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Abstract 

  

Image to text conversion is the vital area of research for many years. Mainly, Optical Character Recognition (OCR) in 

use to extract characters from the image. Character segmentation is a preprocessing step for an OCR. In this paper, we 

have discussed different character segment methods used in various domains. Some of the methods are used for 

handwritten character recognition and some of the methods are for vehicle Number Plate (NP) detection. The major 

focus of this research is to identify the approaches that can be useful in the vehicle NP detection. After analyzing the 

existing character segmentation methods, the favored methods for NP detection are discussed in the conclusion section. 

The paper is concluded by suggesting the future scope of research in this research area. 
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1. Introduction 

 
1
 Image to text processing is the topic of research for last 

several years. The most common method is Optical 

Character Recognition (OCR) to extract text from the 

images. In large and complex images, it is essential to 

segment the image and then extract the characters by using 

character segmentation method. Then after the segmented 

character should be sent to OCR engine for the further 

process.  The process is well depicted in Fig.1. As shown 

in this fig 1 (a), first an image of number plate (NP) is 

captured which is further processed to find the region of 

interest. In this figure, the purpose is to extract the 

characters of captured NP to detect vehicle number.  

 

 
Fig.1 Image segmentation and character segmentation (a) 

Original Image (b) Segmented Image (c) Image with 

segmented characters 

                                                           
*Corresponding author: Chirag Patel 

  By using an image segmentation process the number plate 

region is detected as shown in fig 1 (b). In order to identify 

the vehicle number each character should be clipped from 

the segmented NP. This task can be accomplished by 

using character segmentation method. The segmented 

characters are shown in fig 1 (c). 

 In the following section existing character 

segmentation methods are discussed, which is followed by 

discussion and conclusion section. The paper is concluded 

by suggesting future scope in the area of character 

segmentation.  

 

2. Literature review 

 

It is quite difficult to separate the touching characters. To 

segment the touching and fused Devnagri characters 

(Bansal & Sinha, 2002) proposed a two-pass method. In 

the first pass the words are easily clipped into characters 

which are easily separable. Then after statistical 

information like height and width are calculated to 

hypothesize whether a character box is composite. In the 

second pass, the hypothesized are characters are 

segmented for further processing. The system achieved 

85% of segmentation accuracy. 

 In (Chen & Wu, 2009), multi-plane approach is 

proposed to extract text from the complex document 

images. The algorithm works in two stages namely - 

localized histogram multilevel thresholding and multi-

plane region matching and assembling. Then after by 

using text extraction procedure textual objects are 

extracted and detected in the respective planes. As per the 

authors,  this method works well in complex images with  
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Table 1 Various character segmentation approaches 

 

Ref Method Tools/Platform Language Accuracy 

(In percentage) 

(Bansal & Sinha, 2002) Not reported Not Reported Devnagari 85 

(Chen & Wu, 2009) Localized histogram 

multilevel thresholding 

2.4GHz Pentium-IV 

personal computer using 

C++ programming 

language 

English, 

Chinese 

Not Reported 

(Choudhary, et al., 2013) Novel Not Reported English 83.5 

(Grafmüller & Beyerer, 2013) Bayes theorem, Prior 

knowledge 

2.26 GHz Intel 

Core 2 Duo machine 

with 4 GB main 

memory. 

 

Not Reported Not Reported 

(Lacerda & Mello, 2013) Skeletonization,  Feature 

extraction 

Intel 

Core-i5, 2.67 GHz, 2 

GB of RAM,  Windows 

7, MATLAB 

 

English Not Reported 

(Rehman & Saba, 2011) Geometric features based 

& neural assistance 

Pentium core 2 duo 

processor 

English 88.08 

(Roy, et al., 2012) Dynamic programming Not Reported English 91.36 (Angel based 

method) 

88.38 (Fourier – 

Mellin method) 

 

(Tan, et al., 2012) Non linear clustering Not Reported English, 

Chinese 

85.4 (For SegNcut 

method) 

88.1 For (SegCoLL 

method) 
(Verma & Lee, 2011) Segment confidence-based 

binary segmentation 

(SCBS) 

Not Reported Not Reported Not Reported 

(Zheng, et al., 2012) Not reported C# Chinese Not reported 

(Lee, et al., 1996) Multistage Graph Search 

algorithm 

Not Reported Not Reported 98.02 

(Ying, et al., 2010) Separator ’s Symbols 

frame of reference 

Not Reported Not Reported 99.1 

(Vishwanath, et al., 2012) Horizontal and Vertical 

segmentation   

Not Reported English 94 

 

background objects with uneven, gradational, and sharp 

variations in contrast and  illumination conditions.  

 As per (Choudhary, et al., 2013) character 

segmentation is most crucial step for OCR. The authors 

proposed novel segmentation algorithm for recognition of 

handwritten characters.  In this method segmentation 

points are located after thinning the word image to get the 

stroke width of a single pixel . The authors mention that it 

is challenging task to do offline handwritten character 

segmentation. The authors achieved 83.5% of accuracy 

among 200 words.  

 As per (Grafmüller & Beyerer, 2013), character 

segmentation plays vital role in OCR at various industries 

like food, pharmaceutical, electronics or automobile. The 

authors used prior knowledge based method for more 

reliable character segmentation.  As per the authors line 

and character segmentation is important as wrongly 

segmented characters can cause lots of classification 

errors.  The authors assume the user already specifies that 

text region.  

 Character segmentation becomes more difficult when 

it is used in recognition of cursive scripts.  In (Rehman & 

Saba, 2011) a novel approach to solve this problem is 

proposed.  Segmentation is performed  by considering  the 

analysis of  geometric features and ligatures of characters. 

The authors mention that these features are the strong 

points for segmentation in cursive handwritten words. The 

authors used heuristics and pre-processing based four-step 

method, which includes processes like ligature analysis 

and character shape analysis. The authors achieved 

88.08% of accuracy by using CEDAR (Anon., n.d.) test 

set of 317 words.  

  

Another handwritten character segmentation method based 

on nonlinear clustering is proposed by (Tan, et al., 2012).  

In this approach, the entire text is segmented into stokes, 

then the similarity matrix of which is computed according 

to stroke gravities. Then after non-linear clustering is 

applied on similarity matrix to find out cluster label for 

these strokes. By using clustered labels, characters are 

formed by combining the strokes. The authors used two 

nonlinear clustering methods, namely, spectral clustering 

based on the normalized cut (Ncut) and kernel clustering 

based on Conscience On-Line Learning (COLL).  The 

process starts by converting image into a binary image 

than by using similarity matrix, Ncut/COLL and other 

methods the image is grouped into labels and finally the 

characters are segmented.  

 A novel approach named Segment confidence-based 

binary segmentation (SCBS) for cursive handwritten word 

segmentation is proposed by (Verma & Lee, 2011).  The 

approach is a repetitive process of fusion and 

segmentation of handwritten word images based on a set 

of suspicious segmentation points (SSPs). A variable 

called SegMex is maintained to limit maximum number of 

segments.  After completing several repetitive steps 

mentioned in this paper the characters are successfully  

segmented.  

 A dynamic programming based approach for multi-

oriented touching text character segmentation is proposed  

by (Roy, et al., 2012). The algorithm first segments the  

touching characters into primitives and then finds the best 

sequence of character shapes based on a dynamic 

programming approach using these primitive segments. 

The authors also performed an ad-hoc segmentation 
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approach of touching characters based on the prior 

knowledge of the number of characters in the touching 

string. The authors achieved the best result in this scenario 

but in the real world it is not possible as it is difficult to 

have prior knowledge about the number of characters in 

the image.   The authors (Jia, et al., 2007) also proposed 

prior knowledge based method to segment characters from 

degraded license plate characters.   

 A projective method for preliminary character 

segmentation is proposed by (Zheng, et al., 2012). The 

authors proposed two methods, one is syncopation based 

on projection, which is a projection method of being based 

on pixels of characters in a vertical and horizontal 

direction. The authors claim that this method is very 

effective for Individual character cutting, nonetheless, 

under different conditions of aliasing character or touching 

symbols or multiple character separation etc. Another 

method is Syncopation Based on Connected Region, in 

which connected regions are searched in the binary image 

based on the algorithm discussed in this paper.  The 

system was developed using C# language.  

 To extract characters from a license plate, a separator 

symbol’s frame of reference is used by (Ying, et al., 

2010). In this method, firstly the separator symbol’s frame 

of reference is constructed based of certain features 

mentioned in this paper. The the character segmentation 

process begins with characters pre' segmentation process 

which uses this symbol. Then after by using vertical 

projection features of binary plate image the precise 

interval or distance between the characters is calculated. 

The authors carried experiment on 219 original sample 

images adopted in experiment is 219 with the resolution of 

320 X 240.  

 Another hybrid approach for NP character 

segmentation is proposed by (Vishwanath, et al., 2012). In 

this approach, the preprocessing method followed by 

horizontal and vertical segmentation is used to segment 

the NP characters. The authors used Hough Transform for 

doing horizontal and vertical segmentation. A study of 

license plate character segmentation based on vertical 

projection is well explained by. (Xia & Liao, 2011). A 

survey on license plate character segmentation of video 

images (Yutao, et al., 2011) provides useful information 

about NP Segmentation and character segmentation.  

 Some of the other useful methods proposed by 

(Batuwita & Bandara, 2005), (Lee, et al., 1996), (Qi, et al., 

2008), (Muralikrishna & Koti Reddy, 2011), (Yoon, et al., 

2011), (Palrecha, et al., 2011), (Ban, et al., 2012) and 

(Syama, et al., 2012) also suggested a new way to doing 

character segmentation. Different character segmentation 

methods including tools, platform and language support 

are presented in Table 1.  

 

Discussion and Conclusion 

 

Different character segmentation methods are discussed in 

this paper. There are different methods of character 

segmentation such as localized histogram multilevel 

thresholding, Bayes theorem, prior knowledge, feature 

extraction, dynamic programming, nonlinear clustering, 

multistage graph search algorithm, segment confidence-

based binary segmentation, separator symbol’s frame of 

reference and horizontal-vertical segmentation. All these 

methods are very useful as a preprocessing step for the 

OCR. Some of algorithms based on prior knowledge and 

separator symbol’s frame of reference might not be useful 

for NP segmentation as it is difficult have prior knowledge 

regarding vehicle NP in advance. Dynamic programming 

and Segment confidence-based binary segmentation 

(SCBS)  based methods can be really useful for NP 

character extraction 

 

Future Scope 

 

As a preprocessing part of the OCR character 

segmentation plays a very important part mainly in 

document analysis and processing and vehicle number 

extraction from vehicle NP identification. As none of the 

methods, provide 100% accuracy. The accuracy of OCR 

depends on the character segment method as the wrongly 

segmented character can cause misidentification of the 

character.  Researchers are working in the direction to 

achieve 100% accuracy for character segmentation process 

in order to improve accuracy in OCR. 
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