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ABSTRACT 

 
In this paper, a new scheme is proposed for off-line cursive 
handwritten character recognition problem, which uses a sequence 
of sequestration and recognition algorithms.  The proposed system 
assumes no constraint in writing style, Size or Variations.  First, a 
Segmentation method finds character segmentation paths by 
combining the pay scale and binary information.  Set embeds the 
two dimensional information into a sequence of one-dimensional 
codes, selected from a code book.  If provides a constant 
normalization among district classes of shapes, which is very 
convenient for Hidden Markor Model (HMM) based shape 
recognition Schemes.  A Sequence of codes is extracted from the 
segments as a feature set.  For each training data, the parameters 
of the feature set are estimated by maximizing the HMM training 
state.  The features are fed to a high order HMM, as a preliminary 
results a recognition step.  Finally, in order to confirm the 
segmentation paths and recognition results a recognition based 
segmentation method is presented. 
 
Keywords:  cursive handwritten characters recognition, 
Segmentation, and Hidden markor models (HMM).  

 
INTRODUCTION  
 
 The most difficult problem of  the 
field of Automatic Character recognition 
(ACR) is the recognition of off-line un 
constrained Cursive handwriting.  The tools 
for modeling almost in finitely many 

variations in human handwriting, the 
overlaps and inter connection of the 
neighboring characters are very primitive . 
 when observed in isolation, Characters are 
often ambiguous and require context to 
minimize the classification error. Thus, 
current research aims at developing 
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constrained systems for limited domain 
applications.  A well – defined lexicon plus 
a well – constraint syntax help provide a 
feasible solution to the problem. 
 Most of the recognition methods 
employ binary images in the segmentation 
and recognition stages.  However, through 
the binarization1 of the gray scale image, 
useful information is lost.  In order to avoid 
the limitation of binary image, some recent 
methods use gray level image.  However, 
this time the segment details suppress the 
important shape information.  
 The major contribution of this study 
is the dynamic utilization is a mixed way to 
extract the maximum amount of information 
for both segmentation and recognition 
stages.  

A new segmentation algorithm 
extracts the Characters in free style 
handwriting.  In the proposed methodology, 
the character Segmentation regions are 
defermined by using the boundary 
information of the image.  Then a nonlinear 
Character Segmentation path in each 
Character Segmentation region is found by 
using multi-stage group search algorithm.  
Recognition of each Segment is 
accomplished in two stages in the first stage, 
the features extracted from the each segment 
of binary image, is fed to a left-right Hidden 
Markov Model (HMM) for training and 
recognition.  Finally, a recognition based 
segmentation algorithm resolves 
handwriting strings by maximizing a 
cumulative information measure, compared 
from the HMM probabilities.  

 

First, a segmentation method finds 
the character segmentation paths by 
combining the gray scale and binary 
information. A sequence of codes is 

extracted from the segments as a feature set. 
For each training data, the parameters of the 
feature set are estimated by maximizing the 
HMM training stage. The features are fed to 
a high order Hidden Markov Model (HMM), 
as a preliminary recognition step. Finally, in 
order to confirm the segmentation paths and 
recognition results, a recognition based 
segmentation method is presented.  
  
SYSTEM OVERVIEW  
   
 The major contribution of this study 
is the dynamic utilization of the gray scale 
and binary information in a mixed way to 
extract the maximum amount of information 
for both segmentation and recognition 
stages. A new segmentation algorithm 
extracts the characters in free style 
handwriting. In the proposed methodology, 
the character segmentation regions are 
determined by using the boundary 
information of the image. Then a nonlinear 
character segmentation path in each 
character segmentation region is found by 
using multi-stage graph search algorithm. 
Recognition of each segment is 
accomplished in two stages.  In the first 
stage, the features extracted from the each 
segment of binary image, is fed to a left-
right Hidden Markov Model (HMM) for 
training and recognition. Finally, a 
recognition based segmentation algorithm 
resolves handwriting strings by maximizing 
a cumulative information measure, 
computed from the HMM probabilities.  
 

The classical preprocessing 
operations and some statistical information 
estimations are described in, The proposed 
segmentation method is explained in. The 
feature set and HMM based recognition are 
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summarized in. The imperfect results of 
segmentation and HMM recognition are 
improved in a recognition based 
segmentation method in  
 
PREPROCESSING AND NORMALIZA-
TION  
 

 The input image is preprocessed for 
noise reduction and binarization1 using a 2 
dimensional Gaussian filter and Optimal 
thresholding method, respectively Then, the 
connected characters are decomposed into 
rectangular units (RU). A RU is the 
minimum bounding rectangle of a set of 
connected characters. It is the smallest unit 
of the image, which may contain a portion, a 
whole or more than one character up to a 
whole word. The eight-neighbor boundary 
extraction algorithm finds the closed 
contours in the binary RU. The character 
contours are smoothed by an averaging 
mask. Finally, we have the gray scale and 
binary  RUs  in  order  to  be  used  in  the  

subsequent stages of the system.  
 After preprocessing, average stroke 
width/height estimation, reference line 
finding and slant angle detection are 
performed in binary image. These 
parameters are used in the segmentation 
algorithm.  
 
STROKE WIDTH/HEIGHT  
ESTIMATION  
 

 A simple program is developed to 
estimate the average stroke width, which is 
then used to decide whether the initial 
character segments and the local maxima/ 
minima on the contours are spurious one or 
not. This is a two scan procedure. The first 
scan is used to estimate the upper bound 
maxwidth and the second one is used to 
estimate the stroke width with the threshold 
maxwidth. For the binary image, where the 
character is represented by black pixels and 
the background by white pixels, the 
algorithm can be summarized as follows;  

 
STROKE WIDTH ESTIMATION 
 

 
1. For each column, count the number of black pixels and the transitions 

between black  
      and white pixels i.e., the number of runs.  
2. Estimate maxwidth by  

                    
RunsofNoTotal

sBlackpixelofNo
width

.

.
max =  

3. Repeat step 1 after discarding those pixels, whose run-length is greater than 
maxwidth.  

4. The estimated width is the count of black pixels divided by the count of 
runs. 

 
In order to estimate stroke height, similar 
algorithm is used. However, scanning 

procedure is applied in vertical direction, 
minheight is estimated instead of maxwidth 
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and in the third step, .those pixels whose 
run-length is smaller than minheight is 
discarded. Estimated stroke height is, then, 
used in slant angle detection.  
 

REFERENCE LINE FINDING  
  

First, the baseline for each RU is 
determined by scanning the binary RU from 
top to bottom horizontally and counting the 
number of contour pixels, which overlap 
each scan line. The baseline is assumed to be 
the horizontal line (with respect to the RU), 
which contains the highest number of  

contour pixels (Figure1).  
The lower baseline is found by using 

the contours below the baseline. First, the 
outer contours are followed and the local 
minima whose increasing and decreasing are 
‘longer than the estimated stroke width are 
determined. The local minima corresponding 
to the descending characters are eliminated 
by using a simple heuristic. Then, the 
minimum of the remainder local minima is 
taken as the lower baseline. The algorithm 
used for lower baseline estimation consists 
of the following steps: 

 
LOWER BASELINE ESTIMATION 
 

 

1. Reject the part of the image above baseline.  
2. Follow the outer contours below baseline and find the local minima whose 

increasing and dec 
3.  
4.  
5.  
6.  
7.  
8.  
9.  
10.  
11. reasing are longer than the estimated stroke width.  
12. Calculate the average distance of the minima from the baseline.  
13. Eliminate the minima whose distance from the baseline, are longer than the two 

average distance.  
14. Find the minimum of the remainder local minima as lower baseline. 

 

 

 
Figure 1: Baseline and Lower Baseline Extraction 
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SLANT ANGLE ESTIMATION  
 

The slant is the deviation of the 
strokes from the vertical direction, 
depending on the writing styles. The system 
makes use of the slant angle in the 
segmentation stage. The slant of a word is 
estimated by finding the average angle of 
near-vertical strokes. This is calculated by 
extracting a chain of connected pixels 
representing the edges of strokes whose 
lengths are longer than the estimated stroke 
height. The mode orientation of those edges 
close to the vertical is used as an overall 

slant estimate (Figure 2). The algorithm can 
be written as follows;  
 
SLANT ANGLE DETECTION 
 
1. Remove the horizontal lines in the 

writing.  
2. Eliminate the lines whose lengths are less 

than estimated stroke height.  
3. Find the length and slope angle of the 

remainder vertical lines.  
4. Take the weighted average slope angle of 

all the lines. 

 

 
 

a) Writing with removed horizontal lines  b) Slant is indicated by straight lines 
 

Figure 2: Slant angle detection 
 
3 SEGMENTATION  
 
 The segmentation method proposed 
in this study is motivated from the work of 
where the character segmentation problem is 
defined as the problem of finding the 
shortest path in a graph defined over a 
segmentation region, minimizing the 
accumulated intensity. In the segmentation 
regions are identified from the peaks of the 
horizontal projection profile in the gray level 
image assuming machine printed characters, 
scanned without skew. On the other hand, 
our aim is to develop a system for the 
handwritten characters. For this reason, the 

proposed method performs the segmentation 
by combining the best use of characteristics 
of gray scale and binary images2. First, 
initial segmentation regions are determined 
in the contour- extracted RU. Then, an 
improved search process is applied to the 
initial segmentation regions on the gray 
scale RU for determining the imperfect 
segmentation boundaries between characters.  
 
DETERMINATION OF INITIAL 
CHARACTER SEGMENTATION REGIONS 
  

Each RU is decomposed into three 
horizontal regions:  
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1. Upper Portion: The region between the 
local maxima above the baseline and the 
top of the RU.  

2. Middle Portion: The region between the 
local maxima and the lower baseline.  

3. Lower Portion: The region between the 
lower baseline and the bottom of the  
RU.  

 
 For each RU, the local maxima of 
the outer contour above the baseline are 
identified. In order to avoid the spurious 
maxima, the height of the local maxima and 
distance between the adjacent local maxima 
are restricted to be greater than the average 
stroke width.  
 The same process is applied to the 
outer contours below baseline for identifying 
the local minima. Local minima are used to 
define lower baseline (as we discussed in 
section 2) and to decide whether there exists 
descender character or not.  Two rules are 
applied on the binary RU for identifying the 
initial segmentation regions3:  
 
Rule 1: A single maximum is an indication 
of a single character or a portion of a 
character in a RU.  
 
Rule 2: When a RU has more than one local 
maxima, the rectangular region between the 
adjacent local maxima carries a potential 
segmentation point.  
 

 Although, the above rules are valid 
for most of the cases, they may yield wrong 
segmentation points in the search algorithm 
mentioned below. The error is corrected in 
the recognition based segmentation module.  
 Determination of character 
segmentation regions in each RU is 
accomplished in three stages:  

• Segment the upper portion starting from 
the local maxima and proceeding to the 
top of the RU,  

• Segment the middle portion starting from 
the local maxima and proceeding to lower 
baseline of the RU,  

• Segment the  lower portion starting from 
the lower baseline proceeding to the 
bottom of the RU.  

 
 In the first stage, a straight line in 
the slant angle direction is tried to be drawn 
from local maxima to the top. However, 
there may be some parts of the ascender 
character in this path. In order to avoid a cut 
in the ascender character, this path is forced 
to pass from the end point in any direction of 
the ascender character. While going upward, 
if any contour pixel is met, this contour is 
followed until the direction is changed to the 
opposite. In order to decide in which 
direction the contour following is done, the 
order of maxima pixel and contour pixel is 
compared. During the identification of the 
local maxima, if that local maximum is 
reached before the contour, then the contour 
is followed in the left direction, else the 
contour following goes in the right direction. 
After finding the end point, it is drawn a line 
from maxima to the end, and path continues 
to go upward until the top of the image 
(Figure 5).  
 The second stage draws a straight 
path in the slant direction from maxima until 
lower baseline (Figure 4).  
 

 Lastly, the same process as in the 
first stage is performed in order to determine 
the path from lower baseline to the bottom 
of the RU. In this case, our aim is to find the 
path which does not cut any part of the 
descender character (Figure.5).  
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 Combining the three stages; the 
character segmentation regions from the top 
to the bottom of a RU are obtained 
(Figure.6). Then, the segmentation points 
which represent the character boundaries in 

each region are searched by using the non-
linear  character segmentation path search 
algorithm, which will be presented in the 
following section. 

 

 
Figure 3: Character segmentation regions in the upper portion 

 

 
Figure 4: Character segmentation regions in the middle portion 

 
SEARCH FOR NONLINEAR 
CHARACTER SEGMENTATION PATHS  
 
 Given the segmentation regions in 
each RU, a search algorithm finds the 
shortest path from the top to the bottom of a 
RU, which separates the connected 
characters in the segmentation regions. The 
algorithm performs the segmentation on the 
gray scale RU by using both the gray scale 
arid binary information.  

 For a given segmentation region, let, 
G(V, A) be a multistage di-graph, where the 
vertices are partitioned into H(Height) 
disjoint sets Vi, 1≤ i ≤ H representing the 
pixel coordinates of the image matrix and 
the arcs indicates the cost of a path between 
the vertices u and v u ∈ Vi and v ∈V i+1 for 
some i, 1 ≤ i <H. There are Ni vertices Vi(j), 
1 ≤ j ≤ Ni associated with stage i. Ni differs 
from stage to stage according to the distance 
between two successive region borders. The 
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edges in G are of the form <Vi(j), V i+1(l) > 
for all j-2 ≤ 1 ≤ j + 2 and 1 ≤ i < H. Then, the 

segmentation region can be represented by a 
multistage di-graph as shown in Figure .7. 

 

 
Figure 5: Character segmentation regions in the lower portion 

 
 

 
Figure 6: The character segmentation regions 

 
The cost of an edge < Vi(j), V i+1(l) > 

is determined by using the information 
extracted from grey level and binary image. 
The grey level image is used as it is.  
 However, the boundary extracted 
image is processed in order to find potential 
segmentation points. For this purpose, the 
outer contours below the baseline is 
followed and local maxima are found. Then, 
a contour matrix C is constructed by 
assigning the black pixel value to all the 
pixels except these maxima.  
Thus, the cost of an arc is defined as follows  
 

22,1

|| ,,1,1,),1)((

+≤≤−≤

++−+= ++++

jlandjiH

CiIIIa lilijililiij

where I and C are the grey level and contour 
matrices respectively and i is the y 
coordinate of the pixel.  

7: GRAPH REPRESENTATION OF 
SEGMENTATION REGION 
 

 The goal is to find the minimum 
cost from the first stage to the last stage. 
Therefore, the problem of segmentation can 
be represented as finding the shortest path 
which minimizes the cumulative cost 
function, COST =∑ +<≤ liijHi a 1,1 . Intuitively, 

this path passes through the white pixels and 
the potential segmentation points. 
Additionally by adding the y coordinate to 
the cost function, the path is forced to cut a 
stroke closest to the bottom. Note that we 
constrain the possible vertices linked into 
(V ij) to (i-2,j+1), (i-2,j+1), (i,j+1), (i+1,j+1) 
and (i+2,j+1). This is important. because we 
don’t want to cut any stroke horizontally. A 
dynamic programming algorithm searches 
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for the shortest path (segmentation path) 
from top to bottom stages.  
 Let fy(x) be the minimum 
accumulated distance in stage y, and Qy(x) 
be a shortest path from vertices of y-1 stage 

to a vertex of y stage. We define the path 
with the minimum accumulated cost as the 
nonlinear character segmentation path.     
The can be searched by the  following 
algorithm4. 

 
 
SEGMENTATION PATH SEARCH ALGORITHM 
 
 

• Initialization:  for 11 Nx ≤≤  

),1,()(1 xIxf =  

xxQ =)(1  

• Recursion: for Hy ≤≤2  

yyxyy
xjx

y Nxjfaxf ≤≤+= −−+≤≤−
1)},({min)( 1),)(1(

22
 

yyxyy
xjx

y NxjfaxQ ≤≤+= −−+≤≤−
1)},({minarg)( 1),)(1(

22
 

• Termination: 

)}({min
1

* xff h
Nx H≤≤

=  

)}({minarg*
1

xfm h
Nx

H
H≤≤

=   

• Backtracking: for 2,....,2,1 −−= HHy  

)( *
11

*
++= yyy mQm  

 
 

In the first step, f1(x) and Q1(x) are 
initialized with the intensity of pixel (1,x) 
and the column in the first raw, respectively. 
Then, the accumulated distance fy(x) can be 
recursively evaluated at each stage. In the 
final stage y=H, we have NH accumulated 
distances, fH(x), x = 1,2,..., NH. The 
minimum accumulated distance f* of these 
distances is the candidate for the shortest 
path. The final task, now, is to  
backtrack from m to the initial vertex 
following Qy. It is not difficult to see that the 
complexity of this algorithm is O(N+H), 

where N is the number of vertices ∑
H

i iN , 

and H is the number of stages in the graph.  
 
4 FEATURE SET  
 
 The characters, extracted from- the 
segmentation algorithm of the previous 
section are sent to the HMM based 
recognizer, which was described in Chapter 
3. In the recognition stage, the probability of 
observing the coded segment by every 
HMM is calculated. Then, the observed 
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string is labeled with the class, which 
maximizes the probability )|( λOP . 
 If the preliminary segmentation 
algorithm yields a false partition, then the 
HMM classifier is forced to make an 

incorrect assignment for that particular 
segment. However, this assignment, mostly, 
has a low observation probability. This is 
due to the fact that the training set does not 
contain a similar sample. 

 

 
Figure 8: Segmentation process 

 
5   RECOGNITION BASED  
     SEGMENTATION  
 
 Candidate character segmentation 
paths, which are found in the segmentation 
module, are not always the correct character 
boundaries. In order to confirm the nonlinear 
character segmentation paths and 
recognition results, a recognition based 
segmentation scheme is developed. The 

candidate character segmentation paths and 
the probabilities of the observation 
sequences )|( λOP of the HMM are used to 
resolve the recognition results.  
 

 For this purpose, log )|( λOP is 
computed for each character, recognized in 
the HMM classifier. Then, the 11MM 
recognition results, and log )|( λOP
measure are represented as arcs and 
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segmentation points are represented as 
nodes, in the graph (Figure.9). The optimal 
nonlinear character segmentation paths can 
be confirmed by maximizing the cumulative 
log )|( λOP  measure, searching the longest 

path in the graph. In this study, we      
assume that each segment contains at     
most one character and each character      
can be segmented into at most three 
segments5. 

 

 
 

 
Figure.9: Recognition Based Segmentation a) Segmentation Paths 

 
b) Segmentation Graph 
 

 The set of possible paths in the 
graph can be represented as follows: 
 

},.....,1|{ MkpkP ==  

where pk  is a path and M is the number of 
possible paths in the segmentation graph. 
Let ijd be the distance from node i to node j, 

i <j ≤ i + 3 and E(pk ) be a set of edges on 
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the pathpk . Then the total distance of a 
path Pk can be determined as follows:  

∑
>∈<

=
)(,

)(
pkEji

dijpkD  

where <i, j> is an edge in E(pk).  
The optimal nonlinear character 

segmentation paths and recognition results 
can be confirmed by searching the shortest 
path, Ps which maximizes D(pk) in the 
segmentation graph is  

 

)(maxarg pkDp
pk

s =  

 

 Each node on the shortest path 
represents a character boundary. The 
recognition results on the edge of the 
shortest path become the final recognition 
results.  
 
REFERENCES 
 
1. O.D Trier and A.K.Jain, goal Directed 

Evalution of Binarization methods. 
IEEE Transpattern Recognition and 

Machine Integlllience    Vol.17 pp.1191-
1201, (1995). 

2. A. Jain and K.Karu. Page Segmentation 
using Texture Analysis, Patern 
Recognisition, Vol-29, PP.743-770, 
(1996). 

3. M.Mohamed and P.Gader, Handwrittern 
word recognition Using segmentation. 
Free Hidden Markov Modeling and 
Segmentation based dynamic 
programming techniques IEEE Trans 
Pattern Analysis and Machine 
Intelligence (PAMI) Vol.18-no5 PP 548-
554 (1996). 

4. A.J.Elms, A connected character 
recognizer using lever building of 
HMMs, IEEE 12 th IAPR International 
Conferece on pattern recognition II PP. 
439-441 (1994). 

5. S.W.Lee and Y.J.Kim, Multiresolutional 
Recognition of Hardwrittern Numerals 
with wavelef transform and Multilayers 
cullers Neural Network, 3rd International 
Conference on document Analysis and 
Recognition (ICDAR) Canada (1995). 

 
 
 
 


