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Graphical abstract 
 

 

Abstract 
 

The Aceh Museum stores many digitized ancient manuscripts from hundreds of years ago. 

The condition of those manuscripts has degraded into several degradation types such as 

uneven contrast, show through effects, background spots, and text fading, which cause 

decreasing readability. A binarisation method is used to decrease the degradation effect 

on ancient manuscripts. Our research team is currently working on developing application 

software that consists of five binarisation methods, namely Otsu, Niblack, Sauvola, Lu, and 

Su for ancient manuscript restoration for the Aceh Museum staff to improve documents’ 

readability. In practice, a user still finds it difficult to choose the best method because there 

is no method that works best on every ancient manuscript for different types of 

degradation. This paper intends to determine a binarisation method that suits most 

manuscript conditions. The method used in this research includes the identification and 

classification of degradation types from 200 ancient Aceh digital manuscripts, followed by 

cropping the manuscripts to the size of 256 x 256 pixels. As many as five cropped areas 

from each degradation type are selected as research samples. These samples are 

binarisated using the methods. The last step is finding the most suitable binarisation method 

for each degradation type and classifying which methods are considered to have good 

readability, and that achieves at least 80% recall and precision values. From our 

experiments, we found that the Su binarisation methods demonstrate the best 

performance overall for every degradation type. Otsu, Lu, and Su are suited for uneven 

background; Sauvola, Lu, and Su are suited for showthrough effects; Otsu, Sauvola, and Su 

are suited for background spots; and Otsu and Su are suited for both text and background 

blurring and ‘fox’.   
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1.0  INTRODUCTION 
 

Aceh province, Indonesia, has many ancient 

manuscripts. Some of them are stored in the Aceh 

Museum, and many of those collections have been 

digitized. The conditions of those manuscripts, which 

are from hundreds of years ago, have degraded so 

that their readability has decreased. Our research 

team is currently working on developing an 

application software that consists of five binariation 

methods, namely, Otsu, Niblack, Sauvola, Lu, and Su 

for ancient manuscript restoration for the Aceh 

Museum staff. This application provides guidance for 

the user to choose which methods are suitable for 

any degradation type of the manuscript available at 

the museum. Since the degradation types of a 

manuscript may vary from one to another document, 

such as uneven background, show through effects, 

background spots, text fading, text and background 

blurring, and ‘fox’ [1], the staff finds it difficult to 

choose the best method that is considered best for 

every document. This paper intends to decide which 
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binarisation method is suitable for most manuscript 

conditions. The information on the most suitable 

binarisation method will then be used for user 

guidance of our application software in order to help 

the Aceh Museum staff by suggesting the most 

suitable method every time they use this software. 
The method used for this research was started by 

identifying and classifying degradation types from 

200 sheets of ancient Aceh manuscripts. The next 

step was cropping the manuscripts into 256 x 256 

pixels on the degradated location—five samples for 

six degradation types as research samples. The third 

step was binarising samples using the methods. The 

last step was finding the most suitable binarisation 

method for each degradation type and classifiying 

which methods are considered to have good 

readability that achieves at least 80% recall and 

precision values. 

From our expreriments, we found that the Su 

binarisation method demonstrates the best 

performance overall for every degradation type. 

Otsu, Lu, and Su are suited for uneven background; 

Sauvola, Lu, and Su are suited for showthrough 

effects; Otsu, Sauvola, and Su are suited for 

background spots; and Otsu and Su are suited for 

both text and background blurring and fox. 
 

 

2.0  LITERATURE REVIEW 

 
There are many ancient, historical documents that 

have been transformed into digital form to preserve 

the quality of the original documents, and also to 

provide scholars with access to the information [2]. 

Such documents might be in a language that is 

currently not commonly used; they might contain 

handwritten or machine printed text that is often 

hard to read, have a lot of noise, and be corrupted 

by various artifacts. There is no method that is 

considered the best to work on every document 

condition that contains noise. It is quite common that 

noise found in ancient documents suffer from 

degradation problems, such as uneven background, 

showthrough effects, background spots, text fading, 

text and background blurring, and fox [3]. Suitable 

binarisation methods are needed to remove noise 

and improve the readability of historical document 

images. 
Document image binarisation is a process to 

remove any existing degradation by segmenting 

pixels of the document image into text and 

background. It is the pre-processing step on the 

document image processing that has an important 

role for the subsequent processes, and contributes on 

the success rate of OCR (optical character 

recognition) performance [4]. Global thresholding 

that calculates statistical properties of the document 

is employed in some binarisation methods such as 

Otsu. This thresholding is suitable for documents in 

nearly ideal condition, where texts can be 

completely segmented from the background. 

However, global thresholding is not ideal for a 

document that contains noise, such as an ancient 

manuscript [5]. 

Much research has developed local thresholding 

methods to improve binarisation results of a 

document with noise, and that can adapt to the 

variation of readability degradation in the 

documents. The Niblack method [6] results in a binary 

document that suffers from a large background 

noise, especially in no-text areas [7]. The Sauvola 

method is not able to segment characters when the 

pixel values between characters and background 

are close. However, it has been reported that the 

Niblack and Sauvola methods improve the 

binarisation results for document images with 

extremely low intensity variation and a whiter image 

[7]. The Su and Lu methods are reported to be more 

stable in document images that have different types 

of degradation, by combining the local image 

contrast and local image gradient to reduce the 

background with more variation, avoiding the over-

normalisation of document images with less variation 

[8]. But the performance of the Su and Lu methods 

still needs to be improved on documents that suffer 

from different types of degradation, such as water 

stains, ink bleed-through, and significant foreground 

text text intensity [8]. 

Several projects have worked on preserving 

ancient manuscripts in order to help librarians, 

historians, researchers, and other users to access 

information contained in the manuscripts. Such 

projects include the Timbuktu manuscripts project, 

which works on digitisation and electronic document 

management (by developing databases, image 

capture, storage and backup, and image retrieval) 

[9]. The Madonne research project funded by the 

French government is to establish a large database 

of digitised manuscripts by providing efficient 

navigation, an indexing system, and data 

organisation to provide general services to the users 

[10]. Journet et al. have built assistance tools for 

humanists and historians to retrieve information from 

old books. This project characterises old books by 

indexing their layout extraction to help the user 

classify the books by their contents [11]. DEBORA 

(Digital Access to Books of the Renaissance), in 

addition to digital manuscripts management, also 

implements binarisation methods for their application 

software in order to ease user access of the 

information contained in ancient documents by 

applying the indirect Sauvola binarisation method on 

their software to reduce existing degradation of the 

Renaissance documents. They use multistage 

segmentation to improve the weaknesses found with 

the direct Sauvola method implementation when 

processing their Renaissance dataset [12]. The 

Binarisation Shop project is similar to our research 

presented in this paper.  It is concerned with assisting 

the user to operate their binarisation software. 

However, this software is only suitable for the user 

who has good knowledge of image processing, 

especially binarisation methods, because it allows 
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the user to tune parameters available in binarisation 

methods. In practice, especially for a user from the 

Aceh Museum, this parameter-tunable flexibility may 

not be fully applicable since there are not many 

users familiar with how binarisation methods work 

[13].   

 

 

3.0  METHOD AND EXPERIMENT 
 

The experimental flow used for this research is shown 

in Fig. 1.  

 

 

 

It begins by placing the degradation type into six 

categories, namely, uneven background, show-

through effect, background spots, text fading, text 

and background blurring, and fox. The next step is 

classifying the document images according to their 

degradation types. Then each document is sampled 

by cropping it into the size of 256 x 256 pixels, but only 

on its degraded area. The purpose of this step is to 

ensure that each cropped image represents the 

degradation type optimally, as shown in Fig. 2. Next, 

all the cropped images are binarised using five 

binarisation methods. After binarisation, the next step 

is to calculate recall and precision values of the 

binarised image tiles. Finally, the data is analysed to 

determine which method is the most suitable for 

each degradation type. The analysis in this research 

is also to determine which method produces good 

readability by having recall and precision values 

above 80% on average.  

  

 
 

 
Figure 1 The Experimental Flow 
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Figure 2  Cropped Original Degraded Document Image Samples (from top left to bottom right: uneven background, show-

through effects, background spots, text fading, text and background blurring, and fox) 

 

 

3.1  Experiment Conditions 

 

In this experiment, 200 sheets of ancient Acehnese 

manuscripts with Jawi characters are used. Six 

degradation types are identified and used to classify 

the documents, namely, uneven background, see 

through effects, background spots, text fading, 

blurring, and fox. Each degraded document is 

sampled by cropping the degraded area with the 

size of 256 x 256 pixels, and five tile samples for each 

degradation type, so that the total sampling taken 

for six degradation types is 30 samples. There are five 

binarisation methods used, namely, Otsu, Niblack, 

Sauvola, Lu, and Su. All samples are processed using 

these methods, and 150 binarised samples are 

generated in total. Fig. 3 is an example of a noiseless 

document; Figs. 4 to 9 are examples of documents 

classified by the kind of degradations. 

 

 
 

Figure 3 Example of noiseless document image 

 

 

 
Figure 4 Example of document image with uneven 

background 
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Figure 5 Example of document image with showthrough 

effects 

 

 
 

Figure 6 Example of document image with  

background spots 

 

 
 

Figure 7 Example of document image with text fading 

 

 
 

Figure 8 Example of document image with text and 

background blurring 

 

 
 

Figure 9 Example of fox document image 

 

 

 
 
Figure 10  Cropped original and binarised document images 

samples (from top left to right: original document, Otsu 

image, Niblack image, Sauvola image, Lu image, and Su 

image) 

 

 

Figure 10 shows the result of image binarisation, 

after the cropping process to the size of 256 x 256 

pixels. From the figure, we can see that there are 

different binarisation results for each method. 
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3.2  Evaluation of Binarisation Results 

 
Recall and precision values are used to measure the 

binarisation performance where the calculation 

approach is similar to the method in [11]. NCD refers 

to the number of correctly detected characters in a 

binarised document, GT (ground truth) refers to the 

total number of characters in the original document 

images, and TR refers to the total number of 

characters detected in binarised documents, 

including correctly detected and broken characters. 

Recall and precision are defined by Eq. 1 and Eq. 2, 

respectively. 
 

𝑟𝑒𝑐𝑎𝑙𝑙 =  
𝑁𝐶𝐷

𝐺𝑇
                                                                        (1) 

 

𝑝𝑟𝑒𝑐𝑖𝑠𝑖𝑜𝑛 =  
𝑁𝐶𝐷

𝑇𝑅
                                                                 (2) 

 

A ground truth image is generated manually by 

calculating the number of readable and broken 

characters in the original document images. The 

NCD and TR are detected with the guidance of its 

ground truth. 

In this experiment, the suitable method is defined 

as the method that is able to demonstrate a recall 

and precision value higher that 0.8 (80%) [5]. 

 

 

4.0  RESULTS AND DISCUSSION 

 
4.1  Results 

 

The results of the experiment are provided in Figures 

11 to 16. Figure 11 shows the averaged recall and 

precision values after applying five binarisation 

methods for uneven background; Figures 12 

document images for showthrough effects; Figure 13 

for background spots; Figure 14 for text fading; 

Figures 15 for text and background blurring; and 

Figures 16 for fox. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 11 Recall and precision values of uneven 

background 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 12 Recall and precision values of showthrough effects 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 13 Recall and precision values of background spots 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 14 Recall and precision values of text fading 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 15 Recall and precision values of text and 

background blurring 
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Figure 16 Recall and precision values of fox 

 

 

4.2  Discussion 

 

The experiment results show that overall, the Su 

binarisation method demonstrates the best 

performance among other methods for all 

degradation types, while the Niblack binarisation 

method shows the opposite performance. Su is 

suitable for nearly all degradation types except for 

text fading, as can be seen on Figure 14 

 As mentioned in the evaluation of binarisation 

methods in the Method and Experiment section, this 

experiment uses recall and precision values above 

0.8 to define the suitability of binarisation methods. 

Using this indicator, Otsu, Lu, and Su are categorised 

as suitable methods for uneven background. For 

showthrough effects, Sauvola, Lu, and Su are defined 

as suitable methods. For background spots, recall 

and precision values of Otsu, Sauvola, and Su are 

above 0.8. Interesting results are shown for text 

fading, as there are no recall and precision values in 

any method that are above 0.8. This means that no 

method is categorised as suitable for this 

degradation type, so we will explore it in the future. 

Figure 17 shows the binarisation results of all methods 

for fox degradation type. For text and background 

blurring type, the suitable methods are Otsu and Su, 

and this result is also similar to the fox degradation 

type. 

Of all methods used in this research, Niblack is the 

only method that is not suitable for any kind of 

degradation. 

 

 
 

Figure 17 Cropped original and binarised document images 

samples for fox degradation type (from top left to right: 

original document, Otsu image, Niblack image, Sauvola 

image, Lu image, and Su image) 

 

 

5.0  CONCLUSION 

 
This paper proposes an identification process for 

choosing the suitable binarisation method for ancient 

Acehnese manuscripts that are written in Jawi 

characters. The identification process resulting from 

this research is used as user guidance for application 

software for ancient Acehnese manuscripts’ 

restoration at the Aceh Museum. The experiment 

conducted for this research involved five binarisation 

methods—namely, Otsu, Niblack, Sauvola, Lu, and 

Su—in our software application. Six degradation 

types, such as uneven background, showthrough 

effects, background spots, text fading, text and 

background blurring, and fox, are used, since these 

types mostly appear on ancient Acehnese 

documents stored in the Aceh Museum. The research 

results show that Su is the most suitable method for 

nearly all degradation types. By defining the recall 

and precision values higher than 0.8 to indicate the 

appropriate level of document readability, we found 

that Su, Lu, Otsu, Sauvola are suitable for several 

degradation types. 
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