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Abstract-Performance evaluation of Optical Character 
Recognition (OCR) systems is an essential task for OCR systems 
development. However, studies in Arabic OCR suffer from the 
lack of proper performance evaluation metrics and the 
availability of evaluation tools. Although the literature provides 
typical performance metrics, such as character accuracy and 
word accuracy for OCR performance evaluation, these metrics 
are not sufficient for evaluating Arabic OCR. This paper 
presents an open source automated software tool with various 
metrics for the evaluation of Arabic OCR performance. The 
developed tool is available for OCR researchers, thus it can be 
applied for ranking different OCR algorithms. 

Keywords-perjormance evaluation; Arabic; OCR; Arabic 
OCR; evaluation metrics. 

I. INTRODUCTION 

Optical Character Recognition (OCR) is a process of 
converting a machine-printed or handwritten text image into a 
digital computer format that can be editable. OCR technology 
is considered as achallenging research area in the field of 
pattern recognition and artificial intelligence. Many studies 
have been proposed for Latin and non-Latin scripts. However, 
development of OCR applications for Latin script is easier than 
that of Arabic scripts because of Arabic writing characteristics 
[1]. Fig. 1 illustrates some characteristics of the printed Arabic 
script that contribute to the challenges in Arabic OCR 
evolution. Compared to printed Latin script, Arabic script is 
written cursively from right to left, and contains dots and 
diacritics. Also, a character of Arabic script may have four 
dissimilar shapes in relation to its location in an Arabic word. 

Furthermore, when comparing the performance of Arabic 
OCR with the Latin script OCR, researchers call attention to 
the need for more research solutions for Arabic OCR [2], [3]. 
Consequently, evaluating the performance of OCR is required 
[4] in order to develop better OCR algorithms. In other words, 
having quantitative measures will result in monitoring progress 
in the OCR development field. Moreover, comparing the 
performance of OCR systems will contribute to providing a 
scientific explanation for the system performance, identitying 
open areas, and analysing the weakness and strengths of the 
OCR systems, as stated by [5] and [6]. 

In respect to performance evaluation of Arabic OCR 
systems, several researchers [7], [8], [9] report the accuracy 
performance of their systems in the absence of specifying the 
method of measuring the performance. Hence, researchers in 
Arabic OCR may not be able to assure the comparability ofthe 
performance of Arabic OCR systems. Besides, some studies, 
such as [10], [11], evaluate Arabic OCR systems only in terms 
of character accuracy, which is the standard performance 
metric. However, despite this it is clairned that the accuracy 
rates of Arabic OCR systems are comparable. Thus, different 
accuracy metrics to classify the Arabic OCR are required [12]. 

On the other hand, to obtain statistically meaningful results 
when evaluating the performance of OCR systems, a great 
number of text images are needed to be tested [4]. Although 
tools exist for other languages (e.g. English [13], [14]), none 
exists for Arabic. Therefore, a programmed test tool is needed 
to automate the evaluation test. Additionally, conducting the 
performance evaluation under an automated tool will result in 
eliminating human error, improve speed, precision and reduce 
repetition [12]. 

A letter with different shapes 
Basehne 

~ 
Figure 1. Arabic script characteristics 
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There are several experimental studies on Arabic OCR 
evaluation [15], [5] and [16]. Still, only two studies-[12], [16] 
-indicate that an automated tool was utilised to evaluate the 
performance of Arabic OCR systems. Unfortunately, the 
utilised tool is not available for researchers and is limited in 
accuracy metrics. 

This paper first presents an overview of performance 
evaluation for OCR systems. Then, a set of objective accuracy 
metrics for Arabic OCR evaluation is discussed. Also, the 
developed tool for the evaluation of Arabic OCR performance 
is described. 

TI. AN OVERVIEW OF OCR EVALUATION 

Evaluation of OCR systems can be classified into two 
types: black-box evaluation and white-box evaluation [15]. In 
the former, an entire OCR engine is treated as an indivisible 
unit, so the submodules of the OCR system are not known to 
the evaluator [15]. Further, the evaluation of this type is 
concerned with the output rather than how the output is 
produced, whereas with the latter evaluation, the submodules 
of the OCR system must be accessed by the evaluator in order 
to evaluate each submodule [5]. Thus, it is possible to evaluate 
different proposed OCR systems by relying on the white-box 
evaluation method, since it does not require having access to 
the submodules of OCR systems. 

Evaluating the performance of OCR systems involves 
comparing an observed variable, which is the output text of 
OCR, with a reference variable, which is the original text, 
called ground truth, under controlled conditions [17], [18]. 

TTT. OCR ACCURACY EVALUATION 

A general measure of OCR systems, when the ground truth 
text is available, is to determine the differences between the 
OCR output text and the ground truth text [18]. Since the total 
cost of correcting errors in the output of OCR system is an 
important factor of an OCR performance system, the most 
meaningful measurement of an OCR system is accuracy [17]. 
A general definition of the term "accuracy" of OCR systems is 
the number of items (characters or words) that have been 
recognised correctIy on a text image and normalised by the 
total number of items in the ground truth text [5]. 

In order to assess accuracy, the nu mb er of correct, inserted, 
deleted and substituted symbols should be taken into 
consideration [19]. The accuracy of OCR engines can be 
determined by the edit distance between the OCR output text 
and the ground truth text. The authors in [18] clarifY that the 
edit distance between the output text of OCR and the ground 
truth text can be defined as the minimum number of operations 
required to convert the output text into the ground truth text. 
The edit operations are: insertion, deletion and substitution. 

For example, the edit distance between the two strings, the 
ground truth string C)~'-! J.......4-) and the OCR-generated string, 
C)~~ J.......~) is 2. The required operations to transform the 
OCR-generated string into the correct one are: (1) substitute the 
underlined letter in the OCR output (--",); for (..."..) and (2) delete 
the underlined letter (...,,). This number, which is the minimum 

number of single character edit operations, is known as the 
Levenshtein distance [20]. Regarding OCR evaluation studies, 
it is common to determine the edit distance in different levels: 
word level and character level. However, character level 
accuracy is useful for predicting improvements in OCR 
systems in which OCR developers are interested, whereas word 
level accuracy is useful for analysing the ease of human 
readability, as [5] emphasise. Word accuracy is outside the 
scope ofthis ofthis paper and is left for future work. 

Owing to the inadequate quality of OCR systems, accuracy 
metrics that provide interesting measures of the OCR 
performance system have been demanded by many studies 
[17], [21], [13] and [22]. In particular, for Arabic OCR 
systems, accuracy rates are comparable, and thus some 
researchers call attention to the need for different performance 
accuracy metrics to classify Arabic OCR systems [16]. The 
next section will provide unique Arabic accuracy metrics that 
will be implemented in the too1. 

IV. ARABIC ACCURACY METRICS 

The literature suggests several possible performance 
measures for evaluating OCR, such as character accuracy, 
accuracy by character class and marked character accuracy 
[23], [22] and [12]. However, because of Arabic script 
characteristics, it is not sufficient to assess Arabic OCR 
performance by relying on such metrics. Thus, the authors 
propose different accuracy metrics for evaluation of Arabic 
OCR engines as discussed below. 

A. Character accuracy 

Aeeuraey in an OCR-generated text in respeet to the ground 
truth text is computed by Levenshtein edit distance; that is, the 
minimum number of primitive operations that are required to 
correct the OCR output text to be matched with the ground 
truth text. These operations are substitution, deletion and 
insertion. Then, character accuracy is determined by: 

m-e xl00 
m 

(1) 

where e is the edit distanee, and m is the number of eharaeters 
in the reference text. 

B. Character accuracy based on character class 

Considering Arabic script, some characters have features 
that allow them to be classified into a partieular class. 
Consequently, it will be valuable to analyse the accuracy of 
eaeh class. To determine the aeeuraey of this metrie, Arabie 
characters have been classified into various classes as below: 

1) Character position (form shape) class 
As illustrated earlier, an Arabie letter may have various 

shapes depending on its position in a word, wh ether it is an 
isolated letter, an initial letter, amiddie letter or a terminal 
letter. In order to analyse the accuracy of this class, the ground 
truth Arabie eharaeters are eategorised into four classes: 
isolated, initial, middle, and end, as shown in Table I. Then, the 
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tool will compute the accuracy of each class by using equation 
(1 ). 

TABLEI CHARACTER POSITION CLASS 

Isolated Initial Middle End 

L L 

"" -! -;. """ 
W ..:i ..:i. c:.... 

W 
, 

...... ~ -' 

i: ...,.. -"- ~ 

( i: 

t ...i.. ...i... ~ 
.l.. .l.. 

:", :", 

.J .J j j 

j j j. j. 

lY' lY'-

J:o 
, 

~ J:o--" 

lJ"" lY"'-

~ ......;, ......;". c.r'>-
b b ...h. .h. 

1; 1; ...b.. .h. 

t C-

E: .io ...i. t-
u ..l ..l.. w.. 

Li -' ..i Li-
<2l .s ..s.. .el. 

J J ~ el-

f'-

U ..:i ..:i.. j. 

.A -I- "-

J j > > 

<.f -! ...... 'F 

2) Dat character class 
Arabic OCR systems have faced challenges in recognising 

characters that contain dots, since some characters have the 
same shape and they can be distinguished only by the number 
of dots, as iIIustrated in Fig. 1. Thus, in order to evaluate the 
accuracy of this class, Arabic characters can be categorised into 
four c1asses: one dot, two dots, three dots and non-dot 
characters, as displayed in Table 11. Each class accuracy is 
given by equation (1). 

TABLE 11 DOT CHARACTER CLASS 

One dot Two dots Three dots Non-dot 

uuE:1;~j:'ti:"" 0'-:$ jw ;';w t b lJ""lY'.J J( I 
lSc!lj,~J 

3) Zigzag character class 
Arabic script can be written with Hamza, which has the 

zigzag shape. Tt would be interesting to measure an Arabic 
OCR in terms of characters that contain the zigzag shape. 
Consequently, this tool analyses the accuracy of the zigzag 
character class that is shown in Fig. 2. The zigzag character 
accuracy is also computed by equation (1). 

4) Dat Character based an baseline class 
Dots of Arabic characters can be placed either above or 

below the baseline. Owing to the significance ofthe baseline in 
Arabic OCR, it would be valuable to compute the accuracy of 
characters that are most related to the baseline. Regarding the 
baseline, Arabic dot characters will be divided into two groups: 
above baseline and below baseline, as shown in Table m. Each 
group accuracy is expressed by equation (1). 

TABLE III BASELINE CHARACIER CLASS 

Above baseline BeIow baseline 

5) Laap Character class: 
When considering the characteristics of Arabic script, 

several1etters consist of a 100p shape. Such a feature may be an 
obstac1e in Arabic OCR development. Thus, it would be 
desirable to assess the accuracy of characters that have this 
feature. In order to assess the accuracy of this c1ass, loop 
characters are defmed according to how they are presented in 
Fig. 3. The accuracy of loop characters are also determined by 
equation (1) . 

Figure 2. Zigzag characters 

Figure 3. Loop characters 
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J. o 

Figure 4. Diacritic marks 

C. Diacritic group accuracy 

A major feature of Arabic script is the appearance of 
diacritical marks, which influences the accuracy of Arabic 
OCR systems. Fig. 4 shows Arabic diacritics, which are 
analysed by the evaluation tool to provide the accuracy of 
Arabic OCR in terms of diacritics by equation (1). 

D. Digit group accuracy 

lt is critical for developers to assess the recogmtlOn of 
numbers by Arabic OCR applications. Tn respect to Arabic 
script, both Arabic and English numerals may appear in any 
Arabic text. Thus, the evaluation considers all numerals in 
computing the accuracy of digits. Digit accuracy is provided by 
equation (1). 

E. Punctuation group accuracy 

Several punctuation symbols resemble Arabic characters. 
For example, the full-stop punctuation (.) is quite identical to 
the Arabic Zero number ( .). This illustration confirms that the 
punctuation group has a vital effect on Arabic OCR accuracy. 
As a result, determining the accuracy of this group will be 
measured with the presented tool by equation (1). 

v. ARABIC OCR EVALUATION TOOL 

The Arabic OCR evaluation tool, which is programmed in 
Java, allows for comparison of an OCR-generated text file with 
a ground truth text file. The difference between the two text 
files is computed in terms of the minimum cost of converting 
the OCR output text to the ground truth. For this purpose, 
Levenshtein edit distance algorithm in [20] has been adopted. 

The Levenshtein method calculates the edit distance 
between two strings where edit distance is the minimum 
number of insertions, substitutions or deletions that are 
necessary to convert one string into the other. For a 
comprehensive explanation of the Levenshtein edit distance 
algorithm refer to [20]. 

By using the software tool, an evaluator can quantitatively 
measure the performance of Arabic OCR systems according to 
various Arabic accuracy metrics. A Graphical User Interface 
(GUT) has been implemented to facilitate evaluators to select 
the OCR output text file and the ground truth text file, as 
demonstrated in Fig. 5. Also, as can be seen in Fig. 5, after 

rn Arabic OCR Evaluatio n Tool l o l @) l~ 

Total 78.57% Below Baseline 66.67% 

OneDot 66.67% Loop 80~o 

Two Dot 66.67% Digit 66.67% 

Three Dot 100~o Punctuation 28.57?"o 

Zigzag 50% Diacritic 40% 

Non-dot 9l.89% Initial 78.95% 

Above Baseline 80?o Middle 63.41% 

End 68.42% Isolated 71.43% 

[ Evaluate I 
[ Select OCR output file I [ Select ground truth file I 

Figure 5. Gur ofthe Arabic OCR evaluation tool 

clicking on the Evaluate button, the GUI displays statistics of 
all the accuracy metrics discussed. 

The Arabic OCR evaluation tool is provided freely as open
source software at the following GitHub address: 
https://github.com/NLPBangor/OCREvaluationTool. 

In order to illustrate how the tool worles, an example is 
provided here. Fig. 6 shows the text image that contains Arabic 
text with digits, diacritics and punctuation marks. The open 
source OCR Tesseract enginel, which supports Arabic, was run 
to convert the Arabic text image to an editable text. Fig. 7 
displays the corresponding OCR-generated text. To evaluate 
the accuracy of the utilised OCR application, the tool was run 
on the OCR output text and the ground truth text. The result of 
the evaluation is presented in Fig. 5. 

. 
" Y' 44 .. ~ UJ -11 " 

'}6.;,;' '1 ~ '} . . J J « . 
Figure 6. Arabic text image 

~ \.a jA Ji\ ~ ?T~ r)L \Y'~ W <-;JYJ ))' -ö 4Q ... If,a ~J 

~~ \t~\ l'J ~l'J 
Figure 7. OCR output text for image in Fig. 6 
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Figure 8. Second example of an Arabic text image 

.JC y. .:\J~ 4 ~Jl . ~\ ~ LJ\.)Al ..,bJ1 .Jlfo·l.U lJ:hlJ' ~.;.J . .. 
.) ':j;J~1 ~'J \ "\ r' ~ ~ ~4 ~ ~ LG'.lU d.J~ LHy'J~y;..I.J LG..;.J~ .. .... ." 
~) Jl9 } ~\ ('lhll~ ~~~' LJi OIJ.) O.l=.. ~I) ~ \lvr ~, ~ 

Figure 9. OCR output text of second image text in Fig. 8 

This example illustrates the idea that evaluation of Arabic 
OCR systems according to different accuracy measures is 
required. In other words, it can be seen from the results in Fig. 
5 that the total character accuracy is about 78%. However, the 
accuracy results for individual character c1asses are 
significantly different. In particular, the accuracy ofthe one dot 
characters group and the two dots characters group are around 
67%, whereas, the accuracy of the three dot character c1ass is 
100%. Moreover, the observed difference between the 
accuracy ofthe zigzag characters group and the loop characters 
group is significant, 50% and 80% respectively. Another 
important finding is that the accuracy of the above baseline 
characters c1ass (80%) is very different to the accuracy of 
below baseline characters (67%). Also, it can clearly be seen 
that the punctuation c1ass has the lowest accuracy rate. 

Another example is provided in order to show the 
importance of the accuracy metrics, which have been provided 
in this paper, in evaluating the performance of Arabic OCR 
systems. The text image and the corresponding OCR-generated 

~ Arabic OCR Evaluat io n Tool 1 = 1 @)~ 

Total 69.64% Below Baseline 64.52% 

OneDot 57.14% Loop 72.5% 

Two Dot 62.5<lo Digit 25% 

Three Dot 66.67% Punctuation 66.67% 

Zigzag 63.64% Diacritic 50~o 

Non-dot 68.97% Initial 66.67% 

Above Baseline 62.16% Middle 61.76% 

End 66.67% Isolated 83.33~o 

I Evaluate 

[ Select OCR output file I [ Select ground truth file 

Figure 10. Evaluation results ofthe sceond test ofthe Arabic Tesseract 
OCR software 

I 
I 

text are shown in Fig. 8 and Fig. 9 respectively. Fig. 10 
presents the results obtained from the evaluation of the 
Tesseract OCR system on the text image which are clearly 
different to the previous example. 

Based on the findings above, it is possible to state that 
measuring Arabic OCR performance in terms of the accuracy 
metrics, which are implemented in the Arabic OCR evaluation 
tool, can help researchers to analyse the strengths and 
weaknesses of Arabic OCR systems, helps to determine open 
problems in Arabic OCR systems, and compare alternative 
OCR systems in order to enhance the accuracy of OCR 
systems. 

VI. CONCLUSION 

A software tool for performance evaluation, based on 
different objective accuracy metrics, has been described. This 
tool has been specifically developed to assist Arabic OCR 
researchers to calculate the accuracy of different Arabic OCR 
systems. Furthermore, by using this automated tool, an OCR 
evaluator can quickly process an enormous number of testing 
experiments. Thus, the authors believe that the Arabic OCR 
evaluation tool that has been presented in this paper will be 
very useful by the OCR community. 

For future work, the evaluation tool will be enhanced. For 
example, more string similarity metric algorithms other than 
Levenshtein edit distance algorithms would allow comparison 
ofthe results of different algorithms. 
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