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Abstract
An application of artificial intelligence in mobile phones which might be widely accepted by users of these phones is the 
intelligent system used to automatically detect, search and dial phone numbers using an image taken from a handwrit-
ten phone number. In this paper, a reliable method is presented for Farsi handwritten phone number recognition using 
deep neural networks. In order to recognize a Farsi handwritten digit string, the digit string is first converted to single 
digits using the proposed segmentation algorithm, and then each segment is classified using a single Farsi handwritten 
digit recognition algorithm. By classifying each segment, finally, the digit string of the Farsi handwritten phone number 
image is created. Since there is no database for Farsi handwritten phone numbers, this paper first collects a database of 
Farsi handwritten phone numbers. Accuracy of the proposed algorithm for Farsi handwritten phone number recogni-
tion is 94.6%. After recognizing digits of the phone number, the proposed algorithm is able to search in the phonebook.

Keywords Phone number · Recognition · Farsi · Convolutional neural network · Segmentation

1 Introduction

In recent years, machine learning has become a new 
interdisciplinary field which tries to make the systems 
intelligent. As one of the widely applicable areas of arti-
ficial intelligence, machine learning adjusts and explores 
methods and algorithms based on which, computers and 
systems can learn and train. Idea of machine learning is 
that a system can sense, remember, learn and detect like a 
human [1, 2]. One of the widely-applied machine learning 
methods is deep learning. Idea of deep learning was first 
presented in the 1950s by definition of a perceptron. Per-
ceptron was the first machine which could recognize and 
learn. Then, multi-layer perceptron structure with a limited 
number of hidden layers was defined in 1980s. However, 
learning ability of perceptron was limited until 2000. Then, 
the algorithms changed their path towards deep learning 
and could attract attention of scientists. Deep learning 
or hierarchical learning is a subfield of machine learning 

[3–5]. In deep learning, it is tried to use hierarchical archi-
tectures to learn high-level features of data. This method 
is widely applied as a new method in artificial intelligence. 
In fact, deep learning is one of the machine learning tech-
niques which is used for supervised or unsupervised fea-
ture extraction and converting them for analysis of pat-
terns from multiple layers of linear processing units [6].

Fenrich and Krishnamoorthy [7] proposed a method 
based on explicit recognition for segmentation problem. 
In this algorithm, vertical histograms and peaks and val-
leys of contours are used. Vertical histogram is applied to 
segment the digit string. Column with minimal value is 
considered as a candidate for segmenting the vertical line. 
If the candidate segmentation points from the first part of 
the algorithm in which vertical histogram is applied do not 
exist, upper and lower contours are used for segmentation. 
If a peak of the lower contour and a valley of the upper 
contour can be connected with a line segment that satis-
fies slope threshold, a piecewise linear split is made. If they 
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cannot be connected with a line segment which satisfies 
the slope threshold, a straight line is used to create the 
segmentation cut [8]. Success of this method using 450 
images of postal-code is achieved 94.9%. Although solu-
tion of this algorithm is explicit, it has inspired many other 
scientists. Yu and Yan [9] have presented a method using 
a morphological structural technique for segmentation. 
In the pre-processing step, smoothing and linearization 
is performed and structural points of the image contours 
used for defining segment cuts are detected. Success 
rate for 3287 images extracted from NIST database was 
between 85 and 95% [9]. Suwa and Naoi [10] presented 
an algorithm based on segmentation-recognition which 
uses image skeleton as input. Edges are extracted from 
the skeleton and a connected graph is made. Authors 
have reported a success rate of 88.75% for 2000 images 
adopted from NIST SD19 database [10]. In [11], binary 
PSO is used to present an algorithm for reducing number 
of features required for recognition of Farsi handwritten 
digits. Results of implementing this algorithm on Hoda 
database has shown a recognition accuracy of 99.4% 
without feature reduction (400 features) and recognition 
accuracy of 99.28% with feature reduction (64 features). 
In [12], an approach based on apparent features has been 
presented which processes data using histogram of ori-
ented graphs. HOG is an efficient feature descriptor for 
handwritten digits; since it is a gradient-based descriptor, 
it is robust against illumination variations. In general, main 
idea of this structure is to use features of HOG features 
with SVM. Implementing this structure on MNIST database 
has given a recognition accuracy of 97.25%. In [13], histo-
gram has been used as a set of features for handwritten 
digits. Then, the features are considered as inputs of the 
SVM network. Simulation results indicate a recognition 
accuracy of 95.6% for MNIST database. In [14], a new struc-
ture based on CNN has been used to recognize handwrit-
ten digit string. This network is a combination of feature 
extraction layer, dimension transfer layer and bottom to 
top output layer. Simulation results indicate a significant 
improvement compared to other methods implemented 
on ORAND-CAR-A and ORAND-CAR-B databases and the 
recognition accuracies obtained for these databases is 
92.2% and 94.02%, respectively.

Author of [15] investigates presented methods in his-
togram modification based image watermarking. It shows 
that using techniques like a wisely selection of the adja-
cent bins, constant points of cover images and secret keys 
make them be a good nominee for image watermarking 
to resist against signal processing attacks.

In [16], the approach is presented that incorporates the 
global relative spatial information to the inverted index 
of the BoVW model. They computed histograms based 
on the magnitude of orthogonal vectors between PIVW 

relative to the geometric center of an image. Authors of 
[17] examined the changes in results for handwritten digits 
with changes in the hidden layers. The accuracy curves 
were generated for the different factors using CNN MNIST 
digit dataset. The layers were taken at random in a periodic 
series so that each case performs in a different way during 
the test.

In [18], they have presented a complete literature 
review on different techniques for CBIR and image repre-
sentation. They argue image features representation using 
low-level visual features. Due to diversity in non-homoge-
neous image properties, they cannot be represented by 
using single feature representation. To increase the effi-
ciency of CBIR and image representation, one way is to use 
low-level features in fusion. On the other hand, research-
ers used deep learning methods to extract features from 
images and this approach can be useful in improving the 
performance of different areas such as the face recognition 
[19] and human pose estimation [20]. In these methods, 
they used CNNs for proper feature extraction and decision 
making. Meanwhile, [21, 22] investigated the role of asym-
metric left and asymmetric right face images accurate age 
estimation and used the data augmentation for makeup-
invariant face recognition.

The subject of this paper is to recognize and search for 
handwritten phone numbers in a phonebook. For exam-
ple, the phone number images are captured from a camera 
or other inputs. The proposed algorithms recognize digits 
from the images using deep neural networks.

The rest of this paper is organized as follows. Section 2 
reviews components of the proposed algorithm including 
database collection and Farsi handwritten phone number 
recognition. Section 3 presents results of the proposed 
algorithm implementation in MATLAB. Finally, the paper 
is concluded in Sect. 4.

2  Proposed method

In this section, components of the proposed algorithms for 
Farsi handwritten phone number recognition are studied.

2.1  Collecting Farsi handwritten phone number 
data

Since purpose of this paper is to recognize and search for 
Farsi handwritten phone numbers in a phonebook and 
there is no database for Farsi handwritten phone num-
bers, a set of such data is collected first. Examples of such 
handwritten phone numbers are given in Fig. 1.

Phone numbers are collected from 45 individuals. Each 
individual has written the digits with fonts of 7 different 
pen sizes such that 40 individuals have written 6–7 digits 
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and 5 individuals have written 12–14 digits with each font 
size.

2.2  Proposed Farsi handwritten digit string 
segmentation algorithm

First step is to implement the digit string segmentation 
algorithm. Since final purpose of this paper is to recognize 
Farsi handwritten phone numbers which is a digit string, 
these phone numbers should be segmented as a single 
digit. Block diagram of this segmentation algorithm is 
shown in Fig. 2.

In Fig. 2, the input image including Farsi handwritten 
digit string is introduced to the block which converts 
the image into grayscale. Then, the converted image is 

introduced to the binary block to be converted to binary. 
Because we should define the threshold for each image 
to convert directly the input image to binary, and this is 
not constant. Because it requires binary images to con-
tinue the preprocessing process such as morphological 
operation and connected component detection. Mean-
while, all the digit information is preserved in the binary 
image. In the proposed algorithm, median and morphol-
ogy filter are applied to the binary image comprising a 
Farsi handwritten digit string. Median filter reduces the 
impulse noise of the images. After applying median filter 
to the image, the image is filtered through morphology 
operator. In morphology, opening and closing operators 
are used. In fact, these operators are used to open points 
of the image which are connected incorrectly and connect 
points of the image which are separated incorrectly. The 
operators detect correct connection using filters consider-
ing connection, disconnection, distance and thickness of 
the image (digit) and apply it to the image. Finally, output 
image of the previous block is applied to the framework 
detection block as input. In this block, range of each digit 
is specified as in Fig. 3 considering value of each pixel in 
digit string image. In this segmentation method, the input 
image is binary and value of pixels in white areas of each 
digit is represented with 1 and black background repre-
sents 0 such that distance between digits is specified with 
zero. Thus, segmentation can be done considering value 
of each pixel and its neighborhood values, if a sudden 
change occurs in pixel value from zero to one or vice versa. 
This indicates range of each digit is the pixels in which a 
sudden change has occurred. Therefore, all digits of each 
input image including several digits are segmented using 
this method. Since in this segmentation method, range 
of each digit is determined considering pixel values and 
each segment including one digit is selected, the inserted 
block sticks to the digit from top and bottom as well as 
left and right.

2.3  Proposed recognition system for single digit

First step in implementation of the proposed Farsi 
handwritten phone number recognition system is to 
implement the recognition system which can recognize 
single Farsi handwritten digits with high accuracy. The 
implemented recognition system is trained using Hoda 

Fig. 1  Examples of various Farsi handwritten phone numbers

Fig. 2  Block diagram of the proposed segmentation algorithm Fig. 3  Determining range of digits in a digit string
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database [14]. Block diagram of this recognition method 
is shown in Fig. 4.

According to Fig. 4, it can be seen that this recogni-
tion system is a single Farsi handwritten digit recogni-
tion system; the classifier used in the proposed recogni-
tion algorithm is a CNN algorithm with three convolution 
layers and two pooling layers. The pooling layer used 
in this classifier is the max-pooling layer. Size of convo-
lution layers from first to third is 32, 64 and 128. Size 
of each pooling layer is 2*2. The proposed structure is 
comprised of 7 separate blocks. In this recognition sys-
tem, digits image is first introduced to the convolution 
operator block, then convolution operator is applied to 
all instances of the images and the outputs obtained 
from this layer enter the next block or the pooling layer. 
In this block, pooling layer is applied to the samples 
transferred from the previous block and outputs are cre-
ated considering type of this operator. For the second 
time, these samples enter the next convolution layer and 
after applying convolution, they enter the pooling layer 
and integration is applied to them. For the last time, 
outputs transferred from the previous stage enter the 
convolution layer and after applying the convolution 
layer to all these samples, they are applied as input to 
fully-connected layer. The handwritten digit recognition 
system is trained using this layer through updating a set 
of weights. Since classification has 10 classes, last layer 

of the CNN classifier is a fully-connected layer with 10 
neurons.

2.4  Creating a new database using Farsi 
handwritten phone numbers

In Sects. 2.2 and 2.3, a digit string segmentation system 
and a single Farsi handwritten digit recognition system are 
presented. By integrating these two algorithms, a single 
Farsi handwritten digit recognition system from collected 
Farsi handwritten phone numbers is developed. Structure 
of the proposed handwritten digit string recognition is 
shown in Fig. 5.

As can be seen in Fig. 5, this recognition structure is 
comprised of 4 main blocks. First, images of phone num-
bers including digit string are applied to segmentation 
block which is based on recognition. In fact, this seg-
mentation block is the segmentation block described in 
Fig. 2. After segmenting digit strings, segmented digits are 
applied to CNN so that each segment is recognized. CNN 
classifier is the system trained for recognizing single Farsi 
handwritten digit using Hoda database and it is shown in 
Fig. 4. After recognizing segment of each image includ-
ing digit string, each recognized digit is stored in the file 
regarding its class which is a digit between 0 and 9 for cre-
ating a new database. This is done for all images collected 
from Farsi handwritten phone numbers and finally, a new 
database is created for Farsi handwritten digits from 0 to 

Fig. 4  a Block diagram and b schematic of the proposed single Farsi handwritten digit recognition system based on CNN classifier
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9. Hereafter, this new database is called handwritten digit 
database (PAD), which is used along with Hoda database 
for other sections of digit and phone number recognition.

2.5  Proposed Algorithm for Searching Farsi 
Handwritten Phone Number in Phonebook

In this section, an algorithm is proposed which can be 
used by the system to receive image of Farsi handwrit-
ten phone number as input and search for the equivalent 
phone number in the phonebook. Structure of the pro-
posed algorithm is shown in Fig. 6. First, CNN classifier is 
trained through integrating PAD and Hoda Farsi handwrit-
ten digit databases. After adjusting parameters of the CNN 
classifier, the proposed algorithm can be used to search 
for phone numbers.

Considering the block diagram shown in Fig. 6, this 
algorithm has 6 main blocks. First, input images considered 
as test images are applied to the segmentation block. This 
segmentation algorithm which is based on recognition is 
the algorithm shown in Fig. 2 and all of its components 
have been described in previous sections. Segmentation 
block segments the image including a Farsi handwritten 
phone number and applies it to the CNN classifier block. 
In the CNN block shown in Fig. 4, the segmented images 
are recognized as single digits. Then, the digits are intro-
duced to the phone number recognition block. In this 
block, recognized digits of each digit string are inserted 
in an array resulting in the phone number equivalent to 
the input image. Then, the recognized phone number is 

introduced to this block to be compared with phone num-
bers of the phonebook; after digit by digit comparison of 
the recognized phone number with all phone numbers 
of the phonebook, label of the phone number which has 
maximum number of similar digits with the recognized 
phone number is returned as the selected class. By repeat-
ing this procedure for all images, accuracy of the proposed 
algorithm for searching for phone numbers is obtained 
and reported to the accuracy block.

3  Implementation of the proposed 
algorithms

In this section, the proposed algorithms are implemented 
using MATLAB 2017b and their results are investigated.

3.1  Implementing the proposed segmentation 
algorithm

The algorithm proposed for segmentation of Farsi hand-
written digit string which its block diagram is shown in 
Fig. 2 has multiple subsequent steps: first, an image of 
the set of Farsi handwritten phone numbers described in 
Sect. 2.1 is applied to the proposed algorithm as an input 
which is a string of digits. Figure 7a shows an example of 
collected Farsi handwritten phone numbers. Since image 

Fig. 5  Block diagram of the proposed Farsi handwritten digit string 
recognition system

Fig. 6  Proposed algorithm to search for Farsi handwritten phone 
numbers in phonebook



Vol:.(1234567890)

Research Article SN Applied Sciences (2020) 2:408 | https://doi.org/10.1007/s42452-020-2222-5

color does not offer any additional information about seg-
mentation and recognition of digits, in the next step, if the 
input image is a color image, it is converted to a grayscale 
image. The grayscale image is shown in Fig. 7b. In the next 
step, in order to convert the grayscale image into binary, 
a threshold value is determined considering values of all 
pixels of the grayscale image. Considering this threshold, 
values of the image pixels are represented with 0 or 1, i.e. 
with black and white. The binary image is given in Fig. 7c. 
In the next step, median filter is applied to the binary 
image and the image shown in Fig. 7d is obtained.

In the next step, output image of the previous block or 
the filtered image is expanded using open morphological 
operations and the expanded image is shown in Fig. 7e. 
This operation is used to eliminate discontinuities between 
digit string and the digits. In the next steps, the expanded 
image is eroded using closed morphological operations. 
In fact, purpose of these operations is to eliminate the pos-
sible connections among digits in a string of digits. Output 

image of this block is shown in Fig. 7f. Finally, the binary 
image is created which is applied as input to the last block 
to determine range of each digit. In this step, consider-
ing zero and non-zero values of pixels, range of each digit 
is determined. Segmented image is shown in Fig. 7g. As 
can be seen in Fig. 7g, range of each digit is determined 
by red rectangular blocks or the input handwritten digit 
string is segmented as single handwritten digits. It should 
be noted that in this step, the digit string is segmented but 
the algorithm cannot recognize value of each segment. 
Thus, it is required to integrate this algorithm with a Farsi 
handwritten digit recognition algorithm.

3.2  Implementing Farsi handwritten digit 
recognition system

The proposed Farsi handwritten digit recognition algo-
rithm which is shown in Fig. 4 has multiple blocks. Subse-
quent blocks of proposed structure are trained and tested 
considering Hoda Farsi handwritten digit database. Imple-
menting each step of this algorithm is described in the 
following.

3.2.1  Applying images of Hoda database

Hoda database is one of the largest Farsi handwritten 
digit databases [23]. In this section, this database is used 
to train and test the proposed handwritten digit recogni-
tion algorithm. Number of images existing in this data-
base is 78,002 images with 64*54 pixels. In the first step, 
data is first divided to two training and test data. Among 
total data, 54,600 images are selected as training data and 
23,402 images are selected as test data. As mentioned in 
Sect. 2.3 and shown in Fig. 4, the classifier used in the pro-
posed recognition algorithm is the CNN algorithm with 
three convolution layers and two pooling layers. After 
adjusting parameters of the CNN classifier, the algorithm 
is trained using the training data. After being trained, the 
obtained recognition model is stored. In the final step, 
the trained Farsi handwritten digit recognition system is 
evaluated using the test data. It should be mentioned that 
number of epochs is considered to be 10. Obtained recog-
nition accuracy in the test step for the proposed structure 
is 99.34%.

3.2.2  Creation a new database for Farsi handwritten digits 
(PAD database)

As mentioned in Sect. 2.2, the proposed segmentation 
algorithm is able to segment the images of Farsi hand-
written phone numbers to single digits. But this system 
is not able to recognize each segment and cannot detect 
each segment is associated to which digit. Thus, it is 

Fig. 7  Applying steps of the segmentation algorithm on an input 
image. a input image, b grayscale image, c binary image, d filtered 
image, e applying open morphological operation, f applying closed 
morphological operations and g segmented image
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required to integrate it with a single digit recognition 
system. On the other hand, the proposed Farsi hand-
written digit recognition algorithm which is trained in 
Sect. 3.2 using Hoda database is able to recognize single 
digit. By combining the algorithms proposed in Sect. 2.2 
and 2.3, a Farsi handwritten phone number recognition 
algorithm can be developed. Structure of the proposed 
algorithm is shown in Fig. 5.

In fact, the proposed algorithm segments collected 
images of Farsi handwritten phone numbers (digit 
string) first and then each segment is recognized using 
the recognition system and the class of each segment is 
determined, i.e. it is specified each segment is associated 
to which digit. By recognizing each segment, the whole 
image which includes Farsi handwritten phone number 
is recognized. By repeating this algorithm on all Farsi 
handwritten phone number images, a new database 
is developed for Farsi handwritten digit which is called 
PAD. Figure 8 shows examples of PAD database.

Characteristics of the developed database for Farsi 
handwritten digits called PAD are as follows:

• Total number of images is 10,125
• Size of images is 64*54
• Suffix of images is.bmp

Number of data of each class of this database is given 
in Table 1.

3.3  Urdu handwritten dataset

Urdu Handwritten dataset [24] was collected from the hand-
written data of over 900 people in different age groups. After 
data pre-processing, they extracted data from 900 people 
and poor text quality data is discarded. Written samples were 
scanned and stored on a computer. Participants ranged in 
age from 22 to 60 years. The writers are native and non-
native speakers of Urdu, but this does not have a direct 
impact on the writing style. This dataset contains samples 
of 10 digits and 40 characters. We used the digit samples of 
this dataset in this research.

3.4  Training and test of the proposed system 
for Hoda, PAD and Urdu databases

In order to evaluate the proposed Farsi handwritten digit 
recognition algorithm trained and tested using Hoda data-
base in Sect. 3.2, it is trained and tested using PAD database 
and the database obtained through integration of Hoda, 
PAD and Urdu.

3.4.1  Using PAD database

In order to evaluate PAD database, the proposed Farsi 
handwritten digit recognition system which was trained 
and tested using Hoda database is trained and tested using 
PAD database. Among total number of data of PAD database 
which is 10,125, 7000 images are considered as training data 
and 3125 images are considered as test data. Recognition 
accuracy of this algorithm using PAD database is obtained 
as 98.4%.

3.4.2  Using combination of Hoda and PAD databases

In this step, handwritten digit recognition system which was 
trained and tested using PAD is evaluated using combina-
tion of PAD and Hoda. By integrating these two databases, 
88,127 images are created in 10 classes from 0 to 9. In the 
developed database, there are 8800 instances in each class. 
Among total data, 61,600 images are used as training data 
and 26,527 data is used as test data. This algorithm with 10 
epochs obtains an accuracy of 99.37%.

3.4.3  Using combination of Hoda, PAD and Urdu databases

In this step, handwritten digit recognition system which was 
trained and tested using PAD is evaluated using combination Fig. 8  Examples of images of PAD

Table 1  Number of data of 
each class of PAD Digit 0 1 2 3 4 5 6 7 8 9

Number 1015 995 1010 1011 1019 1017 1016 1012 1013 1017
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of Hoda, PAD and Urdu. By integrating these three data-
bases, 96,147 images are created in 10 classes from 0 to 9. 
In the developed database, there are about 9600 instances 
in each class. Among total data, 67,200 images are used as 
training data and 28,947 data is used as test data. This algo-
rithm with 10 epochs obtains an accuracy of 98.81%.

3.4.4  Comparing results of the proposed system 
using Hoda, PAD and Urdu databases and their 
combination

In this section, results of implementing the proposed 
Farsi and Urdu handwritten digit recognition algorithm 
obtained using three different databases are compared. 
Recognition accuracies obtained for each database are 
shown in Table 2. Total and average run-time for training 
and test sets are shown in this table. The average test time 
shows that the proposed method can be employed in a 
real time purpose.

3.5  Phone number searching in the phonebook

In this step, the proposed algorithm for searching for Farsi 
handwritten phone number in the phonebook is imple-
mented. Structure of this algorithm is shown in Fig. 6. 
Classifier of this algorithm has 3 convolution layers and 
2 pooling layers and the output layer is a fully connected 
layer with 10 neurons. Purpose of this block is to recog-
nize each segment of the image. In the proposed algo-
rithm, the recognized phone number is compared with the 
phonebook digit by digit; after digit by digit comparison of 
the recognized phone number with all phone numbers of 
the phonebook, label of the phonebook which has maxi-
mum number of similar digits with the recognized phone 
number is returned as the selected class. In fact, number 
of similar digits between the recognized phone number 
and phone number of the selected class results accuracy of 
each input image. By repeating this procedure for all input 
images (test images) and applying arithmetic mean on all 
search accuracies (input images), total search accuracy is 
obtained. In order to implement the proposed algorithm 
for Farsi handwritten phone number recognition, PAD and 

Hoda databases including 88,127 images of Farsi hand-
written digits from 0 to 9 are integrated to train the algo-
rithm and 45 images including Farsi handwritten phone 
numbers are used to evaluate the algorithm. (Images used 
for evaluation of the algorithm are out of the dataset and 
the network has not seen them previously). Results of 
implementing this algorithm indicate a recognition accu-
racy of 94.6% for phone number searching in the phone-
book. Figure 9 shows some errors in implementation of 
this algorithm.

Table 2  Recognition accuracy of the proposed Farsi handwritten digit recognition algorithm for different databases

Database Total training 
time (s)

Number of 
training data

Average train-
ing time (ms)

Total test time (s) Number of 
test data

Average test 
time (ms)

Recognition 
accuracy (%)

Hoda 5754.1 54600 105.38 132.19 23402 5.6 99.34
PAD 771.50 7000 110.21 18.87 3125 6 98.4
Urdu 549.81 5600 98.18 12.92 2420 5.3 96.57
Hoda + PAD 7077.7 61600 114.9 140.44 26527 5.3 99.37
Hoda + PAD + Urdu 7900.3 67200 117.56 156.44 28947 5.4 98.81

Fig. 9  Segmentation and recognition errors
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Considering Fig.  9, the results can be analyzed as 
follows:

In Fig. 9a, the ninth digit is 1 which is incorrectly classi-
fied as class 9 due to similarity.
In Fig. 9b, 0 which is the seventh digit is incorrectly clas-
sified in class 5 due to similarity.
In Fig. 9c, fourth digit which is 3 is incorrectly recog-
nized as 2 due to similarity.
In Fig. 9d, the segmentation algorithm has considered 
the fifth and sixth digits as one segment due to their 
similarity; hence, the recognition system has classified 
this segment as class 3, incorrectly.
In Fig. 9e, seventh digit which is 4 is segmented as two 
segments incorrectly to discontinuity and recognition 
is not performed correctly; recognized segments are 
classified in classes 7 and 5, incorrectly.

3.6  Comparing handwritten digit recognition 
systems with the proposed method

In this section, results obtained from the proposed method 
are compared with other digit recognition algorithms. 
Table 3 shows results of the proposed Farsi handwritten 
digit recognition system along with digit recognition sys-
tems presented by different researchers.

In a general comparison, it can be seen the proposed 
algorithm trained and tested with Hoda and combination 

of PAD and Hoda has a higher recognition accuracy com-
pared to the other algorithms.

4  Conclusion

Human brain is able to recognize the written digits simul-
taneously using image features and the knowledge 
obtained during his life. Thus, systems with higher effi-
ciency are developed for recognizing handwritten digits 
or pattern recognition using human learning models.

In this paper, an algorithm is presented for recogniz-
ing Farsi handwritten phone number. PAD database 
introduced in this paper is developed by segmenting 
Farsi handwritten phone numbers using the proposed 
segmentation algorithm based on Farsi handwritten dig-
its. The proposed recognition system is trained and tested 
using a combination of Hoda and PAD databases. After 
segmentation the digit string and recognizing them by the 
CNN classifier, the recognized digits for each digit string 
are arranged in the array, and thus the entire phone num-
ber is obtained. Also, in this paper, a Farsi phone number 
search algorithm is also proposed for handwritten phone 
book which corresponds to the number of digits of the rec-
ognized number and their similarities. In fact, the number 
of similar digits between the recognized phone number 
and the selected class phone number results in the search 
accuracy for each input image. Results of implementing 

Table 3  Comparing recognition accuracy of various algorithms for handwritten digit recognition

References Database Number of data Recognition method Recognition accuracy (%)

[11] Hoda 80000 Neural network
SVM

99.28

[12] MNIST – Neural network
SVM

97.25

[14] ORAND-CAR-A and 
ORAND-CAR-B

– Neural network
CNN

92.2 and 94.02

[25] – – Neural network
LVQ

88.76

[26] – 46000 Neural network
CNN

95.7

[13] MNIST 70000 Neural network
SVM

95.6

[27] MNIST 70000 Neural network
CNN

99.1

The proposed method Hoda 78002 Neural network
CNN

99.34

The proposed method PAD 10125 Neural network
CNN

98.4

The proposed method Urdu 8020 Neural network
CNN

96.57

The proposed method Combination of 
Hoda and PAD

88127 Neural network
CNN

99.37
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the proposed method indicated high accuracy of these 
algorithms.
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