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Abst rac t .  In this paper, an algorithm is developed for printed charac- 
ter recognition based on boundary analysis. New boundary smoothing 
schemes have been proposed, which can reduce noise significantly. The 
extracted boundary features are invariant to character size and are con- 
venient for recognition. The whole algorithm is based on the chain code 
of each boundary ~nd no floating operation is involved. The algorithm 
is tested with sample pages of a phone directory. Experimental results 
show that this algorithm is highly reliable and very fast. 

1 I n t r o d u c t i o n  

Character  recognition has been studied extensively for a long time [1]-[2]. The re- 
search topics include both printed and handwritten character recognition [3]-[7]. 
Since printed characters have much less variances than handwritten characters, 
it is easier to design a recognition algorithm with very high recognition and 
reliability rates at low cost. 

The  aim of this paper is to design a recognition algorithm to read a phone 
directory. There are 68 symbols with various sizes and fonts to be recognized: 
upper and lower case of 26 English characters, 10 digits, and the symbols "&", 
"/", "(", ")", "+", "-". In the previous approach [7], we developed a recogni- 
tion algorithm based on the decomposition and description of the skeleton of a 
character. Since the small bulbs of characters "r", "t", 'T' are often removed by 
a thinning algorithm, and since the skeletons of '%" and "5", "g" and "9", "O 
(0)" and "D ' ,  bold "V" and "Y" are easily confused, these characters have to 
be verified further by analyzing their boundaries. 

In this study we present a new structural boundary analysis method to rec- 
ognize the characters with different sizes and fonts. Since we use a new efficient 
boundary  smoothing algorithm to smooth the boundaries of each character,  the 
smoothed boundaries reduce noise significantly and facilitate feature extraction. 

2 Boundary Smoothing 

In [8] a boundary smoothing algorithm for binary images was proposed, where 
the stroke width of a character is required to be at least 4 pixels. Since the stroke 
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width of a character in this application may be less than three pixels, we use 
some of the smoothing rules to avoid deleting small strokes. 

Suppose a boundary P consists of N points P = Po,Pl, . . . ,Pi,---,PN-1, where 
Pi+x is a neighbor ofpi  (i = 0, 1, ..., N -  1) and the index i is calculated modulo 
N. Its chain code is given by ~ = ~ .  The following three rules are then 
used to smooth one boundary point each time: 

R u l e  A: For three consecutive points Pi-1, Pi, and Pi+I, if pi is a spurious 
point, ie., if the angle between segment PiPi+l and Pi- lp i  is 45 ° 
(this can be determined from the chain codes Ci_l and ci), then 
pi is deleted. 

R u l e  B: For three consecutive points Pi-1, Pi, and Pi+I, if [ci - c i - l [  = 4, 
ie., if Pi-1 and Pi+1 correspond to the same point in the image, 
then Pi is deleted. 

R u l e  C: For three consecutive points Pi-1, Pi and Pi+l, if c i= l  (mod 2) 
and the angle between segments PiP~+I and P~-tPi is 90 ° (this can 
also be determined from the chain codes Ci-x and ci), then pi is 
replaced by the neighboring point which lies in the line Pi-lPi+l .  

An example is shown in Fig. 1. To smooth the boundary further, we need 
to smooth two or more points at the same time. We first define a boundary 
primitive as a set of consecutive points which lie in a line. In a primitive all the 
points except the last one have the same chain code, which is defined as the 
direction of the primitive. 

: : : : : : : :  : : : : : ; : :  , : : ' :  : : : ": : : : : 

: : : : : : : : : : : : : : : : : : : : : : :  . . . . . .  : . . . . . . .  : . . . . . . .  : 

: : : : : : : : : : : : : : : : : : : : :  : 
: : : : : : : : : : : : : : : : : : : '  , : : 

(a) (b) (c) (d) 

Fig. 1. Smoothing boundaries: (a) original image; (b) the boundaries before smoothing; 
(c) the boundaries after Rules A - C; (d) the boundaries after Rules D - F. 

Suppose that  there are M primitives in a boundary, then the boundary code 
bc[i] corresponding to primitive i is defined as follows: 

bc[i] = (si, ti ,  li, dir~) (i = 0, 1, 2, ..., M) (1) 

where si and ti are the positions of the starting and ending points of primitive 
i in the boundary chain, respectively; li is the length of the primitL, e; and diri 
is the direction of the primitive. 
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To determine which boundary primitive can be smoothed, we compare each 
primitive with its two neighboring primitives. The following three rules are used 
for smoothing multiple points. 

R u l e  D: For primitive i, if the direction of primitives i - 1, i, i + 1 is one 
of the patterns shown in Fig. 2(a), and if one of the following 
conditions is true, then it can be smoothed. 

(a) l i - t  = 1, li+l = 1, d ir i_  2 = diri ,  diri+2 = diri ,  Ii <_ I~-2 + 
/i+2; 

(b) l i-1 = I, li+l > 1, li < l i -2,  dir~_2 = dir~; 
(c) li+l = 1, li-1 > 1, li < li+2, diri+2 = diri .  

R u l e  E: For primitive i, if the direction of primitives i - 2, i - 1, i, i + 1, 
and i + 2 match one of the patterns shown in Fig. 2(b), and if 
one of the following conditions is true, then it can be smoothed. 

(a) l i - t  = 1, t~+1 = 1, d i r i -2  = diri ,  d i r i - t  = 1 (rood 2), li < 
li-2; 

(b) l i - t  = t,  li+1 = t, diri+2 = diri ,  d ir i -1  = 1 (rood 2), li _< 
li+2. 

R u l e  F: For primitive i, if the direction of primitives i - 2, i - 1, i, i + 1, 
and i + 2 match one of the 16 patterns shown in Fig. 2(c), and if 
one of the following conditions is true, then it can be smoothed. 

(a) l i - t  = 1, dir i -2  = diri ,  d i r i_ l  = 1 (mod 2), li <_ li-2; 
(b) li+t = 1, diri+2 = diri ,  d i r i - t  -- 0 (mod 2), li < li+2. 

The point which has a small circle on it is deleted, and the other points 
are adjusted so that  the smoothed boundary segment is the dotted lines. In the 
smoothing process we search and smooth the shortest primitive which can be 
smoothed each time. An example is shown in Fig. l(d),  which is the result of 
Fig. 1(c) after applying the multiple point smoothing algorithm. 

3 F e a t u r e  E x t r a c t i o n  

Two kinds of features are extracted: the "main feature vectors" and the "sup- 
plementary feature vectors". A "global code" is used to characterize the global 
information of each boundary. 

If the directions of primitive i - I, i, and i + 1 match one of the patterns 
in Fig. 3, then primitive i is a feature vector. If the boundary segment goes 
in the counterclockwise direction, then it is labeled as a "v" (convex) vector. 
Otherwise it is labeled as an "a" (concave) vector. In this figure, primitives i - 1 
and i + 1 may be either of the two primitives denoted by the dashed lines. The 
corresponding main feature vector is defined as follows: 

m , ( j )  = (label, s, t, dir, l) (2) 
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Fig. 2. The models used in the multiple point smoothing algorithm: (a) corresponding 
to Rule D; (b) corresponding to Rule E; (c) corresponding to Rule F. 
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Fig. 3. Patterns for the extraction of main feature vectors. 

where j is the order of the feature vectors for a boundary; "label" is "v" or "a"; 
"s" and "t" are the positions of the starting point and end point of the primitive, 
respectively; "dir" is the direction of the primitive, and 'T' is the length of the 
primit ive.  

The global code for each boundary is defined as a 5-dimensional vector (gl, 
g2, g3, g4, gs), where gl and g.~ are the numbers of "v" and "a" feature vectors, 
respectively, ga to g5 are the numbers of feature vectors whose directions are 
chain codes 0, 2, 4, and 6, respectively• Figure 4 shows some examples of the 
extracted main features. 

o u t e r  ~oundary :  
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Fig. 4. Some sample characters, their smoothed boundaries and the extracted feature 
vectors. 

The supplementary feature vectors are used to characterize a boundary seg- 
ment where a bending happens. The "b" feature vector is used to detect a 
boundary primitive where the boundary changes its direction by 90 °, and the 
"c" feature point is used to detect a curve change by more than 90% Figure 5 
shows the detection patterns,  where the length of the "c" feature vector is set 
to 0. 

The detection of "b" and "c" feature vectors is applied to the boundary seg- 
ments between two main feature vectors only. Figure 4 has shown some examples, 
where the supplementary feature vectors are listed after the main feature vectors 
and which are not counted in the global codes. 



505 

0 0 / 
2 C C 

2 6 

(a) (b) 

Fig. 5. Patterns for the extraction of supplementary feature vectors: (a) for "b" feature 
vectors; (b) for "c" feature points. 

4 Recognition 

4.1 Charac te r  Models  

The models for each character are constructed according to its possible main 
feature vectors. Figure 6(a) is the feature model for character "M". Due to noise 
and the smoothing algorithms, some characters will have two or more models. 
For each of these characters the standard model and the possible deformation 
models are considered. Figure 6(b) shows an example of the standard model of 
character "d" and its three possible deformation models. Note that a deformation 
model is formed by reducing one or more pairs of neighboring "v" and "a" feature 
vectors. 

O(v,¢ 

9(v, 4) 7 (v, 4) 

8 (a, 4) 

6 (v, 2) 
2 (a, 0) 4 (a,O) 

fv, O) 3 (v,O) 5(v,O) 

ghlbalcode= (7 3 5 I 3 1) 

( a )  

( 5 1 3 1 1 1 )  ( 4 0 1 1 1 1 )  

( b )  

Fig. 6. Character models: (a) the model for character "M"; (b) the standard model 
and its possible deformation models of character "d'. 

4.2 Ma tch ing  

An input character is first passed to the corresponding subclass according to 
its global code, and then compared with the models in that subclass. In the 
matching procedure, we first search for the starting main feature vector, which 
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is specified as the first "v" vector whose direction is chain code 6 in the leftmost 
part of the image. The extracted feature vectors of the input character are then 
compared with the descriptions of the feature vectors of the character models. 

For most characters we need only to match the descriptions of the main 
feature vectors. For characters "F", "L", "P", "T", '%", "d", "h", "p", "q", 
"1", "4", and "+", we need further to verify if there is a "b" feature vector in 
the corresponding boundary segment. For the recognition of character "Y", the 
detection of "c" feature points is performed. 

4.3 Repai r ing  

When a small hole (bump) is more than one pixel in depth (height) and more 
than one pixel in width, it cannot be smoothed by the one point and multiple 
point smoothing algorithms. Figure 7 shows some examples. Therefore, we repair 
these boundaries using the extracted main feature vectors and the boundary 
codes. 
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Fig. 7. Examples of characters for repairing. 

The repairing patterns in the horizontal direction are shown in Fig. 8, where 
the right pattern of each group is the repaired result of the left pattern. The 
repairing patterns in the vertical direction can be similarly described. 

5 Experimental Results 

The segmentation algorithm has been discussed in [7]~ where the images are 
scanned at 400 dpi in binary mode. Since the algorithm described in this paper 
is for recognition only, both the upper cases and lower cases of the characters "c", 
'%', "p", "s", "u", "v", "w", "x" and "z" are recognized as lower cases. Character 
"O(o)" and numeral "0" are all recognized as "o". These characters can be 
distinguished by the contextual information (layout of a group of characters, 
image size, etc. [7]). 10 pages selected from different parts of the phone directory 
were used for testing, each consisting of about 13,000 characters (not including 
"."). The results were 0.38% rejection rate and 99.62~ recognition rate with 
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Fig. 8. Illustration of the repairing patterns in horizontal direction. 

reliability over 99.99%, which improves the previous results based on skeleton 
analysis [7]. 

6 C o n c l u s i o n  

An algorithm is proposed for printed character recognition based on boundary 
analysis. The algorithm can recognize almost all the unbroken characters cor- 
rectly and reject all the broken characters. In practical use a statistical classifier 
can be combined to recognize the broken characters in order to increase the 
overall recognition rate. 
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