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Abstract

RFM is the sensor model of IKONOS imagery for end-users. IKONOS imagery vendors provide RPC
(Rational Polynomial Coefficients), Ration Function Model coefficients for IKONOS, for end-users with
imagery. So it is possible that end-users obtain geospatial information in their IKONOS imagery without
additional any effort. But there are requirements still for rigorous 3D positions on RPC user. Provided
RPC can not satisfy user and company to generate precision 3D terrain model. In IKONOS imagery,
physical sensor modeling is difficult because IKONOS vendors do not provide satellite ephemeris data
and abstract sensor modeling requires many GCP well distributed in the whole image as well as other
satellite imagery. Therefore RPC modification is better choice. If a few GCP are available, RPC can be
modified by method which is introduced in this paper. Study on evaluation modified RPC in IKONOS
reports reasonable resuit. Pseudo GCP generated with vendor’s RPC and additional GCP make it possible
through sequential solution.

1. Introduction recommended as image transfer standards by

Physical and abstract, mathematics sensor models
are used for pushbroom satellite imagery. For
IKONOS, which don’t produce ephemeris data
(or ancillary data) for end-user, abstract and
mathematics sensor models, such as DLT and
RFM,
information. Among of them, RFM is generic

are used to extract 3D geospatial

sensor model used for IKONOS imagery and

OGC (Open GIS Consortium). IKONOS vendors
provide RPC which is ‘Rational Polynomial
Coefficient’ for IKONOS imagery. It is easy way
to extract geospatial information by RFM/RPC in
IKONOS if end-users don’t want more accurate
position data. There is need to modify RPC to
generate DEM or vector information using

IKONOS. But it is difficult for end-users to



generate model parameters themselves, because
RFM has too many coefficients, so it is necessary
to acquire a lot of ground control to solve the
sensor model function. For these reasons, it is
attractive theme and hot issue updating RPC with
a few additional GCPs.

2. RFM sensor model
RFM is one of the image transfer standards for
earth image as well as polynomial model, grid
interpolation model, universal real-time image
geometry model which are recommended by
OGC. It is possible to get imagery transfer
solution by RFM without satellite ephemeris data
and orientation information of sensor if sufficient
GCPs are available. RFM is defined ratios of
polynomials and image coordinates and 3D object
coordinates are normalized by each offset and
scale factor to fit the range form -1.0 ~ +1.0 over
an image or image section in order to minimize
the introductions of errors during the computation
(NIMA, 2000).
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Equation (1), (2) is generic form of RFM and
offset, scale. Where x and y are the normalized

image coordinates and X, Y, Z are the normalized

object coordinates.
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Polynomials ( £}, f5, f3, f; ) are expressed detailed
in equation (3). For the third order case, the

numerators and denominators are 20-term

polynomials. Maximum powers of object

coordinates are typicalily limited to 3.

3. IKONOS RPC data

LINE_OFF: +013847.88 pixess

SAMP_OFF: «006907 .08 pheeis

LAT_GEF: 23620000000 degrees

ILONG_OFF: +127.30058000 degrees

SEIGHT_OFF: +4219,000 mmu
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HONG_SCALE: B00.07230008 degrets

HEIGHT SCALE: $0156.000 meters
LINE_WUM_COEFF_1:-3,066127095092571E-03

LINE NUM_COEFF_2: +4.4005000624075126-02

WINE NUM_COEFF_3: 1048235543422 795K +00
LINE_NUM_COEFF_&: »1.558219477941290E-03

LINE NUM_COEFF §: 5. 1384021141 36668E-02

LINE_NUM_COEFF_G: -3.851805381551588E-84
LINE_NUM_COEFF_T: +7, 344642007 40R235E-8)

ILINE_NUM_COEFF_1: -2.077127880950196E83

Fig. 1. IKONOS RPC File

It is not provided to end-users orientation or orbit
information of IKONOS. It is available only RPC
(rational polynomial coefficients). Table 1, Fig. 1
shows the contents of IKONOS RPC file.



RFM used in IKONOS imagery consist of third
order polynomials and RPC has 80 terms of
polynomials and 10 terms of offset/scale factor.
Practically 59 terms are available because each
denominators of RFM are equal in both of
imagery sample (exactly f, = f,) and line term
and denominator has constant term (=1.0).
Therefore 30 GCPs are essential for RFM
modeling at least without the physical sensor

model.

Table 1. Contents of IKONOS RPC

Name Description
LINE_OFF image row coordinate offset value
SAMP_OFF image column coordinate offset value
LAT_OFF ground latitude offset value
LONG_OFF ground longitude offset value
HEIGHT_OFF ground height offset value
LINE_SCALE image row coordinate offset scale
SAMP_SCALE image column coordinate offset scale
LAT_SCALE ground latitude offset scale
LONG_SCALE ground longitude offset scale
HEIGHT_SCALE ground height offset scale

LINE_NUM_COEFF  numerator of row term

LINE_DEN_COEFF denominator of row term
SAMP_NUM_COEFF  numerator of column term

SAMP_DEN_COEFF  denominator of column term

4. Modification of RPC
In many cases, additional a few GCPs are
available, and end-users want to improve
IKONOS RPC for better solution. If GCPs less
than 10 are available, it is impossible to generate
59 RFM parameters again with GCPs without
physical sensor model. In this paper four methods

are tested and proposed for update IKONOS RPC

with additional a small number of GCPs.

4.1. Method 1 : Using Psendo GCPs in
Normalized Cubic

First method uses pseudo GCPs in normalized
cubic and additional GCPs by GPS observation.
Because of number of additional GCPs is not
enough to solve the RFM parameters, pseudo
GCPs are be generated in normalized cubic to
solve RFM sensor model. Fig. (2). Shows the
pseudo GCPs are generated normalized cubic.
Normalized cubic is the space that each axis range

is limited from -1.0 to +1.0.
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Fig. 2. Pseudo GCPs in Normalized Cubic.

Equation (4), (5) expresses the matrix solution for
linearized RFM. Initial values are RPC given by
IKONOS vendor. Watchfulness is the weight
determination. Pseudo GCPs’ weight is to be
different from additional GCPs. Additional GCPs
are assigned enough larger weight than pseudo

GCPs to modify original RPC.
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4.2. Method 2 Adding Parameters
Observation Equations
In this method RFM parameters (RPC)
observation are used instead of pseudo GCPs.
Number of additional GCPs observation equations
is not enough to solve the RFM. Therefore 59
additional equations are used for re-calculating
modified parameters. Observation values of
parameters are determined by RPC IKONOS
vendor provides. Equation (6) expresses the

matrix form of parameters and GCPs observation

equations.
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4.3. Method 3 : Sequential Least Square
Solution
This method is

sequential solution using

additional GCPs observation. Sequential least

square is expressed in equation (7). “ N, 1,/\7 " are

existing solution term and “ A4,,N,,L, ” are

additional solution term. Sequential LS provides

advantage that quality of each additional point is

checked instantly.
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4.4. Method 4 Integrating Affine

Transformation
This method proposes extended RFM solution.
Addition GCPs are

used for calculating

parameters of 2D transformation equations.

Equation (8) shows integration of affine
transformation and RFM. There is disadvantage
that this solution can not be called pure RFM

solution and is not cooperable with existing

solution.
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5. Conclusion
Maximum 5 additional GCPs are used for testing
proposed methods and 42 check points are used
for checking the accuracy of modified RPC
solution. Each method is tested with 1 to 5
additional GCPs. Result, Table (2) ~ (5), shows
possibility of modification of RPC when
additional a few GCPs are available. The accuracy
of IKONOS RPC can be improved 50% or more

using these methods.



Table 2. Image Coordinates Residuals at Check
Points (Unit: Pixel)

(A) Method 1: Using Pseudo GCPs in Normalized
Cubic

RMSE RMSE
num
(po_pan_000) (po_pan_001)

GCPs
Column Row Column Row
0 3.89 5.36 3.09 16.42
1 2.37 2.34 243 5.12
2 2.38 2.35 1.99 5.07
3 2.00 2.09 2.01 4.74
4 1.68 221 1.94 3.82
5 1.55 2.29 1.85 371

(B) Method 2: Adding Parameters Observation

Equations
RMSE RMSE
num
(po_pan_000) (po_pan_001)

GCPs
Column Row Column Row
0 3.89 536 3.09 16.42
1 3.89 3.62 2.88 8.74
2 2.63 3.30 2.47 771
3 2.1 3.26 2.10 7.21
4 1.94 3.13 2.02 5.65
5 1.65 2.62 1.99 4.16

(C) Method 3: Sequential Least Square Solution

RMSE RMSE
num
(po_pan_000) (po_pan_001)

GCPs
Column Row Column Row
0 3.89 5.36 3.09 16.42
1 2.39 234 243 5.12
2 2.33 2.42 2.05 5.11
3 1.92 2.15 1.88 4.51
4 1.59 2.36 1.85 373
5 1.54 2.30 1.79 3.66

Method 4: Integrating 2D Affine Transformation

to RFM
RMSE RMSE
num
(po_pan_000) (po_pan_001)
GCPs
Column Row Column Row
0 3.89 5.36 3.09 16.42
1 N/A N/A N/A N/A
2 N/A N/A N/A N/A
3 1.74 2.08 1.98 325
4 1.73 2.70 1.72 2.34
5 1.58 1.74 1.72 2.33
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Fig. 3. Tested IKONOS Image 1 and 2 (Nov. 2001, Daejeon)



