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ABSTRACT:

This paper reports on the development of an algorithm that can renovate the RPC(Rational Polynomial Coefficients) models using
GCPs (Ground Control Points) and Pseudo_GCPs (Pseudo_Ground Control Points) in order to improve the positional accuracy of the
3D ground coordinates extracted from IKONOS2 satellite images. When 3D ground coordinates are extracted from IKONOS2
satellite images, their positional accuracy depends on the RPC models. Therefore, in the case where RPC models are renovated by
GCPs, the positional accuracy of the extracted ground coordinates can be improved. However, in actual cases, the GCPs are neither
distributed evenly on the area of the satellite images nor can be obtained sufficiently. To solve these problems, Pseudo_GCPs, which
were calculated from the original RPC models, were used. The RPC models were then renovated using both the GCPs and the
Pseudo_GCPs together, and the 3D ground coordinates were extracted using the renovated RPC models. Finaly, the vaidity of the
a gorithm was demonstrated on the basis of an accuracy evaluation using the check points obtained from the GPS(Global Positioning
System) survey and triangulation. In addition, it was demonstrated that the vertical accuracy of the ground coordinates could be

improved by using this algorithm.
1. INTRODUCTION

The periodic supply ¢ images over an extensive area has
caused the an information revolution. Indeed, satellite images
have been used in various industrial and environmental fields.
Nevertheless, the use of high-resolution satellite images was
limited to military and espionage activities. However, with
technological developments industry and its own operation of
satellites, the acquisition of high-resolution (approximately 1m)
satellite images has become possible for general public use.
Worldwide nations and users will be able to make huge profits
through the supply of high-resolution satellite images, which
will leads to a new information revolution.

As a means to increase the applicable fields of high-resolution
satellite images, this paper focuses on the development of an
agorithm that can improves positional accuracy of the 3D
ground coordinates extracted from the IKONOS2 satellite
images.

For this purpose, a basic algorithm was developed for
extracting 3D ground coordinates using the IKONOS 2 satellite
images and the RPC (Rational Polynomial Coefficients) models
of the images. In addition, an algorithm that can renovate the
RPC models with GCPs and pseudo_GCPs was developed.

Finally, this study demonstrated the validity of this algorithm
on the basis of an accuracy evauation using check points
obtained from a GPS(Global Positioning System) survey and
triangulation. Furthermore, it was found that the vertical

accuracy of the ground coordinates could be improved by using
this algorithm.

2. THEORY

2.1 Extraction of 3D ground coordinates

To extract the 3D ground coordinates from the IKONOS-2
satellite images, an RPC model needs to be analyzed. The RPC

model, which represents a relationship between the images and
the ground, is extracted from the physicd model of the
IKONOS2 satellite. In addition, the physica model is
determined by the position of the satellite and it' s camera
information.

RPC models are provided from a header file of the IKONOS-2
satellite images, which are described as a fractional expression.
The fraction is composed of a 3rd polynomial denominator and
a numerator about the row and column coordinates of each
image. The RPC models for the row and column coordinates of
the image can be described as follows.

[ = Numy(u,v, w)

_ c= Num (u,v,w) (1)
Deng(u,v,w)

Den. (u,v,w)

where I, C=thenormalized row and column coordinates

u,V, W =the normalized coordinates of f | h

(uv,w) arenormalized coordinates, which offset the values and

scale factors, and are applied to the coordinates, , of the
WGS84 coordinate system. The RPC model is determined
independently about each image. Therefore, every scale factor
and image offset are different. It is for this reason that the
coordinates of the RPC models should be converted to WGS84
coordinates, before the 3D ground coordinates are extracted
from the RPC models. The relationship can be described as
follows.

u=(f - O)/SF,
v=(l - O )/SF
w=(h- O,)/ SF,
r=(R- 0g)/ SF,
c=(C- O.)/SF.
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O = offset

SF = scale factor

I, C = normdized valueof R,C
R, C = Row and Column of images
U,V, W = normalized valueof f | ;h
f,l,h=

where

latitude, longitude and height on WGS84
system respectively

There are two equations for the row and column for one image,
and there can be 2n RPC equations for n images. Therefore,
there can have 2n simultaneous equations with 3 unknown

quantities, T,I ,h (latitude, longitude, height). By solving
these simultaneous equations, the 3D ground coordinates can
be extracted from the IKONOS2 satellite images as follows.
The subscript letter denotes the number of images. In addition,
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To solve above equations, the function needs to be made linear.
The linear equation can be obtained by partial derivatives of the

Taylor series asfollows.:
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The following equaion can be obtained by using the least

square adjustment theory.:

X =(ATA)TATL (6)

As aresult, the three dimensional coordinates, (f | ,H), can be
solved from the RPC model.

2.2 Renovating RPC model with GCPs and Pseudo_GCPs

A RPC model is determined with information from the orbit
and camera model of the IKONOS 2 satellite. In addition, the
accuracy of the 3D ground coordinates is limited if the images
and original RPC models are only used for the extraction.
Therefore, when more accurate 3D ground coordinates are
required, the RPC models can be renovated using the GCPs.

To renovate the RPC models, a linear equation is required, and
it has RPC coefficients as unknown quantities that are partialy
differentiated. The following egquations represent these

processes.
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After Taylor’ stheory is applied to the RPC models of n images,
an observation matrix is constituted as follows:. When a certain
GCP appears at each j images, the observation equation for the
3rd polynomia RPC modd can be formulated as follows.:
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where | =number of GCPs
j = number of overlapping images

dX = amount of adjustment
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3. EXPERIMENTS
3.1 Specification of image

The southern part of Seoul city was selected as a test area
because of the thick cloud that existed in other areas of the
original image. Table 1. shows the resources of the IKONOS 2
satellite image data. In addition, Figure 1 shows the left and
right image extracted from the original images for this research.

Order of Number of Number of GCPs
polynomial coefficients to be used

1% order 22 6

2" order 58 15

3% order 118 30

Left Image Right Image
Producer Space Imaginginc. | Space Imaginginc
Sensor IKONOS-2 IKONOS-2
Acquisition Date | 2000-07-02 02:02 | 2000-07-02 02:03
Seoul Leve 2 Seoul Leve 2
Project Name | Pan/MSI (4 bands) | Pan/MSI (4 bands)
stereo 11 bits TIFF | stereo 11 bits TIFF
Band used Panchromatic Panchromatic
Stereo Position Left Right
Resolution Im im
Datum WGS84 WGS84
Image Size 13252* 10264 13252* 10264

Table 1. Specification of Images

Figure 1. Left and Right image

3.2 Estimation of renovated RPC model.

The algorithm to renovate the RPC model is described above.
However, in practical cases, there is something that needs to be
considered in renovating RPC models with the previous
algorithm.

The RPC model of the IKONOS2 satellite image in this

research has 59 coefficients for one image. Therefore, there are
atotal of 118 coefficients for the stereo-pair image, which has a
left and right image. Table 2. shows the necessary number of

GCPs used to renovate the RPC models.

Table 2. Necessary umber of GCPs

The values for the coefficients of the RPC model range from
1.0° 10 to 1.0°10% for the # order, from 1.0" 10° to

1.0° 10°¢ for the 2 order, and from 1.0° 10% to 1.0 10
for 39 order polynomia RPC model. Therefore, when RPC

model coefficients with the offset and scale factor are utilized,

the accuracy of the 3D ground coordinates is nearly dependent
on the F order polynomial coefficients of the RPC model

rather than the 2™ or 3 order polynomial coefficients. Because
of these properties of the RPC model, only the T order

polynomial RPC model coefficients are used to renovate a RPC
model with the GCPs.

There are 4 observation equations for one GCP, because a RPC
model of two images has 2 equations for each the row and

column.

This means that in order to renovate the 1st order polynomial

RPC models, which have 22 coefficients, more than 6 GCPs are
needed. However, if only 6 GCPs are used, these GCPs cannot
explain the properties of the entire image. In addition, thereis a
weakness in that the accuracy of the renovated RPC models is
sensitive to the accuracy of the GCPs. However, in actual cases,
it is amost impossible to obtain GCPs that are evenly
distributed over an image to explain the properties of the entire
image.

In this research, pseudo_GCPs, which were calculated from the
origind RPC models, were used to supplement the insufficient
GCPs to renovate the RPC model. Moreover, the pseudo_GCPs
could solve not only the problem where the number of GCPsis
insufficient, but can also solve the problem where the GCPs are
not distributed over an entire image evenly.

Thirty pseudo_GCPs, which are evenly distributed on the

image, were selected. Figure 2. shows the distribution of the

pseudo_GCPs.
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Figure 2. Distribution of psuedo GCPs

In this study, in order to evaluate the validity of the algorithm,
12 check points obtained from the GPS survey and
triangulation were used. Table 3. shows the coordinates of the
check points.




Number P 4 .Fr.(m)
1 37°31©3.96723 1279510.772962 36.804
2 37310©5.02695? 1279510.638022 37.683
3 37310©5.161302 1279512.802882 35.975
4 3731©4.109092 12790512.925842 37.360
5 37316©3.260522 12790507.530282 34.381
6 3731©4.316662 12795®7.410022 34.841
7 373064.906772 1279513.160012 51.565
8 3798063.939812 1279518.823582 54.416
9 373060.093362 12790516.571822 49.977
10 3738061.959142 12790518.341252 50.010
11 373061.915172 12790519.344902 52.036
12 3730®6.029472 1279511.801632 56.123

Table 3. The coordinates of check points

The result showed that the more GCPs used for the algorithm
the more the RMSE and mean vaue of the errors in the
longitude, latitude and height were reduced.

However, a statistical verification of the renovating algorithm
is necessary to show the validity. The t-test was used to verify
the validity of the algorithm, and for this purpose, the error
distribution of the extracted 3D ground coordinates was
examined according to the number of GCPs. Result of the t-test
shows that agorithm is meaningless for a change in the
longitude and latitude error, but if more than 3 GCPs are used,
the vertical accuracy of the extracted points from this algorithm
isimproved with a confidence level > 95%.

Therefore, it can be concluded that the error in the height is
adjusted with a previous agorithm. Moreover, in the case of
using renovating RPC models with 4 GCPs, the RMSE and
mean error of the height are reduced to 0.66197m and
1.45489m.

Figure 3. and 4 show the variation in the RMSE and the mean

value of the height according to the number of GCPs to be used.
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Figure 3. Variation of RMSE
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Figure 4. Variation of mean error

4. CONCLUSIONS

The 3D ground coordinates extracted from stereo pairs of an

IKONOS:-2 satellite image and original RPC models each had a
RMSE in the longitude, latitude, and height of 0.17144sec,

0.13514sec, 2.97914m, respectively, and mean errors of
0.05029sec, 0.03554sec, 1.25971m, respectively.

This algorithm was used to renovate RPC models with GCPs

and pseudo_GCPs. When the satdlite image is rectified with

the GCPs, a sufficient number of evenly distributed GCPs are
necessary in order to represent the properties of an entire image.
However, it is impossible to obtain a sufficient number of

GCPs tothat can completely explain the properties of an entire
image. Therefore, both GCPs and pseudo_GCPs were used to
overcome these problems, and an algorithm was devel oped that
can renovate the RPC models of the IKONOS 2 satellite image.

The accuracy of the 3D ground coordinates extracted from the
renovated RPC models and stereo pair of the IKONOS2
satellite image was estimated. In the case where 4 GCPs were
used to renovate the RPC models, the RMSE and the mean

error in the height was reduced by 0.662m and 1.455m

compared to the case using the original models. As aresult, the
vertical accuracy of the 3D ground coordinates extracted
through this algorithm was improved.

The 3D ground coordinates were extracted from the renovated
RPC models using various numbers of GCPs with reasonable
accuracy. When 4 GCPs and 7 GCPs were used to renovate the
RPC models, the difference in the adjusted amount between

them was only 0.03368m and 0.05882m for the RMSE and

mean error, respectively. This means that more than a certain

number of GCPs does not further improve the accuracy of the
3D ground coordinates.
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