with the adaptive threshold has the better performance than the
existing method and is evaluated with experiments and comparisons.

Keywords : error diffusion, halftoning, dithering, adaptive threshold
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Fig. 12. Block diagram of proposed algorithm.
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MSE = 71\,-2 (4,— B,)? (4)
PSNR = 10 % Ioglo( i;’é’;)dza (5)

I AHEE 57 duFe woly FAA &
d LPS dazjge] & Aze vwsjs MSE 47}
%1, PSNR F#A7F 2 A2 & & dxe] 4¥hdd
art gAY 7ide] £L d3E I

AAAA Ade e AR &d LIPS > JIN
> ST > FS > SF €22 Yegth ofs 749 §4
& vehd 4 Ql=d JINS FSE /st o 2
#E YveL, ST F¢+ ZAHEE 2 ohi7] 9
M ZHeAE o FA7] Wit

a2 19, EMSY HAK256x256) (a) Airfield, (o) Airplane,
() Baboon,(d) Bridge, (e) Couple, () Crowd, (@) 1 Xp=HA Ad Z3HMSE)
Girl, (h) Man, () Peppers Table' 1. Experimental Data of the error diffusion(MSE).

Fig 19. Gray-scale image(256x256) (a) Airfield, (b)

Airplane, (c) Baboon, (d) Bridge, (e) Couple, () Ir.nége S JN Sl SF LPS
Crowd, (@ Girl, (n) Man, () Peppers Airfield 13072 11572 11752 13606 a6

Airplane | 16201 | 10337 | 10062 | 17003 7614
Baboon | 12794 | 10633 | 11160 | 13464 8685
Bridge 13456 1677 11904 | 14130 %19
Couple 14267 | 13003 | 13366 | 14525 | 11443
Crowd 15162 | 1085 | 11344 | 16847 8882

A" LnA=SS wg oz J1&e G E(FS,

SF, JIN, ST 513] LPS)#} vl F7hgey. Agel At Gd | 128 | s | usis | 1796 | 1025
48 98 G2 256x266 719 Az B, Lenna Lenna | 13576 | 1253 | 12840 | 14003 | 10275
g4 9o aE 199 971X9] HAH Airfield, Airplane, Man | 13953 | 12552 | 12960 | 14441 | 10260
Baboon, Bridge, Couple, Crowd, Girl, Man % Peppers) Peppers | 13408 | 12491 | 12755 | 13802 | 9811

< gdes Adst
CE 2 AR MF HIHPSNR)
Table 2. Experimental Data of the error diffusion(PSNR).

1. 4% Ao vl
A4 Az G4 e PyF AF 24 (mean mage § IS | JN | ST | SF | LW

Airfield 6.967 7.496 7429 6.793 8.565
Airplane { 6.035 7.986 7897 58% | 9314
Baboon 7.060 7.864 7.664 6.839 8742
Bridge 6.841 7457 7.373 6.623 8.344

square error : MSE)¢} 74kl Hul A& o zHsH]
(Peak Signal to Noise Ratio : PSNR)Z A}%EM gi}
FaE 9gAe] %S i) gt oz MSEE ¢

B8 A golng AerH ol T, PSNRE Cowple | 6587 | 6990 | 6870 | 6509 | 7545
4ol sde Hrlste 7|EoE 2 (E o] T Crowd | 6323 | 7774 | 7583 | 5865 | 8645
& S0 PAA AT PSNRL Fitdle] go= Girl 5768 | 7667 | 7518 | 7413 | 8021
kel olgl o] Aol L& oAt AL Fizlo] EXA Lenna 6803 | 7149 | 7045 | 6668 | 8012
oro oJAle] H)3] 2 PSNR e 7k 933 A3 Man 6.683 7143 7.004 6.534 8.019
34} 7ke] MSESF PSNRLS A(4)¢} A(5)2 Ea =T, Peppers 6.856 7.164 7.073 6.731 8213
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Table 3. Performances of the Adaptive Algorithm(MSE).
Image FS JIN ST SF LPS
Airfield 12668 | 10171 10706 | 12829 8532
Airplane | 11359 3063 8329 11822 5374
Baboon | 12502 | 9850 | 10246 | 12416 | 8365
Bridge 13197 10598 11262 13382 9265
Couple 14125 12675 129011 14328 11393
Crowd 12047 9159 10080 | 12857 6841

Girl 11848 9141 9910 11796 7564

Lenna 13399 | 11362 ¢ 11927 | 13297 | 10178

Man 13650 11590 12210 13948 10105

Peppers 13365 11469 11958 13533 9706
E 4 HZ2¥ guelFe ds "IHPSNR)

Table 4. Performances of the Adaptive Algorithm(PSNR).
Image FS JIN ST SF LPS
Airfield 7.103 8.056 7.834 7.048 8819
Airplane | 7577 9.065 8671 7403 10.827
Baboon 7.160 8.330 8.025 7.190 3905
Bridge 6.925 7878 7614 6.865 8.462
Couple 6.630 7.101 7.021 6.568 7.564
Crowd 7.322 8511 8.09% 7039 9779

Girl 7.3H4 8520 8.169 7413 9.342

Lenna 6.860 7576 7.365 6.893 8.053

Man 6.779 7.489 7.263 6.685 8.085

Peppers 6.870 7535 7.34 6.816 8.260
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Table 5.

MSE
adaptive
3532.8
53746
8365.7
9265.0
11393.1
6841.1
7564.8
101786
10105.3
9706.1

PSNR(dB)
general
85658
9.3143
87421
8.3447
7.5452
86454
80211
80127
8.0191
8.2136

Image ;
adaptive

8.8199
108273
8.9068
8.4623
7.5643
9.779%
0.3428
8.0539
8.0853
8.2603

general
9046.9
7614.6
8685.8
95194
114436
88825
10255.7
10275.6
10260.5
9811.1

Airfield
Airplane
Baboon
Bridge
Couple
Crowd
Girl
Lenna
Man
Peppers
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