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ABSTRACT: 
 

The digital image processing has got much attention of the researchers towards development 
of automatic optical character recognition system. The document image analysis mainly 
focused on printed and handwritten document images. In printed document image analysis, 
the input image is that of machine printed document, where as in handwritten document image 
analysis, it is of document written by different persons on a paper using pen or pencil. 
Presently, most of the research work addresses issues related to handwritten document images 
and the Kannada script. The printed script recognition system is much easier than handwritten 
script recognition system. In printed documents, font style and size of the characters are 
standardized, whereas handwritten characters vary in size and style of font from person to 
person and time to time, which is a very tedious job for recognition. In this paper, a new novel 
approach is proposed for restoration of degraded historical Kannada handwritten documents 
using the combination of special local and global binarization techniques, by eliminating of 
non - uniformly illuminated background. The performance evaluation of the proposed method 
is tested with ground truth images by extracting geometric feature values of Precision, Recall, 
F-Measure, MSE and PSNR. It observed that, from the experimentation of results, the average 
value of PSNR, Precision and F-Measure are 10.07, 0.648 and 77.194 and MSE, Recall are 
0.102 and 0.97, respectively. The above said comparison performance evaluation approaches; 
i.e. the values of PSNR, Precision and F-Measure is higher and the MSE, Recall are lesser 
comparatively other methods i.e. Souvala and Niblack, which indicates the quality of 
reconstruction of degreded historical handwritten document images. These results are also 
compared with manual results visualized by the Epigraphists, language experts, and thus, 
demonstrate the efficacy of the proposed method. Restoration of degraded Kannada 
handwritten documents plays an important role in age identification, Kannada character 
recognition and classification for the Kannada handwritten documents. The proposed 
algorithm is also implemented with other datasets, namely, H-DIBCO-2016 series and Bickley 
diary datasets, these datasets contains the documents written on a paper using English 
language; which proves the exhaustiveness of the proposed algorithm. 
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[1] INTRODUCTION 

The document image analysis mainly focused on printed and handwritten document images. 

The necessity for efficient image restoration techniques has been performed with the enormous 

production of digital images, taken in poor conditions. Even though images captured with high 

resolution digital cameras may not be in a proper condition to directly use for the analysis. The 

system accepts the camera captured images as an input and processes it before the character 

recognition is taken up. These captured images are generally contains artifacts like the broken 

character, erased character, distortion due to fossils settled, and so on. The presence of unwanted 

marks engraved by the sculptor leads to wrong interpretation of inscriptions. Further, this 

requires a lot of pre-processing and digitization process which involves to access needful 

information from manuscripts [16]. The restoration of degraded historical Kannada handwritten 

document images provides digitization, preservation, knowledge extraction, etc. The digitization 

and restoration process will also helpful to the archival resource users through the Manuscripts 

Digital Library. The available ancient manuscripts may be in the form of Paper (Hastaprati), 

Palm leaf (Tadole), Metal, Stone carving and Cloth inscriptions. In this paper, the degraded 

historical Kannada handwritten document images written on a paper (Hastaprati) are considered. 

The sample images of historical degraded Kannada handwritten document written on paper 

(Hastaprati) is as shown in the [Figure-1]. 
 

  
 

Figure. 1 Sample images of historical Kannada handwritten document written on paper (Hastaprati) 

Many Government organizations; National Mission for Manuscript, New Delhi and 

Archeological Survey of India, etc., are working on digitization process and preservation of 

degraded historical handwritten documents, but the digitization process is a difficult task if the 

documents are degraded. This Manuscripts are converted into compressed digital formats with 

specialized scanners, camera are stored systematically for future reference [8]. The restoration 

process involves various enhancement techniques for degraded manuscripts or documents; many 

researchers have contributed in this area in the literature are: The hybrid binarization technique 

for degraded document images has been proposed by Ranganath D. et. al.[1], the positive 

laplacian filter to highlight the edges, and Gaussian filter and adaptive bilateral method is used 

to supress the background and enhance the character. The performance evaluation of novel 

historical documents restoration algorithm using Otsu thresholding, Sauvola thrisholding and 

hybrid method has been proposed by Neha Kundal et. al.[2]. Ranganath D. et. al.[3],  have 

proposed the enhancement technique using shearlet transform and mathematical morphological 

operations  by applying the adaptive histogram equalization (AHE) to enhance the contrast, 

noise removal and edge enhancement. The preprocessing of camera captured inscription and 

segmentation of handwritten Kannada text has been investigated by Soumya A. et. al.[3];  by 
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using different filtering methods for smoothing or sharpening, namely Gaussian blur, un-sharp 

masking(USM), laplacian filter based on the image quality and amount of degradation. The 

effective thresholding of ancient degraded manuscript folio image by calculating the local 

threshold value based in the mean value of the minimum and maximum intensities of pixel 

within the window has been investigated by Lalita Saxena et.al.[5]. The robust binarization 

technique for degraded document images has been investigated by Bolan Su et. al.[6]. The 

enhancement of degraded historical Kannada documents of palm scripts using gray scale 

morphological operations with the combination of spatial filters was proposed by Gangamma et. 

al.[7]. A combination of spatial domain method along with set theory operations are used to 

restore the degraded historical document image has been proposed by Gangamma et. al.[8,9]. A 

combined approach of curvelet and mathematical morphology is used for degraded historical 

denoised documents was investigated by Gangamma et. al.[10]. The restoring of degraded 

historical document typology for different type of degradation of old document images has been 

proposed by Fadoua et. al.[11]. The decomposed threshold approach was proposed and 

compared against some existing global and local methods in degraded historical document 

images by Chen Ya et. al.[12]. In this paper, the main objective is to enhance the quality of the 

degraded historical Kannada handwritten document images (Hastaprati) using the combination 

of both special local and global binarization techniques [18, 19]. The proposed method is 

compared with the other standard methods in the literature, namely, souvola and niblack using 

our own dataset by extracting geometric feature values of Precision, Recall, F-Measure, MSE 

and PSNR. The proposed algorithm is also implemented with other datasets, namely, H-DIBCO-

2016 series and Bickley diary datasets, these datasets contains the documents written on a paper 

using English language; which proves the exhaustiveness of the proposed algorithm. 

 

[2] ROPOSED METHOD 

The objective of the present study is to propose a new enhancement technique for restoration 

of degraded historical Kannada handwritten document images using the combination of special 

local and global binarization techniques, by eliminating non - uniformly illuminated background. 

Many performance evaluation measuring approaches are used in the literature, out of these, only 

five approaches provides better results, which are extracted from degraded historical Kannada 

handwritten documents to measure the performance evaluation of  proposed method and these 

are explained below: 

 

i. Precision: It is the ratio of true positive divided by a sum of true positive and false 

positive instances. 

( )
tp

precision p
tp fp




     (1) 

where p defined as positive instance and n defined as negative instance. 

ii. Recall: It is the ratio of true positive divided by a sum of true positive and false negative 

instances. 

( )
tp

recall R
tp fn




     (2) 

iii. F-Measure: The F-measure is defined as the weighted harmonic mean of its precision 

and recall, that is,  
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where the weight α ∈ [0,1].

 

iv. Mean Square Error (MSE): It measures the average of the squares of the errors that is, 

the difference between the estimator and what is estimated. 
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where g(x,y) is the output image and f(x,y) is the input image. 

v. Peak Signal Noise Ratio (PSNR): 

dB
MSE

MAXiMAXi
PSNR 







 
 log10     (5) 

where MAXi is maximum intensity of the image and is 255 when pixel is represented using 8 

bits. 

 

The PSNR is used to measure the quality of reconstruction of lossy and lossless compression 

(e.g., for image compression). The signal in this case is the original data, and the noise is the 

error introduced by compression. When comparing compression codecs, PSNR is 

an approximation to human perception of reconstruction quality. Although a higher PSNR 

generally indicates that the reconstruction is of higher quality[15]. 

 The proposed method is compared with the H-DIBCO 2016 series and Bickley diary 

datasets. Out of many enhancement techniques used by various authors in the literature, it is 

observed that, the combination of local and global enhancement techniques gives better results. 

The proposed new binarization techniques are explained below: 

 

Local Otsu 

Local otsu performs thresholding the image by specifying the block size, and facilitates the 

threshold segmentation of images with uneven illumination, for which global thresholding is 

inadequate; it performs without the need of the background normalization. 

 

Sobel Filter 

A discrete differentiation operator computes an approximation of the gradient of the image 

intensity function. At each point in the image, the result of the sobel operator is either the 

corresponding gradient vector or the norm of this vector. The sobel operator is based on 

convolving the image with a small, separable, and integer-valued filter in the horizontal and 

vertical directions and is therefore relatively inexpensive in terms of computations. On the other 

hand, the gradient approximation that produces crude results, in particular for high-frequency 

variations in the image. The sobel filter suppress the noise in the image better than the method 

available, sobel filter can be obtained from the below equation (6). 

M(x,y)≈|gx| + |gy|        (6) 

where the components gx and gy obtained using the filter mask respectively. 

 

Local Standard Deviation 

The local standard deviation [14] is applied to an image, process a fast and effective contrast 

enhancement. We first use an integral image to fast compute the means and the standard 

deviation values in all local windows centered at each pixel, and then boost up the contrasts of 

the local regions to different degrees according to an enhancement model. 

 

https://en.wikipedia.org/wiki/Expected_value
https://en.wikipedia.org/wiki/Error_(statistics)
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Global Otsu 

In global otsu method [13], exhaustively search for the threshold that minimizes the intra-

class variance (the variance within the class), defined as weighted sums of variances of the two 

classes are calculated from equation (7): 

)()()()()( 2
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2
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2 ttttt          (7) 

Weights ω0;1 are the probabilities of the two classes separated by a threshold t and σ2
0;1 are 

variances of these two classes. 

The class probability ω0; 1(t) is computed from the L histograms which are obtained from 

equations (8) and (9): 
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which is expressed in terms of class probabilities ω and class means μ. while the class mean 

μ0;1;T (t) is calculated from below equation (10): 
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The following relations can be easily verified from the below Eq. (11): 
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1100
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The class probabilities and class means can be computed iteratively. The proposed method 

comprises the various steps, which are depicted in the flow diagram shown in the [Figure-2]. 

The degraded historical Kannada handwritten document image generally contains a non-

uniformed illuminated background, due to these illumination, the characters are not properly 

visible and are leads to prone errors and mismatching. Hence, to clear the background and 

highlight the characters, we performed local and global enhancement techniques separately and 

later combined to obtain final uniformed background image. The camera captured Degraded 

Historical Kannada handwritten RGB image is converted into gray scale image by considering 

only green channel from the RGB image. Perform the local otsu thresholding function using 

nlfilter and applied to gray scale image that accepts an m-by-n matrix as input and returns a 

scalar result. Then, apply sobel gradient filter to the gray scale image which suppress the noise 

and debris in the image and sharpens the edges of the character. And then, perform the local 

standard deviation to the output image of the soble gradient filter to smoothen the characters in 

the image, then apply global otsu method to the resultant image of the local standard deviated 
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image, to obtain correct binarized image, performed the logical AND operation between the 

local otsu with nlfilter image and global otsu image. Finally, applied morphological erode 

operation to the correctly binarized image to reconstruct the characters in the image. The 

resultant output image given the noise free, uniform background and reconstructed or stroke 

characters, and extracted the geometric feature values of Precision, Recall, F-Measure, MSE and 

PSNR for performance evaluation. The proposed method for the binarization technique used for 

restoration of degraded historical Kannada handwritten document images by combining both 

special local and global binarization techniques, and eliminating non - uniformly illuminated 

background is given below in the form of algorithm. 

 
Figure: 2. The flow diagram of the proposed method 

Proposed algorithm: Restoration of degraded Kannada handwritten document images 

Step 1. Input the camera captured degraded Kannada handwritten document RGB color image. 

Step 2. Convert the color RGB image into gray scale image and consider only green channel. 

Step 3. Perform histogram to visualize the peek value of the image on Step 2. 

Step 4. Perform local otsu on Step 2 using nlfilter for obtaining scalar resultant image. 

Step 5. Apply sobel gradient filter on Step 2 to remove noise, debris and sharpens the edges of 

objects(characters) 

Step 6. Apply the local standard deviation on Step 5 to smoothen the resultant image. 

Step 7. Apply global otsu on Step 6 to binarize the image. 

Step 8. Perform logical AND operation on Step 4 and Step 7 to obtain final resultant image 

Step 9. Perform pre-processing using morphological erode operation on Step 8 to reconstruct 

the individual character and output the binarized image compute the geometric feature values of 

Precision, Recall, F-Measure, MSE and PSNR for performance evaluation. 

 

[3] RESULTS AND DISCUSSION  

For the purpose of experimentation, the degraded Kannada handwritten documents are 

collected from Hastaprati Section, Department of P.G. Studies and Research in Kannada, 

Gulbarga University, Kalaburgi and Department of Hastaprati, Kannada University, Hampi. 
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These Kannada handwritten documents are captured through Samsung PL21, 14 Mega pixels 

Digital Camera at 4320x3240 resolutions in JPGE format. The implementation is done on Intel 

Core i5, @ 2.40 GHz System using MATLAB R2015b.  The original degraded Kannada 

handwritten camera captured image [Figure.3(a)], is converted into gray scale image 

[Figure.3(b)] and considered only green channel, performed histogram on gray image 

[Figure.3(c)], then applied the local otsu using nlfilter to obtain scalar image [Figure.3(d)], 

applied sobel gradient filter [Figure.3(e)], local standard deviation[Figure.3(f)]  and global otsu 

to the same gray scale image [Figure.3.(g)], performed logical AND operation between local 

otsu image and global otsu image and then applied morphological erode operation. The resultant 

image [Figure.3.(h)] is noise free, uniform background and reconstructed or stroke character, 

which can be used for further individual character segmentation and recognition. 

 

 
Figure.3. (a) 

 

 
Figure.3. (b) 

 

 
Figure.3. (c) 

 

 
Figure.3. (d) 
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Figure.3. (e) 

 

 
Figure.3. (f) 

 

 
Figure.3. (g) 

 

 
Figure. 3.(h) 

 
Figure.3. Sample degraded Kannada handwritten document image (a) Camera captured original RGB image, 

(b) Converted RGB image to gray scale image, (c) Histogram of the gray scale image, (d) Local otsu applied to 

gray image using nlfilter, (e) Sobel filter applied to gray image, (f) Perform local standard deviation of sobel 

filtered image, (g) Global Otsu applied on (f) and (h) Perform logical AND operation on (d) & (g) 

 

The proposed method is compared with Souvola and Niblack methods, which are found to be 

the standard methods in the literature. The computed resultant images of degraded Kannada 

handwritten documents are shown in the [Figure. 4]. The original Kannada handwritten 

degraded image [Figure.4.(a)], Souvola method [Figure.4.(b)], Niblack method [Figure.4.(c)] 

and proposed enhancement method [Figure.4.(d)]. 

The proposed algorithm is also tested and implemented with other standard datasets of 

English handwritten characters, i.e., H-DIBCO 2016 series dataset and Bickley dairy dataset. 

The results of H-DIBCO 2016 series dataset are shown in the [Figure.5.(a)] input images, the 

restored image using Souvla [Figure.5.(b)], restored image using Niblack [Figure.5.(c)] and the 
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restored image using proposed method [Figure.5.(d)]. The results of Bickley dairy dataset are 

shown in the [Figure.6.(a)] input images, the restored images of Souvla [Figure.6.(b)], Niblack 

method [Figure.6.(c)] and the restored images using proposed method [Figure.6.(d)]. 

The geometric feature values of Precision, Recall, F-Measure, MSE and PSNR are extracted for 

all the images and the performance evaluation approaches computed values are given in the 

[Table.1]. The results of the proposed method is computational less expensive and provides 

better results compared to Souvola and Niblack methods. The sample resultant image of 

degraded historical Kannada handwritten document image is visualised by Epigraphist and 

language expert is as shown in the [Figure. 7], it is observed that, the Kannada characters, which 

are shown in the Figure. 8, are very closer and resemblance to the original Kannada characters 

compared to other methods in the literature. 

 

 
 

Figure. 2. Sample images of Kannada handwritten document images (a) Original input image (b) Souvola 

method (c) Niblack method (b) proposed method 
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Figure. 3. Sample English handwritten images of H-

DIBCO 2016 series dataset (a) Original input image 

(b) Souvola method (c) Niblack method (d) 

Proposed method 

 
Figure. 4. Sample English handwritten images 

of Bickley dairy dataset (a) Original input 

image (b) Souvola method (c) Niblack method 

(d) Proposed method 

 
Table 1. The Result of performance evaluation of Souvola, Niblack and proposed methods. 

Binarization 

methods 

Performance  

evaluation 

approaches 

Sample degraded Kannada 

handwritten document image 

1 2 3 4 5 Average. 

Sauvola Method 

PSNR 6.35 9.15 7.82 12.64 12.97 9.786 

MSE 0.23 0.12 0.16 0.05 0.05 0.122 

Precision 0.41 0.6 0.51 0.74 0.77 0.606 

Recall 1.00 1.00 1.00 1.00 1.00 1.00 

F-Measure (%) 58.24 75.23 67.66 85.65 87.35 74.826 

Niblack Method 

PSNR 5.91 8.13 7.22 10.99 11.27 8.701 

MSE 0.25 0.15 0.18 0.07 0.07 0.144 

Precision 0.34 0.49 0.43 0.63 0.66 0.51 

Recall 1.00 0.99 0.99 0.99 0.99 0.992 

F-Measure (%) 51.67 66.46 61.06 77.52 80.06 67.354 

Proposed Method 

PSNR 6.61 9.54 8.06 12.89 13.25 10.07 

MSE 0.21 0.11 0.10 0.05 0.04 0.102 

Precision 0.44 0.64 0.55 0.79 0.82 0.648 

Recall 0.98 0.98 0.97 0.96 0.96 0.97 

F-Measure (%) 61.83 78.02 70.47 87.01 88.64 77.194 
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Figure. 7. Sample images of Kannada handwritten document images (a) Original input image (b) Souvola 

method (c) Niblack method (d) binarized with proposed method 

 
Figure. 8. Sample images of Kannada handwritten characters (a) Original image from the literature [17], (b) 

Original image from own dataset, (c) Binarized with Souvola method, (d) Binarized with Niblack method, (e) 

Binarized with proposed method 
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Figure. 9. Results of comparison performance evaluation approaches 

 

As discussed in the proposed method, the higher PSNR, Precision and F-Measure; and the 

lesser MSE and Recall generally indicates that the reconstruction is of higher quality in 

document images. It obsereved that, from the experimentation of results, the average value of  

PSNR, Precision and F-Measure are 10.07, 0.648 and 77.194 and MSE, Recall are 0.102 and 

0.97, respectively. The above said comparison performance evaluation approaches; i.e. the 

values of PSNR, Precision and F-Measure is higher and the MSE, Recall are lesser  

comparatively other methods i.e. Souvala and Niblack, which proves the quality of 

reconstruction of degreded historical handwritten document images. The results of comparision 

performance evaluation approches are shown in [Figure.9]. 

 

[4] CONCLUSION 

In this paper, we proposed a new novel binarization technique for restoration of degraded 

historical Kannada handwritten documents (hastaprati) using the combination of special local 

and global enhancement techniques, by eliminating of non - uniformly illuminated background. 

It obsereved that, from the experimentation of results, the average value of  PSNR, Precision and 

F-Measure are 10.07, 0.648 and 77.194 and MSE, Recall are 0.102 and 0.97, respectively. The 

above said comparison performance evaluation approaches; i.e., the values of PSNR, Precision 

and F-Measure is higher and the MSE, Recall are lesser  comparatively other methods i.e. 

Souvala and Niblack, which indicates the quality of reconstruction of degreded historical 

handwritten document images. These results are also compared with manual results visualized 

by the Epigraphists, language experts, and thus, demonstrate the efficacy of the proposed 

method. The proposed algorithm is also implemented with other datasets, namely, H-DIBCO-

2016 series and Bickley diary datasets, these datasets contains the documents written on a paper 

using English language; which proves the exhaustiveness of the proposed algorithm. Restoration 

of degraded Kannada handwritten documents plays an important role in age identification, 

Kannada character recognition and classification which will be considered as future work. 
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