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Abstract— Digital Elevation Model (DEM) is a digital model 

representation of the surface of a terrain. It consists of elevation 

values sampled at regular intervals which could be used to study 

vast types of phenomena across spatial positions. However, 

acquisition of DEM data in continuous sequences at very high 

spatial resolution is very costly from the point of cost, manpower, 

and storage requirement.  In this paper, we propose a method to 

visualize the morphological changes for a same area over a 

period using two DEM images. Through mathematical 

morphology approach, the interpolated sequences between these 

pair of DEMs are hierarchically generated. These set of 

hierarchically interpolated medians paves a way to visualize the 

spatiotemporal changes which have happened in a particular 

area at discrete-time intervals. The potential application which 

we could implement the proposed framework include natural 

disaster surveillance and monitoring (eg. Landslide, flood, 

earthquake).  
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I.  Introduction 
With the rapid growth and development of high resolution 

remotely-sensed images, surveillance and detection of land 
and/or river changes has been a topic of interest. The 
observation of changes in land could be used to monitor the 
natural disaster such as landslide or earthquake, while the 
study of river basin changes could assist us in flood 
mitigation. If we were able to visualize the changes in Earth 
surface in both spatial and timely manner across different 
time, we will have a better understanding on the interactions 
and relationships between human and natural phenomena [1]. 
This will further help us to better manage and utilize the 
available resources. 

Digital Elevation Model (DEM) is a raster representation 
of a terrain surface in 3-dimention [2]. Each point in DEM 
data denotes the elevation matrix for each ground point in 
certain cell size. DEM is widely used in many aspects of social 
development and economic construction, including land-use 
planning, environmental management, disaster monitoring and 
relief, and national security defense [3]. The DEM could be 
acquired through techniques such as photogrammetry, LiDAR, 
SAR, land surveying, etc. [4]. DEMs are often used in 
geographic information systems, and serves as the basis for 
digitally produced relief maps. Applications where DEM are 
most commonly applied include landscape modeling, city 
planning, flood or drainage modeling, land-use studies, and 
other geological applications [5]. 
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Many interpolation techniques such as Inverse Distance 
Weighting (IDW), Kriging, and Spline are commonly applied 
in constructing DEM at different scales (eg. [6]). However, we 
will not address the interpolation techniques to generate DEMs 
at field scale, but we propose the visualization method to view 
the continuous sequence from the changes for a specific area 
of interest over a time period. The hierarchically generated 
morphing-like sequence at discrete time intervals between the 
pair of DEMs would enable us to study the spatiotemporal 
changes which happen from one year to succeeding years. It is 
noted that we implement our proposed method on grayscale 
DEM images instead of binary images [eg. 7]. 

Mathematical morphology, a concept based on set theory, 
is proven to be robust and successful in processing and 
analyzing digital images [8]. The basic morphology operators 
are erosion and dilation, where the combination of these 
operators form the extension of the other operators, including 
spatial interpolation [9]. In this paper, we follow the 
framework as proposed in our previous work [10, 11] on a pair 
of DEMs of a same region but acquired in two different years.  
By doing so, it will be interesting to visualize the interpolated 
sequences constructed over years. Particularly, the 
visualization of changes across time will help us to monitor 
the land-use in the context of our study area, in this case, 
Kuala Lumpur--the capital of Malaysia. It is interesting to 
study the changes in the city due to urbanization and 
development.  

II. Grayscale Morphological 
Operations 

A. Grayscale Morphological Operations 
Let f(x,y) represents a grayscale digital image containing 

discrete values at each (x,y) position. It is assumed that there 
are (Z + 1) possible intensity values where m = 0, 1, 2, …, M. 
Since the image is denoted as gray level, therefore each pixel 
is assigned with 8 bit which results in M = 255. 

The two fundamental operators of morphological 
operations are dilation and erosion. With the use of a 
structuring element (symmetric about origin, flat and rhombic, 
with primitive size of 3 × 3) shown in Figure 1b, the grayscale 
image in Figure 1a is eroded into Figure 1c and dilated into 

Figure 1d, respectively. The  and are symbols used to 
represent dilation and erosion, and their mathematical 
transformations are defined as follow [12]: 
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Figure 1. (a) Grayscale image, f(x,y), (b) Structuring element B of primitive 

size 3 × 3, (c) Dilation, (d) Erosion, (e) Opening, and (f) Closing of f(x,y) with 
respect to B. [11] 

From Figure 1, it is obvious that erosion takes the central 
values as the minimum gray values within the neighborhood 
window image, while dilation fills the central values with the 
maximum gray values in the neighborhood. As such, erosion 
darkens the original image while dilation brightens the image. 

Furthermore, the concatenation of dilation and erosion 
results in two other morphology operators, namely opening 
and closing. The equations for opening and closing operations 
are given as: 

 

BBfyxBf  )(),)((               (3) 

BBfyxBf  )(),)((            (4) 

The symbols   and  are used to represent opening and 
closing, separately. Opening removes particular image details 
which are smaller than structuring element B, whereas closing 
fills holes in objects and joins small breaks in the image. 

 

B. Multiscale Grayscale Morphological 
Operators 
Iterative morphological operations can be generated by 

controlling the size of the structuring element B. This 
transformation is known as multiscale operations, where the 
size of nB is increased as n = 0, 1, 2, 3, …., N. For example, 

multiscale dilation (f  nB) is generated as: 

BBBBfnBf  ...)()(           (5) 

Similarly, multiscale erosion, opening, and closing can be 
expressed as: 

BBBBfnBf  ...)()(             (6) 

BBBBfnBf  ...)()(                (7) 

BBBBfnBf  ...)()(            (8) 

at scale n = 0, 1, 2, 3, …., N. 

C. Infima and Suprema 
Let f and g represent two DEMs in grayscale, and let 

infima )( gf   and suprema )( gf   of these DEMs be 

represented as: 

 

 ),(),,(min),inf()( yxgyxfgfgf             (9) 

 ),(),,(max),sup()( yxgyxfgfgf             (10) 

D. Morphological Median 
Based on [10], the morphological median between f and g, 

denoted as M (f, g), can be produced as: 

)),((),(
0

gfMgfM n

N

n
           (11) 

where 

))(())((),( nBgfnBgfgfM n           (12) 

Morphological median will then be hierarchically 
generated to obtain the interpolated sequences between f and g 
[13]. 

III. DEM Data and Study Area 
The study area is chosen as a region in Kuala Lumpur, the 

national city of Malaysia. It is the largest city in the country 
with an estimated population of 1.79 million of as 2017 [14]. 
Besides being the cultural, financial and economic centre of 
Malaysia, Kuala Lumpur is among the fastest growing 
metropolitan regions in South East Asia. 
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The geography of Kuala Lumpur is mainly influenced by 
the huge Klang Valley. It is bordered by the Titiwangsa 
Mountains in the east, several minor ranges in the north and 
the south and the Strait of Malacca in the west. The name 
―Kuala Lumpur‖ rooted from a Malay term which means 
"muddy confluence" as it is located at the confluence of the 
Klang and Gombak rivers [15]. The city covers an area of 243 
km

2
 [16] with an average elevation of 81.95 m [17]. 

 

Figure 2. Location of Kuala Lumpur [18] 

Unfortunately, flood is a frequent occurrence in Kuala 
Lumpur especially after heavy downpours due to lack of 
structural irrigation following the rapid development within 
the city centre [19]. As such, in this paper, we propose a 
visualization method to view the changes of a study area in 
Kuala Lumpur which occur over years in hope to help the 
experts to study the causes and further prevent/mitigate natural 
disaster such as flood. 

 We obtained a pair of DEM data of a same region in 
Kuala Lumpur from United States Geological Survey (USGS) 
EarthExplorer website (https://earthexplorer.usgs.gov/), with a 
time gap of 11 years. The first DEM data was acquired from 
Shuttle Radar Topography Mission (SRTM) on 11 February 
2000, while the second DEM data was acquired from 
Advanced Spaceborne Thermal Emission and Reflection 
Radiometer (ASTER) Global Digital Elevation Model Version 
2 (GDEM V2) on 17 October 2011. The study region 

encompasses the center coordinate of 4N, 101E. Both DEMs 
have the resolution of 30 meters with original size of 3601 × 
3601 pixels (Figures 3a and 3b). However, in order to ease the 
computation, smaller areas of 512 × 512 pixels are taken for 
both DEMs, as shown in Figures 3c and 3d. 
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Figure 3. DEMs of the study area in Kuala Lumpur in two different years. (a) 
Original area from SRTM, (b) Original area from ASTER GDEM, (c) Sub 

area from SRTM, and (d) Sub area from ASTER GDEM. All DEM data are 

courtesy of the U. S. Geological Survey. 

IV. Results and Discussion 
 For discussion purpose, four levels of successive 

morphological medians are generated between DEM1 (ie. 
Figure 3c) and DEM2 (ie. Figure 3d) using flat disk 
structuring element (Figure 1b) with primitive size of 3 × 3. 
As a result, a total of 15 morphological medians are generated. 
These include one at 0

th
-level, two at 1

st
-level, four at 2

nd
-

level, and eight at 3
rd

-level. The morphological interpolations 
obtained for a study region in Kuala Lumpur with a time 
difference of 11 years are shown sequentially in Figure 4. 
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Figure 4. Grayscale morphological interpolations generated for a study region 
in Kuala Lumpur across a period of 11 years. 

Figure 4 shows the series of interpolated images generated 
for a study region in Kuala Lumpur over a period of 11 years. 
Although the variances are not significantly noticeable from 
one interpolated image to another, it is undoubtedly showing 
changes spatially. This can be proven in Figure 5 from the 
graph of area plotted for each interpolated image. 

 

Figure 5. Graph showing the area of interpolated images in pixels. 

In addition, based on the results shown in Figure 4, we are 
certain that the morphologically generated interpolations 
between SRTM DEM and ASTER GDEM produce smooth 
transition from one DEM to another. It is interesting to note 
each morphological median takes few number of iterations to 
reach the convergence level, as shown in Figure 6: 

 

Figure 6 Number of iterations required to generate 15 morphological medians 

hierarchically between a study region in Kuala Lumpur with a time difference 
of 11 years. 

v. Conclusion 
 In this paper, we tested our proposed framework on a pair 

of DEM data for a region in Kuala Lumpur, Malaysia. We are 

interested to visualize the spatiotemporal changes which take 
place across time from these two DEM data.  The first DEM 
data was acquired from SRTM in year 2000 while the second 
DEM data was acquired from ASTER in year 2011. Using our 
proposed method, the sequential set of morphologically 
interpolated DEMs are hierarchically computed across discrete 
time-steps. It is observed that the metamorphs from one DEM 
to another DEM across time is rather smooth. Besides, the 
interpolation process requires less number of iterations to 
achieve convergence level. As such, it is concluded that the 
proposed method in this paper serves as a good alternative to 
view and subsequently analyze the changes which occur for an 
area over a time period. 
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