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Abstract— A Phase Based binarization are used to develop for the ancient document images, new fast ground truth approach called the 

PhaseGT, is proposed. This concept is used for generate the  ground truthed Persian Heritage Image Binarization. The PhaseGT is a semi-

automatic approach to ground truthing of images of any lan-guage, especially designed for historical document images. The main goal of 

the PhaseGT is to accelerate the ground truthing process and reduce the manual ground truthing effort. It uses the phase congruency 

features to the phase information of an input document image constitute the core of this binarization model, preprocess the input image and 

to provide a more accurate initial binarization. while in the postprocessing step, specialized adaptive Gaussian and median filters are 

considered.  The PHIBD dataset contains 15 historical document images with their corresponding ground truth binary images. The 

historical images in the dataset suffer from various types of degradation. It has been also divided into two subsets of training and testing 

images for those binarization methods that use learning approaches. 
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I.  INTRODUCTION 

 

           In recent years, automatic analysis of historical document images has received great interest [1], [2]. The need of automatic 

processing and archiving of large volumes of old documents and manuscripts, attracted many researchers. Besides, several 

datasets have becomes publicly available [3]– [8]. Latin datasets [4]–[8] contains handwritten and machine printed images. 

Persian manuscripts, which are very similar to Arabic documents, are mostly in the form of handwritten images.In this paper, a 

Persian heritage image binarization dataset (PHIBD 2012)1 is provided for future researches on historical document analysis. 

Images in the PHIBD 2012 suffer from wide range of degradation including uneven illumination, bleed-through, show through, 

and deterioration of cellulose structure, among others. Figure 1 shows two samples images from the PHIBD 2012.For each image 

in the dataset, a ground truth binary image is produced using the proposed PhaseGT software. The PhaseGT is an application for 

historical document ground truthing. It uses phase congruency features [9] and a priori knowledge about the characteristics of the 

input document image to preprocess input document image.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 Fig. 1.   Sample original and ground truth images from the PHIBD. 

 

The PhaseGT will generate a rough binarized image. Afterward, the resulting initial binary map is modified by a human 

expert. During this step, an optional edge image obtained by applying Canny operator [10] is used to help the human expert to 

select real edges. Previous studies indicate that human experts have different observation about edges of text, especially in the 

case of degraded parts of texts [11]. This means there is no guarantee to have a unique ground truth for an image.In [12], a semi-
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automatic method was proposed for document ground truthing. In that method, an initial binarized map is generated using an 

adaptive binarization method. Then, skeleton image of this map is computed. Due to classification errors of adaptive binarization 

method, some errors remain on the initial map and consequently the skeletonized image. To remove these errors, a manual 

correction was included in this step. After computing edges of texts using Canny edge detector [10] and manual modification on 

edges errors, a dilation operator based on this edge image was applied on the skeleton image to achieve final binarized ground 

truth image. In [13], an application called PixLabeler was developed to help users to achieve ground truth images. PixLabeler is a 

GUI based software which allows users manually select individual foreground/background pixels. Users, in the case of highly 

degraded images and blurred images, have difficulties to select real edges. In the case of historical document images, our 

proposed PhaseGT has two advantages compared  to PiXLabeler; i) a robust and useful preprocessing step to save user time, and  

ii) helping users to choose real edges when needed The rest of the paper is organized as follows. In section 2, phase congruency 

features used in this paper are discussed. PhaseGT ground truthing application and its applicant is introduced in section 3. In 

section 4, characteristics of the provided Persian dataset are discussed. Finally, section 5 draws a conclusion and some prospects 

for the future work. 

II. PHASE CONGRUENCY FEATURES  
 

In this paper, two features of phase congruency [14] are used to preprocess document images: i) the maximum moment 

of phase congruency covariance (MMPCC), and ii) the locally weighed mean phase angle (LWPMA). The MMPCC is a measure 

of edges strength which is used as an accurate edge detector. The LWMPA can be used to estimate the structure of foreground 

text. 

 

Let f (x) denotes a 1D signal, and Mn
e and Mn

o denote the even-symmetric and odd-symmetric wavelets at a scale n (we 

use log-Gabor wavelets). Mn
e and Mn

o will form a quadratic pair. The responses of each quadrature pair of filters forms a response 

vector: 

[en(x), on(x)] = [f (x) ∗ Mn
e, f (x) ∗ Mn

o]  (1) 
 
where * denotes the convolution operator, and values en(x) and on(x) are real and imaginary parts of complex-valued frequency 

response. The local amplitude of the transform at a given wavelet scale is given by: 

   

An(x) = 

 

  (2) 

 

   en(x)2 + on(x)2  

and the local phase is given by:   

   φn = arctan(on(x), en(x))  (3)  

2D phase congruency can be defined as:   

 

 

 =   r    n Wr(x)_Anr(x)ΔΦnr(x) − Tr_  

(4) 

 

  r    n Anr(x) + _  
 
where r denotes the index over orientation, Wr(x) denotes the phase congruency weighting mean function, _ is a small positive 

constant added to the denominator for the cases that Fourier amplitudes are very small, _·_ denotes that the enclosed quantity is 

equal to itself when its value is positive, and zero otherwise. Finally, ΔΦ, which is a sensitive phase deviation function is defined 

as: 
 

ΔΦnr = cos(φnr(x) − φr(x)) − | cos(φnr(x) − φr(x))|     (5) 
 

The MMPCC and LWMPA can be computed using equa-tions (4) and (5), respectively. 

 

A. Phase preserving denoising of images 
 

In denoising methods, usually the signal is transformed into such a domain in which separation of noise and signal is 

more straightforward. Then, a thresholding process is usually applied on the noise components. Finally, denoised signal should be 

transformed back into the original domain in some way. It has been observed that phase information is the most important feature 

of images [15]. Also, it is usually assumed that the signal and noise follow some Rayleigh distributions. The noise distributions 

can be calculated from the smallest scale. In this work, we use a denoising process in which a noise threshold at each scale 

determined to shrink the magnitudes of the filter responses, while leaving the phase part unchanged. Figure 2 provides an example 

of phase congruency features and also denoised image. These maps are used in the PhaseGT during preprocessing step as the 
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main features 

 
 
 
 
 
 
 
 

a)      b) 
 
 
 
 
 
 
 
 

                             c)    d) 
 

Fig. 2. An example of phase congruency features and denoised image. a) Input document image from PHIBD 2012, b) Maximum 

moment of phase congruency covariance (MMPCC), c) Locally weighted mean phase angle (LWMPA), and d) Denoised image with phase 

preserved. 

 
 

 PhaseGT: A Ground Truthing Tool For  Historical  Manuscripts 
 

  In this paper, a ground truthing application called PhaseGT is introduced and used to generate the ground truth images. 

Mainly, PhaseGT is based on the phase congruency features [9], [14], [16] and phase-denoised image [15]. Figure 3 shows how 

PhaseGT produces ground truth images in three steps: 

 

1. User provides some global information about input docu-ment image. These information are about the type of the input 

image, e.g. machine printed, handwritten or a combination. Also, user is requested to choose degradation types from a 

list.  

2. PhaseGT will preprocess the input image and will generate intermediate ground truth binary image. The goal of this step 

is to save human interaction time.  

3. Finally,user applies final modifications to the intermediate ground truth image. For this end, user can use ground-truth 

generation application like PixLabeler [13]. In this step, an optional edge map is provided by PhaseGT to help users 

choosing real edges of texts.  

 

 Document Type 
 

As mentioned, a preprocessing step based on a priori information about input document image is included by 

 

 

 

 

                                                                                                                      

  

Fig. 3.   The overall flowchart of the PhaseGT ground truthing tool 

PhaseGT to produce an intermediate binary image. A priori informa-tion is the type of document. Usually, texts of handwritten 

and machine-printed documents are in different patterns. For handwritten documents, strokes and sub-strokes are key parts. 

Therefore, preprocessing step should preserve these parts. For machine-printed documents, inner parts of large texts in document 

image should also be preserved. 
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 Degradation types 
 

Another a priori information is type(s) of degradation. In this paper, for foreground text, user can select two degradation 

types: i) text is nebulous, and ii) weak strokes/sub-strokes. For degradation types of background, more options are available which 

user can select them. These are global bleed-through, local bleed-through, unwanted lines/patterns, alien ink. There are other 

degradation types, however, PhaseGT is under de-velopment and we aim to add another abilities in near future. For example, 

considering an ancient book in which degradation types of on its pages are similar, parameters should be tuned so that in turn 

PhaseGT produces best overall output. In this way, ground truthing would be faster. Of course, this approach can be also applied 

for binarization methods when applying them on a similar archive of documents. 

 

There are previous works concerning the automatic detec-tion of various degradation types [17], [18]. Although noise 

classification method proposed in [17] is able to automat-ically detect and classify noises for parameter selection of binarization 

methods, manual selection of parameters shows better performance. PhaseGT can deal with the noises based on a priori 

information has been provided by user as follow. 
 

1) Local and global bleed-through: Bleed through degra-dation is an important and common interfering pattern in the old and 

historical document images. In this paper, bleed-through is categorized into two classes: i) local bleed-through and ii) global 

bleed-through. The local bleed-through applies to those degraded pixels that are located under or near the fore-ground pixels, 

while the global bleed-through refers to those pixels which are located far from the foreground text. The global bleed-through is 

one of most challenging degradation because there is no local reference in order to distinguish be-tween the true text and bleed-

through. PhaseGT uses regional minima [9], [19] to remove global bleed-through. Suppose a document image degraded with 

global bleed-through. The distribution of regional minima on the foreground is more than bleed-through pixels of background. 

This pattern is used in an unsupervised approach to remove global bleed-through. For removing local bleed-through, maximum 

moment of phase congruency covariance (MMPCC) is used. 

 

2) Unwanted lines/patterns: Interfering patterns and/or un-wanted lines are common degradation types. While these types of 

degradation could be removed manually, PhaseGT uses an adaptive median filter with a small scale to remove unwanted lines and 

patterns [9].  

 

3) Alien ink and faded ink: Usually faded ink is in the same color of foreground text, but alien ink could be in any colors. To 

overcome these types of degradation, MMPCC and normalized denoised image are used, where values of denoised image are 

normalized between [0 255].  

III. PHASEGT IN PRACTICE  

 
            In this section, PhaseGT tool is used to develop the PHIBD 2012 dataset, and also tested on other datasets. We begin with 

one degraded document image from DIBCO’09 [4] and another one from the PHIBD 2012 as shown in Figure 4(a). A priori 

information for first image is: handwritten document, weak strokes/sub-strokes, faded ink. For the second image, the information 

provided is as follows: handwritten document, faded ink, unwanted lines/patterns. The produced intermediate GT by PhaseGT is 

shown in Figure 4(b). In Figure 4(b), edges are shown in red and other pixels are shown in blue. Similarly, white pixels are 

background pixels. Based on [11], it takes about five hours to produce a ground truth for image ”H03” from DIBCO’09 using 

PixLabeler tool, while it takes less than a hour when image is first processed using PhaseGT. 

 

Now, by considering a machine-printed image from DIBCO’11, assume this a priori information: machine-printed, text is 

nebulous. The produced binary image by PhaseGT is shown in Figure 5. For handwritten document image in Figure 5, a priori 

information are: handwritten, weak strokes/sub-strokes, local bleed-through, global bleed-through. The produced binary image by 

PhaseGT is also shown in Figure 5. 

 

 

 

 

 

a)                   b)    c) 
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Fig. 4. Two examples show how PhaseGT produces ground truth image. a) Shows two original document images from 

DIBCO’09 and PHIBD, respectively. b) Processed image using PhaseGT tool, where red pixels indicate edges. c) After manual 

correction of b). 

 
 

 We have applied PhaseGT on DIBCO’09 document images to produce their ground truth images. As expected and have been 

shown earlier in [11], various methods and also different persons will produce different ground truth images. This shows the need 

of standard criteria or tools to be proposed or developed so that different persons can use converge to develop exactly or 

approximately the same ground truth results. A solution could be using different feature maps and methods  

 

 

 

 

 

 

 

 

 
Fig. 5. Two examples show the intermediate binary images produced by PhaseGT based on a priori information. a) Input document 

image from  DIBCO’11 dataset [6], b) processed image using PhaseGT, c) input document image from the PHIBD 2012, d) processed image 

using PhaseGT. 

 

Based on a priori information provided by human. Based on this assumption, current version of PhaseGT is a primitive attempt to 

develop such a tool that also makes it easier for the ground truther. We are working on this aspect to expand and modify PhaseGT 

in future work.Figure 6 shows a portion of an historical document from DIBCO’09 and the ground truth provided by DIBCO 

series organizers. Also, ground truth images from BSU [11] and that obtained using PhaseGT are shown. It is clear that three 

ground truth images has many differences.  

 

For example, one can see that Figure 6(c) is like dilated image of others. This indicate that different users will produce 

different GT images for one input document image. However, user’s fatigue and screen resolution could also lead to different GT 

images even if they are produced by the same user. There are two noticeable aspects associated with the pro-posed GT creation 

method (PhaseGT): 

 

  
i) The main contribution of the proposed method is the near to GT intermediate binary image produced based on user selection of 
degradation types. Therefore, it needs less additional user interaction. This has then advantage that the user can generate near to 
GT images for a very large dataset in a short time. Please note that using LWMPA, we have all of the strokes, even very weak 
strokes on the intermediate binarized output (pseudo-Recall>99%). Please see Figures 4(b), 5(b) and 5(d). This is a main 
difference between proposed method and ref. [12].  
  
ii) We give the right to the user to use Canny edge map or select some of the edges by hand. This is another difference between 
the proposed method and ref. [12].  
 

IV. PERSIAN HERITAGE IMAGE BINARIZATION DATASET 

 In this section, characteristics of the PHIBD 2012 are discussed. The PHIBD 2012 is divided into two parts: i) training 

images and ii) test images. Training set images are five historical document images with their associated ground truth, all of them 

obtained by using PhaseGT. Learning based binarization methods could use this part as learning samples. Similarly, test images 
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are ten Persian heritage document im-ages. The authors tried to arrange images evenly between training and data sets.                                                         

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 6. An example shows three ground truth of an historical document image from DIBCO’09. a) Original document image, b) GT produced by 

DIBCO’09 organizers, c) GT produced by BSU [11] d) GT produced using PhaseGT. 

 
Images in the PHIBD 2012 suffered from various types of degradation, include uneven illumination changes, various types of 

bleed-through, etc. Table I and Table II has summarized the degradation types of each document image in the PHIBD 2012. 

 

We also proposed a learning based binarization method based on the stroke gray level (SGL) and the background gray level 

(BGL) [20]. This learning based binarization method uses SGL and BGL to determine a locally-adaptive value based on a 

parameter α. The method uses learning methods and a ground truthed dataset to determine the optimal α. It can also be trained 

using rough binarized images of the dataset, in case the ground truth is not available. Finally, classification of pixels are based on 

the following equation. 

TSGL/BGL(x) = BGL(x) − α(1 − SGL(x)) .    (6) 

The performance of this method is provided in Table III. In the last two rows of Table III, output of a method for each image is 

used in a learning framework for that image. 

 

 

A. State-of-the-art performance on the PHIBD  

In this section, performance of some state-of-the-art bi-narization methods are provided in Table III. The evaluation measures 

used are [21]: F-Measure (FM), pseudo F-Measure (p-FM), PSNR, NRM and DRD [4]–[7]. For the experiments, the whole set of 

15 images were used. For Lu’s method [22], the results are reported for those 12 available output images.  

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
   TABLE II. CHARACTERISTICS OF TEST IMAGES IN THE PHIBD 2011 

    

TABLE I. CHARACTERISTICS OF TRAINING IMAGES IN THE PHIBD 
 

 
  

  
 

 
 

   
 

 Image name Size Degradation type(s) 
 

      

 Persian01 2025×829 degraded background, stain. 
 

 Persian02 823×683 bleed-through, deterioration of paper, alien ink. 
 

 Persian03 1199×937 faded ink, bleed-through, small amount of text. 
 

 Persian04 1174×701 faded ink, degraded background, multi-color 
 

  

706×1061 
background, small amount of text. 

 

 Persian05 faded ink, degraded background.  
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V. CONCLUSION  

        
      In this paper, a ground truthing tool called PhaseGT has been introduced and used to produce ground truth images. The main 

purpose of PhaseGT is to simplify ground trothing task, especially to save user time. Mainly, PhaseGT uses phase congruency 

features and a type of denoised image to preprocess input document image. This preprocessed intermediate image should be 

manually corrected to obtain the final ground truth image. During manual correction step, an optional edge map is provided to 

help ground truther. The authors are working to modify and also extend the PhaseGT application to microfilm ground-thruthing in 

the future. Furthermore, the first Persian heritage image binarization dataset (PHIBD 2012) has been developed to be used 

publicly by document analysis and processing community. The PHIBD consisted of 15 Persian document images with their 

ground truth. The PHIBD  is divided into five training images to be used by learning based methods and ten test images. We hope 

that the PHIBD dataset adds on the available benchmarking datasets for binarization, to consider other varieties of languages, 

scripts, styles, and ink and paper material in historical manuscripts. 
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