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Road defects are important factors affecting traffic safety. In order to improve the identification efficiency of road

diseases and the pertinence of maintenance and management, intelligent detection technologies of road diseases

have been developed. The problems of high cost and low efficiency of artificial inspection of road diseases are

solved efficiently, and the quality of road construction is improved availably. This is not only the guarantee of

highway quality but also the guarantee of people’s lives and safety.

intelligent transportation  defects detection

1. Introduction

The quality of roads can directly affect the development of the city. With the erosion of roads caused by rain and

vehicles, various defects may appear on the road surface, such as cracks, ruts, grooves, and subsidence . The

common types of pavement defects are shown in Figure 1.
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Figure 1. (a) The diagram of crack; (b) The diagram of rut; (c) The diagram of groove; (d) The diagram of

subsidence.

Cracks are one of the most common diseases on the pavement. It mainly has transverse cracks, longitudinal

cracks, and reticular cracks. It is extremely harmful to the road surface. Especially in winter and spring, due to the

infiltration of rain and snow water, the road disease that is already in a crack state is more serious under the action

of driving load . Ruts are the permanent grooves in the road surface under the repeated action of vehicle loads

. This is mainly due to the unreasonable design of the asphalt mixture gradation or insufficient compaction during

construction. This can make the road surface drainage poorly on rainy days, and the driving vehicle is prone to

drifting and affecting the safety of high-speed driving. The grooves  are mainly formed due to the lack of timely

maintenance after the surface layer is cracked, which has the potential to cause a flat tire in a moving vehicle and

cause a traffic accident. These defects can bring damage to the vehicles on the road. Uneven or irregular roads

can lead to tire wear. What is more, it can lead to a flat tire and cause a traffic accident. To ensure driving safety,

the funding for road maintenance is increasing every year . Identifying road defects timely is important for

pavement maintenance. Manual inspection is intuitive with the high cost and low efficiency. In order to solve this

problem, various intelligent detection methods for road surface defects detection have been developed .

However, there is a lack of studies summarizing the advantage and disadvantages of those intelligent detection

methods.

2. Camera

Many researchers used cameras for pavement image collection . The image can then be used for

pavement texture analysis , pavement crack detection , and asphalt mixture crack detection . Y. Du et al.

 collected a large number of pavement defect images, including timestamp and location information, using car-

mounted cameras. Repeated collection and overlapping of pavement defects images were found during the

collection process. Therefore, a feature matching and image mosaic method for pavement disease detection based

on multi-vehicle images was proposed. Tang  developed intelligent road inspection equipment with existing road

inspection vehicles installed with cameras. The qualitative and quantitative assessment of road surface quality can

be then achieved. Du et al.  used the high-resolution industrial cameras installed on vehicles to collect pavement

images. The detection and classification method of pavement diseases based on the You Only Look Once (YOLO)

network was combined. Grabowski, D. et al.  proposed a method for estimating pavement conditions based on

images obtained from onboard cameras. A set of algorithms was created to process images from depth cameras

and RGB (red, green, blue) cameras. The neural network model was trained by video samples from the camera for

road defects classification. Studies showed that the processing accuracy of the application of digital image

processing technology reached more than 80%. Jahanshahi, M. R. et al.  used RGB-D sensors to detect and

quantify pavement defects. The sensor system consisted of an RGB color image, an infrared projector, and a

camera as a depth sensor. Combined with the corresponding algorithm, the automatic detection of road diseases

such as cracks and potholes can be completed. In addition, the global positioning system was combined with the

proposed system to locate the detected defects. It can be used as an auxiliary sensor system for road surface
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assessment vehicles. Cui, X et al.  used profiling and digital image technology to achieve a three-dimensional

reconstruction of asphalt pavement contours. Image processing technology helped to locate the precise

coordinates of each point on the model. According to the contour method, a comprehensive calculation program for

texture depth was established.

With the development of unmanned aerial vehicles (UAVs), more and more pavement engineers or researchers

are starting to install cameras on UAVs for the detection of various road diseases , as shown in Figure 2.

Junqing, Z. et al.  proposed that the road detects information were collected by drones using high-resolution

cameras. A drone platform for road surface image acquisition was assembled, and the flight settings were studied

to obtain optimal image quality. The acquired images were processed and annotated for model training. Combined

with the YOLOv3 algorithm, the average accuracy (MAP) of data processing was 56.6%. Zhijian, M. et al. 

analyzed the development technology of unmanned aerial vehicles in the field of intelligent transportation to

improve the accuracy of road surface disease detection. A framework for road disease recognition and perception

based on drones was constructed. The Yuneec H520 UAV was used to collect road surface image data, and the

road surface disease image preprocessing technology based on wavelet threshold transformation was analyzed.

Inzerillo, L. et al.  used data collected by drones to analyze structural self-motion (SfM) techniques at different

heights. This technology was applied to old pavements on the campus of the University of Palermo. The

technology accurately identified pavement diseases and developed an integrated approach to optimizing pavement

management strategies.

Figure 2. Aerial model of a drone.
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Cameras are widely used in pavement disease detection technology. It has a high dynamic range and resolution,

and it is inexpensive. However, the imaging of the camera is greatly affected by the lighting conditions of the road

surface under test. The light intensity is too strong, too weak, or the light is uneven and is not conducive to

imaging. In order to ensure that the system can work properly in any environment, auxiliary lighting equipment

needs to be configured to provide uniform lighting conditions and ensure image quality. Moreover, the camera

provides only 2D information and lacks depth information, which is not conducive to a more comprehensive

analysis of the problem .

3. GPR

Compared to the camera, GPR detection technology  is more efficient for identifying roadbed diseases. This

method does not need to destroy or excavate road surfaces and can effectively overcome the concealment of

roadbed diseases.

Road disease detection is an important basis for road maintenance and maintenance. Although the conventional

drill core sampling method can achieve the purpose of pavement inspection, the detection results of this method

are not comprehensive, and the damage to the pavement is large. As an efficient non-destructive testing

technology, ground-penetrating radar offers the possibility of non-destructive testing of road diseases. Zhu et al. 

discussed the effects of diseases such as road surface reflection cracks, subsidence, and uneven pavement on

ground-penetrating radar image results, as shown in Figure 3 and Figure 4. Based on the influence of diseases on

the image results of ground-penetrating radar and the detection results of ground-penetrating radar, the types and

causes of road lesions in a certain section of the highway were successfully analyzed. Gao, J. et al.  used

ground-penetrating radar (GPR) for road surface damage detection. Data processing in conjunction with the faster

R-ConvNet algorithm to complete the task. The results showed that the accuracy was 89.13%. The stability of this

model was better under different road structures. One of the problems encountered when conducting non-

destructive testing of the road surface with ground-penetrating radar is the detection of multi-layered reflectors in

the echoes of ground-penetrating radar. Lahouar, S. et al.  solved this problem by iteratively detecting strong

reflections in GPR signals by using threshold or match filter detectors. The detected pulses were then used in the

reflection model to synthesize a signal that is “similar” to the measured ground-penetrating radar signal in the least-

squares sense. The synthesized signal was then subtracted from the measured signal to show the faint reflections

that were masked. Then these reflections were detected iteratively using the same method. After testing, the study

can be successful in disease detection. To test and evaluate the field application effect of asphalt pavement

ground-penetrating radar rapid detection technology, Zhang et al.  conducted on-site test research based on the

key points and implementation process of on-site detection technology. They relied on physical engineering and

analyzed the accuracy of the detection results. The results showed that the compaction of the asphalt surface layer

detected by ground-penetrating radar on-site was relatively accurate. The relative error can be controlled by 1%.

The on-site detection results of the pavement disease ground penetrating radar were consistent with the scoring

results, and the scanning image of the ground-penetrating radar can clearly reflect the structural condition of the

asphalt pavement. To study the defect detection and identification of the road surface by ground-penetrating radar
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(GPR), Huang et al.  proposed a method with obvious effects on improving abnormal resolution and singular

value decomposition by embedding metal plates at the interface of each layer in the surface of the road surface. It

was applied to road field detection. The results showed that this can reduce the amount of work processing data

and increase the accuracy of the detection.

Figure 3. GPR detection process.

Figure 4. Image of flaw reflection echo on GPR.

Ground-penetrating radar is a non-destructive and fast method of pavement detection. It mainly has the following

characteristics . Its adaptability is strong. Geological radar can be safely applied to the city or construction site of

[35]

[36]



Intelligent Road Defects Detection Technology | Encyclopedia.pub

https://encyclopedia.pub/entry/24005 6/13

the engineering site by the use of non-destructive testing technology. The working conditions are more relaxed. Its

anti-interference ability is strong, and its anti-electromagnetic interference ability is strong . It can work in various

noise environments in the city and is less affected by the bad environment. Its positioning is fast and accurate. It

has better inspection depth and resolution and can provide real-time cross-sectional views directly with clear and

intuitive images . It uses a laptop to control the acquisition, recording, storage, and processing of data for ease

of portability. However, the big data obtained by the ground-penetrating radar delay the processing time, which

leads to problems such as subjectivity in data interpretation .

4. LiDAR

LiDAR is an emerging device for road surface defects detection with the unique advantages of high precision, high

resolution, high automation, and high efficiency , as shown in Figure 5.

Figure 5. Point cloud data collected by LiDAR.

Zhang et al.  conducted data comparison and analysis on the stability of the specified laser road condition

detection equipment from three angles (flatness, surface section construction depth, and rut) in ordinary roads and

special test roads. The applicability of laser detection was demonstrated. Suggestions and methods for improving

the reliability of equipment detection were proposed. Zhao  proposed a change detection method based on a

digital elevation model and density map by using point cloud data obtained by vehicle-mounted LiDAR scanning.

After verification, the detection accuracy of this method can reach 93.1%. M.Bellone et al.  detected the uneven

position on the road by studying the driver warning system. LiDAR was used to generate the environment in the

form of a three-dimensional (3D) point cloud, which was analyzed and processed based on a normal vector and

presented to the driver in the form of a traversable grid. Li et al.  adopted line laser technology to construct a 3D
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data acquisition system for pavement and collected high-resolution (0.5 mm) 3D pavement depth data. Yan et al.

 used LiDAR to detect road irregularity information. Road environmental information was extracted and

segmented by the network structure of random sampling and local feature aggregation. In order to solve the

problem of the loss of key features in the process of road environment information segmentation, a local feature

aggregator was added to increase the acceptance domain of each 3D point cloud to retain geometric details. The

results showed that the method could accurately identify the road environment information, and the recognition

accuracy of the convex hull, pit, and drivable area can reach 71.87%, 82.71%, and 93.01%, respectively. Jiang et

al.  took advantage of the three-dimensional data of the pavement to propose an enhanced dynamic

optimization algorithm to improve crack segmentation. The four most common types of pavement cracks

(longitudinal, transverse, block, and crocodile-like) were tested. Experimental results showed that the average

calculation time of the algorithm was greatly shortened. At the same time, cracks in multiple directions were better

handled, and the accuracy of crack segmentation was improved. Song  took the three-dimensional line laser

technology as the research object and analyzed its system composition and working principle. Comprehensively

engineering examples were introduced to discuss its application effect in road rutting detection and the factors

affecting the detection results so as to provide a reference for road rutting detection. Guo et al.  applied the new

three-dimensional laser detection technology with high precision and high density, and the indoor rutted pattern

simulation equipment was developed to quantitatively evaluate the detection accuracy and reliability of the non-

uniform 13-point laser rutting detection equipment for the problem of rut depth. The results showed that the

detection error and dispersion of the 13-point laser detection equipment for the bump type rut were significantly

higher than those for the detection of no bump rut, and the relative error exceeded 5%. Hu et al.  used a non-

uniform 13-point laser detection device to obtain cross-sectional data from 110 sets of measured rutted vehicles.

The effect of lateral offset of multi-point laser detection vehicles on the error of depth detection of rutted vehicles in

different forms was studied. To evaluate the pavement quality completely and intuitively, Wang et al.  proposed a

three-dimensional pavement detection method based on a laser displacement sensor and gyroscope. The results

showed that the method can measure the pavement shape of the entire lane with high detection accuracy and fast

detection speed.

The detection distance of LiDAR is long, and the angle measurement accuracy is high. What is more, the

resolution is high, and the viewing angle is wide. However, it is susceptible to natural light and thermal radiation,

and it is greatly disturbed in weather such as rain and fog, wind and sand, etc. The working environment

requirements are high, and the cost is high .

5. IMU

The IMU installed on the detection vehicle can detect whether the road surface is damaged by analyzing the data

of the acceleration sensor, angular velocity sensor, and other components , as shown in  Figure 6.

Acceleration changes, angular velocity changes, and attitude changes in the process of vehicle movement can all

be collected by IMU, which requires a small amount of calculation and can achieve high accuracy .
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Figure 6. IMU fixed to the inspection vehicle.

M. et al.  presented a road surface defect identification system based on 3D accelerometers, a global

positioning system (GPS), and video modules deployed on vehicles. Anthony et al.  applied IMU and laser to

evaluate road roughness and generate road profile, improving the accuracy of vehicle-based longitudinal road

profilometer in road roughness and large texture evaluation. Christodoulou et al.  inputted acceleration and

angular velocity data into the designed artificial neural network to distinguish potholes on the road, and the

detection accuracy was about 90%. In order to solve the drift problem of velocity and avoid affecting the accuracy

of calculation and target positioning, a method for velocity and displacement calculation based on stable numerical

integration was proposed by Kong et al.  The results showed that this method can reduce the drift error and

improve the accuracy of the integral results.

IMU is an autonomous system that does not rely on any external information and does not radiate energy to the

outside. It is well concealed and is not affected by external electromagnetic interference. Plus, it can work at all

times. It has a high data update rate, short-term accuracy, and stability. However, because the navigation

information is generated by integration, the positioning error increases with time, it requires a long initial alignment

time before each use, and the price of the device is expensive .

References

1. Wu, J.; Song, X. Review on smart highways critical technology. J. Shandong Univ. Eng. Sci. 2020,
50, 52–69.

[62]

[63]

[64]

[65]

[66][67][68][69]



Intelligent Road Defects Detection Technology | Encyclopedia.pub

https://encyclopedia.pub/entry/24005 9/13

2. Narges, K.; Vida, M. A critical review and comparative study on image segmentation-based
techniques for pavement crack detection. Constr. Build. Mater. 2022, 321, 126162.

3. Shi, L.; Wang, D.; Wu, R. Common effects of temperature and load on total thickness rutting of
asphalt pavement. J. Huazhong Univ. Sci. Technol. 2013, 41, 37–40.

4. Leting, H.; Jinzhuang, W. Research on Laws and Computational Methods of Dynamic Surface
Subsidence Deformation. J. China Univ. Min. Technol. 2008, 37, 211–215.

5. Zhang, Y.; Ma, Z.; Song, X.; Wu, J.; Liu, S.; Chen, X.; Guo, X. Road Surface Defects Detection
Based on IMU Sensor. Ieee Sens. J. 2022, 22, 2711–2721.

6. Wu, J.; Xu, H.; Zhang, Y.; Sun, R. An improved vehicle-pedestrian near-crash identification
method with a roadside LiDAR sensor. J. Saf. Res. 2020, 73, 211–224.

7. Ben Slimane, A.; Khoudeir, M.; Brochard, J.; Do, M.-T. Characterization of road microtexture by
means of image analysis. Wear 2008, 264, 464–468.

8. El Gendy, A.; Shalaby, A. Mean profile depth of pavement surface macrotexture using photometric
stereo techniques. J. Transp. Eng. 2007, 133, 433–440.

9. Nejad, F.M.; Karimi, N.; Zakeri, H. Automatic image acquisition with knowledge-based approach
for multi-directional determination of skid resistance of pavements. Autom. Constr. 2016, 71, 414–
429.

10. Puzzo, L.; Loprencipe, G.; Tozzo, C.; D’Andrea, A. Three-dimensional survey method of
pavement texture using photographic equipment. Measurement 2017, 111, 146–157.

11. Vilaca, J.L.; Fonseca, J.C.; Pinho, A.C.M.; Freitas, E. 3D surface profile equipment for the
characterization of the pavement texture-TexScan. Mechatronics 2010, 20, 674–685.

12. Chun, P.-J.; Yamane, T.; Tsuzuki, Y. Automatic Detection of Cracks in Asphalt Pavement Using
Deep Learning to Overcome Weaknesses in Images and GIS Visualization. Appl. Sci. 2021, 11,
892.

13. Luo, W.; Liu, L.; Li, L. Measuring rutting dimension and lateral position using 3D line scanning
laser and inertial measuring unit. Autom. Constr. 2020, 111, 103056.

14. Zhong, M.; Sui, L.; Wang, Z.; Hu, D. Pavement Crack Detection from Mobile Laser Scanning
Point Clouds Using a Time Grid. Sensors 2020, 20, 4198.

15. Du, Y.; Weng, Z.; Liu, C.; Wu, D. Dynamic Pavement Distress Image Stitching Based on Fine-
Grained Feature Matching. J. Adv. Transp. 2020, 2020, 5804835.

16. Tang, X.Y. Application of Intelligent Identification and Maintenance Management System for
Pavement Diseases. Traffic Transp. 2021, 37, 39–43.



Intelligent Road Defects Detection Technology | Encyclopedia.pub

https://encyclopedia.pub/entry/24005 10/13

17. Yuchuan, D.; Ning, P.; Zihao, X.; Fuwen, D.; Yu, S.; Hua, K. Pavement distress detection and
classification based on YOLO network. Int. J. Pavement Eng. 2020, 22, 1659–1672.

18. Grabowski, D.; Szczodrak, M.; Czyzewski, A. Economical methods for measuring road surface
roughness. Metrol. Meas. Syst. 2018, 25, 533–549.

19. Jahanshahi, M.R.; Jazizadeh, F.; Masri, S.F.; Becerik-Gerber, B. Unsupervised Approach for
Autonomous Pavement-Defect Detection and Quantification Using an Inexpensive Depth Sensor.
J. Comput. Civ. Eng. 2013, 27, 743–754.

20. Cui, X.; Zhou, X.; Lou, J.; Zhang, J.; Ran, M. Measurement method of asphalt pavement mean
texture depth based on multi-line laser and binocular vision. Int. J. Pavement Eng. 2017, 18, 459–
471.

21. Duan, H.; Shen, Y.; Wang, Y.; Luo, D.; Niu, Y. Review of technological hot spots of unmanned
aerial vehicle in 2018. Sci. Technol. Rev. 2019, 37, 82–90.

22. Li, D.; Li, M. Research Advance and Application Prospect of Unmanned Aerial Vehicle Remote
Sensing System. Geomat. Inf. Sci. Wuhan Univ. 2014, 39, 505–513.

23. Liao, X.; Zhou, C.; Su, F.; Lu, H.; Yue, H.; Gou, J. The Mass Innovation Era of UAV Remote
Sensing. J. Geo-Inf. Sci. 2016, 18, 1439–1447.

24. Junqing, Z.; Jingtao, Z.; Tao, M.; Xiaoming, H.; Weiguang, Z.; Yang, Z. Pavement distress
detection using convolutional neural networks with images captured via UAV. Autom. Constr.
2022, 133, 103991.

25. Mao, Z.; Zhao, C.; Zheng, Y.; Mao, Y.; Li, H.; Hua, L.; Liu, Y. Research on detection method of
pavement diseases based on Unmanned Aerial Vehicle (UAV). In Proceedings of the International
Conference on Image, Video Processing and Artificial Intelligence, Shanghai, China, 21–23
August 2020.

26. Inzerillo, L.; Mino, G.D.; Roberts, R. Image-based 3D reconstruction using traditional and UAV
datasets for analysis of road pavement distress. Autom. Constr. 2018, 96, 457–469.

27. Heng, Q.; Zhihua, Z.; Xinxiu, Z.; Jingping, Y. Research on Image Feature Extraction of Pavement
Crack Disease. J. Phys. Conf. Ser. 2021, 1883, 12100.

28. Wentong, G. Intelligent detection device of pavement disease based on image recognition
technology. J. Phys. Conf. Ser. 2021, 1884, 12032.

29. Loulizi, A.; Al-Qadi, I.L.; Lahouar, S. Optimization of ground-penetrating radar data to predict layer
thicknesses in flexible pavements. J. Transp. Eng. 2003, 129, 93–99.

30. Shangguan, P.; Al-Qadi, I.L. Calibration of FDTD Simulation of GPR Signal for Asphalt Pavement
Compaction Monitoring. IEEE Trans. Geosci. Remote Sens. 2015, 53, 1538–1548.



Intelligent Road Defects Detection Technology | Encyclopedia.pub

https://encyclopedia.pub/entry/24005 11/13

31. Zhu, Z.; Feng, B. Research on Road Disease Detection Based on Ground Penetrating Radar
Technology. Eng. Tech. Res. 2018, 2018, 186–187.

32. Gao, J.; Yuan, D.; Tong, Z.; Yang, J.; Yu, D. Autonomous pavement distress detection using
ground penetrating radar and region-based deep learning. Measurement 2020, 164, 108077.

33. Lahouar, S.; Al-Qadi, I.L. Automatic detection of multiple pavement layers from GPR data. NDT E
Int. 2008, 41, 69–81.

34. Zhang, A.J.; Cheng, R.; Sun, T.; Xie, W.W.; Li, F.; Tao, Y.H.; Huang, T. Application Analysis of
Asphalt Pavement Ground Penetrating Radar Rapid Detection Technology. J. Jiangsu Vocat. Coll.
Archit. 2021, 21, 6–10.

35. Huang, Q.; Yan, G.H. Defect Identification Test of Road Ground Penetrating Radar Detection
Signal. Highw. Transp. Technol. 2011, 28, 40–43.

36. Dipesh, D.; Fawzi, L.; Abdul, R.M.; Ashutosh, B. Detection of subsurface defects in concrete slabs
using ground penetrating radar. In Proceedings of the Nondestructive Characterization and
Monitoring of Advanced Materials, Aerospace, Civil Infrastructure, and Transportation XV.
International Society for Optics and Photonics, Online, 22–27 March 2021.

37. Ali, H.; Zaidi, A.F.A.; Ahmad, W.K.W.; Azalan, Z.A.Z.; Amran, T.S.T.; Ahmad, M.R.; Elshaikh, M. A
cascade hyperbolic recognition of buried objects using hybrid feature extraction in ground
penetrating radar images. J. Phys. Conf. Ser. 2021, 1997, 012018.

38. Juncai, X.; Jingkui, Z.; Weigang, S. Recognition of the Typical Distress in Concrete Pavement
Based on GPR and 1D-CNN. Remote Sens. 2021, 13, 2375.

39. Rim, G.; Samer, L.; Chokri, S. FDTD-based sensitivity analysis of GPR acquisition parameters for
accurate detection of buried cylindrical objects. Electron. Lett. 2021, 58, 118–120.

40. Mahmud, N.S.; Shukor, S.A.A.; Ali, H.; Zaidi, A.F.A.; Azalan, M.S.Z.; Amran, T.S.T.; Ahmad, M.R.
Underground object reconstruction from Ground Penetrating Radar (GPR) data–An investigative
study of feature extraction. J. Phys. Conf. Ser. 2021, 2107, 12062.

41. Zeev, Z.; Gerald, S.B.; Tao, C.; Moshik, C.; Rory, B. Light detection and ranging (lidar):
Introduction. J. Opt. Soc. Am. A Opt. Image Sci. Vis. 2021, 38, LID1–LID2.

42. Zlocki, A.; Klas, C.; Schulte, K.; Kradepohl, U. Definition and Application of a Test Methodology for
Lidar Sensors. ATZelectronics Worldw. 2021, 16, 46–49.

43. Wang, S.Y.; Zhang, J.X.; Zhang, C.; Zhao, E.Q. Experimental Analysis of Measurement Stability
of Laser Road Condition Detection Equipment. Highw. Transp. Technol. 2008, 4, 330–334.

44. Zhao, J.W. Street-Level Road Change Detection Using On-Board LiDAR Scanning. Mapp. Spat.
Geogr. Inf. 2021, 44, 17–20.



Intelligent Road Defects Detection Technology | Encyclopedia.pub

https://encyclopedia.pub/entry/24005 12/13

45. Bellone, M.; Reina, G. Pavement distress detection and avoidance for intelligent vehicles. Int. J.
Veh. Auton. Syst. 2016, 13, 152–167.

46. Li, W.; Ju, H.; Tighe, S.L. Pavement Cracking Detection Based on Three-Dimensional Data Using
Improved Active Contour Model. J. Transp. Eng. Part B-Pavements 2018, 144, 04018006.

47. Yan, D.L.; Gao, S.; Li, S.H.; Huo, M. Detection of Road Unevenness and Drivable Area Based on
LiDAR. Laser Technol. 2021, 2021, 1–9.

48. Jiang, C.; Tsai, Y.J. Enhanced Crack Segmentation Algorithm Using 3D Pavement Data. J.
Comput. Civ. Eng. 2016, 30, 04015050.

49. Song, S. Application of 3D Line Laser Technology in Road Rutting Inspection Work. Equip.
Manag. Maint. 2020, 2020, 140–142.

50. Guo, X.X.; Hui, B. Error Analysis of Multi-Point Laser Rutting Detection Based On 3D Line Laser
Technology. Road Constr. Mach. Constr. Mech. 2016, 33, 113–118.

51. Hu, S.R.; Zhou, B.W.; Hui, B. Analysis of Offset Error of Non-Uniform 13-Point Laser Road Rutting
Detection. Highw. Eng. 2020, 45, 85–91.

52. Wang, J.F.; Ma, J.; Ma, R.G.; Song, H.X. Research on Three-Dimensional Detection Technology
of Pavement. J. Wuhan Univ. Technol. 2010, 34, 1202–1205.

53. Coenen, T.B.J.; Golroo, A. A review on automated pavement distress detection methods. Cogent
Eng. 2017, 4, 1374822.

54. Tsai, Y.-C.J.; Li, F. Critical Assessment of Detecting Asphalt Pavement Cracks under Different
Lighting and Low Intensity Contrast Conditions Using Emerging 3D Laser Technology. J. Transp.
Eng. 2012, 138, 649–656.

55. Zhang, D.; Xu, X.; Lin, H.; Gui, R.; Cao, M.; He, L. Automatic road-marking detection and
measurement from laser-scanning 3D profile data. Autom. Constr. 2019, 108, 102957.

56. Azza, A.; Anis, K.; Tarek, A.; Adel, A. RoadSense: Smartphone Application to Estimate Road
Conditions Using Accelerometer and Gyroscope. IEEE Sens. J. 2017, 17, 4231–4238.

57. Du, R.; Qiu, G.; Gao, K.; Hu, L.; Liu, L. Abnormal Road Surface Recognition Based on
Smartphone Acceleration Sensor. Sensors 2020, 20, 451.

58. Harikrishnan, P.M.; Gopi, V.P. Vehicle Vibration Signal Processing for Road Surface Monitoring.
IEEE Sens. J. 2017, 17, 5192–5197.

59. Gianmarco, B.; Raimondo, G.; Filip, G. On the Application of Time Frequency Convolutional
Neural Networks to Road Anomalies’ Identification with Accelerometers and Gyroscopes. Sensors
2020, 20, 6425.



Intelligent Road Defects Detection Technology | Encyclopedia.pub

https://encyclopedia.pub/entry/24005 13/13

60. Gianmarco, B.; Raimondo, G.; Franc, D. Road Safety Features Identification Using the Inertial
Measurement Unit. IEEE Sens. Lett. 2018, 2, 1–4.

61. Sattar, S.; Li, S.; Chapman, M. Road Surface Monitoring Using Smartphone Sensors: A Review.
Sensors 2018, 18, 3845.

62. Strutu, M.; Stamatescu, G.; Popescu, D. A Mobile Sensor Network Based Road Surface
Monitoring System. In Proceedings of the 17th International Conference System Theory, Control
and Computing (ICSTCC), Sinaia, Romania, 11–13 October 2013; pp. 630–634.

63. Anthony, O.C.; Angus, H.M.; Sara, C.; Yichuang, S.; Johann, S. Improving Displacement
Measurement for Evaluating Longitudinal Road Profiles. IEEE Sens. J. 2018, 18, 3767–3779.

64. Kyriakou, C.; Christodoulou, S.E.; Dimitriou, L. Smartphone-Based Pothole Detection Utilizing
Artificial Neural Networks. J. Infrastruct. Syst. 2019, 25, 04019019.

65. Kong, X.; Yang, W.; Luo, H.E.; Li, B. Application of Stabilized Numerical Integration Method in
Acceleration Sensor Data Processing. IEEE Sens. J. 2021, 21, 8194–8203.

66. Ankit, G.; Aseem, U.I.S.; Ahmad, A.; Omran, K.; Dennis, S.B. An Introduction to Inertial Navigation
from the Perspective of State Estimation. IEEE Control. Syst. Mag. 2021, 41, 104–128.

67. Liu, J. Analysis of Inertial Navigation Technology. Int. J. Educ. Technol. 2021, 2021, 2.

68. Stanislav, H.; Jana, I.; Donatas, R. Trends in Inertial Navigation Technologies. In Proceedings of
the 7th World Multidisciplinary Earth Sciences Symposium (WMESS 2021), Prague, Czech
Republic, 6–10 September 2021; Volume 906.

69. Zhang, Y.; Yuan, G. Overview of Application Research on Inertial Navigation Unit. Int. Core J.
Eng. 2021, 7, 20–28.

Retrieved from https://encyclopedia.pub/entry/history/show/57972


