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ABSTRACT: 

Light Detection and Ranging (LiDAR) technology has become a significant factor in producing up-to-date and accurate topographic 
data in the current world. LiDAR technology has been used for years for many applications, including the efficient creation of digital 
model for large scale, high accuracy mapping. This technology offers fast, accurate, expedient and cost-effective ways of capturing 
wide area elevation information to produce highly detailed digital model of the earth. LiDAR is based on airborne laser scanners 
enables to acquire dense and accurate 3D data of the surveyed area, i.e., the Digital Surface Model (DSM). This paper presents an 
exploratory study to assess the accuracy of constructed DTM (Digital Terrain Model) and evaluating ground height without surface 
features using LiDAR Digital Surface Model (DSM). The study area comprised of an undulated area situated at Jinjang in the Klang 
Valley region, Malaysia covering an area of one kilometre square.  LiDAR DSM and DTM constructed and derived from LiDAR 
were critically assessed with reference to the USGS Map Accuracy Standards. The accuracy of derived DSM and DTM were 
evaluated using ground control points derived from conventional surveying technique. The constructed models were accessed 
quantitatively and qualitatively. 

1. INTRODUCTION

1.1 Study Background 

Airborne laser scanning technology allows the capture of very 
dense 3D point clouds from the terrain and surface features. 
LiDAR lasers send a signal to the ground from an aircraft which 
bounced after hitting the ground surface back to the aircraft. 
The time for the light to travel out to the ground and back to the 
aircraft is used to determine the vertical distance of the features 
on the ground that it bounced from, thus, the “lay of the land” is 
recorded to a great accuracy (Ruijin, 2004) and (Wasser, 2020). 
This technology has become one of the outmost accurate, cost-
effective topographic elevation data collecting techniques for 
large areas (Zolanvari, S. M., et al, 2019). It provides three 
dimensions (3D) or (x, y, z) information for the construction 
and the creation of digital model such as DSM with high 
accuracy in a short delivery time (Mesa-Mingorance et al, 2020) 
with vertical accuracies of 15 to 100 centimetres (Cheng, L et 
al., 2018).  

LiDAR techniques integrates three matured technologies: a 
rugged compact laser range finder, a highly accurate Inertial 
Navigation System (INS) and the Global Positioning System 
(GPS) (Idris et al., 2014) as depicted in Figure 1. Integrating 
these subsystems into a single instrument, it is possible to 
rapidly produce an accurate DSM of the terrain beneath the 
flight path of the aircraft (Idris, 2008). 

However, several factors affecting the accuracy of an elevation 
model have been identified such as accuracy of LiDAR data 
inputs, models used to generate elevation models, filtering 
techniques and terrain characteristics need special attention in 
generating desired elevation model (Huang, J et al., 2019). 

A digital model is a way of representing the surface terrain or a 
derived surface by means of mathematical expression. There are 

a couple of ways to define the digital models, which represent 
the Earth’s surface, but following definitions are used in this 
research. A digital terrain model (DTM) is a digital 
representation of terrain relief of Earth surface (georelief) in 
computer memory, composed of (sample) data and algorithm 
which can interpolate heights of intermediary points (Mesa-
Mingorance, J. L., 2020).  

Figure 1. Airborne LiDAR (Ackermann, 1997) 

Consequently, upon the mentioned definitions, this bare-earth 
DEM is generally synonymous to Digital Terrain Model (DTM) 
(Figure 2). A digital surface model (DSM) is usually 
constructed using automatic extraction. DSM represents top 
faces of all objects on the terrain (both vegetation and manmade 
features) or terrain itself in open areas (Croneborg, L et al., 
2020). 
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Figure 2. Difference between DTM (or DEM) and DSM 

  
In this study, Digital Terrain Model derived from LiDAR 
dataset will be constructed. The accuracy of the derived (DSM 
and DTM) will be critically assessed qualitatively and 
quantitatively. In Malaysia, the Malaysian standard for 
topographic map production is not published. However, it is 
generally understood that, Malaysian topographic map do 
comply with a certain set of standards (Ramli, 2018). Since 
there is no published information on Malaysian Standards to 
produce topographic map, the ASPRS Positional Accuracy 
Standards Digital Geospatial Data (2014) and USGS Map 
Accuracy Standards (1947) are adopted for this study. With the 
popularity of this technology, the datasets supplied seems 
appealing for the purpose of topographic map production and 
revision (Lakshmi, S. E et al., 2018). 
 

2. STUDY AREA 

2.1 Data Acquisition 

The study area is located within the Klang Valley.  Klang 
Valley consists of 13 main regions, namely are Shah Alam, 
Petaling Jaya, Subang Jaya, Puchong, Klang, Rawang, Serdang, 
Ampang, Gombak, Selayang, Sepang, Hulu Langat and Kajang. 
The chosen study area represents a developed area with varying 
topography (Figure 3) situated at Jinjang in the Klang Valley 
region, which the tile (1km x 1km) was extracted from the 
LiDAR coverage of 10km x 10km.  
 

 
Figure 3. Location of study area at Klang Valley Region 

 

LiDAR DSM for the study area (Figure 3) was supplied by the 
Malaysian Remote Sensing Agency (MYSA) with grid spacing 
of 2m interval in American Standards Code for Information 
Interchange (ASCII) format with x, y, z coordinate. The datasets 
were acquired from 25th to 27th October 2017 using the Optech 
System with the following specification and proclaimed 
accuracy. Specifications of the acquired LiDAR datasets are as 
shows in Table 1. 

 

Table 1. Specifications of the acquired LiDAR datasets 

 

2.2 Control Points and Field Vector Lines 

Control points and vector lines were established within the 
study area to act as reference points for the quantitative 
assessment. Eight (8) well-defined points (control points) were 
observed using Global Positioning System (GPS) and 
tachymetry surveying method to utilize in the determination of 
the control points within the survey area. Figure 4 shows the 
location of control points (ground data) for the study area 
observed using GPS. The control points were used to validate 
the accuracy of DSM and DTM derived from LiDAR dataset. 
For the vector line, RMSExy or horizontal accuracy evaluation 
data from ground survey which includes the building and road 
outlines were used for this analysis (Idris, 2008). From the 
tachymetry surveying method, the data were used to transfer 
coordinate from well-defined GPS points (datum) to the 
checkpoints (building and road outlines) at the study area.  The 
selected building outline, edges and road outline were used as 
the references points to calculate the discrepancies between the 
horizontal differences (RMSExy). Buildings outline from 
LiDAR DSM will be generated and compared with the selected 
corner of the building and road outline. Sixteen (16) points were 
used in this study for the building edge and roads outlines and 
the RMSE results are shown table 1 and the Root Means Square 
Error (RMSE) results are shown table 2. 
 

 
Figure 4. The locations of these GPS control points 
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3. METHODOLOGY 

3.1 DTM creation from LiDAR return 

Raw LiDAR data is a collection of mass points with XYZ 
coordinates. The point data are then post processed and 
classified into two main classes of point which are: the last 
return from ground and the first return from tops of vegetation 
or building or structures. In this study, the acquired LiDAR 
DSM data were processed to generate DTM (McGaughey, 
2018). For the creation of DTM, the LiDAR DSM was imported 
into TerraScan Software (TerraScan, 1999, Liu et al 2018). 
Terrascan is a dedicated software solution for processing laser 
scanning points. It can handle millions of points as all routines 
are tweaked for optimum performance (Bc-Carms, 2006). 
TerraScan classify the points from non-ground and ground 
LiDAR datasets. LiDAR datasets were then filtered, cleaned 
and classified into non-ground (DSM) (figure 5(a)) and ground 
(DTM) (figure 5(b)) using The TerraScan Software.  
 

    (a) Laser Scanned DSM   (b) DTM 
Figure 5. (a) & (b) are construction of DTM from LiDAR DSM 

dataset 

 
Digital terrain model (DTM) were derived from point cloud by 
separating last returns and applying specific filtration methods 
to them, while Digital surface model (DSM) is constructed from 
first returns (Okolie et al 2022). The LiDAR DSM/DTM is 
shown in grayscale where heights variations are depicted in 
different tones of the grey level. 
 

4. MEASURE OFACCURACY 

4.1 Root Mean Square Error (RMSE) 

Accuracy describes how close a data value is to the true value or 
relating the value to an established standard of reference. It is a 
relative rather than an absolute concept: it cannot be endowed 
with a rigid definition such as ‘in exact conformity to truth’ or 
‘free from error or defect’.  
 
Accuracy can be measured in different ways (Idris, 2008), both 
quantitatively (numerically) and qualitatively (descriptively). 
However, the quantitative expression is much more acceptable 
to the scientific community (Cardenas-Martinez, 2022) and 
(The University of Kansas, 2022). 
 
In this study, quantitative assessment will be based on the 
computation of RMSE between control points gathered and 
derived values from the LiDAR datasets (DSM and DTM). For 
the qualitative assessment, various plots of mismatch between 
tested dataset and known vector line will be displayed. Vector 
line derived from ground survey overlay with LiDAR DSM 
plotted at scale 1:10,000. 
 

RMSE was calculated at randomly selected control points 
(Harley, 1975) and (Akturk, E et al., 2019). 
 
                 

                           (1) 
 
Where, n is the number of check points; iZ  is the heights 
derived from LiDAR DSM and derived DTM at control point i 
and *

iZ  is the control point height at the same position on the 
ground.  
 
For the horizontal components, equation 2 will be utilised for 
distinct or well-defined points on the LiDAR DSM and the 
constructed DTM.  
 
                  

            (2) 
 
 
Where, n is the number of check points; iX  and iY  are the 

coordinates of the control points i  derived from LiDAR DSM 
and DTM , *

iX  and,  *
iY are the coordinates of control points at 

the same position on the ground. 
 
4.2 Validation LiDAR for Mapping Application and 

Revision  

Based on ASPRS Positional Accuracy Standards for Digital 
Geospatial Data 2014, the standard accuracy for LiDAR root 
mean square error (RMSE) in LiDAR elevation is presented in 
Table 2. The root mean squared error (RMSE) in positioning is 
calculated based on the aircraft flying at varying heights while 
collecting LiDAR data. The flying altitude is measured in 
metres, but the RMSE is going to be in centimetres. 
 

 
Table 2. LiDAR Standard Accuracy based on ASPRS 2014  

 
The root mean square error (RMSE) for x and y is displayed in 
Table 4 along with the RMSE for ground data. Pdhstar's August 
(2018) research claims that the ASPRS 2014 places limits on 
RMSE x and y varies depending on the altitude of the airborne 
LiDAR (Rodarmel et al 2006). Since the LiDAR data acquired 
was flown 500m above terrain, the result must not exceed 
13.1cm to be considered accurate.  
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Meanwhile, the accuracy standard of topographic map is based 
on the standard set by the Standards Committee of the American 
Society of Photogrammetry and Remote Sensing (ASPRS), 
1947 (ASPRS, 2005). The standards ensure that the accuracy 
specifications are appropriate for the published map series in 
United States. In Malaysia, the USGS (United State Geological 
Survey) Map Accuracy standards (1947) are adopted. Table 3 
shows the USGS Map Accuracy Standards (1947) for various 
map scale. 
 

 
Table 3. USGS Map Accuracy Standards (1947) 

 
For topographic map produced by USGS (United State 
Geological Survey), meeting these accuracy requirements shall 
have the statement “This map complies with national map 
accuracy standards” printed on the map sheet. Referring to the 
USGS standard, the permissible error of the vertical accuracy 
(Root Mean Square Error) for the tested points (90% of tested 
point) should be less than one-half of the published contour 
intervals. 

5. RESULT 

5.1 Quantitative Analysis 

Quantitative assessment will be based on the computation of 
RMSE between control points gathered from ground survey and 
derived values from the LiDAR datasets (DSM and DTM). The 
accuracy obtained will then be referred to the ASPRS Positional 
Accuracy Standards for Digital Geospatial Data 2014 with 
flying height and USGS Map Accuracy Standards (1947) (US 
Bureau, 1947) with scale 10:000. 
 
Distribution of the checkpoints for the quantitative assessment 
is shown in Table 4.  
 

 
Table 4. Distribution of checkpoint for ground survey 

 
Table 5 shows the RMSEz plot for the study area. The accuracy 
estimates are computed based on Equation 1. The accuracy 
computed for LiDAR DSM and DTM are ±0.040m and 
±0.012m respectively for the study area (Jinjang). The derived 
accuracy of the LiDAR dataset is the stated accuracy (Table 1) 
of the LiDAR data which is between 0.1m to 0.5m (Cheng, L et 

al., 2018) tolerable limits claim by the manufacturer (Jaafar, 
2004).  

 

 
Table 5. RMSEz and RMSExy for ground at scale 1:10,000 

 
Planimetric accuracy for both LiDAR DSM and DTM datasets 
were evaluated using equation 2. The accuracy estimates 
derived for the horizontal components (RMSExy) of LiDAR 
DSM and DTM are ±0.262m and ±0.323m respectively (Table 
5). With this accuracy, creation or revision of a topographic 
map seems possible, whereby it is within the tolerable limits of 
the USGS Map Accuracy Standards (1947) for the 1: 10,000 
published scales (Fennel, 2021). 
 
5.2 Qualitative Assessment 

Another part of the evaluation process is to analyses the result 
graphically, as it was difficult to be described otherwise. 
Consequently, the second approach for the assessment involved 
graphical output. Qualitative assessment is carried out by 
overlapping these dataset and observed the mismatch of define 
features (i.e: well-defined building outlined and roads) between 
LiDAR DSM with ground survey dataset (or reference 
dataset).The ground survey dataset is obtained using the 
tachymetry surveying method. The process is executed using 
the Arc Tool-Arc Map software (ESRI, 2022) and (Arcmap, 
2019).  
 
Figure 6 shows the qualitative plot for the Jinjang LiDAR DSM. 
Referring to Figure 6, the ground survey dataset (vector line) for 
buildings seems to be in good agreement with the LiDAR DSM 
because building outline are able to be seen clearly using the 
1:10,000 scale. The LiDAR dataset are capable to be used as a 
source of data for mapping and provides a very reliable source 
for building outlines. This shows that, integrating LiDAR DSM 
towards topographic map revision at 1:10,000 scales seems 
appealing. 
 

 
Figure 6. Vector line derived from ground survey overlay with 

LiDAR DSM plotted at scale 1:10,000 and zoom at scale of 
1:2,000 
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6. DISCUSSION AND FUTURE WORK 

6.1 Discussion 

In this study, LiDAR DSM and DTM were evaluated 
quantitatively. The accuracy of LiDAR data depends on many 
variables. However, accuracies of 0.5 - 1 ft vertical (0.15 m - 
0.30 m) generally can be expected for LiDAR data collected 
from an aircraft. Some of the variables that affect the LiDAR 
accuracy include atmospheric conditions, GPS control quality, 
geoid model quality, laser reference frame, scanner angle 
calibration, grade-break definitions, and percent of leafy foliage 
covering the ground. 
 
As defined, the equation (1) calculated for the vertical 
component, shown that the accuracies of the derived models 
(LiDAR DSM and DTM) are ±0.04m and ±0.01m. This 
accuracy is within the acceptable limit stated by the 
manufacturer (10-30 cm) which verifies the findings reported by 
various earlier researchers. For the horizontal component, as 
defined in equation (2), it is shown that the RMSExy for 
LiDAR DSM and DTM are ±0.26m and ±0.32m. 
 
It can be concluded that the LiDAR DSM and DTM provides 
the best horizontal and vertical accuracy on the elevation 
derived models. This shows that the accuracy of LiDAR dataset 
is sufficient for topographic map revision for existing 
topographic map at scale of 1:10,000.  
 
With the stated accuracy, it is expected that LiDAR dataset play 
an important role in assisting topographic map production 
where human labour and cost can be extensively reduced. This 
was proven from the accuracy achieved in this study. LiDAR 
also can assist in topographic map revision especially for the 
vertical components (Idris, 2008).  
 
Qualitative assessment in this study is based on the mismatched 
portrayed between the evaluated dataset such as LiDAR DSM 
with ground survey dataset. LiDAR DSM provides a high 
quality above surface data. This is due to features on the LiDAR 
DSM shown at grayscale based on the height value. Therefore, 
if the features heights are of the same value with its surrounding 
height value, such as roads and its surrounding (flat ground), the 
road features cannot be distinguished. However, outstanding 
features such as buildings and bridges can be distinguished 
easily. Further studies towards recognition of features outline 
from LiDAR dataset and accuracy of orthophoto should be of 
utmost importance. 
 

 7.   CONCLUSION 
 
Acquiring 3D topographical datasets using the state-of-the-art 
laser scanning technology is of great advantage towards various 
mapping applications in terms of time, cost and accuracy. 
However, understanding the accuracy for its dataset is a crucial 
factor in order to appreciate the reliability of its usage. 
 
The experience gained in this study will eventually highlight the 
future role of this new technology towards the construction of 
laser scanning Digital Surface Model (DSM) for various 
applications. 
 
Updated topographic map play an important role in various 
applications. It shows that, current techniques in map 
production are time consuming, labour intensive and incurred 
high cost. With the advent of various mapping technology and 
the emergence of diversity of dataset, integrating the available 

dataset seems appealing towards various mapping applications. 
In this study, it was shown that, the potential of LiDAR DSM 
dataset has a huge potential towards topographical map 
revision. 
 
On the other hand, with the advent of LiDAR technology, large 
areas could be map in a period of short time with high accuracy 
(Felix, 2015). In Malaysia, LiDAR technology is proven to cater 
to various land development projects such as the landslide risk 
assessment in rugged terrain in Sabah (Simard, 2003). The 
availability of these dataset also seems appealing towards 
topographical map revision; acceptance of the dataset could 
eventually enhance the time taken and accuracy of 
topographical map revision (Hill et al, 2000). 
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