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PAVEMENT CONDITION ASSESSMENT USING LIDAR AND 

ARCGIS: AN EXPERIENCE FROM MALAYSIA 
 

Summary. Pavements require regular maintenance due to the wear and tear 

caused by traffic loads and environmental conditions, which lead to various surface 

defects. This study explores the use of Light Detection and Ranging (LiDAR) 

technology and ArcGIS software to identify pavement defects in selected regions 

of Malaysia. The Jambatan Sultan Abdul Halim Muadzam Shah Expressway 

(JSAHMSE) and the Guthrie Corridor Expressway (GCE) were chosen as test sites 

for evaluating this approach. Initially, point cloud data were collected from both 

expressways using LiDAR, and related images were processed through ArcGIS 

software to identify defects on the road surfaces. The analysis revealed defects such 

as shoving, bleeding, longitudinal cracking, potholes, and patching on the GCE, 

while raveling, longitudinal cracking, bleeding, and edge cracking were observed 

on the JSAHMSE. Simultaneously, manual visual inspections were conducted, and 

defects were documented. A comparison of the results from both methods showed 
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that LiDAR and ArcGIS effectively identified the types and sizes (length and 

surface area) of the defects. However, ArcGIS struggled to accurately measure the 

depth of certain defects, making it difficult to assess their severity in detail. 

Keywords: pavement defects, LiDAR, Point cloud, ArcGIS software 

 

 

1. INTRODUCTION 

 

With technological advancements playing a vital role in our lives, exploring new methods 

for road construction and maintenance has become increasingly important. For example, 

Santosa et al. (2020) introduced a low-cost, in-vehicle pavement distress inspection system that 

utilizes semiautomatic data processing for airport pavement management [1]. This system 

significantly reduced both the time and costs associated with data collection. Similarly, Wu et 

al. (2019) developed an innovative approach for detecting road potholes using mobile point 

clouds and imaging [2]. Another technology gaining traction in this field is LiDAR, which is 

being utilized for data collection in road construction and maintenance. LiDAR uses pulsed 

laser light to measure distances to the Earth, enabling the precise collection of geometric and 

attribute information about various objects. 

LiDAR technology operates similarly to radar (radio detection and ranging), allowing for 

the mapping of Earth's topographic features over large areas and the determination of elevation 

[3]. It uses pulses of laser light to measure distances to target objects, creating three-dimensional 

data by coordinating latitude, longitude, and elevation (x, y, and z). Inside the LiDAR device, 

a spinning mirror continuously rotates along its vertical axis to collect data. The time it takes 

for a laser pulse to reach a target and bounce back to the scanner determines the distance 

between the LiDAR device and the object. This process generates a 3D point cloud, 

transforming scanned areas into detailed 3D models. LiDAR is significantly more efficient and 

cost-effective than traditional survey methods. Data can be collected through three methods: 

airborne, terrestrial, and mobile scanning. Terrestrial laser scanners are mounted on tripods and 

gather data from a fixed position, while mobile scanners can capture data while in motion. 

Airborne scanning, also known as aerial terrestrial scanning, is carried out using helicopters or 

fixed-wing aircraft, allowing for the coverage of large areas quickly. 

In recent years, many studies have explored the use of LiDAR technology in various 

applications. Zalama et al. (2011) demonstrated how effective LiDAR can be for identifying 

geometric features like hills and holes [4]. Similarly, Fu et al. (2013) conducted experiments 

showing that LiDAR can accurately detect features such as bumps and holes [5]. Shamayleh 

and Khattak (2003) highlighted that LiDAR data could also be used to capture specific elements 

of roadway inventories [6]. Yang (2018) applied LiDAR to scan the surfaces of concrete slabs 

in pavements [7], while Guo (2015) used the technology to map out road surface characteristics 

[8]. He (2017) focused on the strengths of airborne LiDAR for collecting highway inventory 

data, emphasizing its potential in large-scale projects [9]. Neupane (2019) pointed out that 

mobile LiDAR has the potential to enhance both the availability and quality of surface data 

[10], especially for extensive road networks, by automating data collection. Li (2015) 

introduced an innovative method for detecting roads using aerial LiDAR point clouds, 

adaptable to variations in road network intensity data [11]. Additionally, Puente (2013) 

compared the performance of mobile LiDAR with ground-coupled GPR (2.3-GHz antenna), 

offering insights into the relative strengths of each approach [12]. 
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Other researchers have explored various innovative applications of LiDAR technology. 

Yadava et al. (2018) introduced an automated technique using Mobile Laser Scanning (MLS) 

to estimate road width, centerlines, longitudinal slopes, and cross slopes [13]. Jung (2019) took 

a different approach by breaking down LiDAR data into smaller sections using MLS and then 

converting it into a local coordinate system [14]. Martín-Jiménez (2018) focused on developing 

a method for analyzing LiDAR data, testing it on three sections of Spanish roads [15]. Holgado-

Barco (2014), Yang (2013), and Kumar (2014) each proposed their own unique methods for 

processing and analyzing LiDAR data [16-18]. DiazVilarina (2016) highlighted that mobile 

laser scanning has been a reliable method for producing georeferenced point clouds and images, 

offering accurate and realistic representations of the environment [19]. Zhang (2019) developed 

an automated system for identifying and measuring road markings using 3D laser scanning data, 

which was later tested on real-world 3D data [20]. Yang (2018) emphasized the need for 

specialized software to support road design, expansion, and asset management, aiming to 

enhance the accuracy and effectiveness of road safety and management systems [21]. Saad and 

Tahar (2019) outlined a four-step process for evaluating ruts and potholes using LiDAR, 

covering site reconnaissance, data collection, data processing, and analysis [22]. Meanwhile, 

Akgul (2017) applied Terrestrial LiDAR to measure the rate of pavement deterioration due to 

changing weather conditions on forest roads [23]. 

Currently, highway departments around the world rely on pavement condition assessments 

to guide their maintenance efforts. In Malaysia, traditional methods for evaluating road 

conditions are still widely used, but they come with their challenges—they are costly, labor-

intensive, and time-consuming, relying heavily on on-site measurements and visual inspections. 

These methods often only provide a limited view, with damage and deterioration detected 

through qualitative observations. However, as Ganendra (2018) points out, the precise terrain 

mapping capabilities of LiDAR have made it a popular choice in Malaysia for a range of 

applications, from engineering and infrastructure projects to environmental management, 

disaster response, and natural resource management [24]. This study explores how LiDAR data 

can be applied in road condition assessments, with a particular focus on identifying pavement 

issues more efficiently across Malaysia. 

 

 

2. METHODOLOGY 

 

2.1. Study area 

 

Two sections were chosen for this study: the Jambatan Sultan Abdul Halim Muadzam Shah 

Expressway (JSAHMSE) and the Guthrie Corridor Expressway (GCE) in Malaysia. These 

locations were selected to evaluate and implement the LiDAR technology. Figure 1 provides 

actual images of both the GCE and JSAHMSE. 

 

2.2. Instrument and Software 

 

In this research, LiDAR technology was utilized for data collection, while the Aeronautical 

Reconnaissance Coverage Geographic Information System (ArcGIS) served as the platform for 

analyzing the data. Developed by Esri, ArcGIS is a robust software for processing and 

managing maps and geographic data. After the data was collected in formats such as vector, 

raster, or LAS files, it was processed and visualized using ArcGIS to provide insights into 

pavement conditions. 
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Fig. 1. Actual image of GCE (left) and JSAHMSE (right) 

 

2.3. Research Work  

 

Figure 2 shows the flowchart of the research plan. The process began by applying a 

rectangular grid to map the coordinates of both expressways (see Figure 3). Next, road surface 

points were identified using 3-dimensional point clouds. In the initial stage, the LAS data points 

were divided into square grids of a predefined size. For each grid, planar ground points were 

extracted, which then served as the basis for identifying road points. A visual inspection of 

defects was carried out, and the necessary data was recorded and analyzed. Figure 4 provides a 

closer look at the LiDAR point clouds within the rectangular grid. 

LAS data points are stored in the X-Y-Z-I format, which is an industry-standard binary format 

for airborne LiDAR data [25]. Here, XYZ represents the coordinates of each data point, while 

"I" indicates its intensity or strength. To project these data points onto a 2D plane, a rectangular 

grid is generated, grouping the data into a two-dimensional square map. The first step involves 

creating the LAS dataset in ArcGIS, which requires importing all relevant LiDAR data into a 

single, unified dataset. This dataset includes the point clouds collected from the GCE and 

JSAHMSE sections. Figure 5 offers a closer look at the 3D point clouds from these areas. Once 

the LAS dataset is created, the grid structure that aligns with the LiDAR data coordinates 

becomes visible. 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2. Flow chart of research 
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Fig. 3. Rectangular grid of the LAS dataset created with corresponding XY coordinates for 

GCE (left) and JSAHMSE (right) 

 

  
 

Fig. 4. A closer view of the LiDAR point clouds within the rectangular grid at  

the GCE (left) and JSAHMSE (right) 

 

To visualize the point clouds, a new local scene is created in ArcGIS (New Map > New 

Local Scene). This 3D view allows for the identification of various elements within the 

expressway, such as light poles, advertisement boards, road barriers, and vegetation. The colors 

in the 3D model represent elevation changes, with red indicating higher elevations and green 

indicating lower ones (see Figure 6, left). 

From these 3D perspectives, changes in elevation and identified objects appear as clusters 

of 3D points. It’s worth noting that some objects detected on the expressway, like moving 

vehicles, may not be fully captured, resulting in partial data points. These can generally be 

disregarded when identifying road defects (see Figure 6, right). Figure 7 shows the west-east 

and north-south cross-sections of the GCE, providing a more detailed view of the data. 

By analyzing the road profile generated from the LiDAR data, pavement failures can be 

identified by looking at the unevenness in the point clouds along the road surface. Additionally, 

changing the LiDAR point symbology from elevation to intensity images in the appearance tab 

of the LAS dataset layer makes these defects even more visible. Since LiDAR data tends to be 

quite large, converting it into intensity images helps to manage this bulkiness [26]. This 

conversion enhances the clarity, making it easier to spot issues on the pavement. Figure 8 

displays the intensity images derived from LiDAR points for the GCE. 
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Fig 5. A closer view of the 3D point clouds of the GCE (left) and JSAHMSE (right) 

 

  
 

Fig. 6. Inventories of the GCE (left) and example of unclarified objects assuming as 

moving vehicles (Right) 

 

  
 

Fig. 7 The west-east cross-section (left) and north-south cross-section (right) of the GCE 

 

 
 

 

Fig. 8. Intensity image for GCE 
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3. RESULT AND DISCUSSION 

 

3.1. GCE pavement defects 

 

In the selected section of the GCE, shoving was observed at coordinates 101.5076887°E, 

3.1980663°N. Shoving occurs due to shear forces created by traffic, especially from vehicles 

that frequently start and stop. This results in the pavement surface shifting either longitudinally 

or transversely [27]. Other contributing factors include an unstable Hot Mix Asphalt (HMA) 

layer and excessive moisture in the subgrade. In this specific section, the shoving failure 

measures approximately 2.01 meters in length, 2.53 meters in width, covering a total area of 

5.09 square meters (see Figure 9). 

Bleeding on the pavement surface is characterized by a shiny, glass-like appearance (see 

Figure 9). In the images generated by ArcGIS, this type of failure appears as watery or paint-

like patches scattered unevenly along a single wheel path. Two instances of bleeding were 

identified on the left lane of the analyzed expressway section, as shown in Table 1. Severe 

bleeding can pose a safety risk, as it may cause vehicles to skid when the surface is wet, leading 

to a loss of traction and control. 

 

Tab. 1 

Bleeding failures identified on the pavement at GCE 

 

 
 

Longitudinal cracking refers to a type of crack that runs parallel to the pavement’s centerline 

or laydown direction. Based on the software analysis, this failure was identified as longitudinal 

cracking, as it appears directly along the vehicle wheel path. The crack in this section is located 

in the left lane and measures approximately 16.01 meters in length (see Figure 9). It extends 

from coordinates 101.5073871°E, 3.2019300°N to 101.5073904°E, 3.2017888°N. 

Potholes form when a shallow, bowl-shaped depression develops in the pavement, extending 

from the asphalt layer down to the base course. They typically appear because of pavement 

fatigue, which leads to interlocking cracks, often referred to as alligator cracking [28]. 

According to the ArcGIS analysis, a pothole was identified in the left lane of the expressway, 

measuring approximately 0.80 meters in length, 1.35 meters in width, and covering an area of 

1.08 square meters. Its location is pinpointed at coordinates 101.5072856°E, 3.2014945°N (see 

Figure 9). 

The analysis revealed that the GCE section contains several patches of varying sizes, from 

small to large (see Figure 9). Table 2 highlights the patched areas identified on the pavement 

surface. Patching involves replacing and covering sections of pavement to repair earlier 

damage. While it addresses some issues, patching can also create uneven surfaces, leading to 

discomfort for road users due to increased roughness. Despite being a common repair method, 

patching is still classified as a type of road failure. 
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Pavement Bleeding Edge Cracking 

 

Fig. 9. Generated images for pavement defects from LiDAR and ArcGIS 

 

 



Pavement condition assessment using lidar and ArcGIS: an experience from Malaysia 81. 

 

Tab. 2 

Patching identified on the pavement surface 

 

Patching 

Coordinate Measurement 

101.5074605oE 3.2000009oN Length 2.13 m 

Width 1.38 m 

Area 2.94 m2 

101.5074645oE 3.1998100oN Length 2.87 m 

Width 1.25 m 

Area 3.59 m2 

101.5074986oE 3.1979002oN Length 1.20 m 

Width 1.12 m 

Area 1.34 m2 

101.5075081oE 3.1978964oN Length 1.18 m 

Width 1.02 m 

Area 1.20 m2 

101.5076563oE 3.1987019oN Length 49.76 m 

Width 3.65 m 

Area 181.62 m2 

101.5077685oE 3.2011483oN 

to 

101.5076931oE 3.1974416oN 

(end section) 

Length 408.74 m to (end section) 

Width 10.12 m (start) 

3.87 m (end) 

101.5078300oE 3.2019525oN 

to 

101.5077785oE 3.2011474oN 

(end section) 

Length 97.77 m to (end section) 

Width 9.89 m (start) 

10.35 m (end) 

 

3.2. JSAHMSE pavement defects 

 

Figure 9 shows the generated image of pavement raveling at JSAHMSE from the point cloud 

data. Raveling can be derived as a loss of fine and coarse aggregates from the asphalt matrix 

due to the adhesion failure at the interface. From the generated image, the pavement failure was 

measured, and it is 61.34 meters in length. The location of the failure was identified and 

coordinated from (100.4512780°E 5.2332425°N) to (100.4506732°E 5.2331457°N). 

Figure 9 shows the generated image of longitudinal cracking at JSAHMSE based on point 

cloud data. Longitudinal cracking is a type of pavement distress that usually runs parallel to the 

edge of the pavement shoulder. According to the image, this crack measures approximately 

9.75 meters in length, with its location pinpointed at coordinates 100.4511358°E, 5.2332338°N. 

Figure 9 shows the generated image of pavement bleeding at JSAHMSE from point cloud 

data. However, the bleeding could also be mistaken for pavement raveling, as the image lacks 

clarity and the two types of damage appear similar. A more detailed inspection is required to 

accurately determine the type of pavement failure. 

Figure 9 shows the generated image of edge cracking at JSAHMSE based on point cloud 

data. Edge cracking refers to cracks that run parallel to the pavement’s edge, typically located 

0.3 to 0.5 meters away from the edge. In this case, the severity appears to be low, as the cracks 
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are shallow and do not result in significant breaks or material loss. The affected area has already 

been repaired. Surface cracks are usually measured using longitudinal profiles, with the affected 

area calculated by multiplying the length of the defect by one meter. Defect density is then 

determined by dividing the affected area by the total scanned section area and multiplying by 

one hundred. However, in this study, the exact measurement of the failure could not be 

determined due to the unclear quality of the generated image. A more detailed site inspection 

is needed to accurately assess the extent and severity of the cracking. 

 

 

4. CONCLUSION 

 

The process of analyzing LiDAR data to identify pavement failures using ArcGIS software 

involves three main phases: combining all available LAS data into a single dataset, creating a 

3D view of the point clouds through a local scene in ArcGIS, and conducting section analysis 

to identify failures. 

1. The LiDAR point cloud data for both the GCE and JSAHMSE were processed in ArcGIS, 

resulting in 2D and 3D images of the road sections. These images allowed for the 

identification of various pavement failures across the two expressways. 

2. Using the 3D intensity images generated from the ArcGIS software, several types of 

pavement failures were identified, including shoving, bleeding, longitudinal cracking, 

potholes, patching, raveling, and edge cracking. Importantly, no critical or severe failures 

were detected that would significantly impact driving comfort on the GCE and JSAHMSE. 

3. While the ArcGIS software successfully identified and analyzed the length, width, and area 

of the pavement failures, it faced challenges in accurately measuring the depth of these 

defects. This limitation may be due to the minimal depth difference between the surface and 

the base of the failures. Depth information is especially critical for maintenance activities 

like repairing potholes, but this could not be accurately captured with the software. 

Additionally, determining the exact types of pavement failures can be difficult due to the 

software’s inability to produce higher-intensity data from the LAS dataset, leading to 

potential confusion between similar-looking defects. As a result, the identified failures may 

not fully reflect the actual conditions of the GCE and JSAHMSE sections. 

4. Although the use of ArcGIS software for assessing pavement conditions is not entirely 

precise, it offers significant time and area coverage advantages, reducing the need for 

extensive on-site inspections. However, on-site evaluations remain necessary for a complete 

and accurate assessment of pavement conditions. Visual inspections of selected sections 

demonstrated that LiDAR is an effective tool for identifying road surface defects, making 

it a valuable method for pavement assessments. 
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