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ABSTRACT 

Airborne LIDAR system provides accurate data for 
topographic surfaces and non-terrain objects. So, it is 
suitable for detecting changes that are happened on urban 
areas with accurate positioning information. LIDAR data is 
transformed into images by applying a resampling (an 
interpolation) technique on the input positioning 
information. There are many interpolation techniques that 
can be used in producing images from LIDAR data as nearest, 
natural, linear.  

The objective of this research is to investigate the 
importance of knowing the interpolation technique that is 
used for producing image from raw LIDAR data before 
changing. This will be appeared in case of determining the 
effect of using different interpolation technique one with 
LIDAR data before changing and another with LIDAR data 
after changing. The second objective is to investigate the 
suitable interpolation technique to get more accurate 
positioning results for change detection application when 
LIDAR data is available.  

Three interpolation techniques tested by producing images 
forming three cases of study. Each case of study is composed 
of two images of same area of interest, one before changing 
and another after changing that are produced by using 
different or same interpolation technique.  

Change detection technique is applied on every two images 
that are produced by using three different interpolation 
techniques. A quantitative analysis for the number of change 
detection pixels and a comparative study are applied among 
the results of change detection techniques on the three 
cases of study to detect the suitable interpolation technique 
for urban areas. 

It is important to use same interpolation technique with 
LIDAR data before and after changing for change detection 
applications. The nearest neighbor is investigated as a 
suitable interpolation technique for producing images from 
LIDAR data to get accurate positioning information for 
change detection application for urban areas.  

INTRODUCTION 

Change detection is an important application for urban area 
to assess the results of city development projects or the 
effect of environmental hazards. Changes can be detected 
by capturing data for same area of interest in different times, 
before and after changings. 

LIDAR systems scan an area of interest and provide point 
clouds which are called LIDAR data which is a list positioning 
information for scanned points for area of interest. A LIDAR 
system provides dense positioning information for surface 
topography and all features for the area of study. LIDAR 
system provides not only positioning information but also 
property information that is called intensity values for all 
scanned points. Two types of images can be produced from 
this information, a range image and an intensity image. 
Range image is based on height values, while intensity image 
is based on intensity values for all scanned points (Al-
Durgham 2007). LIDAR system is composed of many sensors 
to get this information with high density and accuracy. 

Interpolation techniques are based on the principles of 
spatial autocorrelation, which assumes that closer points are 
more similar compared to farther ones. Local methods 
predict the value of an unknown point based on the values 
of neighborhood pixels (Arun 2013). The distribution of 
scanned points is irregular and it is therefore necessary to 
regulate this distribution to produce height and intensity 
images. Redistribution of these points using an interpolation 
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technique to generate an equally spaced mesh and 
calculates height and intensity information for each node 
(Hovad and Komarkova 2014). 

The selection of interpolation technique depends on the 
characteristics of the input data, the required smoothness of 
the output and the time consuming. Each interpolation 
technique consumes processing time based on its 
computations and required resampling and smoothness of 
the result. The nearest neighbor technique is fast but the 
resulting surfaces are not smooth. The natural neighbor 
techniques are almost slower than nearest neighbor and the 
resulting surfaces are smoother than others from nearest 
neighbor. The linear technique is slower, but the resulting 
surfaces are smoother (Polat, Uysal et al. 2015).  

The LIDAR data for this research is a real data that was 
captured from airborne LIDAR system. Real LIDAR data is 
used to get an image for an urban area and another image 
for same area of interest is produced after applying changes 
on the original LIDAR data. Random changes were applied on 
an available real LIDAR data to generate a simulated data for 
same area of study but with changes to obtain two data for 
the same area of study, one before changes and other after 
changes, to fulfill the research algorithm.   

This research analyses the effect of using different 
interpolation techniques not only on the resultant image but 
also on the results of change detection applications that are 
needed for urban areas under different circumstances.  

LIDAR DATA 

A LIDAR system provides dense positioning information for 
surface topography and all features for the study area. LIDAR 
systems provide not only positioning information but also 
property information, referred to as intensity values, for all 
scanned points. Two types of images can be produced from 
this information, a range image and an intensity image. A 
range image is based on height values while an intensity 
image is based on the intensity values for all scanned points 
(Shan and Toth 2009).  

1. LIDAR System Components 

The LIDAR system is composed of many sensors to collect 
this data with high density and accuracy. A LIDAR system 
consists of two main components, a data collection 
component and a navigation component. For the data 
collection component, a laser scanner is the main sensor as 
it collects both dense range and intensity information for the 
scanned area (El-Sheimy, Valeo et al. 2005, Al-Durgham 
2007, Habib, Bang et al. 2009).  As for the navigation 

component, it consists of two systems; Global Positioning 
System (GPS) and Inertial Navigation System (INS). A LIDAR 
system is a direct georeferencing system, so it provides a 
ground coordinates for all scanned points directly (El-
Sheimy, Valeo et al. 2005).  

 

 
Figure 1: LIDAR System Components (Eid 2011) 

2. LIDAR Data for the Study Area 

The selected area of study has to be focused on a region rich 
with buildings to represent an urban area. This condition is 
provided by the selected area of study that is located in 
Calgary, Canada. The area of study was scanned by Optech 
ALTM 3100 LIDAR system as shown in Figure 2. The LIDAR 
system scanned this area with a zigzag scanning system with 
a total amount of scanned points equaling 374,746 points. 

Figure 3 and Figure 4 show a result of LIDAR system as a  
point cloud of the scanned area of study from two different 
poses. Figure 5 and Figure 6 shows the height and intensity 
images for the area of study after resampling original LIDAR 
data while Figure 7 represent the Digital Surface Model 
(DSM) for the area of interest.   

 

 
Figure 2: Optic ALTM LIDAR System (Al-Durgham 2007) 
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Figure 3: Nadir LIDAR Point Cloud 

 
Figure 4: Oblique LIDAR Point Cloud 

 
Figure 5: Height Image 

 

Figure 6: Intensity Image 

 
Figure 7: 3D Object Representation for DSM 

RESEARCH ALGORITHM 

Image of area of study is produced by applying certain 
interpolation technique on the raw LIDAR data for this area. 
Raw LIDAR data for a part of area of study is extracted from 
the original raw LIDAR data for the area of study. The 
random modifications in height values are applied on all 
points of the extracted LIDAR data. Raw LIDAR data for the 
area of study is investigated to represent as another LIDAR 
data for area of study after modifications (Changed area of 
study).  

Two images for are produced by using same interpolation 
technique, one for area of study without modifications and 
another after modifications. These two images produced 
from same interpolation technique with same sampling 
distance are considered as an input images for a case of 
study.  

The algorithm of the complete analysis is divided into two 
main stages. The first stage is to check the effect of using 
different interpolation techniques, one with LIDAR data 
before changing and another with LIDAR Data after 
changing. Changes are detected after applying a certain 
search algorithm through MATLAB environment and 
produce an image of change. Figure 8 shows a schematic 
diagram for the first stage of research algorithm.  
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Figure 8: Work Flow for Each Case of Study for the First Stage 

The second stage is to get the suitable interpolation that will 
give accurate results for change detection applications. This 
stage is based on using same interpolation techniques to 
produce the two images, one before changing and the other 
after changing. Figure 9 shows a schematic diagram for the 
second stage of research algorithm. The results of this work 
flow will investigated through the results of the work flow of 
the first stage. 

 

 

Figure 9: Work Flow for Each Case of Study for the Second Stage 

 

All images will be produced with same Ground Sampling 
Distance (GSD) which equals to 0.50 m. 

IMAGE PRODUCTION FROM LIDAR DATA 

Three different interpolation techniques are used to 
generate three cases of study from the raw LIDAR data, 
nearest neighbor, natural neighbor and linear interpolation 
techniques. 

Nearest neighbor is a simple technique for calculating the z 
value of a grid node. The search algorithm of this technique 
looks for the closest point of the original LIDAR data. The z 
value of a grid node is assign to the z value of the closest 
original LIDAR point. This method is suitable in case of high 

differences among heights of objects in the area of study 
(Muzik, Vondráčková et al. 2015).  

The natural neighbor is a local multivariate weighted 
average technique. Natural neighbor technique is based on 
Voronoi diagrams. The weight is represented by the area 
bounded and used by grid node when simulating its input in 
the Voronoi diagram of original LIDAR data (Beutel, M et al. 
2011). 

Linear interpolation technique is a simple method for 
calculating z values of grid nodes among original LIDAR data.  
It considered as a statistical method for modeling the 
relationship between a dependent variable and 
independent variables in a linear function (Anderson, 
Thompson et al. 2005, Yao, Fu et al. 2013). 

Figures (Figure 10, Figure 11 and Figure 12) show the height 
image of the area of study in case of using nearest neighbor, 
natural neighbor and linear interpolation techniques 
respectively. Visually, it is appeared there no difference in 
the images, that means any interpolation technique can be 
used to produce an image for the area of study. 

  

 

Figure 10: Image of Area of Interest when Using Nearest Neighbor 
Interpolation 
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Figure 11: Image of Area of Interest when Using Natural Neighbor 
Interpolation 

 

  

Figure 12: Image of Area of Interest when Using Linear Interpolation 

CHANGE DETECTION AND COMPARATIVE STUDY 

A part of the raw data for the area of study bounded by min 
x-coordinates equal to   700706.54 m and max x- coordinates 
equal to 700877.13 m and min y-coordinates equal to 
5661430.6 m and max y-coordinates equal to 5661553 m is 
selected to be changed area. The height values of all raw 
points of this area are modified with random values. These 
modifications represent common changes that may be 
happened in the nature. Figures (Figure 13, Figure 14 and 
Figure 15) show the images of area of study after 
modifications in case of using nearest neighbor, natural 
neighbor and linear interpolation techniques respectively. 
Visually, there is no apparent changes among the resulting 
images. Figure 16 shows the 3D representation for area of 
study after applying changing on the real raw LIDAR data. 

 

  

Figure 13: Image of Area of Study after Modifications When Using Nearest 
Neighbor Interpolation 

 

Figure 14: Image of Area of Study after Modifications When Using Natural 
Neighbor Interpolation 

 

 

Figure 15: Image of Area of Study after Modifications When Using Linear 
Neighbor Interpolation 

 
Figure 16: 3D Object Representation for DSM after Changing 

1. Change Detection Results 

The change detection results are represented on the change 
image. This image shows the locations of pixels that are 
affected by the modifying height values of the changed area. 
This image contains only two colors, the red color which 
represents the pixels of no changes and the green color 
which represents the pixels that have changes. 
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Figure 17 shows the change images when using the different 
interpolation techniques, one with LIDAR data before 
changing and the other with LIDAR data after changing. 
Figure 17 (a) shows the change when using nearest neighbor 
and natural neighbor interpolation techniques. Figure 17 (b) 
shows the change when using nearest neighbor and linear 
interpolation techniques. Figure 17 (c) shows the change 
when using natural neighbor and linear interpolation 
techniques. Visually, there is no difference among the 
results using the three different interpolation techniques. 
the boundaries on the changes area are not the same in all 
results of changed areas. This will be appeared in case of 
applying quantitative analysis among the detected pixels in 
the three results. 

Figure 18 shows the change images when using the same 
interpolation technique with LIDAR data before and after 
changing. Figure 18 (a) shows the change when using 
nearest neighbor interpolation technique. Figure 18 (b) 
shows the change when using natural neighbor interpolation 
technique. Figure 18 (c) shows the change when using linear 
interpolation technique. Visually, same like Figure 17, there 
is no difference among the results using the three different 
interpolation techniques. the boundaries on the changes 
area are not the same in all results of changed areas. This 
will be appeared in case of applying quantitative analysis 
among the detected pixels in the three results. 

 

(a)  

 

(b) 

 

(c) 

 

Figure 17: Change Image in Using Different Interpolation Techniques 

 

 

(a) 

 

(b) 

 

(c) 

Figure 18: Change Image in Case of  Using Same Interpolation Technique  
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2. Quantitative Analysis and Comparative Study 

A quantitative analysis is applied on the number of pixels 
that are detected in the changed areas for all cases of study. 
Table 1 shows the number of changed pixels that are 
detected by using the proposed work flow in each case of 
study, nearest neighbor, natural neighbor and linear 
respectively. 

 

Interpolation Technique Number of Changed Pixels 

Nearest Neighbor 333901 

Natural Neighbor 348852 

Linear 345919 

Table 1: Number of Changed Pixels in All Cases of Study 

The quantitative analysis for the results of the first stage of 
research is illustrated in the tables Table 2 and Table 3. Table 
2 shows the number of changed pixels that are detected by 
using the proposed work flow in each case of study for the 
first stage of research algorithm, nearest neighbor, natural 
neighbor and linear respectively.  

The first column represents the images of area of interest 
after changing and the first raw represents the images of 
area of interest before changing.  

 

Interpolation 
Technique 
Changed Data 

Interpolation Technique Raw Data 

N.N. Nat. N. Lin. 

N.N. 333901 7119549 7107748 

Nat. N. 7119549 348852 7111720 

Lin. 7107748 7111720 345919 

Table 2: Number of Changed Pixels in All Cases of Study 

Table 3 represents relations between changed pixels for all 
cases of study with respect to the total number of pixels of 
the image before changing, as percentage relations. 

  

Interpolation 
Technique 
Changed Data 

Interpolation Technique Raw Data 

N.N. Nat. N. Lin. 

N.N. 4.69 % 99.99 % 99.83 % 

Nat. N. 99.99 % 4.9 % 99.88 % 

Lin. 99.83 % 99.88 % 4.86 % 

Table 3: Ratio of Changed Pixels with Respect to Original Image for All 
Cases of Study 

The raw LIDAR data for the changed area are extracted. The 
number of raw LIDAR points for the changed area equals to 
18741 points. The produced image of same GSD, 0.50 m, has 
334180 pixels. This number represents 4.69 % of the total 
number of pixels of the image for the area of interest.  

The changed area is almost same like whole area of interest 
when using different interpolation techniques with LIDAR 
data before and after changings. So, when using different 
interpolation techniques, the changes cannot be detected.  

The first step of the second stage of the research algorithm 
is to get the relations between the detected pixels in all 
cases of study. Table 4 represents relations among shared 
changed pixels for the three cases of study. This table does 
not show the number of shared pixels but it shows the 
percentage of shared pixels in change images between each 
two cases of study. The first raw is same like the first column 
which are the changed images in case of using same 
interpolation techniques with LIDAR data before and after 
changing. The percentage is calculated as a ratio between 
numbers of shared changed pixels in the images of the first 
row item (test items) with respect to the total number of 
changed pixels in the first column item (reference items). 
The different pixels can be extracted after removing the 
shared pixels between each two changed images. It is 
appeared that, the minimum shared detected pixels 
between the results of Nearest Neighbor and Natural 
Neighbor.  

 

Test Nearest 
Neighbor 

Natural 
Neighbor 

Linear 
Reference 

Nearest 
Neighbor 

100 % 100 % 99.997 % 

Natural 
Neighbor 

95.714 % 100 % 99.159 % 

Linea 96.523 % 100 % 100 % 

Table 4: Relations among Shared Pixels for All Cases of Study 

Since it is important to detect the accurate position of the 
detected changes, so it is required to detect the number of 
detected pixels that represent the changed area more 
accurate. The number of pixels of image of changed area 
with same Ground Sampling Distance (GSD) is 334180 and 
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this is close to the number of changed pixels in case of using 
nearest neighbor. So, nearest neighbor is a suitable 
interpolation technique that has to be used with LIDAR data 
before and after changing to get most probable change 
detection results. 

3. Images and 3D Representation of Detected Changes 

The area of study is a part of urban area so, the objects that 
cause the changes in the input image have to be identified 
based on the applications, for example, city development or 
environmental hazards effects. The objects can be identified 
by producing images of changed area after applying the 
resampling technique on raw LIDAR data of the detected 
changed area and DSM for the same area can be produces 
as shown in Figures (Figure 19, Figure 20 and Figure 21) in 
different cases of study, nearest neighbor, natural neighbor 
and linear respectively.  

 

 

Figure 19: Image and 3D Representation for Changed Area In Case of Using 
Nearest Neighbor Interpolation Technique 

  

Figure 20: Image and 3D Representation for Changed Area In Case of Using 
Natural Neighbor Interpolation Technique 

  

Figure 21: Image and 3D Representation for Changed Area In Case of Using 
Linear Interpolation Technique 

The produced images only are not enough for identifying the 
objects because in all cases of study because the images are 
produced from height information, so it is required to 
produce DSM for changed area. The DSM in case of nearest 
neighbor interpolation technique is not smooth, then the 
urban area objects can be identified from the 3D 
representation. Buildings and ground objects can be 
identified in case of using natural neighbor interpolation 
technique but trees or poles cannot be identified because 
the DSM is smooth that affect the 3D representation. 
Buildings and ground objects are hardly identified in case of 
using linear interpolation technique, but trees or poles 
cannot be detected because the linear interpolation 
technique makes the 3D representation and DSM very 
smooth.                                                                           

CONCLUSIONS 

LIDAR system is a suitable data producer for change 
detection applications for urban areas because its data is not 
based on semantic information but it produces accurate 
spatial data for different features. Changes can be detected 
from images that can be produced from LIDAR data using 
any of the tested interpolation techniques.  

The interpolation technique that is used to produce images 
from LIDAR data after changing has to be same like one used 
with same LIDAR data before changing for the same area of 
interest. So, the interpolation technique that is used for the 
original LIDAR data to produce images of any area of interest 
and to build a database has to be known and saved to be 
able to detect changes from other LIDAR data for the same 
area.  

It is important to detected areas of changes with accurate 
positions of their boundaries to be able to get most probable 
cost estimation of effects of city development or 
environmental hazards. The accurate estimation of position 
of boundary of changed area can be detected using the 
Nearest Neighbor interpolation technique. 
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The nearest neighbor is a suitable interpolation technique 
for producing images from airborne LIDAR data for change 
detection application for urban areas. Since Nearest 
Neighbor interpolation techniques maintains the height 
information of the objects in the scanned area, the objects 
of changes can be identified from the produced DSM of the 
area of study. The edges of detected objects with regular 
shapes appeared in DSM is irregular and they have to be 
linearized to be visually clear.  
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