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ABSTRACT 
Introduction and Objectives: The advent of digital sensors, smartphones, 
crowdsourced applications, and vibrant social media platforms has dramatically 
transformed the landscape of geographic data accessibility. This transformation is even 
more pronounced with the emergence of user-generated content, a hallmark of Web 2.0 
technologies. This participatory phenomenon is termed Volunteered Geographic 
Information (VGI), of which OpenStreetMap (OSM) serves as a prominent illustration. 
OSM offers an extensive repository of detailed and frequently updated geospatial data 
concerning physical infrastructures, including buildings, roads, and other vital 
landmarks. Though OSM provides this wealth of data free of charge and continues to 
expand its database, the quality of the information necessitates meticulous evaluation to 
determine its suitability for various practical applications. Research across the globe has 
underscored the efficacy of VGI; however, there remains a significant gap in studies 
investigating the quality of spatial information pertaining specifically to buildings within 
OSM, particularly in regions like Iran. This study aims to address this gap by focusing 
on three critical aspects: first, it will evaluate the quality of building data captured in 
OSM; second, it will analyze the enhancements and overall completeness of this data 
from the years 2018 to 2023; and third, it will explore the intricate relationship between 
land use patterns and population density, utilizing the building data derived from OSM. 
Through this comprehensive examination, the study hopes to shed light on the integrity 
of VGI in representing urban landscapes. 

Materials and Methods: The study area, encompassing districts 9 and 11 of Mashhad, 
was divided into a grid of 1 x 1 km cells, serving as the foundational framework for our 
analysis. Within each cell, we assessed three key metrics from 2018 to 2023: building 
density, completeness, and the quantity of buildings documented in OpenStreetMap 
(OSM) data. Notably, the ratio of officially registered charges to the overall count of 
charges within the voluntary dataset indicates the extent to which official data is 
represented in the voluntary dataset. This metric reflects the completeness of the 
voluntary data relative to official sources. Subsequently, we analyzed the correlation 
between building density and data completeness for each grid cell. Additionally, 
demographic parameters, including population and land use, were incorporated into the 
evaluation process. 

Results and Discussion: The construction data sourced from OpenStreetMap (OSM) 
across the 9th and 11th districts of Mashhad has witnessed an impressive twentyfold 
increase from 2018 to 2023. This extraordinary expansion is particularly evident in the 
eastern and northeastern sectors of the city, where development has surged. Among the 
various land use categories identified, residential areas, followed by residential-
commercial zones, commercial spaces, and educational institutions, display the highest 
frequency of construction activities in that specific order. Moreover, there exists a 
notable and robust correlation between the OSM building data and the population 
residing within each building block. However, this connection has exhibited significant 
fluctuations throughout the analyzed period, indicating varying patterns of growth and 
development. Furthermore, an intriguing relationship emerges between the density 
index and the completeness of the data; in regions where the density of OSM building 
data is greater, users tend to exhibit a heightened willingness to create and delineate new 
buildings, reflecting an active engagement in urban development. 

Conclusion: An in-depth examination of completeness index values reveals a noteworthy 
discrepancy in the OpenStreetMap (OSM) dataset, which significantly underrepresents the 
actual number of buildings when compared to official records. This research compellingly 
illustrates that, although OSM data can serve as a valuable resource for geographical 
analyses in urban environments—especially within bustling metropolises such as 
Mashhad—there exists a pressing necessity for enhancements and validation of the data to 
attain a higher level of accuracy. Moreover, a meticulous evaluation of key performance 
indicators can provide profound insights that not only enhance the reliability of the OSM 
dataset but also bolster its applications in urban planning and other related fields, thereby 
paving the way for more informed decision-making processes. 

Keywords: VGI, OpenStreetMap, Building, Completeness, Mashhad. 

* Corresponding Author: m.minaei@um.ac.ir Received: 2024.02.05 
DOI: https://doi.org/10.48308/gisj.2025.234725.1203 Accepted: 2025.02.20 

Copyright: © 2026 by the authors. Submitted for possible open access publication under the terms and conditions 
of the Creative Commons Attribution (CC BY) license https://creativecommons.org/licenses/by/4.0/). 

https://orcid.org/0000-0001-6233-416X
M.Asgharpour
Highlight



0
� ( ��� -;E 
�- � 
 �DE
� !� K,�.	/�/ C/$���7   ��"H���  
/ ...  ��( % 123  � � /��5
��  C�
���� 
 

� ��� �
 ��
� �����  GIS �
��
 

 ���18 	
��� �1 �
��� 1405  

24 

����� ��	
� �
 ��� � GIS ��
�	�
 ��	� 18� ���	�� 1�  ����1405  ����: 5966-2008� ���� ��� 
!"�#�: 6185-2588 

1 . 
 

/ 0� X�:� ^�8#�*, M.!,GIS �
��< �/V ,0 S$-?��1 �� 	�A< �/�� 

"<��C�!(� �C�!�E ��
2 ��
/!' 	�A< �/ ���'�!y] 	
!@ .

 /�-? 	�A<(�,05 qC�!(� ���<, ���<,
 X�:� 
 �(��'�!y] ^�?>&� �"2��

) 

/ 0�GISSRS: Lab ���<, �(
C�!(� 

:��
>�
  
123 �� /��5
��� .�� ,�!6��!7� f �.,�9�: ��

S �.0
�(��� -;E 
�-� 
 �DE
� !� K,�. C/$�
	/�/��7  ��"H��� '�!y] ^�?>&� 
/���( 

8#�*,) % �B-&
�/\ /
$,7 ^�?>&� :
 ��"H��� OpenStreetMap  !�� 
/
(��<, �!< (%  
 

/ 0� X�:�GIS �(C�! .

 ���18	
��� � 1 � 
���1405 :23-36. 

]7/1 �
:`7% � �!7 ! �:(�M' X(�M'�V !A231)-E ���"��(/ 7��%,� !� ��:��$� 7��`�] 7/!�
�. 7��7
�G� 
 

% ��
 `(!� X(�M'� []$, �?��"]� 7��C�M�, 	/�/	�� �(��'�!y] 7�� P��.  
 1($  �8B:, ��"��
 1(� 
/
C�(�� �(��'�!y] ^�?>&� 0� %]$E� %�^
$F f
 7�$";,� 7$�0� %"'!@ 
�!6 m!"�/ 
/ C�!�
�.  1(� .P��
 `B:,�� [-T�  �:'7

� �(����  C�$:?Web 2.0 �, � �B�"<�/$� .	/�/ /�!'� �1($  7��'�!y] f$N
�N 
/ 7��

0� �"'�(
/  �
 /$H z�;,/!@ 
 7

5 7
�x@
���,_(!& 1(� 0� 
 �::.� 	/�/ /$B�� %�(��� %.  C�!A(/ w!*,
	/!. �� ��, 4�.S/!, � ��, ^�?>&� C$r�� �:(
�:? �� 1($  Q

 1(� .�::.!"2@ �( Volunteered 

Geographic Information (VGI) �, %"H�:� ./$� `��:, 0� ��(VGI 	/�/ 7��f
 P(��OpenStreetMap 

(OSM) 	/�/ 0� � $@� $@ ~�$ � %. P�� 7��C��,��:B, C��"H�� %-�]0� �
 ���, K,��/$� .	/�/ 0� 	/�)"�� 7��
OSM P(M,	/�/ 1(� �!(0 /
�/ 7
��2� 7��%� ��m!"�/ 
/ C�A(�
� � %� 
%� P?!��, 0

� $� ./�/ 	�A(�� V
OSM �� �	/�/ ��3 !L 0� �� 
 C�!�
�. /��8E !L 0�� ��, 7��� %�1(�0� .P�� %8�$E ��3 
/ P?!� %� 



%?$��,	/�/7� P�)�.�� 
 /!�
�.!� �� ��] 	�� K(�BE P��. /$]
 �� 	/�/ 1�:N %� ��!"�/ %�:(� �(��
[#�]%]$E �, !L  %���
�  P�)�.	/�/ 1(��� /
�/ 0��  ���(0
� %�q C5 [��:E 1(�!��:�'���� 7�!� ���  j�H

�(��  ���(0
�./$� %�S�� � ^�8#�*, �T
	!�� 7�(�M, 
 C��] R*� 
/ 	��S/!, � ��, ̂ �?>&� 0� 7
�/!� !"2@
C�!(� 
/�  \:�,e0
/ �.� � 
��2� ^�D�D;E	/�/7�� �(��' �� zBE!, C��"H����  
/OSM 	�� S�� �  .P��

1(�0�!J�3 X�
Z� 
/ 

: 1( P�)�. 	/�/7��  ��"H��� OSM �, ���(0
�q/$� 2(  
 �DE
� � 


K,�.C/$� C��"H��	/�/ 
/ �� 7��OSM� �& 

/V  � �,0X�%#��7� )2023-2018(�  ��
!�,�/$�  


3( � ��BE
��1 !�
�.7 J�
�� 
 8�]�P �� 	/�/�� � ��"H�� 7OSM �, ���(0
�./$�

$�� � �
&!:�% D*:,\  _&�:,) %8#�*, /
$,9  
11 %�B� %� (��<, V0�� � �� �#$-� 7�1×1  !",$-�. ��2DE
��  
P3�2, 1(�� %�\#M:, �(��'�!y] �3�
�  %� ��(��'�!y] �3�
 !� 7�!� .P'!@ 
�!6 ^�B��;, 7�:B,
��8, 

K,�. �� ��"H�� �.�!E)	/�/ 
/ C��"H�� /��8E 
 C/$� 7��OSMD*:, 
/ (\ %8#�*, /
$,� %� _-8", ��� 7��
2018  �E2023� ��
!�  .�� %. P�� !.� C�(����
 �
�$? /��8E� %?$��, 
/ !��:",/�/�(��'�!y] V 

% �B-&
�/� %?$��, �
�$? K. /��8E %�/�/V ��
�� ,�C�M 	/�/ 
$�3��
 7��� %?$��, 
/ �
/�/V  �(��'�!y]
�, C�<  % �B-&
�/� .��/(1 , C��� 
��D,�C�M K,�.	/�/ C/$���7  % �B-&
�/�� m��6 
/ 	/�/��7 ��
�  .P��


/ S�@ �8�7� *��
\ ��1 K,�. 
 �.�!E C/$�	/�/��7  ��"H���� /
$,
/ %�B� �$-� !�� 
 �� %B��;,  
/
�J�
� 7!�
�. 
 P�8�] !",�
�� M�   
/��
!��� P'
 
�. %�. 

:c=� � d��>� /�/V  � ��"H��OSM  _&�:, 
/9  
11 ��<,�  0�2018  �E2023 �P2�� X(�M'� !��!� 
 %"'�(
�X(�M'� 1(� %� 	Z(
/
$,
/ ���� 
 �!� _&�:,�!�� /$�<, �J�
� 7!�
�. 1�:r�� .P�� !E �� $�2,

� $�2,%� ���0$,5 
 7
��E �7
��E � �[�E!E	/�/ j�+"H� /$H %� �
 � �
�!' 1(!"<�� .� �%� �T
A"2B��� 
 
�/�:8, 
 PBl,��1 	/�/��7  ��"H��� OSM 8�] 
�P O$-� !� �A"2B�� 1(� �� ��"H�� 
/  � �,0 V0��
%� ��
!� /
$, ^
$F ��$  	/$� !�y", ��A"2B�� 
��D, .P��K,�. 
 �.�!E tH�� C��, �� C�<  C/$�

�,C��, 
/ ���/ V/�/ 
/ � ��"H�� V/�/ �.�!E %. �(��OSM  	/$� !"<�� %� 7!"<�� K(��E C�!�
�. �P��
%"��/ �(�] C��"H�� ���!E 
 /��(�.� � 

��/>�:#�/+ K,�. tH�� !(/�D, %� %]$E ���, �C/$� %. P'!@ %��"  C�$EC��"H����7 %�PBa�
�	�  
/
OSM !"�. 
��2� 86�
 /��8E 0�� C��"H���� .P�� ���
 V/�/ 
/ %� %]$E �� �(1 D;E��_ ,�C�$E  %. P)@

	/�/�� 7OSM �!�7 -;E�K '�!y]���( C��"H���� ��!�� 
/7 �
M�� ��<, �: �,� [��:,� � �,�� �!�7 
	/�)"����7 ��!"< 6/ 
�_�!E ��E %��K � /$B�� 
(1 	/�/  ���0� P�� .tH�� ��
!� 1�:r�� 
�x@!�abE 7��

�,%� �� �$E1��*, V/�)"�� 
$L:,	/�/ 1(� 0� !E.��/ 
�!6 C�!�
�. 
��"H� 
/ �<=�/$� ^�?>&� ��� 

�e
� :#7/<8 #�%VGI �OpenStreetMapK,�. �C��"H�� �.��<, �C/$�

* 	��? 	�:2($ ^�BE��, 
�/: m.minaei@um.ac.ir

��"��(/ %��:� I�D,^:  https://doi.org/10.48308/gisj.2025.234725.1203

Copyright: © 2026 by the authors. Submitted for possible open access publication under the terms and conditions 
of the Creative Commons Attribution (CC BY) license https://creativecommons.org/licenses/by/4.0/). 

https://orcid.org/0000-0001-6233-416X


0
� ( ��� -;E 
�- � 
 �DE
� !� K,�.	/�/ C/$���7   ��"H���  
/ ...  ��( % 123  � � /��5
��  C�
���� 
  

� ��� �
 ��
� �����  GIS �
��
 

 ���18 	
��� �1 �
��� 1405  

25  

1 -  �!7 !  

�:(�M' X(�M'�V  !A231)-E ���"��(/ 7��  ��:��$� 7��
%,� !�`�] 7/!�
�. 7��7
�G�1  % ��
 
  �?��"]� 7��

	/�/  ��3  `(!�  X(�M'�  []$, 	��  �(��'�!y]  7��  
) P��Mobasheri, 2017  
 1($  �8B:, ��"��
 1(� 
/ .(

$H
/    %]$EK,��  �(��'�!y]  ^�?>&��  %�^
$F 

f
  7�$";,�  7$�0�   %"'!@  
�!6  m!"�/  
/  C�!�
�.  
  `B:, 1(� .P���� [-T�  �:'7

�  �(����    C�$:?Web 2.0  

M���E  �,)  /$�Elwood et al., 2012  f$N
�N  
/  .(
1($  7��'�!y]2	/�/ /�!'� �  �
 /$H z�;, 7�� /!@ 7

5

�, /$-�5 
  1(� 0� 
 �::.�	�
  	/�/ /$B�� %�  /$]$, 7��
 %9�
�  	��7$�0�  �, 4�. C�!A(/  1($  Q

 1(� .�::.

��  �:(
�:?  ��  % �B-&
�/  �(��'�!y]  ^�?>&�  C$r
)VGI(3    
	/�/`�]  �(��'�!y]  7��)  7
�G�CSGD(4  

�,  %"H�:�)  /$�Minaei, 2020	/�/  1(�!��:�  .(  7��
�(��'�!y]  \ �B-&
�/  C�A(�
  
  1(> 5�   7/!�(

  ��

�:"B,`�] !�7
�G��  	�,5 �(���(�� .� � V  `�]7
�G��  
%�% �B-&
�/  �(��'�!y]  ^�?>&�  
  �-.  
$& �  %� 
$&

  �j�H	
�
$A#�7�  �(�] �   �,  %. �$E:�:T  %�  �  70��
 f$N
�N  7��� $:.  �(��'�!y] ^�?>&� �-? 
/5    4�.

.: ) �:Bakillah & Liang, 2016; Sun & Du, 2017 .(
  `��:, 0� ��(VGI  	/�/  7��f
  P(��OpenStreetMap 

(OSM)  	/�/ 0� � $@� $@ ~�$ � %. P��  7��C��, ��:B,  
	/�]  %-�]0���C��"H��  ��� �
�$?  
  �J�
�  7!�
�.  �

  �8�B&C$r��  % �H/

�, K,�� �
 �� /$�  )Minaei, 

2020�� .(( 	�A /�/V OSM�    �� 
 C�!�
�. /��8E !L 0� ��
 	/�/ ��3 !L 0���7  ��(��'�!y]  %�  %8�$E ��3 
/ P?!�

 C�,0��  
  C�!�
�.  
  P����7
��2�  7   %�  
/ ��
0

� 
	/�/� 
�/ P.
�<, �� q  �0�(1

   %?$��, %�	/�/7�   ��]� �  

.�� 
 /!�
�.!��)�P  �BE( K  	��   �  .P�
/ ��3 
/ 1�J
!J�3�  	
>?��  �!��8,  !�( !  	/�/  ��C$r��  K�
���� 7  
!��7  2�  
�
�7  /(!A  !��  ��,  ��D  0�7    �
�M  

�,!�
//!�@    
1(�!��:�  8]!,�  X�
Z�  
/  !B"8,�� 7  
'�!y]���(  %,� !� 

(M7  !��7  , 
��� %��/

�� %� .� 1  

#/�K�  � 
/(1  � %#�D,(1  �!� !"2�7  �
!��  	�� f�=" �  

�P�  )Minaei, 2020; Zhou et al., 2022  .(�� %�:(�
	/�/ 1�:N %� ��!"�/  �(��[#�]%]$E  �, !L  %���
 �  

C5 P�)�. ���(0
� %� ��  0��   /
�/ q  B��:E 1(�!��:�C�<   7�!�
  j�H  W�����(��    ���(0
�/$�  )Goodchild, 2007 .(

)  /
�� �"��  � ��]  C�,0��  |(!8E  _B&ISO  P�)�.  �(
	/�/  7���(��'�!y]  K,�. �-F� !+:? X� K,��C/$�6  �

�D*:, 7
�@0��7 P�)�. ��(�:8, P6/ ��"�86$, P6/ �
  
  � �,0C��,�    	/�)"���,/$�  )Kresse & Fadaie, 

2004  .(	/�/  0�  ��(  7��OSM   C��"H��  ��  %.  P���
  �C�<"����  %�  %]$E  ���(0
�  7�!�  7/�8",  ^�8#�*,

  P�)�. C5  ��
��8,  m���!�  
  �)�.  7��M�     W����
  7/!�
�.C$@� $@  .P��  	�� S�� �  P=�8  C�
���� 
  

)2013(  .�)�P  	/�/ 7��   ��"H���  OSM  �!�  �
 7  
�(P#��(��  C��#5 
/�  �D, 
/(%2  ���
 V/�/ ���  0
�(�� �  

�  _B&!�  .� /!.(1  K,�.  �X�
Z�C/$�   C��"H�� 7��  
OSM  3�$  
/�  !��7  0� !"<��  �"�

 _&�:, �(    .P��

1'9  )  C�
����  
2014  (.�)�P  	/�/7��    ��"H�� �  
OSM   $, !�� 
/ �
��  0
� C��#5 
$<.(���  C5 .� /!. �� �  

	/�/  0�  	/�)"��  �� 7��  ��
��  	/�/ ��  �
  P���   
��N  
. tH���)�P  K,�.)�C/$�  �:8, P6/ �(�  86$, P6/�" �  

-�� P6/ 
��
!� (�   � %� 
 � /!.(1  " �%�  �
�� �    %.
�:8, P6/ �(  K,�. 
C/$�  
/  	/�/ 7��   $,�  �!�A�<N 

P��q  
/�E
$F%.  86$, P6/ !L 0��"��  %�z�$", 
$&� 
./
�/  /$]
  W�!; �  !",  
��N  0
! 
$E10   C�
����  


)2015%� �(K,�. ���(0
� ��B /	/�/ C/$�  � ��"H�� 7��
 f$:]  
/K,�.  X�:�  Q

  
/  �C��#5  f!T  C/$�

C��"H��  /��8E  m���!� �
  P3�2,  m���!�  M�  
  ��
 � /!. %2(�D,  	/�/ �E  � ��"H�� 7��OSM  	/�/ 
  7��  

  

 ����������������������������������������������������������� 

1. Crowdsourcing 
2. Neogeography 
3. Volunteered Geographic Information (VGI) 
4. Crowdsourcing Geographic Data (CSGD) 
5. Geographic Information Science (GIScience) 
6. Completeness 
7. Logical Consistency 
8. Hecht  
9. Fan 
10. Törnros 



0
� ( ��� -;E 
�- � 
 �DE
� !� K,�.	/�/ C/$���7   ��"H���  
/ ...  ��( % 123  � � /��5
��  C�
���� 
  

� ��� �
 ��
� �����  GIS �
��
 

 ���18 	
��� �1 �
��� 1405  

26  

 �/�/ C�<  _�D;E 1(� c(�"  .�::. %2(�D, �� �� �
 ���

K,�. �!  vI$�8, �/��8E m���!� X�:� Q

 
/  C/$�

 C��"H��  7��OSM    /

5!�  �86�
  
��D,  0�  !"�.
�,  vI$�8, M�  P3�2, m���!� X�:� Q

 
/ ./$�
�!   K,�.	/�/ C/$�  7��OSM    %� �86�
 
��D, 0� !"<��

�, P�/Q

 0� 	/�)"�� %#�D, 1(� 
/ �1(�!��:� .�(5  7��
X��	/�/  Q0�/!�_�6/  �!  %�  ����"�/  7�!�  ���  �!E


} .P�� 	�� %�F$E1  )2018(%#�D, 
/ �7��    %�*��
\   1��
K,�. 
 �.�!E/�/ C/$�	  7��  C��"H��OSM    �3�$  
/

	/�/ 1(�  P�)�. 1��=E 7�!� 7!��  c(�"  .PH�/!�  ��
%*��
  %#�D,  1(�7�  H  �*�
  K,�.  1��  �.�!E  
  C/$�

� ��"H��2  	/�/  � ��"H�� 7��OSM   /�/ C�< q  %�  	
>?
/!. t=<, %�:(�    � ��"H�� �.�!E7
��8,   
�x@!�abE
K,�. 1��=E 7�!�	/�/ C/$�  � ��"H�� 7��OSM    .P��

E�C�3    
)  
}2019(  ��<�
Z�  
/  � 
  �DE
�  K,�.  
  C/$�
C��"H�� �(��'�!y] 7$A#�  7��OSM    �
 K�-;E 1�N 
/  

� /!.C��"H��  /��8E  �_�D;E  1(�  c(�"  _B&  .  7��
OSM    ��� 0�2012    �E2017  v�B(!DE  P2�� X(�M'� !��!�
%"��/  �P� !",�
��  
/  7/�+"6�  tH�� 
  	/�] �$& .

  
�x@!�abE/  
X(�M'�  C��"H��  7��OSM    
/  
$<. 1(�
�,  	/!��/$� .  � �}4  )  C�
���� 
2022K,�.  (  C/$�

 C��"H��  
/ ��OSM  �
  �"�8�] ^�?>&� 0� 	/�)"�� ��  �
  ���(0
� � /!..  
/  %8#�*,  1(��    ��%�C/!�
�.  	/�/�� 7  

8�]�"��  K,�.C��"H�� C/$� ��7  OSM  0
�(�� �  � 
 �  
c(�"     %. /�/ C�<   0� 	/�)"��  1(�	/�/ ���  W�� ��  �( /��  
	/�/��!B"8,  
  /��"?�  /
$,  7  ��"H��  �� ,  ��

i  !a

K,�. ���(0
� 7�!� C��"H�� C/$�  
/ ��OSM  .P��  
}   

)  C�
����2022  (P�8J
  K,�.C��"H��  C/$�  ��  �


/
$,
/ 12.975 !��� � ��] R*� 
/�  ���(0
� 
 � /!.  
�/$H X�
Z� 
/  	/�/ 0�  P�8�] 7��� /!� 	!��  c(�"  .

/�/ C�<  _�D;E 1(�� /
$,
/ 75% ��!�� 1(� 0��  C�M�,
K,�.  0� !"�. C/$�20%  K,�. tH�� 
 P��C/$� �    zD'

/
$,
/  9%  !��  0�%8#�*,  /
$,  7���  0�  !"<��  80 %  
.��  	/0  1��=E  ��/�5  )  C�
����  
2022  W��  ��  �(

0
�(���  ��E  � 

�K  O$-��� 7   ��"H���  C>.  !��
  C�!�E	/�/ 
/��7  OSM  ��� �&  7��2011    �E2020  �

	/�/ S�� � �<�
Z�  
/ 
/ �_�D;E 1(� c(�"  7�:B,!� .� �
	/�/ �[=":, � �,0 V0�� !H5 ���  � ��"H�� O$-� 7��

OSM  K,�. 
 �
�$? /��8E !L 0�  ���:� ^�?>&� C/$�
K,�.  
  %"��/  7!�A�<N  X(�M'�	/�/  1(�  C/$�  0�  ���

018/0    ��� 
/2011  %�  �7/2    ��� 
/2020   	���

7�(�� .P��6 ) C�
���� 
2024%#�D, 
/ (  W�� �� �7�

	/�/  K���E  
/  �?$:+,  Q$�  0�  	/�)"��  ���(0
�  7��
  �J�
�  7!�
�.  \ �B-&
�/OSM  
/  !��  �{!.   Q

  0�

�B�\  B+?�  :�$#$ �.  	/�)"�� �:B,�3�
 Q

 sG� 
 �
K,�.  C�M�,  �E  � /!.	/�/  C/$�  7��OSM    ���(0
�  �


::.�, C�<  _�D;E 1(� c(�"  .�K,�. C�M�, ��/ C/$�
O$-�  � ��"H�� 7��OSM    !��!� �E�8#�*, \D*:, K. 
/

  ��6/3%  K,�. 1�(�� �!  X�
Z� 1(� 1�:r�� .P�� C/$�
O$-�  7I��  �!  
  �-A:]  �J�
�  
  � ��"H��  7��

1�,0 
 70

�<. 7!�
�. ./!. t=<, �
 	$�, 7��  
%�S�� � ^�8#�*, �T
  7�(�M, 
 C��] R*� 
/ 	��

	!��  % �B-&
�/  �(��'�!y]  ^�?>&�  0�  7
�/!�C�!(�  
/� 
	/�/ \:�,e0
/ �.� � 
��2� ^�D�D;E 7��  C��"H����    
/

OSM 1(�0� .P�� 	�� S�� �

� !J�3 X�
Z� 
/ �   � 


  
  �DE
�K,�.C/$�  C��"H��	/�/  
/  ��  7��OSM   �&  



/V    � �,0X�%#��7�  )2023-2018  (�, ��
!�/$�  .
  1�� ��BE
� 1�:r��	/�/ �� P�8�] 
 �J�
� 7!�
�.  7��

  � ��"H��OSM  �,  ���(0
�  �%#�D,  \,�/�  
/  ./$�
X=�	/�/ 
 %8#�*, /
$, \D*:, 7��  	/�)"�� /
$, 7��

s�  .��  ���$H  C���Q

  X=�  �C5  0�  
/  
  ���:�
X=� �P(�� ( 7��%"'�
 ��  M�   u;�  %��"  
 
/ 7!�@

 .�� ���$H w!*, %#�D,  
  

 ����������������������������������������������������������� 

1. Zhou 
2. OSM Building Density 
3. Tian 
4. Zhang 
5. Adabi 
6. Sadidi 



0
� ( ��� -;E 
�- � 
 �DE
� !� K,�.	/�/ C/$���7   ��"H���  
/ ...  ��( % 123  � � /��5
��  C�
���� 
  

� ��� �
 ��
� �����  GIS �
��
 

 ���18 	
��� �1 �
��� 1405  

27  

  
 01�1.  P�86$, %D*:, )9  
11 (  ��<, !�� 
/  

  

2 -  $�� � �
&! �% 

1-2 -  .
!F  �GH�.! ��&!  

  
/ �%8#�*, /
$, V/
�;, X�
Z� 1(� �    _&�:,9    
11    !��
 C���!H C�"��  
/  ��<,    .P�� 7$J
  7�
�/ _&�:, 1(�

 	/�/  7��OSM   PBa 7!"<�� V��  �:(�!' 
/ �1(�!��:� 
 � �
 _�6/ \2(�D, 
 ���(0
� C��,� �_�D;E �, ���!' �
 7!E  .� 

5

 D*:, \  9   ��  357 /41   D*:, 
 \  11   ��  808 /15 ̀ �!,!",$-�.  
P3�2,�  %�  �[�E!E2/13    
05/5%   !�� K. P3�2, 0�

�,  K��<E  �
)  �:�/  K��1(  .���
  Q
�M@  _B&� 
  %D*:,  
/  1(�  P�8�]  ~$��,527.203   .P��  !) 

M�  _&�:,  1(�  
/  [#�T  �J�
�  7!�
�.�  %�[�E!E �    
� $�2,  �� $�2,  �  P��  ��0$,5  
  7
��E  �7
��E

%�)�:l"��7   PBa _&�:,  .(	�< 	/�/ �%8#�*, 1(� 
/  7��
�  0��  /
$, %K(�'  ���  ^
$F f
  0�  `,�]  7��  P(��

OSM %� �  � �< https://download.geofabrik.de _-8", �
  %����  7��2018    �E2023  s� .�� 7!�@
�� 7!�@
�� 0�

	/�/%(I  ��"��  ���  zD'  
  Wx3  /�0�,  �E�?>&�  7��
C��"H��  V
��
/  ^�?>&�s�  .��  {�!="��  ��  C5  0�

X��Q0�/!� C��"H��  {�!="��  %-�]0�  �S0I  7��  7��  
  

C�2�( �%8#�*, /
$, \D*:,  P,!' 70��	/�/ ���
 7��
	/�/  
  7��OSMC�2�(  �  
  ^�+"=,  �"2��  70��

 .�� S�� � �%8#�*, ��(}$#$�$E 7���*H Wx3  

2-2 -  $�����
�  

1-2-2 -  ����� ���>?�� �
7G(�� �% _�
� OSM  

  	/�)"�� �C�,0 �$& 
/ C��"H�� /��8E X(�M'� %� %]$E ��
/��8E  
��8,  0��  K,�. ���(0
�  7�!� C��"H�� C/$�  
/  ��

OSM �  %� .P�� 	�� /��:<��  ��;#7!L   /��8E %N!@� �
�� K,�. C�M�, � �$E%� �
 C/$�  ���/ C�<  t=<, 
$&

C��"H��  /��8E  7��OSM    ���D"2,  ��BE
�  ��
K,�./�/  C/$� V    � ��"H��OSM    /
�/  %D*:,  4(  
/

)Tian & Zhou, 2019 .(  

2-2-2 -  �����  ���>?�� 28
�(�� �% _�
� OSM 

 K. �F
/ %� (C��"H�� X�$� PB2 ) C��"H�� �.�!E
  
/ � ��"H�� P3�2, !�    
 /
�/ 	
��� �(��'�!y] �3�


[-T�  %�\#M:,  
��8,7  %,� !�  
  �3�!&  \:�,e0
/ 7M(

�,  	/�)"��  7!��/$�  )Tian & Zhou, 2019(.   

  
  

    



0
� ( ��� -;E 
�- � 
 �DE
� !� K,�.	/�/ C/$���7   ��"H���  
/ ...  ��( % 123  � � /��5
��  C�
���� 
  

� ��� �
 ��
� �����  GIS �
��
 

 ���18 	
��� �1 �
��� 1405  

28  

  
 01�2. B��;,\  K,�. C��"H�� �.�!E 
 C/$�  

  

) %*��
 _��*, tH�� 1(�1�, %B��;, (./$�  

) %*��
1 (    = (C��"H��) �.�!E
C��"H��  P3�2, ~$��,

�(��'�!y] �3�
  P3�2,
  × 100  

  1�� P�� 1��, C��"H�� �.�!E0%    �:8, 1(� %�)
  (/
��  /$]
 �(��'�!y] �3�
 C5 
/ � ��"H�� ��� %.

  �E100%  )(v>,�.  �(��'�!y]  �3�
  1(�  �:8    0�  	���$�
  .���� ^
�)", (P�� C��"H��7�!�    K�� ���l,2  �a    
/

�,  C�<  �(��'�!y]  �3�
  4(  
/  �
  C��"H��  ��  .��/
  �(��'�!y]  �3�
  P3�2,  %�:(�  �!'1    �.�!E  �����

 1(� %� C��"H��^
$F �, %B��;,:/$�  
 
 ((0.1 + 0.2)÷1× 100% = 30%) 

3-2-2 -  �����  0!�8 ���>?�� ��&��� �% _�
� OSM 

(��   Q

  0���7  0
�  /!�
�.!�(���  8,�
�  K,�.  �C/$�
�D,(2\  C��"H��	/�/  
/  �� ��7  OSM  	/�/  ���� 7  
#$E����
 `��:, 
/ 	���   ) P��Adabi et al., 2022  .(
%�-.  
$&��   %?$��,  
/  
/  �
�$?��
)  	/�/�    


"�/ 
/ %� (% �B-&
�/\  !��:",�  
 !��:",  2DE��  ,� � $�  
�  
0  �( 1  	/�/�!�  ��7  8E�� 1  K,�. !",�
��  	/�)"��  C/$�
,�$�/��
  �
�$?  /��8E  �`6�

/  .�   
/  !��:",

 %?$��,/�/V   %?$��, �
�$? K. /��8E %� % �B-&
�/  V/�/
���
� ,�C�M 	/�/ 
$�3��7 ��
� %?$��, 
/ �
/�/V  

,  C�<  % �B-&
�/���/  �  %.( 1  ,  C���  
��D,� C�M   
  

K,�. /�/  C/$�	�� 7    % �B-&
�/��  m��6  
/  	/�/��7  
��
�  .P��  K,�.  tH��C��"H��  C/$�/�/  
/  �� V  

OSM  0� 	/�)"�� ��%*��
 )2�, ��
!� ( ./$�  

  K,�.  = (C��"H��) C/$�
��	 V/�/  
/ C��"H��  P3�2, ~$��,

 ���
 V/�/  
/ C��"H��  P3�2, ~$��,
 × 100  

) %*��
2 (  
K,�.C��"H��  C/$�  
/  ��OSM    1��  P��  1��,

0%  ) ��:8(  �(��'�!y]  �3�
  1(�  
/ �    � ��"H��  ���
  �E (/
��  /$]
100%  , 1(� %�)S$�)  P3�2, K. %.   \(I  

OSM  C��"H��  
(I  7�� \  ���
�    �3�
  4(  
/
�(��'�!y]�  %�  .����  ^
�)",  (P��  !��!� ���l,  
$&

K,�.C��"H�� C/$�  
/ ��OSM    K�� 
/2  �b  %� ^
$F
)0.1 = 33%÷ ) 0.1  +0.2  
 ((  
/ M�   K��2  �c  %� ̂ 
$F 

(0.2÷ (0.1+0.2) =66.7%)  �, %B��;,./$�    ��:N!�
 �E
$F
/  
 ���
 \(I 
/ %N ��(��'�!y] 7�3�
 
/ %.

  \(I 
/ %NOSM  ����� %"���  /$]
 � ��"H�� ��� �
K,�. !��!� C/$�100% .P��  

4-2-2-  .�
�F   0!�8  �  28
�(  S?��  b/�  ��&�

 ���>?���% �� _�
� OSM  

%�*��
  ��
!�  
$L:,\  K,�.  1��  �.�!E  
  C/$�
 C��"H��  7��OSM�  (I  4(\  %�B�1  )1×1  !",$-�.  (
�� 7�!�  � ��$��, 
�. %�./

  ) 
} X�
Z�2018  (  C�<   

  
  
  
  
  
  
  
  
  
  
  

 ����������������������������������������������������������� 

1. Grid 



0
� ( ��� -;E 
�- � 
 �DE
� !� K,�.	/�/ C/$���7   ��"H���  
/ ...  ��( % 123  � � /��5
��  C�
���� 
  

� ��� �
 ��
� �����  GIS �
��
 

 ���18 	
��� �1 �
��� 1405  

29  

  
 01�3 .C��"H�� 7��OSM  ��� 0�2018  �E2023  %8#�*, /
$, \D*:, 
/  

  
 ��7B1. C��"H�� P3�2, 
 /��8E 7��OSM :, 
/%D*7�� )9  
11 ( ��<, !��� ��� 0� 2018  �E2023  

���  2018  2019  2020  2021  2022  2023  

 �
7G(  287  502  979  6381  6752  6752  

) 5^�"!2m(  377433.42  573828.67  609732.69  1327189.45  1558217.89  1562704.18  

 
 

,�%. ��/  �$-� V0�� � 1(�  �, �
 7!�� V/
�;, 
/C�$E  
 �"�5\  B��:,�  �!�7  0�� �V  '�!y]  �3�
���(    !L  
/

1(�0�  .P'!@  

C��"H����7  /�/V  OSM    R*�  
/
 %�B�	0�� � 1(� %� 7�    .P�� 	�� %"'!@ !L  
/  !� sG�

  
/��
!� 
��8,  K,�.) !� 7�!� (� ��"H�� �.�!E 
 C/$�
%�B� �$-��    �� _��*,z��

  )1(    
)2(  *��
 
 %B��;,\ 

�, K�-;E tH�� 
/ 1(� 1��/$�.  

3 -   c=� � d��>�  

1-3-  ��,�� 0/<=( F���>?�� �
7G(#�% _�
� OSM  

  K��3   C��"H�� /��8E X(�M'� � 

  7��OSM   �
�   ��� 0�
2018    �E2023�   �,  C�<   ���  
/  .��/2018�   /��8E
287  /
�/ /$]
 C��"H�� ��� 
/ X(�M'� �.� � �� . 7��  

  

2019    
2020 C��"H��  /��8E  � %�  ��  %�  [�E!E502   

979  �, %. P�� �#�3 
/ 1(� .��
 C��"H�� /��8E 0� ��
  ���2020    �E2021 �    �� !DE (v�B  551 %   (�M'�X �    %�6381 

  	���
  C��"H�� ���  1��  .P��  7��2021    �E2023 �
 �,  �:.  !A(/  
��  �<(�M'�  � 

  ���  0�  ./$�2021   �E

2023 C��"H�� �  v�/
�3 ��6 %   /��8E %� 
 %"��/ X(�M'�
6752    P��  	���
  �
�])1    K�� 
4( .   
/  � 

  1(�

 ) 
} 
 C��E _�D;E2019 �, �<N %� M�  ( 1(� 
/ ./
$H
 C��"H�� /��8E �X�
Z� 7��OSM   ��� �&  7��2012 

  �E2017   P2�� /
�3 1�N 
/ .P�� %"��/ X(�M'� !��!�
 ̂ 
$'!� X�
Z�1   ) C�
���� 
3202 �, C�<  M�  ( ��/

  %. � � 1   ��� �� 7  2010    �E2013 !DE � (v�B  80 %   %�   /��8E 
 C��"H��  V/�/ 
/ ��OSM   s(
�� !��  .P�� 	�� %'�J�  

  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  

 ����������������������������������������������������������� 

1. Herfort 



0
� ( ��� -;E 
�- � 
 �DE
� !� K,�.	/�/ C/$���7   ��"H���  
/ ...  ��( % 123  � � /��5
��  C�
���� 
 

� ��� �
 ��
� �����  GIS �
��

 ���18 	
��� �1 �
��� 1405  

30 

 01�4.  /��8EC��"H�� 7��OSM :, 
/%D* )9  
11 ( ��<, !���   ��� 0�2018  �E2023 

 

0
1000
2000
3000
4000
5000
6000
7000
8000

2018 2019 2020 2021 2022 2023

�
��

>?
��

 �

7

G(

���

 %D*:,11  %D*:,9

 01�5 .	/�/ /��8E `(0$E � ��"H�� 7��OSM  
/%D*:,) 7��9  
11 (  ��<,�&  ���2023 %�B� �$-� !� 
/ � 

2-3-  ���>?�� �9
�
 #����8 � 5/G�B ��+7
8
�, �%

 _�
� ��OSM  

 �$-�  V
���  C5  
/  %.  K��  %�  %]$E  �� [=":,  7��
  �P��  t=<, �$-�  !"<��  
/  0�  !"�.  ���4( �F  
/�/ 
/ C��"H��V  OSM  �E
$F
/ ./
�/ /$]
  �%. P<�  

  0�  �$-�51  C5  
/  	/�/  %. �#$-�P��  	�� PBa  �� �  
  0�  X��1000  /�/V  �,  K,��  �
  � ��"H��  .� $�

1(�  �$-�  �� [-T�  ����  
  �!�  
/D*:,  �!�\   /
$,
	�� `6�
 %8#�*,  .� �C��"H�� /��8E%� 7��PBa  
 	���


 

  
  

  1(� P�8�]P<�    �$-�  [=":,�
�] 
/  2    	/�/ C�< 
  	��  7!�
�. 
 C5 �J�
�  �
�] 
/ ��3    	�� t=<,

%� .P��7!�
�. `(0$E ��-. 
$&  P<� 1(� 
/ [#�T 7��
 %�  �$-�� $�2,  �� $�2,  �[�E!E 
  7
��E  �7
��E  �

 %�  .P��  ��0$,5C���  
/  vI$�8, ���!E  1(!"<��  �!A(/
  O
�� W�!&� 
 ��<, ��
/!' 	�A< �/ KH�/ 
 C$,�!��
 �7
��E 
 ��0$,5 !L 0� %. P�� />�, 	�

��N 
 P-,

.� !�A�<N �"���� 7�
�/  



0
� ( ��� -;E 
�- � 
 �DE
� !� K,�.	/�/ C/$���7   ��"H���  
/ ...  ��( % 123  � � /��5
��  C�
���� 
  

� ��� �
 ��
� �����  GIS �
��
 

 ���18 	
��� �1 �
��� 1405  

31  

  ��7B2.  
 P�8�] C��"H�� /��8E PBa�� V  V/�/OSM  ��� �&2023 ��$-� 
/ [=":, 7��  

20  17  58  28  26  59  27  69  �&<� _����  

292  311  520  536  624  1114  1249  1553  �
7G(  ���>?��  

8  7  6  5  4  3  2  1  �3(�  

3848  9985  14251  5210  13882  8149  5608  10285  G�B/5  (�O�)  

  

 ��7B3 .PBa �J�
� 7!�
�.�$-� 
/ 	�� [=":, 7��  

69  59  58  28  27  26  20  17  �&<� _����  

0  0  0  0  1  5  1  2  ��&!L�  

6  4  28  13  21  9  13  14  ���(#  

898  811  1477  568  825  1433  539  1086  �&1"! �  

79  91  408  88  228  247  51  135  �&1"!�	 ���( #  

  

 

  
 01�6 .%D*:, 
/ P�8�] `(0$E ) 7��9  
11 ��� 
/ ��<, (2023 %�B� �$-� !� 
/ �  

  

  
  
  
  

 
 
 
 
 
 
 
 
  

 
  
  
  
  

	/�/  1��  \*��
  ��
!�  
/  � ��"H�� 7��OSM    

  �P�8�]%�  %]$E  ��  K��  7��6  
  7  
$H
/ P�8�] �

  0� X��) %8#�*, /
$, \D*:, 0� ��]$E40%  P<� 
/ (  
  

  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  

 �, %"�  1(� .� 
�/ P $�� [=":, �$-� C�<  � �$E  V�:�/
 	/�/ 
/ C��"H�� ���!E 
/ P�8�] !�abE  7��OSM  .����  

  
  
  

   



0
� ( ��� -;E 
�- � 
 �DE
� !� K,�.	/�/ C/$���7   ��"H���  
/ ...  ��( % 123  � � /��5
��  C�
���� 
  

� ��� �
 ��
� �����  GIS �
��
 

 ���18 	
��� �1 �
��� 1405  

32  

  
 01�7. 	/�/ /��8E `(0$E � ��"H�� 7��OSM  ��� 
/2023 � 
/%D*:,) 7��9  
11 ( ��<, q(P��
 P��) O$-� !� 
/  `(0$E

 
/ P�8�]%D*:,) 7��9  
11 !�� (��<,  (�N P��) O$-� !� 
/  

  

 
 01�8 .C��"H�� /��8E C��, �A"2B�� V/�/ 
/ ��OSM  ��� 0� O$-� !� P�8�] 
2018  �E2023  

  

  
  
  
  
  
  
 
 
 
 
 
  
  
  

  %�  %]$E  ��  K��8�    ���  
/2018    C��,  /��8E
 C��"H���� 7  H��	!	��    
/OSM  8�] 
�P  O$-� !�  �
A"2B���  �!��:�  ./
�/  /$]
  PBl,(1  %� ��-.  
$&    ��

�M'�(X    �.�!E8�]�"�  !��  O$-�  !�  
/  /��8E  �7
���!E.P��  %"'�(  X(�M'�  ��    ���  
/2019!J  �( [  

A"2B���  < C��:�/V  \*��
  $6 PBl,7!E7  �D, 
/( %2  
  ��� ��KB6  P��%. �:8, 1(� %� q   C��"H�� /��8E�� 7  

H��	!	��    
/OSM  ��!"<    ��8�]�P    zBE!, O$-� !�
!J  .P��([  A"2B���  /
$,
/  ���  7��2020    �E

2023    X��.�,���(  C�:r��  �,�  7�($@  A"2B���  
"Bl,  ���1  C��"H�� /��8E�� 7  H�� 	!  
/ 	��OSM    
  

  

  
  
  
  
  
  
  
  
  
  
  
  
  

8�]�P  !��  O$-�  !�  
/7    .P��1(���  ��3!J([  
A"2B���    ���2023  0�  !"<��  7
�6  X��  ���  
/  

P��  .,�C�$E  " �%�  � %. P'!@�1  C��"H�� /��8E�� 7  
H��	!  
/ 	��OSM  8�] 
�P  !�� O$-� !� 
/�7   �&  

�����7  2018-2019 �  A"2B���  "Bl,�    ./
�/  /$]

1(�����3  �( 1  A"2B���  ���  
/��7  �8� 7  )2020 -

20238J (�|  ��	   C5 C��, \*��
 
 t=<, !"�. ��
.P��  C�M�,  X(�M'�  
  O$-�  !� P�8�] C��, 1(�!��:�

C��"H�� ���!E  7��OSM   /
�/ /$]
 7
�/�:8, \*��
  
��� 
/ ��A"2B�� 1(� �,� ^�!��yE 7�
�/ �C$@� $@ 7��

 .P�� � ��$   
  

  
  
  
  
  
  
  
  
  
  



0
� ( ��� -;E 
�- � 
 �DE
� !� K,�.	/�/ C/$���7   ��"H���  
/ ...  ��( % 123  � � /��5
��  C�
���� 
  

� ��� �
 ��
� �����  GIS �
��
 

 ���18 	
��� �1 �
��� 1405  

33  

 
  01�9  . K,�. tH�� 	/�/ 
/ � ��"H�� �.�!E tH�� 
 (|#�) C/$�  7��OSM    ��� �& (f)2023  
/ � :, %D* 7��   )9    
11 (   ��<, !��  

  

3-3-  ��,�� 0/<=(F  0!�8 � 28
�( S?�� ��&�  

 K�� %� %]$E ��11   C��"H�� /��8E %.  7��OSM  
/ �

 	/�/  ��  %2(�D, �,  C�<  /$]$,  ���
  7�� M�  
  ��/

  K��9 K,�. �tH�� m���!� %. |#� � /
$, \D*:, C/$�
 �,  X(��  �
  %8#�*, %�  ���/ %.  P��  t=<,  ��$H

 C��"H�� ��7  /�/ V OSM�   �� m��6 
/ ���
 V/�/�   2� �
� 
 t6�  � �  . ) C�
���� 
 P=� ^�D�D;E2013 ^
$'!� 
 (

 ) C�
���� 
2023 	/�/ P�/ %� �
 %��"  1��� M�  (.� �  
  _��*,  K��9 �    
/X=�����  
  �!�  7��  �!�

  _&�:,9    
11    tH��  
  �.�!E  tH��  ���<,
K,�.	/�/  C/$�  
/  � ��"H��  7��OSM  %]$E  C�(�� 
P��  .*��
  ��
!�  7�!�\    
  � ��"H��  �.�!E  1��
K,�.	/�/  C/$�  � ��"H��  7��OSM  �&  2018    �E

2023�    [(!J  !�  
/  tH��  
/  1(�  1��  �A"2B��
%�B� �$-�    K��) �� %B��;,10.(  �A"2B�� 
��D,  ��
  !l.��3 %.87/0    ��� 
/2018    K6��3 
58/0   ��� 
/

2021  �, C�<  �P��C��, 
/ ��/  V/�/ �.�!E %. �(��
  V/�/  
/  � ��"H��OSM  C�!�
�.  �P��  	/$�  !"<��  

   

  �(�]  C��"H��  ���!E  
  /��(�  7�!�  7!"<��  K(��E
 %"��/C�<  	�(�� 1(�  .� �  �,  � ��, 
/ %. � �,0 ��/

  0�T5 C��"H�� /��(� 
 ���!E ^��-�? �%<D  0� t=<,
�,��� 
/ �:(�!' 1(� �/$��, %,�/� M�  7�8� 7��  .���(

  C�!�
�.  %.  P��  C5  !A ���  %-�2,  1(�OSM    VM�A �
%�  
  /��(�  
/  P.
�<, 7�!�  7!"<��  _&�:,  � ��
0



 %"H�:�%� 
 � 
�/ 	��  %� �
 7!"<�� ^��9M] �C�,0 

!,
�,  _&�:,  1(�(  1(�  .�:(�M'�%"'���  D;E  ���^�D  
}    


C�
����  )2018C5  X�
Z�  
/  ./
�/  PD��*,  ( �M�  ��  
*��
\  ��1  K,�. 
 �.�!E	/�/ C/$���7  !�� C��"H�� 7  

/  OpenStreetMap  �
!��  .P�� 	��  C5
/ ��(�:"'�  �

  
/_&�:,  7�
�/   ��"H��  �.�!E �  �!"<��  	/�/�� 7  
K,�.!E7  �,  C���  1(�  ./
�/  /$]
  M�  �:.   C�!�
�.

%�  ���"3��
��2�  D&�:,  
/ �  	/�/  �.�!E  %.��7  
 ��"H��� P�I���   P.
�<, .� 
�/ 7!"<��:r���1   !�

����P    ��.�!E%�\#M:,  -,�? �    !ai,/K,�. 
	/�/ C/$���7  
 C��"H��OSM  �.bE ��  ,��:. .  

  
  

  

 (|#�)  (f) 



0
� ( ��� -;E 
�- � 
 �DE
� !� K,�.	/�/ C/$���7   ��"H���  
/ ...  ��( % 123  � � /��5
��  C�
���� 
  

� ��� �
 ��
� �����  GIS �
��
 

 ���18 	
��� �1 �
��� 1405  

34  

  
 01�10 .�A"2B�� C��, K,�. tH��:, 
/ �.�!E 
 C/$�%D*7��  )9  
11(  ��<, !���  ��� 0�2018  �E2023  

  

  
 01�11. �DE
�7 	/�/ � ��"H�� 7��OSM  
/%D*:,7��  )9  
11(   !����<, �  0�2018  �E2023  

  
  
  

   



0
� ( ��� -;E 
�- � 
 �DE
� !� K,�.	/�/ C/$���7   ��"H���  
/ ...  ��( % 123  � � /��5
��  C�
���� 
  

� ��� �
 ��
� �����  GIS �
��
 

 ���18 	
��� �1 �
��� 1405  

35  

4 -  ��/>� #�/+   

�� 50�%.   %?$��,	/�/ 7��  ��
�    0�C��"H����    /
$,
/
%� �( 
 /
��  /$]
 ��!�� 0� 7
��2�  m!"�/ 
/ C�A(�


%?$��, �P2� 	/�/ 0� 7��, C�A(�
 � ��"H�� 7��  � �$E
  .���� �:,/$� 
��2� C�!A<�
Z� 7�!� X�
Z� 1(� 
/ �  

�DE
�  
  K,�.	/�/ C/$�7��    
/ � ��"H��OSM    K�-;E
  .��1(��
$L:,��"�� �  	/�/ C��"H�� 7�� 
/ ��  OSM    


X��  
  %��E  � 

 C5  Q0�/!�.��  ���(0
�  ��    �%,�/�  
/
D*:,\  _&�:,) %8#�*, /
$,9  
11  %�B� %� (��<, 7�

%� �#$-�  V0�� �1×1    !",$-�.�� ��2DE    
P3�2, 1(� �  
%�\#M:,  �(��'�!y]  �3�
�    .P'!@  
�!6  ^�B��;,  7�:B,

/
$,
/    %� ��(��'�!y] �3�
 !�
��8,    �� ��"H�� �.�!E)
K,�.	/�/  
/  C��"H��  /��8E  
  C/$�  7��OSM  
/  (
D*:,\    /
$,�!L   ��� 7�!�  7��2018    �E2023�  ��
!� 

*��
  sG�  .��\  K,�.  
  �.�!E  1��  C/$�	/�/  7��
/
$,
/  �� ��"H��  %�B�  �$-�  !��    .��  %B��;,

 
/  �J�
�  7!�
�.  
  P�8�]  !",�
��  
/  1�:r��
��
!���  P'
 
�. %�c(�"  _B& .  �//�V    � ��"H��OSM  

  _&�:, 
/9    
11  ��<,�    0�2018    �E2023  �P2�� !��!�
  X(�M'�"��/%  
  X(�M'� 1(��  %�  	Z(
/
$,
/   �!� _&�:,
���� 
 �!��  /$�<,  �J�
�  7!�
�.  .P��  !E �� $�2,
� $�2, %�  �M�  ��0$,5  
  7
��E  �7
��E  � �[�E!E

	/�/  j�+"H�  /$H  %�  �
  � �
�!'  1(!"<��  .� �  /$]
  ��
A"2B���    
�/�:8,  
  PBl,��1  	/�/��7   ��"H�� �  

OSM  8�] 
�P  O$-� !�  �A"2B�� 1(� �� ��"H��   
/  
	�� � ��$  ^�!��yE 
�N/ ��
!� /
$, � �,0 V0��    .P��

�A"2B��  
��D,K,�.  
  �.�!E  tH��  C��,  �� C/$�
�, C�< C��, 
/ ���/  � ��"H�� V/�/ �.�!E  %. �(��
  V/�/ 
/OSM   7�!� 7!"<�� K(��E C�!�
�. �	/$� !"<��

 %"��/  �(�]  C��"H��  ���!E  
  /��(�  ��  1�:r��  .� �
K,�. tH�� !(/�D, %� %]$E�, C/$�  P'!@ %��"  C�$E

  %.	/�/  ��  %2(�D,  
/����
  7��  C��"H���� 7  
%� PBa�
�	�    
/OSM  !"�.  
��2�  86�
  /��8E  0� �  

 C��"H�� �� ���
 V/�/ 
/ .� �  
%�  %]$E  ��  �(1  D;E��_   ,�C�$E  	/�/  %. P)@��  7

OSM  �!�7  -;E�K  '�!y]���(   C��"H����  ��!�� 
/ 7  

�
M��  ��<,  �: �, �  [��:, � �  �,� �  �!�7  	/�)"���� 7  
��!"<  6/ 
� _�!E  �(1  	/�/  ��  �(����E�K    /$B�� 
�:��(  .

tH�� ��
!� 1�:r���, 
�x@!�abE 7��  ^�?>&� � �$E
1��*,  V/�)"��  7�!�  �<=�/$�	/�/  1(�  0�  !E  
/  ��

.��/ 
�!6 C�!�
�. 
��"H�  
� 
/(1  8� X�
Z� �   	��  P��  tH���� �(    
�. %�

/

  C5  
�B"?�  %. �� �  D;E  
/�^�D   �  !B"8,�<�1�   E�(b �  
 q���� 	��   ��(��  � %. P��( 1  tH��  K,�. �� �:"2�   

)8J  ��D  
 �   �M    �:��$H  
/  � �$E�  %-�]0�  qP��/
 C��"H��  t�=<E���!E  7��	�� z�;,  
/  %.  7�

�,  /��:<��  1(�!��:�  .� 
��  /$]
  �]
�H 1(�  /$�
./!�@ 
�!6 %]$E /
$, �E5 ^�D�D;E 
/ %-�2,  

  1�:r��8�] tH�� �P  /�/ C�<   �O$-� 
/ �� �(  
8�]  %.�P  �� !"<7   C5  
/	/$�  1.��  ��,  �� �� C�M 

�!E�� C��"H����7 �] (�  OSM  �M ��!"< 	/$�   .P��
%��T
  A"2B��  /$]
�  �  PBl,�1  �!E  /��8E����    


8�]�P  ���  
/��7  ^
�)",�  � (1  A"2B�� �   ��$  �  
	/$�    P��%.  ,  C�< � ��/�  	
>?�!  8�]��P 

tH����7  / (!A7   �M  �� (�  �
!��   1(�0�  ./$� 


 ��/��:<  ,�$�/�  X�
Z�  
/ ��7  E5 ���!E  \*��
  ��

 C��"H��tH�� !(�� �� ��./!�@ 
�!6 !L  �, ��  

5 -  m��
!  
Adabi, R., Ali Abbaspour, R. & Chehreghan, A. 

2022, An Assessment on Building Blocks 

Completion Process in the Volunteered 

Geographic Information (VGI) for Using 

in Smart Cities, Scientific- Research 
Quarterly of Geographical Data (SEPEHR), 
30(120), PP. 27-42, https://doi.org/ 
10.22131/sepehr.2022.251052. 

Bakillah, M. & Liang, S., 2016, Open Geospatial 

Data, Software and Standards, 1(1), PP. 1-2. 
https://doi.org/10.1186/s40965-016-0004-1. 

Elwood, S., Goodchild, M.F. & Sui, D.Z., 2012, 
Researching Volunteered Geographic 

Information: Spatial Data, Geographic 

Research, and New Social Practice, Annals 
of the Association of American Geographers, 
102(3), PP. 571-590, https://doi.org/10.1080/ 
00045608.2011.595657. 



0
� ( ��� -;E 
�- � 
 �DE
� !� K,�.	/�/ C/$���7   ��"H���  
/ ...  ��( % 123  � � /��5
��  C�
���� 
  

� ��� �
 ��
� �����  GIS �
��
 

 ���18 	
��� �1 �
��� 1405  

36  

Fan, H., Zipt, A., Fu, Q. & Neis, P., 2014, Quality 

Assessment for Building Footprints Data 

on OpenStreetMap, International Journal of 
Geographical Information Science, 28(4), 
PP. 700-719, https://doi.org/ 10.1080/ 
13658816.2013.867495. 

Goodchild, F.M., 2007, Citizens as Sensors: The 

World of Volunteered Geography, 
GeoJournal, 69, PP. 211-221, https://doi.org/ 
10.1007/s10708-007-9111-y. 

Hecht, R., Kunze, C. & Hahmann, S., 2013, 
Measuring Completeness of Building 

Footprints in OpenStreetMap over Space 

and Time, International Journal of Geo-
Information, 2(4), PP. 1066-1091, 
https://doi.org/10.3390/ijgi2041066. 

Herfort, B., Lautenbach, S., Porto de Albuquerque, 
J., Anderson, J. & Zipf, A., 2023, A Spatio-

Temporal Analysis Investigating 

Completeness and Inequalities of Global 

Urban Building Data in OpenStreetMap, 
Nature Communications, 14(1), P. 3985, 
https://doi.org/10.1038/s41467-023-39698-6. 

Kresse, W. & Fadaie, K., 2004, ISO Standards for 

Geographic Information, Springer: Berlin, 
https://doi.org/10.1007/978-3-662-08039-9. 

Minaei, M., 2020, Evolution, Density, and 

Completeness of OpenStreetMap Road 

Networks in Developing Countries: The 

Case of Iran, Applied Geography, 119, P. 
102246, https://doi.org/ 10.1016/j.apgeog. 
2020.102246. 

Mobasheri, A., 2017, A Rule-Based Spatial 

Reasoning Approach for OpenStreetMap 

Data Quality Enrichment; Case Study of 

Routing and Navigation, Sensors, 17(11), 
P. 2498, https://doi.org/10.3390/s17112498. 

Sadidi, J., tamnia, F. & Rezaian, H., 2024, 
Assessment of Using Artificial Intelligence 

in Completeness of Volunteer Geographic 

Information. A Case Study for Open Street 

Map (OSM) Landuse Data, Journal of Spatial 
Analysis Environmental Hazards, 11(1), P. 1, 
https://doi.org/ 10.61186/jsaeh.11.1.3. 

Sun, Y. & Du, Y., 2017, Big Data and 

Sustainable Cities: Applications of New 

and Emerging Forms of Geospatial Data 

in Urban Studies, Open Geospatial Data 
Software and Standards, 2(1), PP. 1-4, 
https://doi.org/10.1186/s40965-017-0037-0. 

Tian, Y. & Zhou, Q.F.X., 2019, An Analysis of 

the Evolution, Completeness, and Spatial 

Patterns of OpenStreetMap Building Data 

in China, ISPRS International Journal of 

Geo-Information, 8(1), P. 35, https://doi.org/ 
10.3390/ijgi8010035. 

Törnros, T., Dorn, H., Hahmann, S. & Zipf, A., 
2015, Uncertainties of Completeness 

Measures in OpenStreetMap–A Case 

Study for Buildings in a Medium-Sized 

German City, ISPRS Annals of the 
Photogrammetry, Remote Sensing and 
Spatial Information Sciences, 2, PP. 353-
357, https://doi.org/10.5194/isprsannals-II-
3-W5-353-2015. 

Zhang, Y., Zhou, Q., Brovelli, M.A. & Li, W., 
2022, Assessing OSM Building 

Completeness Using Population Data, 
International Journal of Geographical 
Information Science, 36(7), PP. 1443-1466, 
https://doi.org/10.1080/13658816.2021.202
3158. 

Zhou, Q., 2018, Exploring the Relationship 

between Density and Completeness of 

Urban Building Data in OpenStreetMap 

for Quality Estimation, International 
Journal of Geographical Information 
Science, 32(2), PP. 257-281, https://doi.org/ 
10.1080/13658816.2017.1395883. 

Zhou, Q., Zhang, Y., Chang, K. & Brovelli, M.A., 
2022, Assessing OSM Building 

Completeness for Almost 13,000 Cities 

Globally, International Journal of Digital 
Earth, 15(1), PP. 2400-2421, https://doi.org/ 
10.1080/17538947.2022.2159550. 




