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Abstract: The constrained average method is one
of dither methods which combines edge emphasis and
grayscale rendition to provide legibility of textual re-
gion and proper quality of continuous tone region. How-
ever, image quality of continuous tone region is insuf-
ficient compared to other dither methods, such as or-
dered dither methods or the error diffusion method. The
constrained average method uses a uniform distribution
function to decide number of lit pixels related to the
average intensity in a picture area. However, actual dis-
tribution of continuous tone region is closer to the Lapla-~
cian distribution or triangle distribution. In this paper,
we introduce various probability distributions and the
actual luminance distribution to decide the threshold
value of the constrained average method in order to im-
prove image quality of dithered image.

1. Introduction

Half toning techniques are used in case that a multi-
level image is displayed or recorded in bi-level devices
like facsimile equipments. Dither method is widely uti-
lized as a half toning technique for its fine capability of
reproducing continuous-tone scene with the same num-
ber of pixels as an original image.

The constrained average method, which is one of
dither methods, is able to enhance contours and rep-
resent continuous-tone in a single process, so that it
is suitable for dithering an image containing not only
multi-level regions but also textual, or line drawing parts
[1] [2). However, the continuous-tone representation ca-
pability of the constrained average method is inadequate
compared to the ordered dither method or the error dif-
fusion method.

In the constrained average method, the average lu-
minance of the current pixel and its surrounding pixels
is calculated to determine the threshold value which is
used to compare with current pixel. Conditional lumi-
nance distribution of current pixel is assumed to be uni-
form in the conventional constrained average method.
Therefore, the threshold value is calculated from the ra-
tio of the average luminance value to the dynamic range,
and the on or off state of the current pixel in the dithered
image is determined by comparing the current pixel with
the threshold. However, the actual conditional lumi-
nance distribution of the current pixel in a continuous
tone region is closer to the Laplacian distribution or
the triangle distribution. In this paper, we introduce

various probability distribution models and the actual
luminance distribution to decide threshold value of the
constrained average method in order to improve image
quality of the dithered image. '

2. Constrained Average Method

In the constrained average method, the on or off state
decision for the pixel I, is determined by following
steps. First, the mean luminance B,y in the neighbor-
hood of I, is calculated.

Secondly, a threshold value T, ,, is calculated by mod-
eling the conditional luminance distribution of the cur-
rent pixel. As shown in figure 1, in the conventional
method, conditional luminance distribution of the cur-
rent pixel is assumed to follow a uniform distribution of
width v and centers on the mean luminance value.

Probability Density
Probability Density
[

-1

[ S
L] 1, 1,

Fig.1. Uniform distribution Fig.2. Laplacian distribution

Probability Density

Fig.3. Triangle distribution

The threshold value T, is set up by equation (1),
where B;, is the mean luminance given by equation
(2), R is the maximum of luminance, and B, /R is the
possibility that the current pixel value is greater than
the mean luminance.
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Threshold T, , is given by rearranging the equation (1).
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Figure 6 and figure 7 show dithered images which are
obtained by applying conventional constrained average
method to original images, figure 4 and figure 5, respec-
tively.

Here, figure 4 is an image to evaluate similarity and
continuous-tone reproducibility, and figure 5 is an image
to evaluate legibility.

Fig.6. Constrained average method
(512x512pixel, 1bit/pel)

3. Constrained Average Method
Considering Actual Luminance
Distribution

In the constrained average method, it is assumed that
a conditional luminance distribution of the current pixel
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Fig. 7 Constramed average method
(512x256pixel, 1bit/pel)

follows a uniform distribution centering on the mean
luminance of the current pixel. However, as shown in
figure 8, in many cases the actual conditional luminance
distribution does not follow a uniform distribution.
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Fig.8. Actual luminance distribution

Thus, in our method, the conditional luminance dis-
tribution is supposed to follow the Laplacian distribu-
tion shown in figure 2, and threshold value is given by
equation (4) in consequence.

We also studied in case that the conditional lu-
minance distribution follows the triangle distribution
shown in figure 3, and the threshold value is given by
equation (5).
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In these equations, the width of the distribution 7,7,
are changed according to mean luminance value.

We also propose the method which uses an actual
conditional luminance distribution of current pixel in-
stead of some probability distribution models. In this
case, the threshold value Ty 4 is determined by equation

(6)-

Tey B R
HG) = (1- 222} H{ (6
> HO) ( R); @) )

Where, H (%) is occurrence frequency of luminance .

ITC-CSCC 2002

(4



4. Experimental Results

Figure 9 to figure 14 show dithered images obtained
by proposed methods. In these figures, method 1,
method 2, and method 3 correspond to the method using
triangle distribution, the method using Laplacian dis-
tribution, and the method using the actual conditional
luminance distribution, respectively .
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Fig.12. method 2 (512x256pixel, 1b1t/pel)

We performed four subjective evaluation experiments
to evaluate image quality of these images. We used Ura’s
method in Scheffe’s method of pair comparisons [3] for
subjective evaluation. All possible pairs of images are
presented to a subject and the subject gives a score to

Fig.14. rnethod 3 (512x2;)6p1xe1 lblt /pel)

each pair based on evaluation criterion categories shown
in table 1. the mean score for each image is calculated,
and each image is evaluated. Mean score a(:) for an
image A; is given by equation (7).

d(l) 2tN Zz(muk -T]zk) (7)
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Where, N denotes the number of subject, ¢ denotes the
number of image, and z;;; denotes score when a subject
k compared image A; indicated in left with image A;
indicated in right. In our experiments, the number of
subject is 10.

Table 1. Evaluation criterion category

[ Evaluation criterion category | Score |
Left image is better than right image 2
Left image is slightly better than right image 1
Left image is equal to right image 0
Right image is slightly better than left image | -1
Right image is better than left image -2

We call four experiments, namely experiment 1, ex-
periment 2, experiment 3, and experiment 4. In ex-
periment 1, dithered images which obtained by three
proposed methods are compared. In experiment 2 to
experiment 4, each proposed method is compared with
the conventional constrained average method, the er-
ror diffusion method, and the ordered dither method,
respectively. The proposed method in experiment 2, 3,
and 4 is the constrained average method using the trian-
gle distribution, the constrained average method using
the Laplacian distribution, and the constrained average
method using the actual conventional luminance distri-
bution, respectively.

We evaluate three quality measures, that is, similar-
ity, continuous-tone reproducibility, and legibility. We

ITC-CSCC 2002



used figure 4 in evaluation of similarity and continuous-
tone reproducibility and figure 5 in evaluation of legibil-
ity.

Table 2 to table 5 show results of subjective eval-
uation. In each table, ‘Method 1’ means the con-
strained average method using triangle distribution, and
‘Method 2’ means the constrained average method us-
ing Laplacian distribution, ‘Method 3’ means the con-
strained average method using the actual conditional
luminance distribution, ‘Conventional’ means the con-
ventional constrained average method. In the error dif-
fusion, 5 x 3 matrix is used. In the ordered dither, 4
x 4 Bayer type matrix is used. Data in column index
1, index2, and index3 show similarity, continuous-tone
reproducibility, and legibility, respectively.

These tables show the results of each experiment.
The greater the values in quality index are, the better
evaluation they mean.

Table 2. Result of experiment 1

evaluation item
method index1 | index2 | index3
Method 1 {| —0.033 0.017 0.683
Method 2 || —0.033 | —0.050 | -0.517
Method 3 0.067 0.033 | —-0.167

Table 3. Result of experiment 2

evaluation item
method index]l | index2 | index3
Conventional —-0.325 | —0.400 0.800
Ordered dither || —0.050 0.388 | —1.213
Error diffusion 0.863 0.788 | —0.150
Method 1 —-0.113 | —-0.225 0.788

Table 4. Result of experiment 3

evaluation item
method index1 | index2 | index3
Conventional —0.713 | —0.975 0.888
Ordered dither ]| —0.138 0.275 | —-1.113
Error diffusion 1.025 | 0.850 | —0.138
Method 2 —0.175.| —0.150 0.363

Table 5. Result of experiment 4

evaluation item
method indexl | index?2 | index3
Conventional —~0.488 | —0.488 0.813
Ordered dither || —0.075 0.300 | —1.175
Error diffusion 1.025 0.838 | —0.250
Method 3 -0.113 | -0.125 0.788

We can consider that the constrained average method
can achieve good image quality by using a probability

distribution model which is close to the actual condi-
tional luminance distribution. We can see from table
1 that the method 3 obtained the best evaluation in
similarity and continuous-tone reproducibility and the
method 1 obtained the best evaluation in legibility. The
effect of edge emphasis becomes strong in the method 1,
because the threshold value in the method 1 is close to
mean luminance value compared to the other proposed
methods. Therefore, we can consider that textual region
becomes distinct in the method 1.

In table 3 to table 5, we can see that our proposed
methods are inferior in similarity and continuous-tone
reproducibility compared to the error diffusion method
and the ordered dither method. However, our methods
could obtain very good evaluation in legibility.

In case of comparing with the conventional con-
strained average method, proposed methods could ob-
tain better evaluation in similarity and continuous-tone
reproducibility. Legibility of images which are generated
by proposed methods are similar to that of the image
which is generated by the conventional constrained av-
erage method except method 2.

Though image quality of proposed methods are insuf-
ficient compared to the error diffusion method and the
ordered dither method, we can see that proposed meth-
ods can improve image quality while keeping legibility
compared to conventional constrained average method.

5. Conclusion

In this paper, we proposed a constrained average
method in consideration of the actual conditional lu-
minance distribution. Experimental results show that
our proposed methods can obtain the best image qual-
ity compared with the conventional constrained average
method. In our future works, we will investigate the
good dithering method for color images.
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