Potential of mapping from IKONOS imagery
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Technological developments in spatial resolution of remotely sensed data have opened new
important perspectives regarding space cartography. IKONOS satellite has provided the world
with high spatial resolution 1-m panchromatic images. Not only the high spatial resolution,
but also the high spectral, radiometric and temporal resolutions of IKONOS imagery make it
ideally suited for mapping applications. The Rational Polynomial Model (RPM) is traditionally
employed, instead of the physical model, to describe the object-image geometry of IKONOS.
The purpose of this study is to evaluate the point positioning accuracy of IKONOS imagery
and to compare the performance of third and second orders of RPM using different numbers
of Ground Control Points (GCPs). The potential of using IKONOS panchromatic images for
generating orthoimages of large scale has been also investigated. In this study, an IKONOS
panchromatic image covering the city of Fredericton, New Brunswick, Canada was used.
Processing steps were executed using PCI Geomatica version 9.1 OrthoEngine module. The
results indicated that using third-order RPM and well-distributed number of GCPs the
geometric accuracy of IKONOS images is less than 1.5 m, which is compatible for producing
and updating topographic maps of scale 1:5,000. )
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1. Introduction

Since its launch in September 1999,
IKONOS satellite has been consistently
providing high-resolution satellite images with
1-meter in panchromatic mode and 4-meter in
multispectral mode. The off-nadir viewing
capability is also an important characteristic
of IKONOS since it improves the revisit rate to
between two and three days and also enables
the acquisition of stereo images which are
essential for generating Digital Terrain Models
(DTMs). The availability of such high-resolu-
tion data from IKONOS whether panchromatic
or multispectral, single or stereo images have
opened a new era heralding a promising future
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for producing and updating medium and large
scale topographic databases. More details
about IKONOS orbital properties and sensor
characteristics can be found in [1], and [2].
The orbit and sensor information during
the scene acquisition time is not provided with
IKONOS images and thus potentially pre-
cludes the application of the rigorous physi-
cal-reality model in the geo-correction process.
Instead, a Rational Polynomial Model (RPM) is
used to describe the object-image geometry.
Several investigations have been already
carried out on the geometric correction of
IKONOS imagery, for example [3, 4, 5]. These
studies were based on third-order RPM to set
up the relationship between the three-

893



H.A. Afify / Potential of mapping

dimensional object-space and the two-dimen-
sional image-space. In [6] a 3D affine trans-
formation was applied to refine the ground
positions calculated from the RPM. This
combined model which consists of the vendor-
provided RPM coefficients and the 3D affine
transformation is referred to as the “RPM + 3D
Affine” model. In [7] it was stated that, the
biases inherent in RPM derived without the
aid of ground control could be compensated
during spatial intersection by two additional
parameters in image space that effect a trans-
lation of image coordinates.

This paper is devoted to investigate the
suitability of IKONOS data for mapping appli-
cations. Specifically. evaluating the point posi-

tioning accuracy of IKONOS imagery and com-
paring the performance of the third and
second orders of RPM using different numbers
of Ground Control Points (GCPs). The poten-
tial of using IKONOS data for generating orth-
oimages of large scale has been also
investigated.

In this study, Rational Polynomial Model
(RPM) was applied as an empirical model to
geometrically correct an IKONOS image
covering the city of Fredericton, New Bruns-
wick, Canada. Different stages of geometric
correction and orthoimage generation proc-
esses have been described. The analysis was
performed by the aid of PCI EASI/PACE
package version 9.1 from Geomatica, Ottawa,
Canada.

2. Mathematical model

To geometrically correct IKONOS data, it
is essential to apply a mathematical model
that relates pixel-coordinates in image space
to ground-coordinates in object space. The
orbital information and ephemeris data during
the scene acquisition time are not provided
with IKONOS images. Therefore it is not
possible to apply the physical reality model for
the geo-correction process. Instead, a Rational
Polynomial Model (RPM) is applied. This model
is a non-parametric model (empirical model).
It performs the transformation between image
space and object space through mathematical
functional relations, which do not require apr-
ioristic knowledge of the parameters describ-

ing the platform, the sensor, or the projection
system [8].

The RPM is constituted by four polyno-
mial functions; the ratio of two polynomial
functions is used to calculate row pixel (3
positions, and the ratio of the other two
functions is used to calculate column pixel ())
positions. The general formula of the Rational
Polynomial Model (RPM) is as follows:

. _BR(X,Y,Z)
P,(X)Y,Z)

. P3(X,Y,Z)
Py(X,Y,Z)’

(1)

where (i, j) are the (column, row) of each image
point and (X, Y, Z) are the longitude and
latitude (in degrees, WGS84) and ellipsoidal
height (in meters, WGS84) of the correspond-
ing ground point [6]. In order to improve the
numerical stability of equations and minimize
the computational errors, all the image and
ground coordinates are normalized to the
range [-1,1] by offsetting and scaling [9].

The maximum power of each ground
coordinate is typically limited to 3; and the
total power of all ground coordinates is also
limited to 3. In such a case, the third-order
polynomial function is of the form:

P(X,Y,Z)=ag+a X +asY +azZ +as X2 +ag XY +
aeXZ +a7Y? +agYZ +agZ? +ayoX° +

a11X2%Y +a10X>%Z + a1 3XY? +ag 4 XYZ +

a15XZ2% + a1 62 + a1 7Y% Z + a1 gYZ2 + a1 9Z°

(2)

Replacing eq. (2) in eq. (1) and eliminating

the first coefficient in the denominator polyno-

mial and putting the constant 1 instead, the
third-order RPM form becomes:

‘e (1XYZ..YZ*’Z® )(a,a,a,a;..0,50,0 )" K
(1XYZ..YZ*Z® )(1a,a,a,..a,5a,5)"

L (1XYZ...YZZZ3 J(cocicocs..cq 8c19)T
(1XYZ..YZ?Z3 )(1dydyds..dygdyo) T

(4)

As shown there are 39 unknown coeffi-
cients for each equation of the model, 20 in
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the numerator and 19 and the constant 1 in
the denominator. In order to solve for the
Rational Polynomial Coefficients (RPCs), at
least 39 ground control points are required.
RPCs are different in number, depending on
the degree of the polynomial function. For the
second-order RPM the number of the RPCs is
19: ten in the numerator and nine and the
constant one in the denominator as shown in
egs. (5) and (6). In such a case, 19 GCPs at
least are required to determine the RPCs
[10,11].

_ (1XYZYZ Zz)(aoa1a2a3..a8a9)T

. (5)
(1XYZ..YZ Z? )(1bybobs..bgbg )T

(lXYZ Yz z? )(cocicocy. 0809)
(1XYZ..YZ Z?)(1dydyds..dgdg)T

(6)

The RPCs can be provided by the agency
that distributes the images, or they can be
calculated indirectly, through a number of
GCPs equal to (2n-1) where n is the number of
terms in each polynomial function.

3. Case study
3.1. Data sources

The study area is located in Fredericton,
province of New Brunswick, Canada. It is
characterized by an extensive road network,
which makes it easy to locate enough number
of GCPs as road intersections. Saint John
River flows through the study area and urban
dwellings, with different population densities,
found on its sides. The altimetric variation of
the study area is about 300 meters.

A subscene covering the study area was
cut out from a panchromatic IKONOS image
acquired on October 01, 2001. Table 1 sum-
marizes the technical characteristics of the
used IKONOS scene. A full resolution part of
the subscene is shown in fig. 1. The subscene
size is 13000 pixel by 11000 pixel and the
ground resolution is 1.0 meter. The circular
error (CE90) of this IKONOS product type is
about 12.0 m.

Table 1

Characteristics of IKONOS image

Item IKONOS scene
Date of acquisition 01-10-2001
Sensor azimuth 353.3126%
Sensor elevation 60.92489%

Sun angle azimuth 166.9543%

Sun angle elevation 40.07225%
Radiometric resolution 11 bit

Geometric resolution 1.0 meter

Map projection UTM- zone (19)
Datum WGS 84
Resampling method Cubic convolution
Dimensions 13884 *19852 pixel

Fig. 1. A full resolution part of the study area.

The ground coordinates of control and
check points were derived from Digital
Topographic Data Bases (DTDB) provided by
Service New Brunswick (SNB). These data-
bases contain vector maps and Digital Terrain
Models (DTMs) for New Brunswick. They are
produced in 1996 based on New Brunswick
double stereographic projection and ATS77
reference ellipsoid. SNB has stated that the
planimetric and altimetric accuracy of the
DTDB is 2.5 m expressed as root mean square
error of point coordinates. ArcView GIS
software version 3.0 was used to transform
the original reference databases to Universal
Transverse Mercator (UTM) and WGS84 refer-
ence ellipsoid. Coordinates of the ground
points were then extracted from the trans-
formed DTDB files.
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3.2. Results and analysis

In this study the third-order and second-
order rational polynomial models were used to
geometrically correct the IKONOS image. The
third-order RPM requires 39 GCPs to solve for
the RPCs while the minimum number of GCPs
required for the second-order RPM is 19
points. The three dimensional coordinates of
60 GCPs were collected from the transformed
DTDB (vector maps and DTMs). The GCPs
were selected so that they are well distributed
and spaced uniformly throughout the study
area. The projection system of the coordinates
is Universal Transverse Mercator (UTM) and
the reference ellipsoid is WGS84.

For both orders of RPM different numbers
of GCPs were used starting at 60 points, and
then the number was reduced 5 GCPs each
time till the minimum required number for
each order is reached.

To assess the accuracy of point position-
ing, the coordinates of an independent set of
15 check points were also collected from the
transformed DTDB. The residuals between the
computed and the collected coordinates of
check points were determined. The accuracy is
expressed as the root mean square error of the
residuals in x, and y directions. Table 2 shows
the RMS error and the maximum residuals of

Table 2

the calculations for the two RPM orders using
different numbers of GCPs.

The National Map Accuracy Standards
(NMAS) has stated the planimetric accuracy
requirements for a certain map scale as
follows:

RMS (P) = 0.3 mm * scale factor.

This means that a root mean square error
of planimetric coordinates equals to 1.5 meter
must be realized for the production of maps
scale 1:5000. In table 2 column 4 the obtained
RMS(P) using the third-order RPM is generally
less than 1.5 m. In column 9 where the
second-order RPM and 25 GCPs (or more)
were used the RMS(P) is also less than 1.5 m.
Regarding these results, the suitability of
IKONOS data for generating and updating
maps of scale 1:5000 was realized.

From table 2 it can be easily noticed that
the results obtained using third-order RPM
are more accurate and stable with increased
number of GCPs than those obtained using
second-order RPM. This is due to that the
third-order terms inherent in the third-order
RPM can model and represent some
distortions with high order components such
as camera vibration, which could not be
adequately represented by the second-order
RPM.

RMS error and maximum residuals of check points in meters

Third-order RPM

Second-order RPM

No. of
GCPs RMS of check points Max. residuals RMS of check points Max. residuals
X (Y (A (X () X (v (A (X (Y

60 0.58 0.79 0.98 1.33 1.51 0.96 0.92 1.33 2.63 1.65
55 0.58 0.78 0.97 1.36 1.53 0.94 0.88 1.29 2.61 1.61
50 0.62 0.86 1.06 1.60 1.94 0.90 0.86 1.24 2.37 1.54
45 0.73 0.75 1.05 1.24 1.53 0.86 0.80 1.17 2.06 1.41
40 0.71 0.78 1.05 1.24 1.67 0.76 0.87 1.16 1.60 1.87
39 0.75 0.79 1.09 1.23 1.55 0.76 0.89 1.17 1.56 1.83
35 0.85 0.93 1.26 1.49 1.86
30 0.87 0.91 1.26 1.52 1.78
25 0.98 1.01 1.41 1.57 1.85
20 1.21 1.10 1.64 1.92 2.08
19 1.30 1.44 1.94 2.32 3.28
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The graphical presentation of the results
in fig. 2 indicated that, in case of using the
second-order RPM, the planimetric accuracy
passes through three stages with increasing
the number of GCPs. In the first stage
increasing the number of GCPs from 19 points
to 30 points resulted in a significant improve-
ments in the obtained accuracy. The second
stage from 30 to 40 GCPs, the improvements
are marginal and the geo-positioning accuracy
is considerably stable. In the third stage in-
creasing the number of GCPs from 40 to 60
points resulted in a slight deterioration in the
obtained accuracy. This can be attributed to
artificial errors introduced to the ground coor-
dinates due to using too many GCPs.

3.3. Efficiency of orthoimage production

As a final stage of this study, an orthoimage of
the study area was generated using the third-
order RPM (created with 39 GCPs) and the
transformed DTM. Overlaying the vector map
(DTDB) on the created orthoimage has indi-
cated an excellent consistence. For numerical
assessment of the planimetric accuracy of the
created orthoimage, a comparison between the
coordinates of 20 points extracted from the
orthoimage, and the coordinates of the same
points extracted from the reference DTDB was
performed. The RMS errors of the residuals
were found to be 0.96 m, and 1.08 m in x, and
y directions respectively, which means that,
the planimetric accuracy of the orthoimage
created from IKONOS panchromatic data
expressed by a RMS error of the residuals is
1.45 m.

2
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Fig. 2. RMS (P) using different numbers of GCPs.

4. Conclusions

Implementation of Rational Polynomial
Model (RPM) for IKONOS images has demon-
strated a very high potential for mapping
applications. Comparing with the National
Map Accuracy Standards (NMAS), which spec-
ify a planimetric RMS error of 1.5 meter for
maps of scale 1:5000, the production and
revision for these maps is feasible using
IKONOS panchromatic images.

Regarding the order of the polynomial it
was found that, the third-order model has
provided more accurate and stable results
than the second-order model. This is due to
the more suitability of the third-order terms
involved in the third-order RPM to accurately
model different types of distortions.

The most appropriate number of GCPs to
be used with second-order RPM should lie
between 30 and 40 points. The geometric
accuracy proved to be stable within this range.
Moreover, using more than 40 GCPs may in-
troduce artificial errors to ground coordinates
which consequently reduce the point-
positioning accuracy.
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