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Fig 1. Simulated DEM with the Peaks function (a) and extracted DEM from Pleiades satellite images (b)
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Fig 2. Steps of the proposed method
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Table 1. Results of the proposed and competitive methods on the simulated DEM
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Fig. 3- Simulated DEMs: original (a), noisy (b), modified using KNN (c¢), standard IDW (d), MRBF (e) and
adaptable IDW () interpolation methods
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Table 1. Results of the proposed method and IDW method on DEM extracted from satellite images
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Fig. 4- DEM derived from satellite images: original (a), noisy (b), modified using standard IDW (c) and adaptable
IDW (d) interpolation methods
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Abstract

An accurate, high-quality Digital Elevation Model
(DEM) from the ground is essential for many
applications. Due to some data collection problems as
well as weaknesses in DEM production techniques,
including interpolation methods, these models are
associated with some blunder errors that must be edited
manually or automatically. In this study, a method for
removing noise and blunders as well as improving the
DEM is proposed. In this two-step method, first, with
the standard deviation of the alpha-trimmed filter, points
with blunders are identified and removed. Then, an
adaptive inverse distance weighted filter is applied to
remove blunders and refine the DEM. The proposed
method and some common competitive methods have
been applied and evaluated on a simulated DEM and a
DEM extracted from satellite stereo images from the
southwest of Mashhad city. The root means square error
of the DEM extracted from satellite images using the
proposed method is 1.89 meters, while this criteria for
the inverse distance weighted filter method is 2.43
meters. The experimental results show that the proposed
method, despite a 20% increase in time cost, can
improve the accuracy of the modified DEM by at least
22% compared to the
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weighting method using the inverse distance. Therefore,
the filter proposed in this study can be used to remove
noise and improve DEM when increasing the accuracy
is a priority.

Introduction
Digital Elevation Models (DEMs) represents the

topographic surface of the Earth excluding trees,
buildings, and other surface objects, which is a three-
dimensional computer graphic representation of altitude
data. DEMs play a key role in many fields including
civil engineering, earth sciences, natural resource
planning and management, geology, military
applications, surveying, photogrammetry, and spatial
information systems. DEMs are prepared in different
ways. These models are generated from direct
surveying, satellite systems including  Global
Positioning System (GPS), aerial imagery, LiDAR
systems, or satellite imagery. DEMs are subject to a
variety of errors. These include blunders during data
collection, systematic errors such as directional errors in
stereo imaging, and random errors which are
unavoidable. These errors can also vary geographically
depending on ground conditions. In addition to the
errors in data collection to produce a DEMSs, the
production process and interpolation techniques are also
associated with errors. Therefore, achieving a high-
quality DEMs is a serious challenge. Thus, studies have
been conducted on error sources in DEMSs, noise
removal, and their improvement. In some previous
studies, the role of interpolation techniques in the
production of DEMs has been evaluated. Among them,
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KNN, IDW methods, and multiquadric radial base
functions (MRBF) are three of the most common
methods. Most studies have used the root mean square
error (RMSE) to evaluate the accuracy of the DEMs. In
this study, an adaptive local filter based on the IDW
method is proposed to detect noise, remove them, and
reconstruct the DEMs.

Material And Methods

The proposed method is tested on two datasets. The first
dataset is a simulated DEM using the Peaks
mathematical function. A 100 x 100 grid of points with
known coordinates are extracted from this function. The
z value of 1000 points, which is 10% of the total points,
is distorted using random noise (the range of this noise
is set to the minimum and maximum height of the area)
and is utilized to implement the proposed method and
other competitive methods. The second dataset used in
this study is a DEM generated from Pleiades satellite
images from southwest of Mashhad. This area of 9556
hectares has been selected from the southwest of
Mashhad and includes flat, urban, and mountainous
areas. The minimum height in this area is 960 meters
and the maximum is 1470 meters. The UTM
coordinates for this region (40 north) are from the
northeast (740490, 4016200) to the southwest (729300,
4007800). The resolution of the DEM under study is
one meter and its height accuracy is better than one
meter. From this DEM, a 430 x 830 network of points
with known coordinates has been extracted the height of
5% of them has been distorted using random noise and
is used to perform tests.

The proposed method consists of two main steps. The
first step is to identify and eliminate blunders in the
DEM, and the second step is to reconstruct the blunder
points using interpolation with the help of local
neighborhood values. These steps are explained below.
In this method, all the points of a DEM are processed.
First, a local neighborhood is determined around each
point and then the heights of the local neighborhoods
are arranged in ascending order. The alpha percentage is
removed from the beginning and end of this sequence.
Afterward, the standard deviation of the remaining
values is calculated. The reason for removing this part
of the neighborhood point elevation sequence is that if
there is a blunder in the height of one or more points of
the local neighborhood, it does not distort the standard
deviation. One of the weaknesses of interpolation
methods, such as IDW, is their approach to determining
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the height of points in DEMs. These methods perform
interpolation without considering the topography of the
area. Additionally, they assume a constant value for
distance power during the process. However, this
amount can be selected as a larger amount in
mountainous areas and a smaller amount in flat areas.
Therefore, the adaptable IDW method maintains the
advantages of the IDW method such as simplicity and
low processing volume, as well as determining the value
of distance power by calculating the local standard
deviation that indicates the intensity of local
topography. RMSE criterion has been used to evaluate
the performance of the proposed method and
competitive methods. Modified DEMs and noisy DEMs
are compared to the original DEMs, and their accuracy
is assessed.

Results and discussion

The proposed method along with the competitive
methods of KNN, conventional IDW, and MRBF
method are implemented on the simulated DEM, and
the proposed method along with the competitive IDW
method is implemented on DEM extracted from
Pleiades stereo images. The results of these tests will be
presented in this section .In the first test, the four
methods that were mentioned are performed on a
simulated DEM, in which 10% of the 10,000 elevation
points of the network (i.e., 1000 points) blunders. The
results show that the adaptive IDW method works as
well as the MRBF method (the accuracy of the MRBF
method is 9% better), while it is much less time-
consuming. On the other hand, it can be seen that the
proposed method has worked much better than the
conventional IDW method. In the second test, two
conventional and adaptive IDW methods were tested on
real data. In the second test, the mentioned methods
were performed on a DEM extracted from satellite
images, in which 5% of the 348600 elevation points of
the network (i.e., 17430 points) are blunders. The results
show that the proposed method improves the accuracy
of the DEM by 22% although it is about 19% more
expensive in terms of processing time. Therefore, using
adaptive IDW is recommended in cases where the
accuracy of the DEM is more important than processing
time.

Conclusion
The use of DEMs is important in many fields of science;
thus, the production of these models with high accuracy
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is essential. The accuracy of DEMs is affected by
various factors. Therefore, providing efficient methods
to identify and eliminate blunders and refine the DEMs
is important for researchers. In this study, a two-stage
method with the aim of eliminating blunders and
reconstructing the DEM is proposed. In the first stage of
the proposed method, using the standard deviation of
the shortened alpha filter, points with blunders were
identified and removed. Then, in the next step, new
values were retrieved using an adaptive IDW filter. This
filter helps to adjust the influence of the neighbors

closer to the target point according to the mountainous
nature of the area The performance of the proposed
method is compared to several competitive methods,
including conventional IDW, in this study. The
experimental results show that the proposed method can
improve the accuracy of the modified DEM by up to
22% compared to conventional IDW, despite having
only a 19% longer processing time.
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