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Abstract In this paper, we propose the new net-

work which obtains the input/output relationship

based on the user intuition. The intuitive eval-

uation of user is very important to evaluate the

performance of human friendly information fusion

systems. The self-organizing relationship (SOR)

network proposed by the authors can extract the

input/output relationship based on the evaluation

function by unsupervised learning. By employing

user intuition instead of the evaluation function of

SOR network, the input/output relationship based

on the intuitive evaluation of the user can be con-

structed. The e�ectiveness and validity of the pro-

posed intuitive evaluation based SOR network by

applying to the image enhancement.

Keywords: intuitive evaluation, input/output re-

lationship, self-organizing relationship network, im-

age enhancement

1 Introduction

In the �eld of the engineering, the objectivity
of information has been emphasized, and the
information including the intuition or subjec-
tivity has not been treated, because it has been

the ones which lacks the generality. In recent
years, increasing necessity of treating the sys-
tem which relates to human, reduction of the

intuition or subjectivity looks for the inconsis-
tency between the knowledge of the theories
and the real condition, and narrows the range
of application of the theories[1].

On the other hand, the contrast of an im-

age has an impact upon the intuitive impres-
sion of the user. In order to enhance images,
many methods are proposed[2]-[4]. In almost
all of these methods, the contrast of an image

is represented as the evaluation function, and
the original image is transformed to satisfy the
evaluation function. However it is very di�-
cult to represent the contrast of an image by

discursive evaluation function, thus the trans-
formed images sometimes do not accord with
the user intuition.

In this paper, the new image enhance-
ment method, in which the user intuition is

employed as the evaluation function, is pro-
posed. The self-organizing relationship(SOR)
network, which is proposed by the authors and

can construct the desired input/output rela-
tionship using the arbitrary evaluation func-
tion such as preference of users, is employed in
order to realize the transformation correspond-

ing to the user intuition.

The proposed method is applied to enhance
the contrast of the images in accordance with
the user intuition and evaluated. When this
image enhancement method is implemented by

hardware, it should be very useful system for
applying to sensor devices.

2 SOR Network

The structure of the self-organizing relation-
ship (SOR) network proposed by the authors

is shown in Fig.1. The SOR network possesses
the input layer, the output layer and the com-
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Fig. 1. The structure of the self-organizing rela-
tionship (SOR) network. (a)The learning mode.
(b)The execution mode.

petitive layer containing n, m and N units, re-
spectively. The i-th unit in the competitive
layer connects to all units in the input layer
and the output layer through the weight vec-

tor wi and vi, respectively. There are two pro-
cesses in the algorithm of the SOR network,
the one is the learning mode, the other is the

execution mode.

In the learning mode, random input/output

pair (x;y) is applied, as the learning vector, to
the input and the output layer together with
the evaluation E for the learning vector. The
evaluation E may be assigned by the network

designer, given by the intuition of the user or
obtained by examining the system under test.
The positive E or negative E mean the good

or bad relationship between the input vector
and the output vector. The c-th unit in the
competitive layer, which has the closest weight
vector vc = (wc;uc) to the learning vector I =

(x;y), is de�ned as the winner unit. The units
that are located within the neighborhood of

the winner unit are de�ned as the neighboring
units. �vi calculated by Eq.1 is added to the
old weight vectors vi of the winner unit and

neighboring units in order to obtain the new
weight:

�vi =

(
�(t) �E � (I� vi) E � 0
�(t)

1��(t)
� E � (I� vi) E < 0;

(1)

where �(t) and �(t) are learning rate which
decreases with time. In other words, when the
evaluation E is positive or negative, the weight

vectors of the winner unit and the neighbor-
ing units are attracted to or repulsed from the
learning vector I, respectively. The evaluation
E is given by the user with intuition, the SOR

network can construct the relationship between
input vector and output vector based on the
user intuition.

After the learning, the SOR network is ready
to use as the I/O relationship generator. This
operation is referred to as the execution mode
and it is illustrated in Fig. 1(b). The actual

input vector xo is applied to the input layer,
and the output zi of the i-th unit in the com-
petitive layer is calculated by:

zi = exp(�
k xo �wi k

�
); (2)

where � is a constant representing fuzziness of
similarity. zi represents the similarity measure

between the weight vector wi and the actual
input vector xo. The output yok of the k-th
unit in the output layer is calculated by:

yok =
NX
i=1

ziuki =
NX
i=1

zi; (3)

where uki is a weight from the i-th unit in
the competitive layer to k-th unit in the out-
put layer and it is equal to uik obtained in

the learning mode. The output of the net-
work yo = (yo1; � � � ; y

o
k; � � � ; y

o
m) represents the

weighted average of ui by similarity measure
zi. The relationship between actual input vec-

tor xo and the output vector of the network yo

accords with the user intuition.



(a)

F
re

qu
en

cy

Intensity

0

200

400

600

800

1000

1200

1400

1600

1800

2000

0 50 100 150 200 250

(b)

Fig. 2. Original Image (girl). (a)Image.

(b)Intensity Histogram of the Image

3 Image Enhancement Using

SOR Network

The new contrast enhancement method based
on the user intuition is proposed. The method
is realized employing the SOR network.

3.1 Conventional Method

In the image processing, the contrast enhance-
ment is used to enhance or restrain the infor-
mation of the original image in order to let

the image easy to see for the user. As the
conventional method of the contrast enhance-
ment, there is the linear transformation (LT)
and histogram equalization (HE). Both meth-

ods are known as the methods which are easy
and powerful to enhance an image. Consider
that the image shown in Fig.2(a) is enhanced.

The intensity histogram of the image is shown
in Fig.2(b). The levels of intensity of all im-
ages in this paper are 256. In the LT, the in-
tensity mapping curve which extend the range

of the intensity histogram of the original im-
age from [Gmin,Gmax] to [0,255], which Gmin

and Gmax are the minimum and the maximum
intensity in the image, respectively. The inten-

sity of the original image is transformed by us-
ing the intensity mapping curve. Fig.2(a),(b)
show the intensity mapping curve and the im-

age enhanced by the LT, respectively. The
original image is enhanced naturally by this
method, but if the range of the histogram of
the original image is very wide, the method

has no e�ectiveness. In the HE, the integrated
function of the intensity histogram is employed

as the mapping curve as shown in Fig.3(c).
Fig.3(d) shows the image enhanced by the HE.
The contrast enhanced image is obtained by

this method. But the enhanced images some-
times have so strong contrast that the images
are unnatural for users.
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Fig. 3. The mapping curve for the image shown

Fig.2 by each method and the enhanced image
(a)Linear transformation (b)Histogram Equal-
ization

In order to obtain natural images which
have strong contrast, the methods using the
local information of original images or the

methods based on the if-then rules have been
proposed[2]-[4]. In these methods, the contrast
of an image is represented as an evaluation
function, and an original image is enhanced to

satisfy the evaluation function. Thus the deci-
sion of the evaluation function is very impor-
tant. However it is very di�cult to design the
evaluation function corresponding to the user

intuition. The enhancement method which re-
ects the user intuition is very useful.

The new image enhancement method, which
generates the intensity mapping curve corre-
sponding to the user intuition as shown in
Fig.4, is proposed in this paper. In this

method, the relationship, which is based on the
intuitive evaluation, between the intensity his-



togram of the original image and the mapping
curve is obtained by the learning.

3.2 Proposed Method

In the proposed method, the relationship be-
tween the histogram of the original image and
the intensity mapping curve is approximated

by the SOR network. The input vector is the
intensity histogram of the original image. It is
represented by the 256-dimensional vector x =
(x1; x2; � � � ; x256), where xi is the number of

pixels whose intensity is i. The output vector is
the intensity mapping curve which transforms
the original image. It is represented by the

256-dimensional vector y = (y1; y2; � � � ; y256),
where yk is the output intensity for the input
intensity k. x and y are employed as the in-
put vector and the output vector of the SOR

network, respectively. The evaluation of the
relationship between x and y is given by the
user who watches the image obtained by the
intensity mapping curve y. The learning of

SOR network is achieved using these learning
vectors and their evaluations. After the learn-
ing, the SOR network exhibits the desired re-

lationship between intensity histogram and in-
tensity mapping curve based on the user intu-
ition. The intensity histogram of the image
which should be enhanced is applied to the

SOR network, and the desired intensity map-
ping curve is generated by execution mode of
SOR network.

4 Experimental Results

The learning vectors (x;y) and their evalua-
tions E for the learning of the SOR network
should be obtained from subject at �rst. Fif-

teen images (Image 1 to Image 15) are pre-
pared, and each image is transformed by �fteen
mapping curves generated randomly, as shown

in Fig.5. 225 transformed images (Image 1-1 to
Image 15-15) are obtained and intuitively eval-
uated by the subject. In Fig.5, the evaluation
of the Image p-q is 0.2, i.e., the relationship be-

tween Hp and MCp�q is given the score 0.2 by
the subject. The learning of the SOR network
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Fig. 4. Proposed image enhancement method.
The intensity mapping curve for the intensity
histogram of the original image is generated in
accordance with the user intuition.

is achieved by using these 225 learning vectors
and their evaluations.

In the learning, one learning vector is ap-
plied to the SOR network, and the weight vec-

tors are updated in accordance with its eval-
uation. Applying all the learning vectors to
the SOR network is de�ned as one iteration.
In this experiments, the number of iteration

is 300, the number of units in the competi-
tive layer is 100(10�10), the initial value of the
learning rate �(0) is 0.5, and the initial values

of the weight vectors are random.

Consider that the test image 1 shown in

Fig. 6(1-a) should be transformed appropri-
ately. The histogram of the test image 1 is
applied to the input layer of the SOR network
after the learning, and the SOR network pro-

vides the intensity mapping curve in its exe-
cution mode. Here, the fuzziness parameter �
shown in Eq.(2) is 1.0. Fig. 6(1-d) shows the

image transformed by the intensity mapping
curve which is generated by the SOR network.
Fig. 6(1-b) and (1-c) indicate the images trans-
formed by the LT and the HE, respectively.

When these four images shown in Fig. 6(1-
a),(1-b),(1-c) and (1-d) are presented to the
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Fig. 5. How to obtain the learning vector (x;y)

and to decide the evaluation E.

subject, it answers that it prefers the image
transformed by the proposed method to other

three images, because the image transformed
by the LT has too poor contrast, and the im-
age transformed by the HE has too strong con-

trast. Other four test images are transformed
by the LT, the HE and the proposed method,
and the transformed images are presented to
the subject. It answers that it prefers the im-

ages transformed by the proposed method to
other three images for all four test images.

The experiment above is achieved for seven
subjects. For each test image, the original im-
age and ones enhanced by three methods are

ordered by the subjects according to their in-
tuition. Table 1 shows the average of ranking
for each test image. It is known that many

subjects prefer the images by the proposed
method to ones by other methods, and that
the SOR network can construct the relation-
ship between intensity histogram and intensity

mapping curve based on the intuition of the
subject.

(1-a) (1-b) (1-c) (1-d)

(2-a) (2-b) (2-c) (2-d)

(3-a) (3-b) (3-c) (3-d)

(4-a) (4-b) (4-c) (4-d)

(5-a) (5-b) (5-c) (5-d)

Fig. 6. Five test images and enhanced im-

ages. (-a)Original image. (-b)The image
transformed by the LT. (-c)The image trans-
formed by the HE. (-d)The image transformed
by the proposed method.

5 Conclusions

In this paper, the new image enhancement
method, which is based on the intuitive evalu-

ation, is proposed. It is very important to con-
sider the user intuition when images should be
enhanced. Employing the user intuition as the

evaluation function of the SOR network, the
input/output relationship which is constructed
by the SOR network accords with the intuitive
evaluation of user.

It is applied to the image enhancement.
The experimental results show that images en-

hanced by the proposed method accord with
user intuition more than the images enhanced



Table 1. The average of the ranking for each

image.

original LT HE proposed

image method

image 1 2.71 3.29 2.29 1.71
image 2 2.29 3.14 2.71 1.86

image 3 2.42 2.57 3.86 1.43
image 4 3.00 3.43 2.43 1.43
image 5 2.43 3.71 2.57 1.29

by the other method.
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