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Purpose: This paper aims to efficiently find the number and optimal placement of BTSs in the 

coverage area such that the implementation cost is minimized, while the user's traffic in the 

corresponding area and the channel interference constraints are satisfied. 

Design/methodology/approach: An integer linear mathematical model has been proposed to assign 

all customer points to transceiver-based stations. The objective function has been assumed to 

minimize fixed costs while considering a penalty for reducing interference. An optimization solver 

has been applied to solve the model.  

Findings: The proposed mathematical model was compared to another existing model in the literature 

from three points of view: coverage cost, construction costs, and running time. The results indicated 

that the proposed model has the appropriate efficiency to find solutions to real practical problems. In 

more detail, the proposed model succeeded to find solutions with less coverage or construction cost in 

a shorter time, compared with the model in literature, which has been referred to as the SSH model in 
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the paper. However, there have been some samples in which the SSH model overtakes the proposed 

model in one or two mentioned aspects for comparison.  

Research limitations/implications: The limitation of this study is that the channel model was 

considered based on the simple free space path loss model, while the real channel model based on the 

environmental effects can be suggested for future work.  Another important issue is that for BTS 

localization design, knowing the status of the real environment leads to the proper design in such 

networks.  

Social/practical implications: BTS localization is the most important issue in mobile networks' 

design. In a practical situation, there is not any software available to design a mobile network in the 

corresponding coverage area. Therefore, this paper can help communication engineers to implement 

the proposed approach in a real environment. 

Originality/value: In this paper, the problem of the optimal location of transceiver-based stations 

(BTS) in different models in the coverage area has been addressed such that the implementation cost 

is minimized, while the user's traffic in the corresponding area and the channel interference 

constraints are satisfied. This has not been considered in the literature. Any of the existing models 

focus on one aspect to optimize, such as maximizing the coverage, minimizing the interference, and 

minimizing coverage or construction costs. The novelties of the proposed model are twofold: i) two 

goals were considered in the objective function, i.e., minimizing construction costs and minimizing 

interference. Since interference with full coverage is unavoidable, the model added a penalty to the 

objective function to reduce the interference as much as possible; and ii) it was assumed that there is 

more than one single type BTS, any of which has different power, radius, and capacity. This makes 

the model more real and indeed more complicated to solve.  
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Fig. 1- Access matrix of three stations in two types with 5 users 

 

#�+G� �����HD
   ���I  

9
�d� 2���
p � A1 �/. �;��" 9;� 
2�
? H�� �� .� �L5 K���  AC" �05.� " ���" �;5O .�5�.� 2�0"    ���C�� 
�"�CG

  ��C6� \�gC!� b�5 J� 
A�g!� K�. A60�. A" �I5 .�0��" M�� o"�� K

N� �� �E/�0� ��
N� � �0�� ���� .� ��
@   �"�C�

9
�d� 2���
p � 
�/. "�� 2�
?A" �:5�
" ���" �� A" 7�� �� 2�
?��1   ���C5 	�: C!�. 2�
?��1   �C%�S 8. .�0C��" 7.

���5 	�: !�. b�5 ��tA0�D� � H�� K

N� �� 7.          2�C��
p � K�.�"�C0" 
�C/. 	�C� ��C% �.(C?�
_U� >Cd5 2�C�

9
�d� A" H�� �� 2�
? 	�� A %�? �I5 �� ��8 ���W :�5.  

)1(  !�� = "1												���"	7.	�	b�5	8.	7.	�		�: !�.	�?.	
0																				���W	K�.	�
l	��	  

)2(  #�� = "1			��
:"	i���/	7.�		�: !�.	8.	7.�	2� 4�	�?.				
0																���W	K�.	�
l	��						  

j

j



90 / �� ����� 	��� 
��
��� � �
��� ������14 	���� 
2 
�
�� �33 
 �� !"��1402 

  

3-1 J5
 ���� �� � �5��  

��T� \�g!� 8. ��;� �[" 
���� \�g!� �� �L�� ����� K�. �� 	��    AC��� H�C� .��C�     c�CQ� �C" �C��� 2.

 A60�. ��% �" � 	�: !�. b�5 J� ��%�W� = {
} A" A0
�1 \�g!� ���W  	�: C!�. ~.�X. \0�D� 28�/     ��C� �C" 
�C�

:��" ��.�G ��8 F6� A" 
�.�"��1 i���/ 2�Y�L� ����O�"  

)3(  $��	%��&!�&�∈'  

)4(  (. *	%���&!�& ≥ 1, ∀� ∈ ��∈'  

  

9
�d� 2���
p � �30�. �� A1 ) 2���
p � ���� 
2�
?1	�: !�. b�5 J� ��% �" 
(      �C
?.�% ��
C!" H�C� KC�. .�5.

H�� � 4
" �� � �/. 2�0" �� 	��h /. �O 8. ��    	�: C!�. ���CG \Ce.�. 2.�" 
A��� H�� K�. ��D" F64� ��. R���  C� 
�

c�Q� 	�: !�. 2�0�5.�� b�0� ���65 ����G �
%�` K�Y �� .�/�� 	�: !�. ��� ��5 c�Q� H�� K�. �� D
5 ��   ��C�

�����Q� 
A�.�. �� K�.�"�0" R��� �/��" �{ L� �Q5 A" ���" � 9
�d� 2���
p � A" AB�� �" ����  ) 2�C
?1) � (2 
(

�� AB�� �O A" � ��
" ��8 F6� A" � A" .� ". .���     JC� �C" F@.�CX �.�"��C1 \�� �01 K
�{� A1 9��.� 8�
5 � ����Q

�� 	�.� ���� 	�: !�. A" �����Q� K�. � �5�� :���W  

)5(  %#�� ≥ 1, ∀� ∈ ��∈'  

  

A" ��
" �"�G    ) �����CQ� 
�C01 	��h C/. 	�: !�. J� 8. PL% �"��1 �� ���" �.�@ �?. .�/. �5��5 AC" (   ���CW

A60�. K
�{� .��" ��.�G 2��!�  �"��1�  	�: /� P/���  b�5 8.�     �C/. �
CW�G KC�. A" ��0� 
��� 	�.� ����

 A1���� = 1  ��� K
�{� K�. ����O�" 2.�" .���"  

)6(  ���� ≥ #�� + !�� − 1, ∀� ∈ �, � ∈ 
, � ∈ �, 
  

�� A %�? �I5 ��  �?. �/. �;��" .������� = 0 �����Q� 	�:5O )6 A" (#�� + !�� � 1 �� F��E�    KC�. � ��C�

 	�: !�. A1 �/. �0N� �O A"� 8.  b�5� �"��1 �� � �!
5 � 	�: /� P/�� �  �C�5 	�.� ����      KC�. AC" ��C01. .��C�

�"��1 ��� ��45 A1 9��.� 8�
5 ��� � ��5 	�: /� P/�� �5.�� �  	�.� ����    AC60�. �C:� 
���  	�: C!�.� 8.   b�C5� 
�����Q� �" 9;� K�. .���"   

)7(  %!���∈/ ≥ #�� , ∀� ∈ �, � ∈ 
, 
  

�� FW�X 	�: !�. b.�5. 8. �6� 8. PL% �/. 78j ��. R���   ) �����CQ� �C� ��� 	��h /. ��7   �EC/�0� ��C6��� (

	�: !�. b.�5. 8. �6� 8. 	��h /. K
�{� 2.�" ��8 �����Q� K�.�"�0" R���" A �.� �� ��
" �� .���  

)8(  %!���∈/ � 1, ∀	� ∈ 
, 



���
 ���� ����	 BTS ���� ���� ������ � �� � ��� 
 !"�� �  #�" /��"��$ � " 
 %��
� ��1��+� � /91 

i���/ �
%�` �����Q� 9��.� �0" ��01. 	�: !�. ���     2�CY�L� �.DC
� AC1 �/. �;��" .9
�� �.�@ �I5�� .� ��

�� �%���� i���/ 
	�: !�. J� 8. A1 2�"��1 �� ��5 
�01    �I5�C� AC1 �01 8��3� 	�: !�. 8. ���5 �
%�` 8. �5.��

H���. ��8 �����Q� K�.�"�0" R�/. A %�? �.�@  � �/. �5�� ��1 A" 	�: !�. b�5 �
%�` ]L/ ����� K
�{� 2.�"

.�/. 	�� A %�?  

)9(  %��#���∈0 � % *�!���∈/ , ∀	� ∈ 
, 
  

�����Q� H���. ) 2��5) �� (9A" ( ) �����Q� 2�B4A" 
(   �����CQ� �"�CG       b�C0� c�CQ� �C" .� �C��� 2�C�

	�: !�.  	�: !�. b�5 �
%�` �����Q� K %�? �I5 �� K
0k�� � ��    �C� ��C
" 
	�C� AC %�? ��1 A"   AC" � �C01   ��CI0�

A0
�1 �� ��8 M�� o"�� 
A0�D� ���1 �!B ���" �5.�� 	�: !�. b.�5. �� �B� 	��h /. 2��    K��C ;" K %�C� 2.�" 
�5��

	�: !�. A0�D� ���1 K
0k�� � �.�"��1 7��� ���� 2.�" �� .��� ��  

)10(  $��	%% ���!���∈/�∈'  

3-2  � �/�� K+�<�(�5:
 �L��D
 ���  

 ����    ���CG \Ce.�. �
h
1 ���1 2.�" ����� 7�5 �����Q� J� �5���<�� 
�� ��
" �[" 2.� ". �� A1 ��S

	�: !�. 	�: !�. �5���<�� ��.D%. �" o@.��� .�/���"��1 A" ��  	�: C/� ���/�. z.��. 
��   	��h C/. 2�C�    �.�"��C1 f�C�

	�: !�. .�� ��.�G 2� 4
" H} G. ��t� A
X�5 �� �� 	��.� 2. 2.     q[C4� b�NC� �C" F6���, � ∈ �  '   �C" >C/�0 �

b�5 8. 	�: !�. �	�� c�Q� 7.     AC" ACB�� �C" 
�.8O 2�{% �� �
!� �%. \T".� x�/.�" ���� b�N� \E/�Q� f�Q5 .�5.

 
�"��1 ��
 G. �� 	�5�
? �.��12���/�. �.�� K
0k�� � 
  b�C5 	�: !�. � 
7.1�3   8. 
    �C� AEC/�Q� �C�8 H�C��%   ��C�

������.�)24 
2002(  

)11(  12 = 1�3ℎ3ℎ2( �478��): 
  

 H���% K�. �� A1ℎ3 
	�0 /�% 	�: !�. b�h��.ℎ2  
	�5�
? b�h��.�  � ��5 ���/8     � ���C��.� oC4N4� i5�C1�%

����� �� ���0 � 2����E�.� 
�5���<�� 7�� K %�? �I5 �� 2.�" .�/. D����:� >!X�"    �C" .�C/. 	�� 7�35. ��

�� �L�� 7�5 �����Q� J� �5���<�� 7�� A60�. A" AB�� A" K�.�"�0" 
��� �� �LT0� ��S   \5� C/O J� c�Q� �" �5.��

A" 
�Y�% .�" A�W�% F@.�X �.�0�FG.�� 2 K �.�5 A" �� � 	�: !�. �� ��� A %�? �I5 �� M�� J� ���W .��  \C��L� 

.�CC/ � ���CC6�� )2020 (ACC" JCC�1 JCC� �����CCQ� �CCTG�
l � �CC" ��CC% �� �CCI5 K %�CC? JCC� A5� CC/O τ = min�,�?∈'@����A  ��% �" K 5O b�5 J� c�Q� �� = {�} ���Q��� A" F6� 8��   

  τB!�� + !�?�C � ���? , ∀�, �� ∈ 
, 
�� �I5 A %�? 	�� � K
0k�� o"�� M�� "
4
A08�/2 A"���W    

  $�!	 D%%���	(!��, !�?�)�?∈'�∈' E /D%%���?�?∈'�∈' E 

  



92 / �� ����� 	��� 
��
��� � �
��� ������14 	���� 
2 
�
�� �33 
 �� !"��1402 

A0
�1 M�� A" AB�� �" .�/. 	�� c�Q� A" j�" M�� 
���� b�Y�� �� A0�D� 28�/     �C0t \�gC!� JC� ���W

�8� K %�? �I5 �� �" 
28�/��� f�
� �" ���;5�� � 	�� A %�? �I5 �� A%��    AC%�� JC� \�g!� J� A" 
	.�[�� 2��

  .�/. 	�� F��E�  

H�� �� F
�� �� A" Ae.�. 2�0"  
����� K�. �� 	��  H�C� �� AC60�. �![5 .�/. 	�45 	��h /. j�" f�
� 8.   28�C/

Ae.�. 	�: !�. b.�5. 
	�� 9
�d� 2���
p � �O oE� A" � �� A" � 	�� ��[�. 2���B 2�
? 	�}�    ACB�� 2�C:�� M�� A"

�8� Z�[ 5. ���t 8. 2��� A1 �/. 	��  .�/. A�g!� M�� o"�� �
��. K

N� �� �_�� 2��  

A" K�.�"�0" ��I0� 
FG.�� ���1 � �5���<�� 7�� K %�? �I5 ��     �CI5 �� �C" .�C/. A %�? �.�@ �I5�� ��8 ��E�.�

 \5� /O � �.��� K %�?τ
 �� �I5 �� .� ��8 �����Q� :9��
?  

)12(  %��!���∈/ + %��!�?� − ���? � G�∈/ , ∀	�, �� ∈ 
, � H �� 
  

 � �.��� �O �� A1τ  �.D
� A" F@.�X ���"max�,�?∈',�∈/@2�� − ���?A      KC�. ��C6��� f�CQ5 �C�8 F6C� �� .���"

	�: !�. A60�. ��% �" �����Q�  2��� ���  b�5 8.�  � �0��"	!�� = !�?� = 1 A" .�/. 	�� 	�.� ����5 ��Y�  

  

  
A�� 2- M :/ (��!+N <�(�5:
 12  

�
 ���/ O3 <+" �� G�  '5���/ 4�CD>�� �( 1( �!P�5� �DQ� 5�(<�(�5:
 )11 (4( ��� �
 RS�
 <"�1 <+" �� G� � ( � 5�� P  5�$

T��?� 	/�D") U��?� 	/�D") ��V�
 �� �/�� K+� ���$ WN�� '45� .<"� 45� 

Fig. 2- How the restriction works 12 

The figure on the left shows that when there is no interference in the station, the restriction (11) will be useless, and the figure on the 

right shows that the defined threshold has reduced the overlap to the amount of the determined threshold 
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Table 1- Parameters related to the relationship (11) 
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Table 2- Parameters used in both MBNA and SSH models 

 (�5?�4�CD>�� ��  � 100  
����1�$ (�5?�  � 1000  
�� � B�?�  �� 1000	� 
��1�$ ��c���  �� 25 × 10Z	[ 
4�CD>�� �� �  1� 71.06	� 

�c�� a�:
 (�?��    3500 × 3500	�: 



���
 ���� ����	 BTS ���� ���� ������ � �� � ��� 
 !"�� �  #�" /��"��$ � " 
 %��
� ��1��+� � /95 

 f8�" �� � 
�1 	�: !�. �� 2�.(:��B \0�D�[100, 200] A" �    �C" H�C� �� �� .�/. 	�� K

N� �%��d� ���W

 �:�8.��� �" A5��.� J�Intel(R)Core(TM)i3-2350MCPU@2.30GHz  �RAM : 4.00GB   7�C5 JC�1 A" �   �.DC%.

GAMSDistibution23.7.3   .�/. 	�� z�� 
��8 H��B �� FW�X w�� 5 � .�B. 

 J�5_3- J5
 ���_� � ��(�G� 	/ +/ 4( *� Ad�\ ^��D/ U�C/��
  ���MBNA  �SSH 

Table 3- Average results from ten random samples and running MBNA and SSH models 
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Fig. 3- Distribution of stations in a random sample in the MBNA model 
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Fig. 4- Distribution of stations in a random sample in the SSH model 
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Fig. 5- Graphs resulting from the execution time of solving the MBNA and SSH models in 20 random samples 
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Fig. 6- Graphs resulting from the construction cost of BTSs in MBNA and SSH models in 20 random samples 
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Fig. 7- Graphs of coverage cost in MBNA and SSH models in 20 random samples 
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ها بهتر از مدل پیشنهادی اسوت؛   برخی نمونه در SSHبیشتر است. از سوی دیگر هنینۀ احداث و هنینۀ پوشش مدل 

شوده را در   میانگین سه کمیت مقایسه 3طور خلاصه، جدول  اما میانگین هر دو هنینه در مدل پیشنهادی بهتر است. به

طوور میوانگین، هنینوۀ     توانسته است به MBNAشود، مدل پیشنهادی  طور که مشاهده می دهد. همان دو مدل نشان می

  کاهش دهد. SSHرا در مقایسه با مدل  پوشش و احداث

 

 گيری   نتيجه 5

دهندۀ خدمات شبکه بوه کواربران، در    های مخابراتی ارائه یابی بهینۀ ایستگاه در این مقاله سعی شد چگونگی مکان

هوا توا    نحوی که مینان تداخل شبکۀ ناشوی از همپوشوانی ایسوتگاه    رینی صفر و یک بررسی شود، به قالب مدل برنامه

دهوی آنهوا نیون لحواظ      ها و پوشوش  های ناشی از احداث ایستگاه زمان، کاهش هنینه طور هم زیادی، مهار  و بهحدود 

دهد نحوۀ کار این مدل مطلوب است و عموماً از دیدگاه محاسباتی  شده در این مقاله نشان می شود. مقایسۀ مدل ارائه

زموان اهوداف    انجامد. در نظر گرفتن هوم   می یشینۀ پژوهشپ در شدهبه دیگر مدل ارائه ها نسبت به بهبود کیفیت جواب

نداشتن ناشوی از آن و   دهی، ترافیک منطقه و تداخل پوششهای مخابراتی شامل  یابی بهینۀ ایستگاه مهم در مسئلۀ مکان

 شده، از نقاط قوت آن است.  های احداث در مدل ارائه همننین هنینه

ها نین در این مدل در نظور گرفتوه شوده اسوت کوه نشوان از        انواع ایستگاه کارگیری افنون بر این، تنوع ناشی از به

ها ازلحاظ فنی اسوت. بودیهی اسوت در     بخشی در استفاده از انواع ایستگاه کارگیری و تنوع توانمندی مدل در امکان به

بسویار سواده، حساسویت     شده قادر خواهد بود با تغییور  صورتی که ایستگاه قابلیت ارتقا را نین داشته باشد، مدل ارائه

لحواظ   تووان در آینوده بوه    شوده در مقالوه، موی    برای توسعۀ پژوهش ارائه شده بیازماید. به تغییر داده ها را نسبت جواب

هوای پویوایی توجوه     پارامترهایی نظیر شرایط جغرافیایی منطقه، در نظر گرفتن شرایط بحرانی منطقه و همننین مودل 

  گیرند. شده در نظر می احیۀ بررسیکرد که تغییرات جمعیتی را در ن
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