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Abstract: This work presents the results of text-independent 

writer verification under various environmental conditions, 

including writing instrument, ink width, paper quality, image 

size, image type, scanning device, and resolution. It is observed 

that the style of a writer and the kind of writing instrument 

significantly used affect the handwriting. Additionally, the 

quality of handwritten samples has a significant impact on the 

performance of a writer verification system. The objective of our 

work is to verify a writer under changing conditions. To improve 

the verification rate, directional information is captured from the 

image contours, and the histogram of chain code is utilised as a 

feature. The system is tested on our dataset of 261 writers, each 

with two samples, using different writing instruments. A total of 

50% of the samples are used to train the system, and the system is 

then tested on the remaining 50% of the samples. The system is 

tested using chain code. The total error rate (TER) is 0.76 %. The 

method works even under poor resolution.  

Keywords: Chain Code, Handwriting Identification, Pattern 

Recognition, Person Authentication, Writer Verification 

I. INTRODUCTION (HEAD 1)

Writer identification and verification have great

importance in the forensic area for determining identity in 

conjunction with the intentional aspects of a crime. The 

other applications of writer identification are biometric 

security systems, historic document analysis, postal address 

interpretation, and bank cheque recognition. Most 

handwriting identification experts rely almost entirely on 

manually intensive techniques today. Although some 

literature is available on prototype toolsets for document 

examination, there does not exist any tool that has 

completely automated the handwriting identification 

process, which gives 100% accuracy under varying writing 

conditions [12].  

Writer verification involves a one-to-one comparison to 

determine whether the same person wrote the two samples. 

The main challenges are high within writer variations and 

low between writer variations.  
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Handwriting is influenced by physiology, training and other 

behavioural factors and affected by writing conditions, 

writing instrument, writing position, writing surface, 

adequacy of standards, alternative styles, physical 

conditions and mental state, etc [13]. The type of writing 

instrument used decides an ink width variation in 

handwritten documents [4] [10]. The time required and 

accuracy obtained in a writer identification and verification 

system depend on the feature extraction method. The quality 

of a handwritten image, which depends on the image 

acquisition device, scanning resolution, image type, paper 

quality, etc., plays a vital role in deciding the performance 

of a writer verification system [14].  Therefore, it is 

necessary to design a generalised model for a writer 

verification system that achieves high accuracy and speed 

under varying writing conditions.  

Our work employs various methods to verify a person's 

handwriting under different writing conditions and 

resolutions. The Freeman chain code represents the 

directional information of each pixel on the boundary of a 

contour [8]. The technique is based on the hypothesis that 

the contour of a handwritten sample encapsulates the writing 

style of its writer [5]. 

The survey of existing methods is presented in Section II. 

The objective of our work is to verify a writer under 

different writing conditions and different ink widths. It 

could not be evaluated on existing data sets [7]; hence we 

have created new dataset and discussed in section III.  The 

proposed feature extraction methods are explained in 

Section IV. Results are presented in section V. Section VI, 

deals with the conclusion.  

II. LITERATURE SURVEY

The survey of existing methods is presented in [1] [6] [9] 

[11]. Said et al. employed the multichannel Gabor filtering 

technique for writer identification and verification [15]. 

Zhang et al. measured the individuality of handwritten 

characters through identification and verification models 

[16]. Schlapbach and Bunke showed that writer-specialised 

handwriting recognizers can be used for writer identification 

and verification [17].  He et al. treat Chinese writer 

identification using wavelet-based Generalized Gaussian 

Density (GGD) methods [18].  Bensefia et al. and 

Pervouchine and Leedham used local features for writer 

identification and writer verification [19], [20]. Bulacu and 

Schomaker employed the probability density functions of 

bitmaps and/or connected-

component contours, analyzing  

both the texture and 

allograph level approaches 

[2], [3].  
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III. DATASET 

We have created three different datasets comprising a total 

of 261 writers from various age groups and genders. The 

dataset includes four samples, each from 261 writers, 

including writing with a Ball pen and a sketch pen. Samples 

were scanned using a professional HP scanner at three 

different resolutions: 96, 200, and 300 dpi, with an 8-colour 

level.  

The subjects are asked to write a given text of 6 lines 

using a ballpoint pen and a sketch pen on A4-size plain 

paper. The given text differs for different sets of writers. 

The dataset comprises a total of 1236 samples, collected 

under varying writing conditions. Out of 1236 samples, 124 

samples are scanned at a resolution of 96 dpi and stored in a 

computer as PNG images. The remaining 1112 samples are 

scanned at a resolution of 300 dpi and saved as JPEG type. 

Out of 1112 samples, 192 samples are scanned at 200 dpi 

and saved as JPG type. The details of the dataset are given 

in table1.  

Table-I:  Details of Our Newly Created Dataset at the Page 

Level 

Dataset 
Image 

type 

Scanning 

resolution 

No. of 

writers 

Size of 

dataset 

Set 1 PNG 96 dpi 31 124 

Set 2 JPG 200 dpi 48 192 

Set 3 (includes writers 

of dataset 2 ) 
JPG 300 dpi 230 920 

The scanned handwritten sample pages of the same writer, 

written with different writing instruments, are shown in 

Figure 1. 

  

[Fig.1 a) Scanned Handwritten Samples of Same Writer 

Using Ball Pen and Sketch Pen] 

Separation of printed text and handwritten text is done 

manually. The samples of the same writer and different 

writers are shown in Fig. 2a) and b) respectively. 

  

[Fig.2 a) Same Writer Samples] 

       

       

        

[Fig.2 b) Different Writer Samples] 

IV. FEATURE EXTRACTION  

The present work uses the chain code feature. The 

histogram of the chain code is calculated to capture the 

directional information of the writer. First the color image is 

converted to a gray scale and then it is binarized using 

Otsu’s thresholding using MATLAB as shown in figure 3 a) 

and b) respectively. 

     
 

(a) Handwritten image           (b)Binary Image of fig 3a) 

[Fig.3: (a) Handwritten Image and (b) Binary Image of (a)] 

The boundary detection algorithm is used to detect the 

contours, as shown in fig. 4.  

 

[Fig.4: Boundary Detection in Binary Image. Red trace 

represents the Boundaries, and Green Star Represent 

the Starting of the Boundary Pixel] 

The contour is represented  

using the Freeman chain 

code. The histogram of this 

chain code is used as a 
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feature. The chain code represents the directional 

component for the boundary. The direction is represented 

for eight connected components. The boundary pixels in the 

original binary image are then labelled by their respective 

codes as shown in fig.5.  
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[Fig.5. Directions of Boundary Pixels for 8 Connected 

Components] 

We then proceed to extract features from the newly 

formed image. To make the chain code independent of the 

starting point, the normalized histogram of chain code is 

used as feature. The normalized histogram of handwritten 

sample image shown in fig3 a) is shown below in Fig. 6. 

  

[Fig.6: Normalized Histogram of Image Shown in Fig.3 a)] 

The histogram has 8 bins; hence, the size of the feature 

vector is eight elements. The method is applied to all images 

in the dataset. The dataset includes two samples with a ball 

pen and two samples with a sketch pen. The two histograms 

of two handwritten photos of the same writer are shown 

below in Fig.7 

     
 

(a) writing with a ball pen    (b)writing with a sketch 

pen 
 

      
  

(c) histogram of image in (a)   (d) histogram of image in (b) 

Figure 7 a) handwritten image of writer 009 showing 

writing with a ball pen, (b) handwritten image of writer 

011 showing writing with a sketch pen, (c) histogram of 

the image in (a), and  (d) histogram of the image in (b). 

Histograms of two handwritten images from different 

writers are shown below in Fig. 8.  

Referring to Figs. 7 and 8 show that the two histograms of 

handwritten images from the same writer, using a ballpoint 

pen and a sketch pen, are identical. In contrast, the two 

histograms of handwritten images from different writers are 

distinct. The chain code can be used to discriminate between 

the handwritten document images. 

      
(a)image by writer 009       (b)Image by writer 011 

     
 

(c) Histogram of image in (a) (d) Histogram of image in (b) 

[Fig.8 a) Handwritten Image of Writer 009 (b) 

Handwritten image of Writer 011 (c) Histogram of 

Writer 009 with ball Pen and (d) Histogram of Writer 

011 with Sketch Pen] 

V. EXPERIMENTAL DETAILS AND RESULTS 

The system operates in two modes: training mode and 

testing mode. The training mode evaluates a writer-specific 

threshold value, which is based on the false acceptance rate 

(FAR) and false rejection rate (FRR). The initial threshold is 

calculated as follows. 

The maximum distance within-writer class and the 

minimum distance between-writer class were calculated for 

each writer in the dataset. The average of the maximum and 

minimum distances is considered the initial threshold. 

The results of the above four experiments are presented in 

this section. The initial threshold value is updated in this 

mode to minimise the error between the false acceptance 

rate (FAR) and the false rejection rate (FRR). Based on the 

trial-and-error method, the system is trained with 1000 

iterations using a threshold step size of 0.001. The system 

was trained with 50% samples of the total dataset.   

Table-II: Effect of Scanning Resolution on Initial and 

Final Threshold Values of Different Writers 

Writer 

ID 

Resolution 

Initial Threshold value Final Threshold value 

200 dpi 300 dpi 200 dpi 300 dpi 

0 1 8 0.1752 0.1704 0.1412 0.1399 

0 1 9 0.1502 0.1659 0.0912 0.0899 

0 2 0 0.0812 0.0873 0.0707 0.0653 

0 2 1 0.0911 0.0889 0.0816 0.0874 

0 2 7 0.0908 0.0889 0.0908 0.0889 
 

The results of testing for four different experiments are 

presented in Table 1. Fifty per  

cent of the total dataset is  

used for testing the feature 

performance. The two 
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samples were given to the system, and the decision on 

whether the same person wrote both samples was made 

based on the saved threshold value for that particular writer. 

If the distance between the two test samples is less than the 

final threshold, then the decision is that the same person 

wrote both samples; otherwise, they were written by two 

different persons. The system is tested on 261 writers, with 

two samples from each writer.  

Table-III: Testing Results of Chain Code Method on 

Different Datasets 

Dataset 
Image 

Type 

Resolution 

(dpi) 

No. of 

writers  

% 

Verification 

Rate  

Set 1 PNG 96 31 97.7 

Set 2 JPG 200 48 96.33 

Set 3 JPG 300 230 99.24 

Table-IV: Testing Results of Chain Code Method on 

Dataset of Same Writers for   No. of Writers=48      

Writers, Image Type: PNG 

Resolution % Verification Rate 

200 96.33 

300 95.96 

VI. CONCLUSION 

Referring to Tables 3 and 4, we can conclude that the 

normalised histogram of the chain code is a feature that 

discriminates the writers. The total error rate (TER) is 

0.76% using the chain code. The method is independent of 

text and achieves a good accuracy of 99.24% under varying 

writing conditions, ink width variations, and scanning 

resolutions. The process is tested using low-resolution 

images with a resolution of 96 dpi. Referring to Table 4, it is 

clear that the method yields good results for low-resolution 

images. The technique used also works on cursive 

handwriting. We are conducting experiments with 1000 

writers and a varying number of discriminating characters. 
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