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Abstract 

There is a long research for the printed charac- 
ter recognition algorithm which inputs printed docu- 
ments through an image scanner, recognizes printed 
characters, and stores the ASCII codes of the char- 
acters. The recognition ratio of the algorithms pro- 
posed up to date is about 95%, but the recognition 
speed of the algorithm is 10s of characters per sec- 
ond. Therefore, faster recognition system is required 
for the libraries, research institutes, and universities 
where a large number of documents should be in- 
serted to  thgcomputer frequently. This paper trans- 
forms a serial recognition algorithm using a mesh 
feature for the printed characters into the parallel 
algorithm, proposes a parallel processor systkm and 
a parallel memory system for the parallel algorithm, 
and simulates the function and the performance of 
the system by using a CADENCE simulation pro- 
gram. 

1 Introduction 

A large number of research papers and re- 
ports have already been published on character 
recognition[l, 21. However, the ultimate goal of 
developing a character recognition system having 
the required reading capabilities still remains un- 
achieved. Specially, in a multilingual document, the 
recognition rate of the algorithms proposed up to 
date is more than 95%, but the recognition speed is 
10s of characters per second. Therefore, faster char- 
acter recognition system is required for the public 
offices, libraries, research institutes, and universities 
where a large number of printed document such as 
newspapers, magazines, and various type of man- 
uals are continuously increasing. A multiprocessor 
system[3] was developed by using a ring structure 
of four transputers, where the recognition ratio is 
95% for the three documents printed in three kinds 
of fonts, total 1,700 characters, and the recogni- 
tion speed is 30 characters per second. In order 
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to speed up the recognition of the printed charac- 
ters, an attached special purpose SIMD(Sing1e In- 
struction Multiple Data stream) processor, which 
can be communicated with a host computer via a 
fast PCI(Periphera1 Component Interconnect) local 
bus system, is required. The SIMD processor con- 
sists of a control unit, a shared memory system 
which stores instructions and common data, N pro- 
cessing elements, which are instructed to be oper- 
ated synchronously under the control of the control 
unit, and a conflict-free memory system which pro- 
vides data to the N processing elements simultane- 
ously. Several authors consider conflict-free mem- 
ory systems[4, 5, 6, 7, 81. In particular, Parks and 
Harper[8] proposed a memory system for the SIMD 
construction of a Gaussian pyramid, where the num- 
ber of processing elements of the SIMD processor 
and the number of memory modules of the memory 
system are 2" and 2"+1, respectively. The memory 
system[8] provides simultaneous access to 2" data 
elements whose access types are a block, a row, or a 
column, where the interval of the block and the col- 
umn is 1 and the interval of the row is a power of two. 
This paper suggests a new and simple conflict-free 
memory system which provides simultaneous access 
to the data elements within a row with a constant in- 
terval for the parallel version of the printed character 
recognition. A serial version and a parallel version of 
the printed character recognition algorithm are pre- 
sented in Sections 2 and 3, respectively. A parallel 
processor and a new conflict-free memory system are 
presented in Sections 4 and 5, respectively. In Sec- 
tion 6, a simulation of the parallel processor and the 
conflict-free memory system is performed by using a 
hardware simulation package CADENCE. 

2 A serial version of the printed 
character recognition algorithm 

A. Segmentation Character segmentation is 
a critical part because incorrectly segmented char- 
acters are not likely to be correctly recognized[l]. 
Specially, character segmentation in the multilin- 
gual documents which include splitting and touch- 



ing characters is very difficult. There are several 
stevs for an efficient character segmentation in a se- 

w 

rial version of the printed character recognition algo- 
rithm, which is considered in this paper. First, text 
lines are extracted from a document image by using 
horizontal projection profile. Then, components of 
connected black pixels are extracted from the text 
line image by using vertical projection. Unfortu- 
nately, these components may be splitting characters 
or touching characters due to degradation of docu- 
ment image. These splitting or touching characters 
should be segmented again because these characters 
are not correctly recognized. 

B. Normalizat ion Size normalization is a trans- 
formation of an image of arbitrary size (XI xXz)  into 
an image of fixed pre-specified size(for example,48 x 
48) , which results in dimensional changes by factors 
of 2 and g .  This process is a crucial preprocess 
to obscure scale variation of character images pre- 
sented to  a recognizer. 

C. Fea tu re  Ext rac t ion  a n d  Classification 
Feature matching is the most frequently used tech- 
niques for character recognition[2]. We extract two 
mesh feature vectors from the 48x48 normalized 
image, one is a 6 x 6  sized feature vector for pre- 
classifier and another is a 12 x 12 sized feature vec- 
tor for final classifier. After the 6x6  sized feature 
vector of the input character image is compared to 
those of 4500 standard character images, the pre- 
classifier obtains 100 candidates that match most 
closely. Then, the 12x 12 sized feature vector of the 
input character image is compared to those of 100 
candidate characters. and the candidate character 
that matches most closely is regarded as a recogni- 
tion result. 

3 A parallel version of the printed 
character recognition algorithm 

A. Normalizat ion It is difficult to convert the 
serial algorithm to normalize the segmented char- 
acter image of a different size into a 48x48 sized 
image because it lacks regularity. Each 48x48 sized 
character image is stored in the conflict-free memory 
system for the feature extraction process after the 
normalization process is performed in the host com- 
puter. The image stored in the conflict-free memory 
system is represented in Fig. 1. 

feature vector, it is required to read N image points 
of the interval 8 from the conflict-free memory sys- 
tem, to assign each image point to the N process- 
ing elements, and to make each processing element 
summarize the values of the 64(8 x8) image points. 
Also, In order to transform the 48x48 sized char- 
acter image into a 12x12 sized feature vector, it 
is required to  read N image points of the interval 
4 from the conflict-free memory system, to assign 
each image point to the N processing elements, and 
to make each processing element summarize the val- 
ues of the 16(4x4) image points. The image stored 
in the conflict-free memory system before the feature 
extraction is represented in Fig.2. 

Figure 2: The image before feature extraction 

C. Classification After each 6x6  sized feature 
vector is compared to those of 4500 standard char- 
acters, 100 most similar characters are obtained. In 
the process, N image points of the interval 6 are 
read from the conflict-free memory system, assigned 
to the N processing elements, and compared at the 
same time by the N processing elements to the 6x6  
sized feature vectors of candidate characters succes- 
sively provided by the host computer. Then, after 
each 12x 12 sized feature vector is compared t o  those 
of 100 candidate characters, the most similar char- 
acter image is obtained. In the process, N image 
points of the interval 4 are read from the conflict- 
free memory system, assigned to the N processing 
elements, and compared at the same time by the 
N processing elements to the 12 x 12 sized candidate 
images successively provided by the host computer. 
The image stored in the conflict-free memory system 
before the classification is represented in Fig.3. 

Figure 3: The image before classification 

4 Parallel Processor 

Figure 1: The image after normalization 

B. Feature Ex t r ac t i on  In order to transform 
the 48x48 sized character image into a 6x6  sized 

Because the feature extraction and the classifi- 
cation process of the printed character recognition 
algorithm consist of a lot of identical operations on 
the different image points, an SIMD(Sing1e Instruc- 
tion Multiple Data stream) processor, in which N 
processing elements are instructed to be operated 



synchronously under the control of one control unit, 
is adequate for the parallel version of the printed 
character recognition algorithm. According to the 
degree of parallelism of the feature extraction and 
the classification process of the printed character 
recognition algorithm and according to the feasible 
complexity of IC of the SIMD processor, the num- 
ber of processing elements of the SIMD processor, 
N, should not be greater than 256. The parallel 
processor and the conflict-free memory system for 
the printed character recognition are represented in 
Fig.4. 
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Figure 4: A parallel processor and a conflict-free 
memory system for the printed character recognition 

5 Conflict-free Memory System 
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For the parallel version of the printed character 
recognition-algorithm, a memory system that pro- 
vides parallel accesses to  N image points whose in- 
tervals are 1, 4, 6, 8, and 12 is developed. The mem- 
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ory system with 17 memory modules for parallel ac- 
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cesses to 16 image points whose intervals are 1, 4, 
6, 8, and 12 is represented in Fig.5. The memory 
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system can be operated with an SIMD processor in 
which the number of processing elements is 16. The 
memory system consists of a memory module selec- 
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tion circuitry, a data routing circuitry for write, a 
address calculation and routing circuitry, 17 mem- 
ory modules, and a data routing circuitry for read. 

I 
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In order to  distribute the data elements of the 
M x N  array I(*,*) among the m memory modules, a 
memory module assignment function must place in 
distinct memory modules the array elements that 
are to be accessed simultaneously. Also, an ad- 
dress assignment function must allocate different ad- 
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dresses to array elements assigned to the same mem- 
ory module. Memory module assignment function 
and address assignment function are considered in 
Sections 2-A and 2-B. Section 2-C presents an ad- 
dress calculating circuit for a row with a constant 
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interval. Sections 2-D and 2-E discuss address and 
data routing, and memory module selection, respec- 
tively. 

A. Memory module assignment function A 
memory module assignment function which deter- 
mines the index of memory module of an element is 
~ ( i , j )  = (iq + j ) l l lm .  

B. Address assignment funct ion The address 
assignment function which determines the address 
of an element within a memory module is ~ ( i ,  j) = 
(i/p)s + j/q , where s is any integer satisfying s 2 
[XI N/2q and s . M/2p 5 c, where c is the capacity 
of each memory module. 

C. Address calculating circuit This section 
discusses the address calculating circuit that com- 
putes pq addresses of a row with a constant interval 
r. The differences of pq addresses of the pq data ele- 
ments within a row with a constant interval r ,  from 
the base address, a( i ,  j ) ,  are: 

; 
7 AD-ROW(i, j, r ,  a) = a( i ,  j + ar)  - a(i ,  j) I 

The address calculating circuit computes m ad- 
dresses by using the m adders provided that the base 
address, a ( i ,  j )  and the address differences are sup- 
plied to inputs A and B of the m adders, respectively. 

D. Address a n d  d a t a  rout ing  The address 
routing circuit receives m addresses from the regis- 
ter A1 in the address calculating circuit and moves 
the m addresses to the m memory modules through 
the register A2. The index numbers of the mem- 
ory modules for the m addresses are represented as 
follows for the different access patterns, where the 
interval, r ,  > 0 and r / /m # 0: 

I  

0 
I  
I  

The address difference of the row of the pth module, 
ADAOW(p) is obtained from (1) and (2): 

I  I 
I1 

By substituting (p + p(O))//m(= ((p - iq - 
j)rl//m + (iq + j)//m)//m) instead of p into (3), 
we get the address differences of ascending order of 
memory modules from p(0) as follows: 

I  I  

,where r r' = l / /m. 
For the routing of the calculated addresses to the 

memory modules, it is required for the address differ- 
ences stored in the address difference memory mod- 
ule to be rotated by the index number of the memory 
module of the first data element. Prearranging and 
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'The notation x//y is used to denote the non-negative 
remainder that results from the integer division of x by y. 
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storing the address differences in the address differ- 
ence memory module make the address routing cir- 
cuitry inexpensive and simple to  control. ~ h ;  role 
of the data routing circuit from the data register to 
the m memory modules is to route pq data elements 
to the appropriate memory modules. After align- 
ing the pq data elements as follows, right-rotation is 

processes the feature extraction and the classifica- 
tion. For the efficient memory accesses, a memory 
system which provides parallel accesses to N data 
elements of a row whose intervals are 1, 4, 6, 8, and 
12, where N is the number of processing elements of 
the SIMD processor. 

performed by p(i j) times in order for the index num- 
bers of the memory modules of those data elements 
to be in the ascending order: D2((kr)//m) <- 
Dl(k),O 5 k 5 pq - 1 ,where D l  and 0 2  registers 
are the data register and a temporary register, re- 
spectively. For the READ operations, the routing 
patterns are reversed. 

E. Memory module selection The memory 
module selection circuit enables pq memory modules 
whose index numbers are represented in (4). 
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Figure 5: The conflict-free memory system 

6 Simulation of the parallel proces- 
sor and the conflict-free memory 
system 

A simulation of the parallel processor and the 
conflict-free memory system is performed by using 
CADENCE and illustrated in Fig.6. 

7 Conclusion 

In this paper, a serial version of the printed char- 
acter recognition algorithm is transformed into a 
parallel version for an attached SIMD processor. 
The printed character recognition algorithm consists 
of the preprocessing, the segmentation, the normal- 
ization, the feature extraction, the classification, and 
the postprocessing. The attached SIMD processor 

Figure 6: A waveform of the data and control signal 
transfer from control unit to PEs and the operation 
in PEs 
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