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The purpose of this research was to analyze the quality and characteristics of four digital elevation models (DEMs) generated
using in-track Korea Multi-Purpose Satellite (KOMPSAT)-3 stereo images. The sensor modeling methods were based on ground
control points (GCPs), the initial rational polynomial coefficients (RPCs), relative adjustment, and the automatic bias-compensation
method. The GCPs and check points (CPs) were extracted from the 0.25 m aerial orthoimage and the 5 m DEM provided by the
National Geographic Information Institute (NGII).TheDEMs had the same resolution as the referenceDEM (5m) and comparative
analysis was carried out. The results indicate that when relative adjustment was applied alone (DEM 3), the percentage of matched
points with a correlation of 0.8 or more was improved by at least 17% compared to the case where only initial RPCs were used
(DEM 2). Although the absolute horizontal position error of DEM 3 could not be eliminated, the relative elevation error at the
same position was reduced significantly. Therefore, if the relative positions of DEMs produced at different times can be corrected,
they can be used for the detection of changes in altitude.When applying the automatic bias-compensationmethod (DEM4)without
GCPs, the percentage of matched points with a correlation of 0.8 or more was 70.1%.When GCPs were used (DEM 1), the value was
70.2%, i.e., almost identical to that of DEM 4.Themean difference in resolution among DEMs 1 and 4 was -1.8 ± 3.4 m (median, -1.0
m). The results show that DEMs of sufficient quality can be generated without GCPs. Furthermore, although discrepancies among
the DEMs were noted in forest and shadow areas, it is possible to produce a 5∼10 m resolution DEM by using additional image
processing techniques, such as shadow removal.

1. Introduction

The Korea Multi-Purpose Satellite (KOMPSAT)-3 is a high-
resolution optical satellite that was launched in May 2012.
The panchromatic imagery provided by KOMPSAT-3 has a
spatial resolution of 0.7 m and a swath width of around 16.8
km. Also, KOMPSAT-3 can acquire stereo images not only
in cross-track form, but also in in-track form. Since the in-
track stereo images acquire the area of interest (AOI) almost
simultaneously, the geometry and radiometric conditions for
DEM generation are very stable. Thus, by minimizing stereo
matching error, a higher-quality digital elevation model
(DEM) generation can be derived [1].

The DEM is essential in the field of remote sensing,
and for acquiring geospatial information, and is typically
generated based on stereo optical satellite imagery, radar
interferometry, and laser scanning [2]. The global-scale

Shuttle Radio TopographyMission (SRTM; radar), Advanced
Spaceborne Thermal Emission and Reflection Radiometer
(ASTER; optic), and Advanced Land Observing Satellite
(ALOS; optic) DEMs, with 30 m resolution, are freely avail-
able. Multitemporal DEMs can provide valuable information
for the study of dynamic phenomena, such as landslides and
urban change [3]. This study aims to explore the poten-
tial utility of KOMPSAT-3 in-track stereo images for the
generation of multitemporal DEMs. The availability of pre-
and postevent DEMs can provide valuable information for
studying dynamic phenomena.

The accuracy of DEMs generated using stereo images is
largely dependent on two factors [4], the first of which is
the accuracy of the sensor modeling. Typically, the bundle
adjustment method of rational function models (RFMs) is
used to establish the relationship between a satellite’s image
coordinates and the ground coordinates [5]. Second, DEM
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Figure 1: Korea Multi-Purpose Satellite (KOMPSAT)-3 in-track stereo images: (a) forward image, (b) backward image.

accuracy depends on the stability of the stereo geometry.
It is known that the closer the stereo geometry is to an
isosceles triangle, the more accurate the three-dimensional
(3D) positioning data is. To date, several studies have focused
on the accuracy of sensor modeling. Oh et al. [6] analyzed
the 3D positioning accuracy of KOMPSAT-2’s stereo images
with RFMs and found that, when using ground control points
(GCPs), it could achieve horizontal and vertical accuracy of
two or less pixels. Additionally, Lee et al. [7] predicted that
errors in KOMPSAT-3 sensor modeling will not exceed 3 m,
evenwhen only oneGCP is used. Furthermore, Oh et al. [8, 9]
introduced an automatic bias-compensation method for the
KOMPSAT series; when using the SRTM DEM as reference
data, it achieved a sensor modeling accuracy of 10 m or less
in the X, Y, and Z directions. Studies aimed at establishing the
stability of stereo geometry have also been carried out: Jeong
[4] analyzed the compatibility of stereo geometry data with
the 3D positioning data of a stereo image pair, as generated
by the same and different types of satellites, and showed that
when the stereo geometry is unstable, the accuracy of 3D
positioning accuracy of the stereo image pairmay be reduced.

In this study, we compared the accuracy of four DEMs
which were generated by four difference methods. First,
we analyzed the stereo geometry of various KOMPSAT-3
in-track stereo images. Among them, stereo images with
stably determined stereo geometry were selected for this
study. Four DEMs were generated using GCP-based bundle
adjustment, initial RPCs, relative adjustment, and automatic
bias-compensation method. The accuracy of the generated
DEMs was assessed by comparison with check points (CPs)
and the National Geographic Information Institute (NGII)
DEM.The GCPs and CPs were acquired using a combination
of the NGII aerial orthoimage and the NGII DEM. The
structure of this paper is as follows: in Section 2, we will
discuss the reference data and study area. In Section 3, wewill
describe the methods used and the results. In Section 4, we

will compare and assess the accuracy of generated DEMs by
comparison to the NGII DEM (reference DEM). Finally, we
will present conclusions in Section 5.

2. Study Area and Test Data

2.1. Study Area and KOMPSAT-3 Stereo Images. In this
study, we used KOMPSAT-3 stereo images of Suncheon City,
South Korea. The images were acquired between 13:32 and
13:34 PM (local time) on February 25, 2013; there was one
forward and one backward image per pair (Figure 1). The
data were acquired with single pass stereo imaging mode.
The image product is a level 1R image, which was subjected
to radiometric, but not geometric correction. The acquired
image contained plains, lakes, mountains, and man-made
structures, such as buildings, roads, and bridges.

Stereo geometry is determined by the location and atti-
tude angle (roll, pitch, and yaw) of the satellite. The altitudes
at which the stereo images were acquired were almost the
same, at 699.6 and 699.3 km for the forward and backward
images, respectively. The in-track forward and backward
images have pitch angles of 14.2∘ and 13.8∘, respectively. The
spatial resolution is 0.7 m in the column direction and 0.8 m
in the line direction, and the resolution of the latter is slightly
lower.The satellite’s altitude, altitude angle, and azimuth angle
are used to calculate the stereo geometry, which affects the
accuracy of the 3D positioning.

Figure 2 presents the ground point, satellite position
vectors (left and right rays), and baseline, which together
form the epipolar plane. The stability of the stereo geometry
is determined by the epipolar plane. In other words, it is
known that the accuracy of the three-dimensional position
information increases with the stereo pair as it is closer
to the shape of the isosceles triangle. It is known that the
accuracy of 3D positioning information is enhanced by
acquiring stereo images having epipolar plane close to an
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Figure 2: Stereo geometry.

Table 1: Specification of the KOMPSAT-3 in-track stereo image pair.

Characteristics Forward Backward
Product level 1R

Acquisition time (UTC) 13:32:55 (local time),
February 25, 2013

13:34:47 (local time),
February 25, 2013

Satellite altitude (km) 699.9 699.3
Roll/pitch/yaw angle (deg.) 5.0/-14.2/-3.4 6.6/13.8/-3.0
Elevation angle (deg.) 73.5 72.8
Azimuth angle (deg.) 8.9 144.9
Pan image GSD (col./row) 0.7/0.8 0.7/0.8
Pan image size (col/row) 24060/20668 24060/20792
Image center coordinate
(lat./long/)

34.945310730/
127.470499034

34.947856143/
127.470747229

Orbit type Ascending orbit
GSD, ground sample distance

isosceles triangle [10]. Typical stereo geometry parameters are
the base-height (B/H) ratio, convergence angle, asymmetry
angle, bisector elevation angle, and roll angle in the baseline
direction (Figure 2). The stereo geometry parameters are
shown in Figure 2 and Table 2, based on the information
presented in Table 1.The convergence anglemainly affects the
elevation precision; the convergence angles that are greater
than 30∘ considerably enhance elevation precision for a given
target. However, a convergence angle that is excessively large
may cause a large geometric difference between the stereo
images, thus lowering the stereo matching accuracy. The
stereo images have an azimuth angle difference of around
136∘; the forward and backward images form a stereo plane

according to the flight direction of the satellite. The satellites
are almost perpendicular to the ground surface, forming
a bisector elevation angle of 83.5∘ and an epipolar plane
(asymmetry angle, 0.3) close to an isosceles triangle.Thus, the
stereo geometry is optimal.

2.2. Reference Data. We used a 0.25 m NGII orthoimage
and a 5 m NGII DEM to evaluate the accuracy of sensor
modeling and DEM (Figures 3(a), and 3(b)). Four GCPs
and twelve CPs were obtained from the reference data and
stereo images (Figure 4); thesewere used to calibrate theRFM
model and evaluate the accuracy of the sensor modeling.
Additionally, an SRTM DEM (single-arc) in Figure 3(c) was
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Table 2: Stereo geometry parameters.

Characteristics Parameter Stable
B/H ratio 0.6 0.6-1.0
Convergence angle (deg.) 31.2 ≥30 (deg.)
Asymmetry angle (deg.) 0.3 ≤10 (deg.)
Bisector elevation angle (deg.) 83.5 ≥70 (deg.)
Roll angle (baseline direction) (deg.) 0.1 ≤10 (deg.)
B/H, base-height
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Figure 3: Reference data for (a) the National Geographic Information Institute (NGII) digital elevation model (DEM), (b) the NGII
orthoimage, and (c) the Shuttle Radio Topography Mission (SRTM) DEM (single-arc).
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Figure 4: Distribution of ground control points (GCPs), check
points (CPs) and tie points (TPs).

used for automated bias-compensation method [8]. In 2014,
NGII tested the accuracy of the height data of their SRTM
DEM and NGII DEM for the entire area of South Korea
(Table 3). For the NGII DEM, the maximum and minimum

height errors were -23.6 and 0 m, respectively. The mean,
standard deviation, and mean square error were -0.7, 4.8,
and 4.9 m, respectively. For the SRTM DEM, the maximum
and minimum height errors were -21.4 and 0 m, respectively,
and the mean, standard deviation, and mean square error
were -3.0, 4.3, and 5.2 m, respectively. The mean root mean
square error (RMSE) and standard deviation for both DEMs
were less than 5 m. The maximum error of the NGII DEM
was approximately 2 m larger than that of the SRTM DEM.
However, the average error of the SRTM DEM was around
four times higher than that of the NGII DEM.

Additionally, 100 tie points (TPs) were automatically
extracted; these are used for data adjustment in the automatic
bias-compensation method (Figure 4). Based on the cor-
rectedRFMmodel,DEMswith 5m resolutionwere generated
and compared to the reference DEM.

3. Method

The KOMPSAT-3 level 1R in-track stereo images were used
to generate the DEMs in this study. Image-matching was
performed using the pan band. The grid size was 5 m, in
accordance with the ground sample distance (GSD) of the
reference DEM.The RPCs were used to transform the images
and geographic (lat./long.) coordinates [11]. The RPCs are
supplied with each image so that image coordinates can be
derived using (1) and (2), where Xn, Yn, and Zn are the
normalized longitude, latitude, and height of the ground
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Table 3: Reference data parameters (from the NGII [10]).

Reference data NGII DEM NGII orthoimage SRTM DEM (single-arc)
Projection Transverse Mercator

Spheroid datum GRS 1980
Central datum N 38∘0000, E 127∘0000

GSD (m) 5 0.25 30
Horizontal error (m) ≤10 ≤0.5 ≤12.6

Height error
RMSE (m) 4.9 - 5.2

Min/max (m) -23.6/0 - -21.4/0
Mean/SD (m) -0.7/4.8 - -3.0/4.3

GSD, ground sample distance; RMSE, rootmean square error; SD, standard deviation; NGII, National Geographic Information Institute; DEM, digital elevation
model; STRM, Shuttle Radio Topography Mission; GRS, Geodetic Reference System
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Figure 5: Flowchart of the study.

coordinates, respectively; ln, and sn are the normalized line
(row) and sample (column) image coordinates, respectively;
and p1, p2, p3, and p4 are rational functions composed of a
numerator and denominator, having a 20-term cubic form. If
the left and right image coordinates of a given TPs are known
for a stereo image pair, the corresponding ground coordinates
can be calculated using the least-squares method via inverse
transformation:
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However, there is typically a bias associated with the
RPCs, due to the limited accuracy of the satellite orientation
and ephemeris data; this bias must be compensated for so
that the stereo images will be correctly matched. The RPC
bias is usually corrected using GCPs. To correct the RPC bias,
image coordinates were extracted from the stereo images.The
ground coordinates of these points were estimated initially
based on the first-order RPC coefficients. The RPC bias and
ground position of the image points were then estimated
using the RPC affine correction [12].

Figure 5 shows the process by which the four DEMs in
this study were generated and their accuracy was evaluated.
In DEM 1, RCP affine correction was applied using four
GCPs. Through visual comparison of the stereo images with
the NGII orthoimage, the image coordinates and horizontal
coordinate were acquired for the CPs/GCPs. Additionally, the
altitude of the horizontal coordinate was extracted from the
NGII DEM. In DEM 2, the raw RPCs were used without
any correction. In DEM 3, relative correction was applied
[13]. Relative correction refers to the process wherein one
image is defined as the base image and the RPCs of the
overlapping images are then corrected with reference to
this base image. To correct the RPCs bias, TPs were first
automatically extracted using a hybridmatchingmethod [14].
For relative correction, the ground coordinates of TPs are
fixed at the values calculated using the raw RPCs. An RPC-
based affine correction was used to correct the coordinates
of the image calculated based on the raw RPCs, and the
ground coordinates were applied to the image coordinates of
the TPs. Finally, in DEM 4, the automatic bias-compensation
method was applied using 100 TPs from the SRTM DEM
and stereo images [6]. The initial ground coordinates of
the 100 TPs, which are estimated using initial RPCs, have
systematic errors. It may be assumed that these errors are
large in absolute terms, but relatively small; that is, while
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Table 4: Parameter values for image matching.

Stereo pair Parameter
Projection Transverse Mercator
Spheroid datum GRS 1980
Image band (num.) 1 (pan)
GSD (m) 5
Search size (pixel) 21 x 3
Correlation size (pixel) 7 x 7
Correlation threshold 0.7
GSD, ground sample distance; GRS, Geodetic Reference System

errors in the initial ground coordinates of TPs may be large,
the difference in error between adjacent TPs may be small.
Based on this assumption, the initial ground coordinates of
the TPs can be refined by matching the heights of the initial
ground coordinates with those of the DEM [8, 9]. Through
this process, the TPs are calibrated, in terms of their ground
position, and then used as virtual GCPs.

The corrected RPCs were generated using the process
applied inDEMs 1, 3, and 4.We also performed preprocessing
for stereo matching, via epipolar image generation, using
the corrected RPCs. Next, mass points were extracted via
stereo matching, and filtering for elimination of excess error
was performed to generate the DEM. For stereo matching,
a hybrid matching method combining cross-correlation and
least-squares matching was applied [14]. After sensor mod-
eling, the DEMs were generated via automatic processes,
with adjustment according to the parameter values presented
in Table 4. The stereo matching was restricted to 12 × 3
pixels along the epipolar line, and the final 5 m DEM was
created using the extracted mass points when the correlation
threshold of 0.7was exceeded.Thefinal accuracywas assessed
through comparison with the NGII DEM.

4. Results

4.1. Visual Analysis. Figure 6 compares the reference DEM
(NGII DEM) with generated DEMs in this study. Figure 6(a)
is the reference DEM, and Figure 6(b) is the DEM cre-
ated by RPC affine correction with four GCPs. Overall,
DEM 1 is not as smooth as the reference DEM, but it
well describes topographical features such as buildings and
forested areas. DEMs 2∼4 (Figures 6(c)–6(e)) were generated
without using GCPs. When the initial RPCs were used, DEM
2 showed a relatively poor performance in depicting some
of the topographical features (Figure 6(c)). However, after
relative correction had been performed, performance was
improved significantly (Figure 6(d)) because the y parallax
was minimized such that matching error was decreased
[13]. Additionally, the automatic bias-compensation method
applied in DEM 4 (Figure 6(c)) showed almost the same
results as those obtained by RPC affine correction for DEM
1 (Figure 6(b)). With the exception of DEM 2 (Figure 6(c)),
all DEMs (i.e., DEMs 1, 3, and 4) were similar to the reference
DEM.

However, there were slight differences between the gen-
erated and reference DEMs in terms of areas where artificial
or natural topographical features were distributed, such as
urban areas andmountain areas. First, these differences could
be due to differences in the methods used to generate DEMs
and the reference DEM. The reference DEM was produced
by interpolating contours from a digital topographic map of
1:5,000 scale while DEMs were produced based on ground
point clouds obtained via space intersection of stereo RPCs,
so that the object on the ground surface could be imaged
accurately. Weighted filtering is applied based on standard
deviation values to eliminate error; however, perfect removal
of error is unlikely (see the urban area (regionA) in Figure 6).
Second, matching error caused by differences in spectral
characteristics of the stereo images may have contributed
to the slight differences between generated DEMs and the
reference DEM. Particularly in mountainous areas with steep
slopes, and in urban areas where shadow can occur, even if an
accurate sensor modeling is used and stable stereo geometry
is applied, stereo matching error is possible. Such problems
can be seen in the expanded image in region B (i.e., the
forested area) of Figure 6. Figure 7 shows hill-shade in the
reference DEM and generated DEMs. Visual analysis showed
that DEMs 1, 3, and 4 captured the hill-shade with similar
accuracy to that of the reference DEM; however, generated
DEMs showed significantly more noise.

4.2. Quantitative Analysis. Table 5 presents the sensor mod-
eling accuracy of 12 CPs. In DEMs 2 and 3, the horizontal
and vertical accuracies were highly similar. The value of the
vertical accuracy parameter, the linear error at 90% (LE90),
was 2.2 m for DEM 1, and that of the horizontal accuracy
parameter, the circular error at 90% (CE90), was 1.0 m.
According to the resolution ofKOMPSAT-3, this is equivalent
to an error of around 1∼3 pixels, which likely corresponds to
the error in the reference NGII DEM and NGII orthoimage
(i.e., two or less pixels; see Table 3) from which the GCPs
and CPs data were extracted. The LE90 value for DEM 4 was
4.5 m, while that of CE90 was 8.9 m. Although these values
differed from those for DEM 1, DEM 4 showed an accuracy
at least 12 times greater than that before any correction was
applied.

Figure 8 shows the results of the mass points extraction,
using the initial and calibrated RPCs, for all of DEMs.
Correlations between the mass points were classified as
Excellent (0.85∼1.00), Good (0.7∼0.85), or Fair (0.5∼0.7).
DEMs 1 and 4 showed similar ‘Excellent’ correlation rates,
of 70.2% and 70.1%, respectively. When the initial RPCs
were used (DEM 1), only 51.8% of mass points showed an
‘Excellent’ correlation.However, when relative correctionwas
applied (DEM 2), this figure increased by approximately 18%,
to 69.5. The ‘Excellent’ and ‘Good’ mass points were used as
ground point clouds via space intersection of stereo RPCs.
These point cloudswere interpolated to 5m resolutionDEMs,
as shown in Figures 6 and 7.

The elevation differences between DEMs 1 to 4 and the
reference DEM are shown in Figure 9 and Table 6. When
the initial RPCs were used (DEM 2), the RMSE was 29.8 m
and the LE90 was 47.8 m; that is, around three times less



Journal of Sensors 7

A
B

-30 580 m

235000E 240000E 245000E 250000E
27
00

00
N

26
00

00
N

26
5 0

00
N

25
50

00
N

0 5 10
Kilometers

(a)

A
B

-30 580 m
0 5 10

Kilometers

235000E 240000E 245000E 250000E

27
00

00
N

26
00

00
N

26
5 0

00
N

25
5 0

00
N

(b)

A
B

-30 580 m
0 5 10

Kilometers

235000E 240000E 245000E 250000E

27
00

00
N

26
00

00
N

26
5 0

00
N

25
5 0

00
N

(c)

A
B

-30 580 m
0 5 10

Kilometers

235000E 240000E 245000E 250000E

27
00

00
N

26
00

00
N

26
5 0

00
N

25
50

00
N

(d)

-30 580 m
0 5 10

Kilometers

A
B

0 5 10
Kilometers

0 5 10
Kilometers

235000E 240000E 245000E 250000E

27
00

00
N

26
00

00
N

26
5 0

00
N

25
5 0

00
N

(e)

Figure 6: Comparison of the DEMs: (a) the reference DEM, (b) DEM 1, (c) DEM 2, (d) DEM 3, and (e) DEM 4.

Table 5: Sensor Modeling Accuracy of check point data.

Parameter DEM 1 DEM 2 DEM 3 DEM 4

Vertical accuracy
Mean error ( Z coordinate) (m) -0.4 -8.9 -8.9 4.4

RMSE (Z coordinate) (m) 1.4 10.4 10.4 5.9
LE90 (m) 2.2 16.1 16.1 4.5

Horizontal accuracy

Mean error (X coordinate) (m) -0.1 67.3 67.3 6.1
RMSE (X coordinate) (m) 0.6 67.3 67.2 6.2

Mean error (Y coordinate) (m) -0.1 -93.2 -93.2 5.6
RMSE (Y coordinate) (m) 0.4 93.2 93.2 5.6

CE90 (m) 1.0 114.3 114.3 8.9
RMSE, root mean square; LE90, linear error at 90%; CE90, circular error at 90%



8 Journal of Sensors

0 5 10
Kilometers

235000E 240000E 245000E 250000E

27
00

00
N

26
00

00
N

26
50

00
N

25
50

00
N

(a)

235000E 240000E 245000E 250000E

27
00

00
N

26
00

00
N

26
50

00
N

25
50

00
N

0 5 10
Kilometers

(b)

235000E 240000E 245000E 250000E

27
00

00
N

26
00

00
N

26
5 0

00
N

25
50

00
N

0 5 10
Kilometers

(c)

235000E 240000E 245000E 250000E

27
00

00
N

26
00

00
N

26
50

00
N

25
50

00
N

0 5 10
Kilometers

(d)

235000E 240000E 245000E 250000E

27
00

00
N

26
00

00
N

26
50

00
N

25
50

00
N

0 5 10
Kilometers

(e)

Figure 7: Hill-shade DEMs: (a) the reference DEM, (b) DEM 1, (c) DEM 2, (d) DEM 3, and (e) DEM 4.

Table 6: Accuracy of generated DEMs in this study.

Parameter DEM 1 DEM 2 DEM 3 DEM 4

Vertical accuracy

Min error (m) -36.7 -128.7 -113.5 -37.3
Max error (m) 56.8 172.5 99.9 58.1
Mean Error (m) 2.2 15.4 -3.8 5.6

RMSE (m) 7.2 29.8 22.9 10.4
LE90 (m) 12.6 47.8 38.7 18.4

accurate than the CPs-based estimation (Table 5). For DEM
3, however, the RMSE was improved (22.9 m). It is likely that
the errors that occurred in the process of stereo matching
were associated with y parallax reduction. Nevertheless,
through this process, stereo matching errors were reduced
considerably. However, it should be noted that the horizontal
bias was not corrected (see Figure 9).

The RMSEs of DEMs 1 and 4 were 7.2 and 10.4 m,
respectively; the difference was smaller than that generated
by the CPs analysis. This is likely to have been because the
probability of horizontal error was diminished through the
creation of a 5 m DEM, which is 5 times lower than the
spatial resolution of KOMPSAT-3 images. It is likely that the
automatic bias-compensation method can be applied when
generating DEMs with a resolution of 10 m or less.

4.3. Comparative Analysis. We compared the elevation data
betweenDEM 1 andDEM4 (see colored area in Figure 10(a)).
Negative values indicate that DEM 4 overestimated the
elevation relative to the DEM 1. Figure 10(b) shows the areas
where there are outliers in elevation differences between
DEM 1 and DEM 4.

Since the reference DEM and generated DEMs were
generated using different methods, comparison of error
sources and model characteristics is difficult. The purpose
of this study was to determine the possible utility of DEMs
generated using various sensor modeling techniques. Com-
parison among the DEMs produced using common sensor
modeling techniques (as in DEM 1) and those based on the
automatic bias-compensation method is important. It should
be noted that the majority of the study area is covered with
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Figure 8: Mass points extraction results: (a) DEM 1, (b) DEM 2, (c) DEM 3, and (d) DEM 4.

forest and, although accurate sensor modeling was achieved,
several errors were also present. It is recommended that
elevation differences among DEMs be compared over parts
of the AOI more likely to be stable, i.e., nonforested areas.
For this purpose, AOI DEMs were generated to address an
area of around 10 km2 on the east side of the study area,

characterized by few shadows and forest cover. The median
elevation difference between AOI DEM 1 and AOI DEM 4
was -1.0 ± 3.4 m (Figure 10(a)).

In the case of mountainous regions, there are several
factors that may lead to errors in stereo image matching,
including shaded areas that differ by image acquisition time
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Figure 9: Elevation differences between the reference DEM and (a) DEM 1, (b) DEM 2, (c) DEM 3, and (d) DEM 4.

and direction and the reflection of trees. Accordingly, the
mountainous region of the study area generally showed an
altitude difference of -5 m to -10 m among the AOI DEMs
(Figure 10). In most other areas, accuracy was generally
within± 5m; however, discrepancies did occur in someurban
areas that includedman-made structures. Figure 10(b) shows
an enlarged image of one such area. Figures 10(c) and 10(d)
show enlarged stereo images of the same area.

Figure 10(c) shows a forward image and Figure 10(d) a
backward image; the altitude difference among AO DEMs
in this area was around -30 m. The error is considered to
be due to differences in the shape of, and shadowed area
created by, the artificial structure in this area according to the
direction in which the image was acquired. Visual inspection

showed that most of the discrepancies occurred in forested
and shadowed areas. In shadowed regions, textures are more
difficult to discern such that image matching performance is
poorer, with a bias toward elevation overestimates.

5. Discussion and Conclusion

In this study, we produced four DEMs based on KOMPSAT-3
in-track stereo images and compared their accuracy.

First, we analyzed the stereo geometry of the stereo
images acquired by the KOMPSAT-3 and confirmed that
all of the factors that can affect accuracy in the horizontal
and vertical directions were within the stable range. Second,
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Figure 10: Elevation differences between AOI DEM 1 and AOI DEM 4: (c) and (d) show enlarged stereo images of the region C.

the initial RPCs were corrected to affine correction (DEM
1); the 3D positioning accuracy calculated using 12 CPs was
within 3 pixels in the horizontal and vertical directions.
Third, when relative adjustment was applied (DEM 3), the
percentage of matched points with a correlation of 0.8 or
more was improved by at least 17% compared to the case
where only initial RPCs were used (DEM 2). Although
the absolute horizontal position error of DEM 3 could
not be eliminated, the relative elevation error at the same
position was significantly reduced. Therefore, if the relative
differences in position among DEMs produced at different
times can be corrected, they will be able to facilitate the
detection of changes in altitude. Finally, when applying the
automatic bias-compensated method without GCPs (DEM
4), the percentage of matched points with a correlation of

0.8 or more was 70.1%. When GCPs were used (DEM 1), the
value was 70.2%, which was almost the same as the result
of DEM 4. The mean difference between DEMs 1 and 4
was -1.8 ± 3.4 m (median, -1.0 m). The results show that
DEMs of acceptable quality can be generated without GCPs.
Also, although discrepancies among DEMs were noted in
forest and shadowed areas, it is possible to generate a 5∼
10 m resolution DEM with application of additional image
processing techniques, such as shadow removal.
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