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An Improved Attention Parameter Setting Algorithm
Based on Award Learning Mechanism*’
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Abstract The setting of attention parameters plays a role in the performance of synergetic neural network based
on PF . model. This paper first analyzes the attention parameter setting algorithm based on award-penalty learning
mechanism. Then, it presents an improved algorithm to overcome its drawbacks. The experimental results demon-
strate that the novel algorithm is better than the original one under the same circumstances.
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1 INTRODUCTION

The synergetic approach to pattern recognition!™
has been popularly applied in the field of image
processing and image recognition since it was first
described by Haken in 1980s. Meanwhile, its algo-
rithms, especially the selecting of prototype pat-
terns, the setting of attention parameters and the
realizing of spatial invariant pattern recognition,
have been deeply studied.

As far as the setting of attention parameters is con-
cerned, Wang, Lever and Pu studied the features
of attention parameter and put forward the atten-
tion parameter setting algorithm based on award-
penalty learning mechanism!®, which was utilized
to complete the recognition of optical charac-
ter. However, this zalgorithm has the following
shortcomings. First, it can not get the opti-
mum. Second, it has several free parameters de-
fined by users. Third, it modifies the attention pa-
rameters each time an error recognition happens so
that it is time-consuming. Another unbalanced at-
tention parameter training algorithm based on Ge-
netic Algorithm!*) was presented by Wang and used
to classify license plates. This approach makes use
of Genetic Algorithm to search the solution space
globally and converge more quickly than the for-
mer but it is more time-consuming. Later, Hogg,
Talhami and Rees advanced the SCAPAP algo-
rithm (SCAP™ with attention parameters)®™ to
solve an important problem, the pose classification
in the operation of industrial robotics in which the
explicit parameter algorithm was presented to de-
termine the parameters functionally equivalent to
attention parameters. This scheme can set the pa-
rameters in linear time on the condition that there
exists a zero-error solution. However, it is not so
ideal in reality and under these circumstances its
solution is a NP problem.
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Considering the shortcomings of the above-men-
tioned algorithms, an improved algorithm is pre-
sented to improve the attention parameter setting
algorithm based on award-penalty learning mecha-
nism. The rest of the paper is organized as fol-
lows. Section 2 introduces the model of synergetic
pattern recognition. Section 3 deals with the im-
proved algorithm. Section 4 gives the experimental
results of several algorithms and makes a discus-
510N,

2 THE SYNERGETIC PATTERN RECOG-
NITION MODEL

The dynamics of pattern recognition can be
thought of as the overdamped motion of a particle
on a potential hyper-surface. The particle is started
at the point correspending to the test image and
the pattern is classified when it reaches a potential
minimum corresponding tc one of the prototypes.

In synergetic pattern recognition, the M prototype
v; and test image ¢ are represented as raster-
scanned column vectors which have been normal-
ized to have zere mean and unit length. Assume the
column vectors have N dimensions. To guarantee
the linear independency of the M prototypes, it is
required

M=IN €3]
The dynamic equation of pattern recognition is giv-
en by '
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where A=[A;++ 4] is a vector of constant labeled
attention parameter. Only when A >0, ¢ can be
categorized as the corresponding class k. &, the or-
der parameter is given by

&i=ulg (3)
of is the adjoint vector of v,, satisfying
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and By and C are constants.
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This mode! is called pattern-formation model la-
beled PF and Hakenl™ has proved that PF has the
following properties;

+ all the prototypes are possible final states;

+ there are no other possible final states, that is,
the system will not learn any ‘spurious’ memories.
These two features prove that it is rational to con-
struct SNN with PF model.

Let By=C,A>0, equation (2) is transformed in-
to

a=f‘(s.a>=&u.+cs%—zc§)&.> (5)

The above formula is called PF s model, where AP
stands by 7 Attention Parameter”.

3 AN IMPROVED ATTENTION PARAM-
ETER SETTING ALGORITHM BASED
ON AWARD LEARNING MECHANISM

According to equation (5), enlarging A, increases
the probahility that a certain test image is recog-
nized as the category k. On the basis of this fea-
ture, Wang, Lever and Pu presented the attention
parameter setting algorithm based on award-penal-
ty learning mechanism which modified the atten-
tion parameters when the result was false. This ap-
proach is time-consuming because it classifies each
training samples in each iteration and then modifies
the corresponding attention parameters. What is
worse, if different category samples are muitually
classified by mistake, for instance, g, belongs to
the first class but it is recognized the second class
by mistake. On the contrary, g, belongs to the sec-
ond class but it is recognized the first class. Under
such circumstances,it is certain that we can not get
the attention parameters 4; and 4, which make ¢
and g, correctly classified. However, this algorithm
alters the corresponding attention parameters each
time a sample is error classified. Therefore, it
causes them repeatedly modified and even oscilla-
tion. To overcome this drawback, an improved al-
gorithm is presented. This scheme first classifies
all training samples in each iteration, then calcu-
lates the category i whose recognition rate is the
lowest and later modifies the corresponding atten-
tion parameter A; based on award mechanism ac-

cording to the following formula,

A<=A+38 (6)
where &,a small parameter given by users, repre-
sents the award degree.

The flow chart of the novel algorithm is detailed as
follows, .

@ Set the original values of the attention parame-
ters, training goal,d and iteration step;

@Classify all training samples in the SNN, if the
goal is satisfied or the iteration is completed, ter-
minate the algorithm, otherwise goto step @);

@ Calculate the category i whose recognition rate is
the lowest, modify A based on equation (6)and
then goto step @.

Compared with the original algorithm, this im-
proved one shows better search performance and
greater speed.

4 EXPERIMENTAL RESULTS AND DIS-
CUSSIONS

Figure 1 the prototype pattern

Here we take the classification of hepatitis patholo-
gy and kidney globule true color images as an ex-
ample. The prototype pattern is shown in figure
(1) and the training samples are composed of 13
hepatitis pathology and 11 kidney globule images
collected from reality. The experimental results of
different attention parameter setting algorithms are
given as follows.

(D The attention parameter setting algorithm based
on award-penalty learning mechanism

Figure 2 demonstrates the training process of this
algorithm, where A =24, =1,8=20. 01. It takes
about 20 minutes, the result is A, =2. 43,4,=2. 45,
and the recognition rate is 66. 6667%.
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Figure 2 the training process of the attention parameter setting algorithm based on award-penalty learning mechanism

& The unbalanced attention parameter training al-
gorithm based on Genetic Algorithm
Figure 3 shows the training process of this algo-
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rithm, where B=C=1, the attention parameters
are encoded in real aumber and 4, € [2,4]. It takes
about 3.5 hours, the result is 4,=2. 3814,4,=2.



2779 ,and the recognition rate is 70. 8333 %.
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Figure 3 the training process of the unbalanced attention parameter training algorithm based on Genetic Algorithm

@The improved algorithm
Its training process is demonstrated in figure 4,
where A, =4,=1,8=0. 01. It takes about 20 min-
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utes, the result is 4, =1. 04,4,=1,and the recogni-
tion rate is 70. B333%.
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Figure 4 the training process of the improved algorithm

The above experimental results show that the nov-
el algorithm is better than the original cne under
the same circumstance and less time-consuming
than the unbalanced attention parameter training
algorithm based on Genetic Algorithm.
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