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Abstract

This paper presents a coded block adaptive neural network system using a radical-partitioned struc-
ture for large-volume Chinese characters recognition VLSI. Using the coded block adaptive neural network
system with a radical-partitioned structure, 1000 frequently-used Chinese characters have been success-
fully trained in 139.2 hours using an 18 MIPs computer. According to the simulation results, the coded
block system with a radical-partitioned structure provides an acceptable learning time, a good recognition
rate and an excellent expansion capability for large-volume Chinese characters recognition using VLSL

1. INTRODUCTION

A pattern recognition system, as shown in Fig. 1, is composed of a translation-invariant network
and a standard adaptive two-layer network. The translation-invariant network is used to map a retinal
image into multi-bit outputs [1]-[4]. The standard adaptive two-layer network [5][6] made of 2n 2 adaptive
neurons and 2n?* connections between them, can be trained to provide output responses corresponding
to the original image as required. Software implementation of the adaptive neural network using back
propagation [7]-[10] has been demonstrated. Le Cun et. al. [11] has introduced a structured neural
network architecture to speed up learning for hand written digit recognition. In fact, for Western charac-
ters recognition, only about 36 alphanumerics are needed. However, for Chinese characters recognition,
over twenty thousand characters are necessary. For large-volume Chinese characters recognition, learning .
speed is determined by the aumber of neurons and connections between them. How to train large-volume
Chinese characters using an efficient neural network structure has been a challenging effort. Recently,
a block adaptive network structure using n? local blocks for an n X7 input array as shown in Fig. 2
has been used to enhance the learning speed [12][13] for alphanumerics recognition. However, the block
adaptive network structure requires n? local blocks, which is still a bottleneck for training large-volume .
Chinese characters. A coded block neural network system, which requires an order-of-magnitude fewer lo-
cal blocks, has been used to provide a faster learning process for the alphanumerics'recognition [14][15]. In
this paper, a coded block adaptive neural network system with a radical-partitioned structure for large-
volume Chinese characters recognition is presented. In the following sections, the radical-partitioned
coded block structure is introduced, followed by the algorithm used in the system and simulation results.

2. THE CODED BLOCK STRUCTURE

Fig. 2(a) shows the block adaptive network structure for an n x n input array [12](13]. In'the block
structure, the system is partitioned into n? blocks. Each block as shown in Fig. 2(b) contains n +1
neurons and n3 + n connections between them, which are grouped into two layers. Instead of 2n* global -
connections in two layers of the standard structure, only n? local connections are needed in the first layer
and n connections in the second layer of the local block structure. Compared to the standard structure, the
second layer neurons in all local blocks are separated from one another. Therefore, not only the number
of neurons can be minimized, but also the number of synapses can be greatly reduced. Consequently, the
computation referred to each block during training can be shortened substantially. In addition, the local
block structure can be easily concatenated to build a large adaptive network, which is especially useful
for radical-partitioned Chinese characters recognition. Furthermore, each local block needs to consider

convergence associated with only a portion of input patterns during training. Consequently, the block
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structure converges faster during training since it is much easier to identify different patterns in a multi-
dimensional space. Compared to the standard adaptive neural network system, the local block system
already shows a substantial improvement in enhancing the learning speed as a result of the property that
each local block can be trained independently and the convergence can be more easily reached since a
much smaller structure — a local block, is involved during training.

However, the block adaptive network structure requires n? local blocks, which is still a bottleneck for
large-scale pattern recognition. A coded block system [14][15] as shown in Fig. 3 has been used to further
improve the block system. Instead of n2 local blocks, only less than n local blocks with outputs coded
corresponding to the input patterns are used in the system. Using the coded block system, the training
time can be shortened further owing to the drastic reduction in the number of local blocks. The coded
local block system is suitable for training the system with small-volume Chinese characters. However, for
training over 200 Chinese characters, the coded block adaptive neural network using back propagation
algorithm suffers from convergence difficulties.

Although there are over twenty thousand Chinese characters, they can be categorized into around
230 radical groups. Each radical group has 5-200 characters containing an identical radical portion as
shown in Fig. 4(a). Taking advantage of the radical properties, the coded block adaptive neural network
system can be reconfigured as shown in F ig. 4(b) such that each coded block is assigned to be responsible
for training Chinese characters having the same radical portion. Using a radical-partitioned structure as
shown in Fig. 4(b), the coded block adaptive neural network can overcome the convergence difficulties
during training since training of the large-volume Chinese characters can be divided into small procedures
associated with radical blocks. In fact, the training of each radical blocks can be divided further into steps
associated with internal local blocks. Therefore, using the coded block system with a radical-partitioned
structure, the overall training procedure is simplified from two approaches. First, Chinese characters as
input training patterns are categorized into several radical groups. Chinese characters in each radical
group having an identical radical portion is assigned to a radical block. Second, the training of each
radical block is divided into steps associated with several internal loca] blocks. Training of each internal
local block is independent. Therefore, convergence during training is determined by a very small portion
of the overall system - the internal local block in each radical bloek with a small portion of the Chinese
characters to train. Therefore, convergence is guaranteed and training time is much shorter.

As shown in Fig. 4(b), above the coded radical blocks, there is a radical selector, which is used to
identify the radical category of each input Chinese character during recognition. During recognition,
dot products of the radical portion of the each input Chinese character and all radicals are carried out
in the radical selector block. Then, the input character is transferred to the associated radical block
for further processing according to the dot product result. Since only one radical block handles the
second-step processing during recognition, the recognition time is greatly shortened as compared to the
coded block adaptive neural network system without the radical-partitioned structure. Consequently, the
coded block adaptive neural network system with the radical-partitioned structure can be advantageous
for both training and recognition of large-volume Chinese characters.

3. PERFORMANCE

In order to investigate the potential of the coded block adaptive neural network system with a radical-
partitioned structure for large-volume Chinese characters recognition, the performance in terms of learn-
ing time, reconfiguration based on simulation results has been obtained. 1000 24 x 24 Chinese characters
in 25 frequently-used radical groups as shown in Fig. 5 have been used as the training patterns for the
coded block adaptive neural network system with a radical-partitioned structure. Each radical block
is trained with its 40 associated Chinese characters independently. Each of the radical blocks contains
16 internal local blocks. In the coded block adaptive neural network system with a radical-partitioned
structure, a learning rate, 5, which affects the learning speed of a block adaptive neural network system
using back propagation algorithm [12]-[15], of 7 = 0.2 has been used. In addition, the number of first
layer neurons in the local block structure, which also affects the learning time [12]-[15], is defined as 12.
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Owing to the radical-partitioned structure used in the coded block neural network system, the training
process can be divided into steps associated with the 400 internal local blocks in 25 radical blocks. Training
each of the 400 internal local blocks is independent from one another. Table 1 shows the epoches needed
for training each of 400 internal local blocks with 25 sets of Chinese characters. Each epoch of training
each internal local block with 40 corresponding Chinese characters once took about 20 sec CPU time
on an 18-MIPs computer. Each local block may have different number of epoches needed to accomplish
training, which depends on the input patterns and the initial synaptic weights. Fig. 6 shows the learning
curves in terms of average number of epoches needed for training each local block in all 25 radical blocks
with its corresponding 40 Chinese characters. Among 16 internal local blocks, the training time varies.
On the average, each local block in 25 radical blocks reaches a convergence within 100 epoches during
training. The total learning time for training the 25 radical block system with 1000 Chinese characters
is 139.2 hours CPU time on an 18 MIPs computer. Without the radical-partitioned coded block neural
network system, the training time of 1000 Chinese characters is just not feasible.

Neural networks have renown properties in reconfigurability and fault-tolerance, which are important
for a reliable pattern recognition system [16]{17]. In addition to an acceptable learning time, the local
block structure has good properties in reconfigurability and expansion capability. Fig. 7 shows the the
average output percentage error associated with the radical-partitioned coded block system using random .
input samples with percentage random error taken from several radicals. Recognizing a character out of
1000 Chinese characters as shown in Fig. 5 took about 0.5sec CPU time on an 18 MIPs computer. The
case with 40 random samples with percentage random error taken from 2 radicals indicates the highest
recognition rate. The cases with more random samples with percentage random error taken from more
radical sections show a worse recognition rate. The cases with over 400 random samples seem to have
a near constant recognition rate of over 80% regardless of the number of samples used. In fact, the
overall recognition rate exceeds 80% regardless of the input percentage error. The recognition rate can
be enhanced if preprocessing of the input characters before the selector block can be done.

4. DISCUSSION

The coded block adaptive neural network system with a radical-partitioned structure has an excellent
expansion capability for large-volume Chinese characters recognition. Depending on applications, the
radical block associated with Chinese characters belonging to the same radical group can be trained
sequentially and glued together with other radical blocks. Consequently, in building a large Chinese
characters system, the training process does not have to start from the very beginning every time.
Instead, the previous trained radical blocks, which relate to the Chinese characters of identical radicals,
can be used. Only the new untrained characters need to be trained. Consequently, the cost in training can
be greatly reduced. With the radical-partitioned structure, radical coded blocks can be concatenated to
build a large coded block adaptive neural network system for large-volume Chinese characters recognition.
In addition, the convergence of training the growing system is always guaranteed since each time only
the newly-added characters belonging to the same radical group need to be trained.

5. CONCLUSION

In conclusion, an efficient coded block adaptive neural network system with a radical-partitioned
structure suitable for large-volume Chinese characters recognition, has been successfully trained with
1000 Chinese characters in 139.2 hours CPU time on a 18 MIPs computer. According to simulation
results, the coded block adaptive network with a radical-partitioned structure provides an acceptable
learning time, a good reconfigurability, and an excellent expansion capability.
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Fig. 3 The coded block adaptive neural network structure.

Fig. 4 (a) The radical of Chinese characters. (b) The coded block adaptive neural network system with a radical-partitione
structure for large-volume Chinese characters recognition. ‘
Fig. 5 The 1000 Chinese characters used as the training patterns.
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Table 1 Numbers of epoches needed for training local blocks in all radical blocks.
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