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Fig. 1.2. Data classification in GIS
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Fig. 2. Steps of research method 
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Collecting Vertical acceleration data and location data by using of smartphone

Calculating the average of absolute value of the vertical accelerations corresponding to each location

Converting location data to UTM coordinates and importing them into GIS software

Dividing the data collection tracks into 13-meter sub-sections and assign vertical acceleration values to each sub-section

Calculating the square of variation in acceleration values, range and variance of these values and calculating  the CI index

Categorizing the values of CI index and creating a qualitative classification according to the pavement condition

Plotting the relative cumulative frequency of CI index values and determining the frequency percentages corresponding to 
each category

Validation of the CI index in new routes

Plotting the diagram of CI index in terms of track length and investigating the range of index in each track

Categorizing the status of pavement sections on the map by different colors
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 ��0�1. �*����&  ["��CI 
=	� (��& ��(��)� !��� �� �^���

��&��& +7(�B *��(	& 

Pavement condition Very good Good Moderate Poor Very poor 

The corresponding 
interval of CI index 
with each pavement 

condition 

0-10 10-15 15-30 30-50 50 and more 

Percentage of the 
frequency 

corresponding to 
each interval 

0-34 34-50 50-78 78-90 90-100 

Table 1. CI index intervals and frequency percentages corresponding to pavement condition classifications 
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condition 
Value of CI index 

Pavement 

condition classify 

Hajjaj Blvd-Lane 1 -
towards Sadoughi 

12 No failure 
 

4.35 
 

Very good 

Jomhouri Blvd- Lane 
2- between the airport 
and borj aval complex 

41 
No failure, Very slight 

transverse cracking 
6.12  Very good 

Jomhouri Blvd-Slow 
lane-between the 

havanirooz T-
23 

Alligator cracking, 
severe patch and 

bumps and depression 
55.56 Very poor 
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intersection and the 
airport 

Jomhouri Blvd-Slow 
lane-between the 
kharazmi St and 

havanirooz 

28 
Alligator cracking and 
bumps and depression 
with moderate severity 

46.71 Poor 

Havanirooz Blvd - 
Lane 1- Ghadir 1 to 

Ghadir 3 
2 No failure 7.57 Very good 

Havanirooz Blvd - 
Lane 2- Ghadir 1 to 

Ghadir 3 
4 

Limited alligator 
cracking and slight 
patches caused by 

canal digging 

23.11 Moderate 

Imam Reza Blvd - 
Line 1- Towards 

Jomhouri 
16 

Partial and limited 
cracks 

12.97 Good 

Hemmatifar St – 
Towards jomhouri 

20 

Limited alligator and 
transverse cracking 
and slight patches 
caused by canal 

digging 

15.07 Moderate 

Between rahahan 
bridge and railway 

station – Lane 2 

46 Limited alligator 
cracking 

24.21 Moderate 

Zoghalsang Blvd- 
Lane 1- Towards 

jomhouri- section 1 

48 Alligator cracking and 
bumps and depression 
with moderate severity 

40.26 Poor 

Zoghalsang Blvd- 
Lane 1- Towards 

jomhouri- section 2 

49 Partial and limited 
cracks 

11.18 Good 

22 Bahman Blvd- 
Khajoo Square to the 
crossroads - Lane 2 

52 Limited alligator 
cracking 

21.60 Moderate 

22 Bahman Blvd- 
Crossroads to the 

Khajoo Square - Lane 
2 

53 Limited alligator 
cracking and slight 
patches caused by 

canal digging 

22.13 Moderate 

68+�+  ��0�2+7( .�B ��E� *��(	 2�+$;& 

22 Bahman Blvd- 
Pazhouhesh Square to 
the crossroads - Lane 

2 

55 Alligator cracking and 
patches with moderate 

severity 

34.61 Poor 

22 Bahman Blvd- 
crossroads to the 

Pazhouhesh Square - 
Lane 2 

58 Partial and limited 
cracks with road 

roughness 

18.19 Moderate 

Adib Blvd- Towards 
west – Lane 1 

62 Slight transverse 
cracking Partial and 

limited cracks 

11.57  
Good 

Jahad Blvd- Between 
eghbal St to Azadegan 

St- Lane1 

68 severe Patches and  
bumps and depression 

57.53 Very poor 

Table 2. Quality condition of pavement sections 
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��0� 3.  ["�� �5��	�Y��� S����CI �*�� (���� ]��' �  &
��&*��(	 &�� 

Location of data 

collection 
Pavement condition Value of CI index Pavement condition 

classify 

Sarbaz Blvd- Between U-

turn and Khajoo Sq 
No failure 

 

6.69 

 

Very good 

Jahad Blvd-Between 

Azadegan and Eghbal St 

Limited alligator cracking 

and slight patches caused 

by canal digging 

16.47  Moderate 

Hojjaj Blvd-Lane 1-

Towards jomhouri 

No failure, With 

roughness 
12.49 Good 

Hojjaj Blvd-Lane 3-

Towards jomhouri 
No failure 4.31 Very good 

Jomhouri Blvd-Between 

Shafa and Farhangian 

crossroad- Lane 3 

Slight transverse cracking, 

Partial and limited cracks 
12.78 Good 

Piroozi Blvd-Between 

Emam St and crossroad -

Lane 2 

Patches and bumps and 

depression with moderate 

severity 

36.84 Poor 

Piroozi Blvd-Between 

crossroad and Emam St -

Lane 2 

Slight patches caused by 

canal digging 
21.89 Moderate 

 
68+�+ ��0� 3 . ["�� �5��	�Y��� S����CI �*�� (���� ]��' �  &
��&*��(	 &�� 

Saba Blvd- Between 
Pazhouhesh Sq and U-turn 

No failure 2.76 Very good 

Abolfazl Blvd-Lane 2-
Towards west 

Severe alligator cracking 

and severe Patches and  

bumps and depression 

130.61 Very poor 

Zoghalsang Blvd-Towards 
terminal- Section 1 

Limited alligator and 

transverse cracking and 

slight patches caused by 

canal digging 

24.46 Moderate 

Table 3. validation results of CI index and its classification by pavement data 
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 Fig 4. Diagram of Jomhouri Blvd, the distance between the first tower complex and the airport - Lane 2 - very good pavement 
condition 
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 Fig 5. Diagram of rahahan bridge to railway station - Moderate pavement condition 
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Fig 6. Diagram of Jahad Blvd - the distance between eqbal and Azadegan - very poor pavement condition 
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Fig 7. Location and quality condition of pavement sections 
(Emam reza Blvd) 

 

 ?@/8.  	��A�) &*��(	 2�+$; �E�� B�+7( ( B�+;�
(*(������  

  
Fig 8. Location and quality condition of pavement sections 

(Havanirouz Blvd) 
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Fig 9. Location and quality condition of pavement sections 
(Jomhouri Blvd) 
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Fig 10. Location and quality condition of pavement sections 
(Kowsar Blvd) 
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Abstract 
 In smart cities, with using lots of new technologies, while creating appropriate facilities in routine urban life, 
infrastructure problems are investigated, and the necessary measures are taken in a targeted and systematic 
manner to solve these problems. One of the most important technologies for managing infrastructure in smart 
cities is IT technology. GPS and smartphone sensors are other technologies that can be widely used in these 
cities. Streets, roads, and pavements are important infrastructures in any city and in the future smart cities. 
Proper supervision, repair, and improvement of pavements, streets, and urban pathways are the main factor in 
reducing the cost of depreciation of vehicles and providing comfort and safety for citizens. On the other hand, 
if timely action is taken to restore and improve the pavement, huge costs of repair and reconstruction will be 
avoided, and this can significantly reduce the costs of urban management. The first step to achieving this goal 
is to identify the location of the roughness and distortion of the surface of the streets and urban pathways and 
the severity of these failures in the shortest possible time. In this paper, road surface roughnesses and failures 
have been studied using accelerometer sensors and GPS smartphone devices. Location and vertical 
acceleration data have been entered into GIS software and a quantitative index based on the values of vertical 
acceleration has been introduced to determine the quality of each section of urban road pavement. In this 
research, Androsensor software, which is a useful application for using smartphone sensors, has been used. 
This software is installed on two smartphones, Huawei, P30 Lite, and BlackBerry, Priv STV100. The collected 
data for analysis is transferred to the computer in Excel files. To collect the data, the smartphones were placed 
in a fixed position on the right and left sides of the car, on the dashboard. This research has been done in 
Kerman city and in order to collect data, different routes with specific failures have been selected. Data 
collection was performed in 81 pieces with a length of 500 meters and 24 pieces with a length of 200 meters 
(105 pieces in total). By analyzing the vertical acceleration data and calculating some proposed indexes and 
comparing them, the best index has been selected. This index is classified into different ranges according to 
the field inspection of the pavement condition in the routes in this study, each of which indicates the quality 
status of the pavement. Each of these intervals is introduced with a specific color, and by examining the index 
obtained in each route and the corresponding interval, the studied routes are marked with different colors on 
the map. Finally, it was found that the accelerometer sensors and GPS of smartphones can be used with low 
cost, high speed and appropriate accuracy to check the surface of pavement of urban roads and grading the 
quality of pavement. It also seems that in the smart cities of the future, which are based on IT technology, the 
use of user data, high accuracy in locating and speed of action in prevention, the proposed method in this 
research can be used more favorably.  

 
Keywords: smart cities, pavement, failure, smartphones, accelerometer sensor, GPS, GIS.
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