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Abstract

The Near-equatorial orbit (NEqO) satellite represents a new generation of
optical satellite images characterized by nonlinear distortion when captured.
Conventional modeling techniques are insufficient to overcome the geome-
tric distortion in these satellite images. This study proposes a new methodol-
ogy for overcoming the geometric distortion of the NEqO images. The data
used are obtained from RazakSAT and SPOT-5 satellite images in Malaysia.
The method starts with applying the RI-SIFT algorithm to extract control
points (CPs) automatically. These CPs are used to solve for the transforma-
tion parameters of the geometric correction model by applying spline trans-
formations. The result is verified through statistical comparison: 1) geometric
correction on the RazakSAT image is performed with Spot satellite image
with using first-order polynomial trans-formation. 2) Then calculate the root
mean square error (RMSE). 3) Compare the calculated RMSE with that ob-
tained from the first step with that of the proposed method. The RMSE value
of the geometric corrections using the proposed method was 7.08 x 10~ m.
The proposed method provides promising results.
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1. Introduction

The geometric processing of remote-sensing images is a key issue in mul-
tiple-source data integration, management, and analysis in many geometric ap-
plications [1]. The NEqO satellite images significantly differ in viewing points,
solar zenith and azimuth angles, satellite zenith and azimuth angles, capture
times, illumination, altitude, and satellite attitudes during imaging [1] [2] [3].
These differences cause the captured images to exhibit highly nonlinear distor-
tion and result in the absence of geometric matching between similar features
from two NEqQO images even if the images are obtained from the same strip. As a
result, the images become unusable and cannot be processed by using conven-
tional geometric correction algorithms; the congenital geometric model cannot
overcome the highly non-linear distortion of this kind of images such as the first
polynomial transformation [1]. The algorithms for geometric correction can be
broadly classified into three: systematic correction, non-systematic correction,
and a combination of the two [4]-[9]. The RazakSAT revisits the same area in
Malaysia and other countries along the equator 14 times per day. The aim of this
study is to apply a new model not applied before to overcome with the nonlinear
distortion of NEqO satellite images of Razaksat satellite by applying this new

technique.

2. Materials and Methods
Description of the Study Area

The study area is located south of Pahang State, Malaysia. It includes several dis-
tricts and lies between 102°18'10.52"E - 103°27'49.36"E and 02°38'11.12"N -
02°52'23.34"N. The study area was the result of the overlapping areas of the Ra-
zakSAT image and SPOT-5 image, as shown in Figure 1 shows the corner coor-
dinates of the RazakSAT and SPOT-5 images. RazakSAT is a new generation
optical NEqO satellite launched to an altitude of 685 km in space. The coverage
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Figure 1. Flowchart of the geometric correction model.
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area size of a RazakSAT image is 20 km x 100 km. RazakSAT has four multis-
pectral bands, namely, red (R), green (G), blue (B), and near infrared (NIR), and
one panchromatic band [10]. The spatial resolutions of the multispectral and
panchromatic bands are 5 m and 2.5 m, respectively [10]. The radiometric reso-
lution of a RazakSAT satellite image is 8 bit. The corner coordinates were ob-
tained from the header file of the RazakSAT image. The image was acquired on
August 1, 2009. In this study, the RazakSAT image was considered as the sensed
image on which the geometric correction model was implemented. The second
satellite image used in this study was the SPOT-5 satellite image, which was con-
sidered as the reference image.

Figure 2 describes the methodology of this study.

A geometric correction model for NEqO satellite imagery was implemented in
the present study by applying a new approach called refine-and-improve scale-
invariant feature transform (RI-SIFT) as reported in [10] [11] [12]. The pro-
posed geometric correction model for NEqO imagery was implemented through
the following four steps:

1) Ground control points (GCPs) were collected from the study area through
fieldwork. GCPS were used for the reference image registration.

2) The RI-SIFT method was applied to automatically extract the most accurate
CPs from the reference and sensed images. The RI-SIFT method is described in
the following paragraphs [13].
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Figure 2. Study area location.
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3) The RI-SIFT method was used to extract, refine, and improve CPs auto-
matically generated from remotely sensed images. RI-SIFT started with data re-
duction, in which the sensed and reference images were converted into gray-scale
images.

4) After the extracted SIFT CPs were automatically refined, these CPs were
used in the spatial interpolation to calculate the transformation coefficients. Spline
transformation was performed to conduct the spatial interpolation between the
SPOT-5 and RazakSAT images.

5) The geometric correction of NEqO images was verified through the fol-
lowing steps: first, the RazakSAT image was registered directly to the SPOT-5
image using first-order polynomial transformation. Second, the root-mean-square
error (RMSE) of the first step was compared with the RMSE of the proposed
method to determine the accuracy of the proposed method with regard to geo-
metric correction by first-order polynomial transformation.

6) The Matlab, Arc Map version 10.3 were used for conducting this research.

The acquisition dates for the SPOT-5 images were 12/05/2012, 27/05/2012,
09/03/2013, 10/06/2013, 10/06/2013, and 28/07/2013. Fieldwork was performed
on September 5-9, 2014. Digital global positioning System used for collecting 21
different locations to collect 49 GCPs. Table 1 shows the used instrument for

fieldwork and Figure 3 presents several fieldwork photographs.

Figure 3. Fieldwork in Malaysia.

Table 1. Fieldwork equipment.

Items Instrument Type
1 Digital global positioning system (DGPS) hemisphere MD A30
2 Handheld Garmin GPS etrex 30
3 Digital camera Nikon D5000
4 Pole total Elev. = 2.44 m
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At this stage, the SPOT-5 image was registered using the collected GCPs from
field-work. Thereafter, the overlapping area between the SPOT-5 and RazakSAT
images was identified. The geometric correction for the RazakSAT images was
performed on this particular area. The total RMSE of the registered SPOT-5 im-
age was 5.75 x 107 m.

3. Results and Discussion

A sharpen high-pass filter was selected to filter the SPOT-5 and RazakSAT im-
ages to extract the CPs more easily and more effectively [13] [14]. The next step
is applying RI-SIFT to automatically generate the CPs from the reference and
sensed images (SPOT-5 and RazakSAT images) under the MATLAB environ-
ment. The produced CPs should be invariant to rotation, skewness, scale, and il-
lumination [15] [16]. This step is considered as the most important, because it
allows for the identification of the most accurate CPs from the extracted CPs and
removal of false CPs and incorrect matches generated from running the SIFT

algorithm. Table 2 shows the most accurate extracted CPs of applied RI-SIFT.

Spline Function for Geometric Transformation

All 14 CP pairs extracted by RI-SIFT were used in the geometric correction of
the RazakSAT image by employing the spline transformation function. Applying
spline transformation yielded precise and accurate results [17] [18]. After per-
forming spatial transformation by spline transformation, the RMSE was 1.42 x
107" pixels, which was equivalent to 7.08 x 10~ m. Figure 4 shows the final reg-
istered RazakSAT image using the RI-SIFT CPs and the spline approach.

The validation of this study starts with the registration of the RazakSAT image
directly to the SPOT-5 image using first-order polynomial transformation, then
compared with the RMSE of the proposed method. It was a high distortion in the
RazakSAT image after applying first-order polynomial transformation. Table 3
presents the RMSE results of both methods. This result shows the weakness of
directly applying first-order polynomial transformation in performing geometric
distortions in NEqO images and the high accuracy result of the proposed me-
thod.

Table 2. The most accurate CPs by RI-SIFT.

Pts. Y1 X1 Y2 X2 Pts. Y1 X1 Y2 X2
1 2725.0 5570.7 27312 6002.7 8 3256.5 4968.4 3345.1 5420.7
2 2810.2 5487.1 2833.2 59182 9 3001.3 5492.6 30144 5934.6
3 0514.7 3344.0 0960.5 3678.6 10 26854 6544.4 2543.8 6974.1
4 2826.5 54199 2860.8 5847.1 11 26854 6544.4 2543.8 6974.1
5 3072.1 5675.4 30549 61265 12 2648.1 6311.7 25422 67424
6 2829.3 5306.6 2877.9 57425 13 329.8 4370.6 619.6 4698.1

7 3256.5 4968.4 3345.1 5420.7 14 2872.2 51754 2941.3 5607.4
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Figure 4. Registered RazakSAT image using RI-SIFT CPs and the spline approach.

Table 3. Comparison of the first-order polynomial versus spline and RI-SIFT.

Registration algorithm RMSE (Pixel) RMSE (meter)
Spline and RI-SIFT 1.42 x 10710 7.08 x 10~°
1*t order polynomial 20.80 104

Using conventional techniques to overcome nonlinear geometric distortion of
NEqO images such as polynomial transformation will not able to correct NEqO
images geometrically [17] [19] [20]. However, regarding to the outcomes of the
prosed method, using the proposed method of extracted CPs from NEqO images
automatically by RI-SIFT and spline transformation is able to perform geometric
correction of NEqQO images with precise result. Moreover, the processing time
and storage size will reduce dramatically. The geometric processing of remote
sensing images is a key issue in multi-source data integration, management, and

analysis in many geometric applications.

4. Conclusion

Geometric correction is a major challenge in different kinds of remote sensing
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applications, especially for NEqO satellite images, simply because, these images
suffer from nonlinear distortion. The RazakSAT is a NEqQO satellite images suf-
fering from this kind of distortion because of their differences in illuminations,
solar zenith and azimuth angles, altitudes, satellite zenith and azimuth angles,
viewing points, and platform attitudes (roll, pitch, and yaw) during image cap-
ture. So, there is not any approach that can overcome with this nonlinear distor-
tion and these images become useful to adopt for any application. So, the pro-
posed method adopts a new method dealing with feature extraction to extract
the corrected CPs in order to use in the solve function transformation. The pro-
posed approach provides a result that reaches the subpixel accuracy level of 1.42
x 107'°, The results of the comparative evaluation reflect how reliable and flexi-
ble the proposed approach is in overcoming the nonlinear distortion in a NEqO
image. The authors of this study believe that the proposed geometric correction
model can be applied to mosaicking and can be used to correct multi-sensor

images.
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