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Abstract: It is the requirement of the time to store and 

conserve the ancient manuscripts for the use of next generation. 

Epigraphists find it hard to decrypt the information present in 

inscriptions due to variety of reasons including erosion of letters, 

noise and many more. Here, we present a new binarization and 

postprocessing technique to efficiently extract and reconstruct the 

foreground text from heavily degraded documents. The proposed 

method uses combination of phase based feature maps and 

geodesic morphology with anisotropic filtering. Phase feature 

maps will binarize the text by removing background noise and 

geodesic operators will reconstruct the deteriorated characters. 

Statistical performance evaluation is done on different datasets 

and efficiency of the proposed method is demonstrated by 

comparing with many state of art algorithms. 

Index Terms: Document Analysis, Image binarization, 

Morphological operators, Phase congruency  

I. INTRODUCTION 

 Currently, there is a huge growing pursuit in the domain of 

document image analysis. Many researchers are trying to 

develop the systems for the extraction of pertinent 

information from these documents. It is a dynamic research 

area being studied from years for tasks like optical character 

recognition (OCR). 

Documentation existed even in the ancient ages without 

papers or gadgets. Information was created on palm leaves, 

clothes, metal plates or on stone surfaces. These writings are 

generally termed as inscriptions or epigraphs. It is the key tool 

used in history to be able to study the life of ancient time. 

Manuscripts like epigraphs attained across the globe expose 

the details of lifestyle, sociocultural environment, political 

position, fine art and even about the society regarding that 

time frame and location. These manuscripts became a crucial 

part of passing the information and procedures from one 

generation to another. To save this information for the future 

use to save our culture and heritage is necessity of the day. 

Preservation of any manuscript generally requires 

digitization, preprocessing, data extraction and recognition.  
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Primary technique used in any document analysis is 

preprocessing and binarization which helps in the extraction 

of useful information from these manuscripts. Document 

image binarization(BZ) aims at segmenting the foreground 

characters of a manuscript from the noisy background during 

the preprocessing stage. manuscripts generally suffer from 

various degradations over time making BZ an intimidating 

task. Typically, an epigraph can be heavily degraded due to 

erosion of characters over time as they are exposed to 

different environmental conditions, low or varying contrast, 

stains, intra/inter variation between text and background, 

missing data noise due to variation of light during image 

acquisition. Thou’ document analysis is being studied 

across-the-board in the recent past, BZ and postprocessing of 

highly degraded images is still a largely undiscovered 

problem which is mainly because of the difficulties in 

moulding different types of degradations and varying noise. 

As far as the field of inscriptions and olden manuscripts are 

concerned, no standard existing methods deal with the issues 

of foreground extraction, uneven noise removal and character 

reconstruction. The Document Image Binarization 

Competition (DIBCO) aims to cover this problem by bringing 

in datasets of handwritten degraded documents to assess the 

recent advancement in image binarization. However, 

enhancement and binarization of ancient manuscripts[1] in 

still considered to be a tricky task.  

      
(a)          (b) 

      
(c)          (d) 

 

 
(e) 

Fig 1(a)-(e). Sample inscription images 
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Few epigraphs used in this work are shown in Fig 1(a)-(e). 

The degree of degradation in these materials is too severe(fig 

1.b) that it becomes highly challenging to draw out the 

character shape by binarization. Noisy background adds more 

complexity while processing and result of binarized 

characters are fractionated. Sometimes, the images of palm 

leaf and copper plate inscriptions which were scanned several 

years ago are available because of further deterioration of the 

original materials like in fig 1(e).    

II. LITERATURE REVIEW 

In this part, we briefly depict some of the enhancement and 

BZ methods used by earlier researchers. Generally, the 

techniques used for BZ can be either local or global. The 

global BZ techniques allot a single threshold for the entire 

image whereas threshold for individual or group of pixels in 

the document image will be identified in local BZ. Histogram 

shape based global BZ methods[1][2] tries to estimate a 

global threshold to minimize intra-class variance. It requires a 

bimodal histogram pattern and therefore, cannot handle the 

document images with high variation in background. Though 

local BZ methods comparatively yield a better result, it is still 

an unsolved problem in case of ancient manuscripts. This is 

mainly due to different variety of noise, degradation and 

unclear foreground. Adaptive thresholding methods like 

Sauvola[3] which is an improvement over Niblack’s[4] and 

Bernsen[5] will either generate a certain quantity of noise or 

fail to identify the text with a low contrast[6]. All these 

algorithms use mean, variance or standard deviation and 

contrast information of local region to calculate different 

thresholds. They have also failed to handle the images with 

light texture background. Feng[7], sets a standard in contrast 

adaptive thresholding by dynamically calculating the 

threshold depending on the gray-scale average and variance 

of current pixel in the neighborhood. Paper [8] demonstrates a 

real time adaptive thresholding using integral image of the 

input. This is robust to illumination changes in the image 

which makes it worthy for the processing of video 

applications. Lu in [9] used an adaptive image contrast 

combining the local image contrast and gradient which is 

tolerant to background and foreground variation caused by 

different types of degradations. This has been tested on 3 

public databases achieving an overall accuracy of 90%. 

Valizadeh et al in [10] has proposed another method for 

document image binarization. Here, the image is mapped into 

a feature space to separate the text and background. This is 

then partitioned into smaller regions and each region is 

labelled using result of a basic BZ algorithm. There are few 

methods based on Independent Component Analysis(ICA) 

and its variations like Fast ICA and NGFICA that have been 

used for enhancement of historical documents by maximizing 

text layer information[11] [12] [13]. This improves the 

recognition accuracy of word and characters by 65.3% and 

54.3% respectively. It uses gradient descent optimization 

approach to minimize the dependency among the various 

components present in the source.  

Image restoration and retrieval is an active area of research. 

Different methods involving comparison using local features 

such as color, shape[14] and other low-level features [15] 

have been proposed but are unsuccessful in providing good 

results under addition of correlated noise or change in scale. 

There are other approaches being developed in recent times. 

Some domain knowledge such as texture feature and 

cross-section sequence graph-analysis [16] can be used to 

produce better results. However, they need some prior 

knowledge of the testing document images. [17] proposes an 

energy-based method using graph-cut algorithm to segment 

text information by minimizing Laplacian energy. Few works 

have shown that preprocessing the document images in 

frequency domain is efficient compared to spatial domain. 

Frequency domain based phase features are widely used in 

computer vision, biomedical applications like face 

recognition, palm-print verification and object identification 

as feature detectors. Moghaddum et all in [18][19] have 

shown that foreground of document images can be better 

handled using phase features. [20] and [21] have also shown 

that phase is one of the dynamic ways to process the 

handwritten and printed text. Most of these are based on the 

work of Kovesi [22]. To the best of our knowledge, compared 

to the efforts devoted to spatial domain, very little attention is 

given to use phase as one of the features in document analysis. 

However, the BZ techniques are not fully explored for all the 

possible type of degraded documents and still needs further 

research. 

III. PROPOSED METHODOLOGY 

Here, we have used 2 types of phase congruency(PC) 

feature maps[23] of the document image for preprocessing, 

Expectation Maximization algorithm(EMA) for denoising 

and geodesic morphological operators for restoration of 

broken text. Brief flowchart of the method is shown in fig 2. 

Individual steps are discussed separately below.   

A. Preprocessing and Binarization 

Phase information of an image in frequency domain always 

overweighs its magnitude information in spatial domain. 

There are two approaches to the phase based processing of 

images. One is Kovesi’s PC model[22][24] and another is 

monogenic scale-space method[25]. We have understood in 

our experiment that [24] works better for our proposed 

binarization. PC manifests the nature of image in Fourier 

domain. Here, the points where the Fourier-components(FC) 

are maximal are considered as pixels of interest. PC is a ratio 

of weighted alignment of Fourier components to the sum of 

Fourier components. Weighted-alignment is the combination 

of weighted mean function and phase deviation function. 

Extending this to a 2 dimensional function with scale(p) and 

orientation(o) is calculated by 

PC2(x)  =      (1) 

PC manifests the nature of image in Fourier domain.  

Here, the points where the Fourier-Components(FC) are 

maximal are considered as pixels of interest.  
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PC is a ratio of weighted alignment of Fourier components to 

the sum of Fourier components. Weighted-alignment is the 

combination of weighted mean function and phase deviation 

function. Extending this to a 2 dimensional function with 

scale(p) and orientation(o) is calculated by 

PC2 (x) =     (2) 

At a given scale and orientation, Φ  is a local phase and 

 (x) is local amplitude of nth component in Fourier series 

expansion. ε is a constant for small fourier amplitudes. Phase 

deviation function is represented by  

. 

Weighting mean function (W(x)) of PC with is defined as 

W(x) =             (3) 

c is cut off value of the filter response below which PC 

values are penalized. ‘g’ is gain factor and s(x) is a spread 

function represented by 

 

s(x) =               (4) 

PC is noise⬚sensitive. To overcome which, normal 

distribution is used. 

G(x) =            

 
Fig 2. Proposed methodology 

Measure of edge⬚strength (IPC) is denoted by 

IPC =           (6) 

Sum of all filter responses (IPA) is given as 

IPA =         (7) 

where –п/2 ≤ ≤ п/2 

Fig 3 shows an example of maps for image 1a. 

 
Fig. 3. IPC and IPA maps 

Non-orthogonal Gob-gabor wavelets are used to extract the 

local phase information of each point in the image. Noise 

threshold of each level is estimated so that magnitudes of 

filter response vector can be shrunk by soft thresholding while 

phase information will be untouched.  Noise shrinking 

threshold⬚(T) is calculated by using mean and variance of 

Gaussian distribution in (5) 

T =                 (8) 

By eliminating the estimated noise, (1) is modeled as 

PC2(x) =       (9) 

Otsu’s method is used on normalized denoised image⬚. Otsu’s 

approach will also eliminate the degraded parts of images, 

because the denoising method tries to reduce the amplitude of 

the noise component. As it misses false negatives, it is 

considered as a weak denoising method. With this, IPC used to 

separate foreground from background pixels can reject most 

of the badly degraded background pixels by means of a noise 

modeling method. Log Gabor filter scale ‘p’ is set to 2 with 10 

orientations. Number of standard deviations(k) to reject noise 

is estimated by the binarization result of Otsu’s method. An 

example of this procedure is shown in fig 4. Output of the 

preprocessing step given by 

K =          (10) 

We have considered the following assumption while 

classifying the pixels of foreground and background using IPA.  

P(x) =    (11) 

   
(a )         (b) 

   
(c)        (d) 
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(e)        (f) 

Fig 4. Example of the procedure used in pre-processing a) 

denoised image using Kovesi method. b) denoised 

normalization. c) Binarization using Otsu’s. d) Binariztion 

using proposed. e) Edge enhancement using Log Gabor 

wavelets. f) Final binarized image 

B. Postprocessing 

In post-processing, we focus on the geodesic morphological 

operators and the inter-convertibility of BZ-image and the 

distance-transformed(DT) image. Because the DT image has 

continuous intensity. Well developed edge-aware smoothing 

filters can be employed on this. Geodesic morphological 

operators mainly consist of distance transform and 

transformed image which is then embedded with an 

anisotropic smoothing filter. 

i. Geodesic morphology 

Lets consider the input binarized image for  at 

pixel p. We apply the Quasi-Euclidean distance 

transformation[26] with a fast raster scanning algorithm 

performed once in lexicographical order, and then in inverse 

lexicographical order to obtain the distance transformed 

image. Boundary pixel is defined as a black pixel which is 

adjacent to white pixel(pb). Let DT, the distance transformed 

image initializes the distances by using the boundary pixels as  

DT(p) =             (12) 

non-adaptive thresholding filter with a single threshold for all 

pixels is employed. Let the binarized image converted back be 

I’(p) whose pixel values are given by 

I
’
(p) =          (13) 

Pixelwise adaptive dilation is performed if threshold t>0 and 

erosion if t<0. 

i. Anisotropic smoothing 

Anisotropic smoothing filtering method is applied on 

distance transformed image. Gradients are smooth for 

distance transformed images in the range direction. In spatial 

direction because of the curvature of the edges, variations can 

be observed[27]. So, local gradient based anisotropic 

diffusion is suited for the smoothing of distance transformed 

image. 

The edge direction vectors (say  and  and gradients 

(say λ+ and λ-) are obtained from single value 

decomposition(SVD) of the structure tensor G ∈ R
2X2

 

consisting of gradient images of distance transformed image 

{Dx,Dy} = ∇D as 

UAU
T
 = SVD        (14) 

Where K is a Gaussian filtering to smooth the gradient 

image. A=diag(  is highest and lowest eigenvalues of 

G and U=( ,  is the accompanying eigenvector.  

Using eigenvalue and eigenvectors, gradient tensor T ∈ R
2X2 

is calculated as 

T =    (15) 

In the above equation, and  control the smoothness of 

image. Using this gradient tensor, smoothing equation for t+1 

iterations is derived as 

Dt+1 = Dt + ϒ Tr(TH)            (16) 

Here, H is a Hessian 

∇(∇D)
T
=          (17) 

and ϒ controls the convergence set to 0.5 

IV. RESULTS AND DISCUSSION 

Fig. 5(a) shows a sample of input binarized image to which 

distance transformed image and smoothed distance 

transformed image are displayed in fig. 5(b) and (c). Color 

enhancement of this image is shown in (d) and (e). Final 

reconstructed characters are shown in (f). These images are 

obtained by setting the parameters as follows: resized with a 

scale of 1/4.  Variance of Gaussian filter for a window size of 

5 is 1.25.  Number of iterations are 40 for ϒ = 1/2 and its time 

step are t =15.  

    
(a )              (b) 

     
(c)            (d) 

    

 
(e)            (f) 

Fig.5. Results and evaluation 

The proposed method of binarization and postprocessing is 

first tested on number of available standard datasets like 

DIBCO11, DIBCO12, DIBCO13 and BICKLEY DIARY.  

Images in these datasets have suffered from different types of 

degradations. They are enough challenging in terms of 

evaluating and formulating purposeful examination of various 

algorithms. We then fine tune the parameters to work well on 

our customized dataset of inscription images. Around 200 

images have been collected from different places of south 

India. It is observed that proposed method suits well for low 

intensity, low contrast type of images with unclear 

background and undefined type of noise. This code is 

executed in MATLABಅ2018b running on windowsಅ10.  
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For the inscription image in 1(e),  are shown in 

fig.6. Comparison of binarized image using [18] and 

proposed method is shown in fig 7(a) and (b). Image is 

Normalized by linear transformations with Otsu’s algorithm is 

used to remove some amount of noise from the binarized 

output. Though this is a weak denoise technique, 

misclassified objects below threshold T are removed as in fig 

8(a).  Final reconstructed image using anisotropic smoothing 

is shown in fig 8(b). 

 
Fig 6. IPC and IPA maps 

  
Fig 7. Binarization using (a) Kovesi (b) proposed method 

   
Fig 8. (a) Final binarized image (b) Final reconstructed image 

We have used several traditional state-of-art-algorithms 

and top ranking methods of DIBCO contest for comparison. 

Many matrices are available for the evaluation of binarization 

model in the algorithms reported. Out of which, 4 of them 

have been used in our study. They are F-measure, Peak 

signal-to-noise ratio(PSNR), Negative-Rate-Metric(NRM), 

Misclassification Penalty Metric (MPM). These parameters 

are widely used in the objective analysis of 

image-quality-measurement. Higher values of PSNR, 

F-measure and lower values of MRM, NRM provide better 

binarization results. Proposed method of phase congruency 

model is compared with different classical binarization 

methods in the literature namely Otsu, Bernsen, Sauvola, 

Niblack, Gatos. DIBCO11, DIBCO12, DIBCO13, 

BICKLEY and our customized inscription database of 50 

images are considered for evaluation. Comparison results are 

shown in Figures 9-14. Proposed method produces better 

results compared to most o the algorithms. 

 

Fig 9. Comparison of different datasets against 

F-measure 

 

Fig 9. Comparison of different datasets against PSNR 

 

Fig 9. Comparison of different datasets against NRM 

 

Fig 9. Comparison of different datasets against MPM 

V. CONCLUSION 

A new binarization and postprocessing technique is 

presented here to efficiently extract and reconstruct the 

foreground text from heavily degraded documents. Proposed 

method uses combination of phase based feature maps and 

geodesic morphology. Statistical performance evaluation is 

done by calculating PSNR,NRM,FM and MPM. These 

parameters are compared with the results obtained from 

inscriptions and other classical methods to demonstrate 

efficiency of the work. This plays an important role 

segmentation, recognition and classification of characters 

from inscriptions and epigraphs. 
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