Evaluation of Geometric Modeling for
KOMPSAT-1 EOC Imagery Using
Ephemeris Data
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Using sereo images with ephemeris data from the
Korea Multi-Purpose Satdlite-l dectro-optical camera
(KOMPSAT-1 EOC), we performed geometric modding
for three-dimensional (3-D) postioning and evaluated its
accuracy. In the geometric modeing procedures, we used
ephemeris data included in the image header file to
calculate the orbital parameters, sensor attitudes, and
satelite postion. An inconsstency between the time
information of the ephemerisdata and that of the center of
the image frame was found, which caused a sgnificant
offset in satelite postion. This time inconsstency was
successfully adjused. We modded the actual satdlite
positions of the left and right images usng only two
ground control points and then achieved 3-D postioning
using the KOMPSAT-1 EOC gereo images. The results
show that the postioning accuracy was about 12-17 m
root mean square error (RMSE) when 6.6 m resolution
EOC gereo images were used along with the ephemeris
data and only two ground control points (GCPs). If more
accurate ephemeris data are provided in the near future,
then a more accurate 3-D postioning will also be realized
usng only the EOC gereo images with ephemeris data
and without the need for any GCPs.
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|. Introduction

The usefulness of a spacecraft program in providing imagery
with a wide synoptic view of Earth has accderated the
devdopment of Earth observation programs. Geometric
moddling is an important step in maximizing the usefulness of
satdlite imagery. Geometric modding of satdlite imagery was
garted more than four decades ago. Since the launching of the
SPOT sadlite in 1986, many subsequent studies have
atempted to implement more accurae postioning through
geometric moddling. Mogt of the research has concentrated on
satdlites with pushbroom scanners such as Systeme Pour
I’Obsarvation de la Terre (SPOT), Indian Remote System-
1C/1D (IRS-1C/1D), Modular Optodectronic Multispectra
Scanner (MOMS-02), and IKONOS[1]{3].

Many ressarches point out that an obvious economic
advantage of space imagery mapping over aerid imagery
mapping is needed. Such an advantage should include the
reduction of the dendty of geodetic control points. For accurate
3-D podtioning usng satelite images, ground control points
(GCPs) play an important role. Accessihility is essentid in
acquiring GCP data, and this entails time and cost. Even when
sadlite images are avalable, some problems ae often
encountered relaive to the time and cog of GCP daa
acquisition. For these reasons, 3-D positioning studies using
ephemeris data contained in the satdlite imagery can provide
considerable benefit in terms of time and cost by reducing or
even dimingaing the need for GCPs, assuming the ephemeris
informetion is absolutely rdiable [4], [5]. However, even with
these benefits, ephemeris data have a lower leve of precison
for accurate geometric modding.
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New and future sadlite systems, like IKONOS and
Quickbird, will have improved feetures, particularly a higher
geometric resolution with a more dynamic radiometric range.
In addition, the on-board Globa Postioning System, inatid
measurement unit, and star trackers will provide high-precison
orbital pogtioning and attitude data The high-precison
ephemeris data permit the number of GCPs to be reduced.
Furthermore, they enable georeferencing of the imagery
without usng GCPs These devdopments present new
possibilities for topographic mapping and 3-D postioning in
inaccessble aress.

Korea Multi-Purpose  Satdlitel (KOMPSAT-1) was
launched on 21 December 1999 by the Korea Aerogpace
Research Inditute to address the increesng need for high-
resolution satdlite imagery in Korea [6]. KOMPSAT-1 dectro-
optica camera (EOC) produces panchromatic images with a
ground sample distance of 6.6 m and aswath width of 17 km a
the nadir. KOMPSAT-1 EOC uses the pushbroom mode to
acquire scan lineimages. The launch of KOMPSAT-2 witha 1l
m resolution is planned for 2004 [7], [8]. Although the
KOMPSAT-1 sadlite does not have the very high resolution
found on such satelites as IKONOS, by utilizing ephemeris
daait provides the possibility for geometric modeling without
theuse of GCPs.

In this study, we accomplished 3-D positioning using
KOMPSAT-1 EOC imagery with ephemeris data and
evauaed its accuracy. To accomplish this task, the orbitd
parameters for each satdlite orbit, sensor attitudes, and satellite
position were computed using the ephemeris data contained in
the EOC imagery. Next, the actua satellite position was
achieved by adjugting the offset of each satdlite position. We
accomplished this adjustment using only two GCPs to correct
the time & the center of the image frame with respect to the
ascending node. We then performed three-dimensiona
positioning was using stereo images with a time-adjusted

Table 1. Characteristics of EOC.

Characteristics Description
Mission lifetime = 3years
Ground sample distance 6.6 m+t 10%
Fidd of view 1.42°
Swath 17 km at 685 km (nadir view)
Reliability > 094
Modulation transfer function > 10% at Nyquist frequency

Signal-to-noiseratio > 50 over entirefidd of view

Focd planearray 2592 pixds
Focal length 1045 mm
Digitization 8 hits
Maximum power consumption | 46 watt
Image data transmission rate < 25Mbps

satellite position. Finally, we carried out an evaluation of
the accuracy of the geometric modeling using EOC
images.

Il. Sensors of KOMPSAT-1

KOMPSAT-1 contains three imaging sensors: the éectro
optical camera, ocean scanning multispectra imager, and space
physcs sensor [6]. The EOC is designed for topographic
mapping. With its pushbroom and body-pointing method, it
provides imagery over awide swath-width of 17 km per orhit.
About 1/1024 second is required to scan one line. The ocean
scanning multispectral imager is used for worldwide ocean
observation, and it generates 6-band ocean color images with
an 800-km swath width and a 1-km ground sample distance
using whiskbroom scanning.

Table 2. Image header file data of EOC.

Parameters

Description

Generd parameters .
quality, etc.

Satdlite name, scene ID, processing level, no. of pixes per ling, no. of pixd lines per image, scene

Genera imaging data

Image orientation angle, angle of incidence, satellite atitude, etc.

Parameters for sensor modeling

Satelite position and velocity data, scene center time, sensor to body transformation data, body to flight
transformation data, flight to Earth-Centered, Earth-Fixed transformation data, sensor look vectors of end
detectors, detector gain, and bias data.

Orbita eements

Instantaneous field of view, field of view, viewing angle, radia speed, eccentricity, height of satellite,
inclination, angular speed, argument of perigee, earth satdlite distance, nomind pitch, satellite argument.
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The space physics sensor, composed of a high energy
paticde detector and the ionogphere measurement sensor, is
used for gpace environment monitoring. Teble 1 summearizes
the characteridtics of the EOC used for the acquisition of the
images for this study. The EOC imagery used in the study is
provided in Hierarchicd Data Format. The size of one sceneis
2592 pixelsand 2797 lines. The ephemeris datafor each image
ae composed of generd parameters, generd imaging data,
parametersfor sensor modeling, and orbital dements, as shown
inTable2.

[11. Mathematica Modding

Some characterigtics of KOMPSAT-1 compare with those of
SPOT-3. KOMPSAT-1 isarather amdl sadlite with amass of
500 kg operated in a sun synchronous orhit. It has a 98.46-
minute orhit period, a 28-day repeating ground track, a 10:50
am. ascending-orhit crossing time, and 2 98.13° inclination &
an dtitude of 685 km. On the contrary, SPOT-3 orbits a an
dtitude of 822 km (a the equator) with a 98.37° inclination
and moves from the North Pole to the equator. KOMPSAT-1
acquires images in an ascending orbit while SPOT-3 acquires
imagesin a descending orbit. Care needs to be taken when the
image coordinate system is defined since its imaging direction
isdifferent from its counterpart.

Among the ephemeris data provided with an EOC image,
some parameters used for orbit and sensor modeling include
thefollowing: latitude, longitude, and image coordinates of the
center point and four corners of a scene; the image-orientation
angle, angle of incidence; and sensor-look vectors of the end
detectors. Ephemeris data contain information concerning the
satdlite podtion and velocity at the given ephemeris points.
The position and velocity of the satdllite are transmitted to the
ground in an Earth-centered, Earth-fixed (ECEF) coordinate
sysem a Yxsecond intervals. Actudly, podtion data are
offered at 1-second intervals and the vel ocity data at %/2-second
intervas. Scene center time—the scanning time for the
center of an image—is presented by coordinated universal
time. KOMPSAT-1 imagery has 2797 lines for one scene, 0
the scene center time represents the credtion time of the
1398thline.

1. Orhitd Parameters

Among the ephemeris information contained in a sadlite
image file, ephemeris data provide the satdlite pogtion, the
velocity vector of the satdlite at its ephemeris points, and the
satdlite pogtion time at the ephemeris points from the 1950
epoch. KOMPSAT-1 gives the information for tweve
ephemeris points a 1-second intervals while SPOT-3 provides
them for eight points at 60-second intervals.
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Using ephemeris data, orbital parameters such as the
longitude of the ascending node (€2), the argument of perigee
from the ascending node (w), orbital inclination (z), the semi-
major axis of an orbit (a;), eccentricity of an orbit (e,;), and
time lapse of an orbit from ascending node to the centerline
of the image frame () can be calculated, as shown in Fig. 1
[9]-[11].

X' Earth rotation

Fig. 1. Orbit of the KOMPSAT-1 satellite.

The orbitd parameters were caculated using the following
deps For the ephemeris points, the measured satellite podition
vector R? and velocity vector 7; aegivena aningantin
time referenced from acertain epoch. If welet (X, Y, Zy)
and(Xy, Yy, Zs) bethecomponentsof R, and 7, then
the magnitude of the two vectors and the magnitude of their

dot product Dy, can be evduaed from the
following equations.

Ry =(X 477+ 2", &

Vs :(XSZ_FY’SZ_{_Z’SZ)UZ, (2)

Dy =X X, +Y Y, +ZZ,, 3

Dyy =GMe(e, COSE)/R,, @)

H =R, -a,(1-€?), ®

H =Dy IR, ©)

where GM, is the Eath’'s gravitationd congant (GM, =
398600.5 < 10° m¥s?), E is the eccentric anomaly, ¢, isthe first
eccentricity, and a, isthe semi-mgjor axis.
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The formulae for the trandformation of the unit vectors
(1,J,K) into the converted unit vectors (P,Q,W) are as
follows[4]:

Q = Cle + szj + C2312,

W = Csli + C32j + C33]€, (7)
p-—1 (Dpy R, —DpyV,) ©®
GMeeS RV *Ys RV" s/
- 1 - -
0- _(HR, - HT,), ©
€ GMeas (1_ € )
W =PxOQ. (10)

0, o, andiarecdculated using (11) to (13).

o—tan L2 | 7 0<Q<2r, (11)
o—tant -G |7 O<w<2r. (13

Because of the Earth's rotation, the direction of the X-axis
variesfor each of the ephemeris points. To usethe X-axisasthe
reference axis through the ascending node, the correction term
o, xt (Where o, istheveodity of Earth'srotation, and ¢ is
the time lgpse from the ascending node to the ephemeris
points)in Q should beaddedin (11).

Ephemeris points

e s

Figure 2 shows the computing procedures of the time lapse
from the ascending node to the center of the image frame.
The time for the center of an image and the ephemeris points
can be obtained from the ephemeris data located in the satellite
image file. The time length for the passage of the sadlite
through its perigee with respect to the 1950 epoch (¢,,) can
bewritten as

Z‘po :teo_Mn/a)s’

(14

where ¢,, isthetime lgpse of the ephemeris points from the
1950 epoch, M, is the mean anomdy, and o, is the
sadlite angular velocity, which can be cdculated from the
Eath's gravitaiond congant and the semi-mgor axis of the
orbit. The time lgpse of the ephemeris points from perigee
At,, iscaculated by taking the difference between ¢, and

P
te, - INFQ 2, ¢,, represents the time of perigee from the

ascending node and can be written as;
3 J1- J1-e sin
o = | x{2tan Y Y g @ | VS 2O
P GM, l+e, 2] 1l+e,cosw
(15

The time of the ephemeris points from the ascending node
t,, iscdculaed by thesum of Az, and #,,. One of the
orbitd parameters, ¢,, is caculated from the time of the
center of theimage and the ephemeris points obtained from the
image heeder file reative to the 1950 epoch.

Six orbitd parameters can be cdculated using the ephemeris
data To cdculate the ground position of any point on asatellite
image, the orbitd parametersfor that point must be determined.

Perigee
Ascending node

to

A A

A

A tpe=teo—1po

e 1950 epoch

A

lo = teo

A
A\ 4
A

A

A

b= tea + (o — teo) |

Fig. 2. Calculation of the time at the center of the image frame.
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By interpolating the orbitd parameters in the ephemeris points
using polynomia equations represented by the time lgpse of
the center of the image, the orbitd parameters of any point
located between the ephemeris points can be formulated.

KOMPSAT-1 imagery has 2797 lines and a scanning time
of 0.000976 sfor oneline and 2.730 sfor one scene. Sincethe
veocity of KOMPSAT-1 is 7.51 km/s, the rete of change of
the orbitd parametersin one sceneisvery smal. However, for
precise postioning, the orbital parameters for any point must
be deermined by teking these smdl changes into
congderation.

Rotation angles for the 3-D axis of the sensor are computed
using atitude data indde the ephemeris data in order to obtain
the EOC dtitude & the image acquistion time The KOMPSAT-1
body has a rotating cgpatility in the range of -45° to +45°
which is used to obtain ground images. In other words, SPOT
obtains its gereo images by rotating a geerable mirror in the
across-orbit direction, but KOMPSAT-1 gets them by rotating
the satdllite body itsdlf.

2. Geometric Modding for 3-D Pogtioning

Three-dimensiond postioning of KOMPSAT-1 imagery is
achieved by caculaing the orbitd parameters of the imagery
itsdf [4]. Errors involved in the ephemeris data are precisdy
modded usng GCPs, improving the accurecy of the 3-D
positioning. Figure 3 gives details of the adjustment procedure.

EOC imagery is acquired usng a CCD linear aray in
pushbroom mode, creating 2797 perspective centers in each
EOC image frame. Every scan line is taken from a different
podition and orientation, therefore the podtion of any pointina
scan line can be represented in a scan line coordinate system.
Using this sysem, 2-D image coordinates (row, col) are
conveted into a 3D san line coordingte sysem.
Consequently, acoordinate system for sensor modeling used in
3-D postioning can be obtained by converting the scan line
coordinate system into a sensor coordinate system through the
rotation of thetilted angle dong the satdllite track.

After computing the time difference between any given point
and the center of an image using the image coordinates (row,
cal) of the given point in the sensor coordinate system, the
orbita parameters and sensor dtitudes for the point are
computed using a polynomia equation obtained from the
orbital parameter acquisition procedures.

The rotation angles were computed for each coordinate axis,
dlowing the Z-axis of ECEF to pass through any arbitrary
point on theimage by usng i,w, and Q, among the obtained
orbita parameters. The sensor rotation (rall, pitch, yaw) was
added to the computed rotation angle to congtruct the rotation
matrix R. To dlow the Z-axis to pass through the perigee, true
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anomaly must be considered.
The actua satdllite position vector P,,, was determined by
the sum of the nomindl position vector P, . and the satdlite

nor
postion offsst vector A, asfollows

1—)“6[ = PI’IOV +AS’ (16)
where the nomina position vector P, is computed using

the computed rotation matrix and the radius of the satdlite
orbit p,. The nomind pogtion vector is influenced by
irregularities in Earth’s gravity, as wel as by the gravitation of
the moon and the sun.

The 3-D podtion vector of any given ground points in an
ECEF coordinate sysem X was computed using the actudl
satelite position vector P, the coordinate vector with the
sensor coordinate sysem X, the scde factor s, and the
ground postion eror A,, as shown in the following

equiation:

X =P, +sRi+A,. (17)

| Left image | | Right image |

v v

| Orbital parameters & Sensor attitude |

v

| Definition of sensor coordinate system |

v

| Nominal satellite position |

v

| GCPs coordinate input (Local <> WGS84) |

v

| Correction of orbital parameters using GCPs |

v

| Correction of satellite position offsets |

v

| Actual satellite position |

v

| 3-D positioning & RMSE evaluation |

Fig. 3. Geometric modeling of KOMPSAT-1 EOC imagery.

Using GCPs located in the observed areg, it was possble to
correct the errors between the satdlite and ground postions
using alinear shift from the 3-D postioning procedures. The
reference dlipsoid used for mapping purposes in Korea is
Besd (1841) while the KOMPSAT-1 system uses WGS34.
When dlipsoidd heights are used as GCPs it is sometimes
necessary to transform the heights of the GCPs in the Besd
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dlipsoid to those used in the WGSB4 system.

The amount of offset of the satdllite position and the amount
of ground podtion error differ from each other when gtereo
images are obtained from two different orbits Inthisstudy, ¢,
and other orbit parameters were corrected to reduce the offst
of thesadlite postion.

Geometric modding is performed by correcting the orbit
parameters in order to determine the actud satdllite position,
removing the pogtion offset that exigts between each satellite
orbit track and findly obtaning the three-dimensiond
coordinates of the ground points, asshownin Fg. 3.

IV. Andyss and Assessment of Results

To check the accuracy of geometric modeing using
KOMPSAT-1 EOC imagery, two sats of stereo images over
Dagjeon and the Nonsan areain Koreawere used, as shown in
Fg. 4. Sereo images over Dagieon were obtained from two
different sadllite orbit tracks with side looking angles of 4°
and 26°. These two images were referred to as D04 and D26.
The D04 and D26 images were st as left and right images,
thus forming a stereo set. The stereo set over the Nonsan areal
was acquired using two images referred to as N12 and N19
withlook anglesof 12° and 19°. N12 and N19 formed another
st of stereoimages.

D04 was acquired on March 1 and D26 on March 9, 2000.

The Korean Peninsula

N12 was aobtained on April 29 and N19 on May 1, 2000. The
sze of each image was 2,592 < 2,796 pixds A 1:5,000 digita
map made by Korean Nationa Geographic Informetion
Inditute (KNGII) was used to identify the GCPs and
checkpoints. The accuracy of the 1: 5,000 digitd mgpis£350m
inahorizontd direction and +1.66 min averticd direction [12].
Figure 5 shows the sdlected checkpoints over the sudy area.
Thirty five checkpoints were used for the Dagieon area while
23 checkpoints were used for the Nonsan area.

1. Anaysisof Orbitd Parameter Caculations

The orbitd parameters for each ephemeris point were
cdculated usng ephemeris data associated with the EOC
image data. The rate of changes of the orbitd parameters were
very smdl when estimated using tweve ephemeris points. For
the DO4 imege, ¢, varied between 6030734 and 6030852
seconds, i fdl in the range of 98.18190 to 98.18224°, Q in
the range of 136.54062 to 136.54119°, and a, intherange of
7068.4185 to 7068.8112 km. The periges, w, however, showed
a dightly larger rate of change (92.21437 to 93.75655°)
compared with those of the other orbita parameters. Table 3
summarizes the edimated mesn veaues of the orbitd
parametersfor the D04, D26, N12, and N19 images.

When the orbitd parameters are caculated for the twelve
ephemeris points, a polynomia enables the orbitd parameters

Daejeon

Left

Right

Nonsan

Fig. 4. KOMPSAT-1 EOC stereo images of Dagjeon and Nonsan.
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(a) Right image of Daejeon

(b) Right image of Nonsan

Fig. 5. The distribution of checkpointsin the right images of Dagjeon and Nonsan.

Teble 3. Orbital parameters of stereo images.

tr (9 i(°) Q) o (%) ag (km) €5

Do D04 603.0784 98.181657 136.540987 92.590228 7068.6611 0.0011905

D26 590.5034 98.180451 132.093262 103.359450 7067.5403 0.0010194

Nonsan N12 604.1882 98.173665 137.330939 114.911006 7065.5066 0.0014244

N19 593.9672 98.173828 132.865088 109514177 7066.3004 0.0013945

2. Assessment of Three-Dimensiona Positioning Accuracy
Table 4. Attitude of images.

Three-dimensiond pogtions on the ground were caculated
roll () pitch (°) yaw (°) using apair of KOMPSAT-1 stereo images obtained from two
Dagjeon D04 -3.815670 -0.147880 -0.003094 differe']t. orbits. This proce$ was atempted ugng or?ly
D26 25.626683 | -0.187586 | 0.078151 ephemeris data, but a dight offset was found in satdlite
Nonen N2 -12.164467 | 0031455 | 0004412 | position for each orbit. We performed the geometric modeling
N19 19242215 | 0294615 | 0.094367 accordingly in two steps. First, we carried out an adjustment of

to be computed a any given time since the rate of changesis
amdl. Third order polynomids describe the orbitd parameter
in a specific time rddive to the center line of the image frame.
To edimate the three-dimensiona rotation angles of the sensor,
dtitude information associated with the ephemeris data was
used. For SPOT-3 imagery, ephemeris information provided
the look angle. For KOMPSAT-1, however, the look angle
could only be derived using atitude data Table 4 shows the
dataon the cdculated sensor attitude.
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the offsst of the satdlite postion for a Sngle image in each
orbit. Udng the adjused dereo par, three-dimensiond
locations were subsequently caculated.

Before performing the geometric modding of the satdlite's
postion, specid care should be taken. The ephemeris
information of KOMPSAT-1 was given in the WGS34
dlipsoid modd. Mog of the ground control points in Korea
use a height referring to the Bessdl (1841) dlipsoid. It was
therefore necessary to carry out a coordinate transformation
from the Bessd to the WGSB4 dlipsoid modd. Reference [13]
showed that the height difference between the two dlipsoidd
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moded swas about 83 to 90 minthe study area.

The offsets of the satdlite positions were cdculated using
imagery obtained over Dageon and Nonsan, and then
compared with the results usng two GCPs for each =, as
shown in Table 5. The absolute positiond error of each offset
was about 17 to 22 km when the geometric modding was

performed using only the ephemeris data of each image. The
rative pogtiond error, however, was 7 to 19 m. In this casg,
the rdaive podtiond errors refer to the accurecy of rdative
position among the checkpoints, they are not a deviaion from
the nationd datum. This confirmed thet an offset in ground
position exigts in the geometric moddling process. When 3-D

Table 5. 3-D positioning root mean square error with ephemeris data (unit: km).

Check Absolute position errors . L
. Relative position errors (A P)
points AX AY AZ AP
D04 11.2740 7.3202 17.2392 21.8604 0.0150
Dagieon 35
D26 9.1244 5.5925 13.5831 17.2926 0.0189
N12 10.1393 4.6857 13.4505 17.4837 0.0071
Nonsan 23
N19 11.7124 5.9553 16.1370 20.8099 0.0191
AY AY
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] \8329 : S
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Point 2 4190 4180
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(c) Satellite motion direction (XZ plane)

(d) Positional offset vectors (XZ plane)

Fig. 6. Satellite motion direction and positional offset vectors.
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positioning was checked using D04 (left image of Dagjeon), a
congtant offset of the satdlite's position was found aong the
satdlite' sorbitd track, asshownin Fig. 6.

Figures 6(a) and 6(c) show the array for 12 ephemeris points.
The sdlid lines in Fig. 6(b) and 6(d) represent the magnitude
and direction of the postiond errors of the checkpoaints, while
dotted lines indicate the direction of the satdlite track. Similar
trends were found for each of the ather threeimages. The offset
can be conddered a dgnificant podtiond error in terms of
absolute postioning. The error of rdative postioning, on the
other hand, was amdl. We assume that the congtant shifts were
caused by incond stencies between the time of the center of the
image frame and the ephemeris points provided by the
ephemeris data We performed the procedure for adjusting the
orbital dements in two geps Fird, we cdculaed the 3-D
coordinates of the checkpoints using the ephemeris data only.
Second, we performed iteration until the offsets from the actud
coordinates in X, Y, and Z directions were minimized by
adjugting the orbitdl dements.

Using the ground control points, we adjusted the time
difference between the center of the image frame and the
ephemeris points and updated the other orbit parameters
accordingly. Out of the many checkpoints distributed over the
images, only one or two were sdected for use as GCPs in
adjugting the satdlite's podtiond offset. Figure 7 shows the
patterns of GCP didtribution used in the adjusment.

Teble 6 shows the magnitude of correction for # The
deviaion in the correction was very smdl regardiess of the
number and digtribution of the GCPs shown in Fg. 7. Thus it
would appear that one ground control point was sufficient to
adjust #. However, two control points, such asin case 6in FHg.
7, were used to reduce the posgtioning error propagated in the
across direction of the track by side looking to acquire the
gereo images. In generd, using case 6 presents more accurate
reallts than usng the other cases in three dimensiond
positioning.

Table 7 shows the magnitude of the corrections for the
orbital parameters when two ground control points were

Case 1 Case 2 Case 3

Case 4 Case 5 Case 6

Fig. 7. Patterns of GCPs used for adjusting the satdllite's
positional offset.

Table 6. The correction amount for the time of the image center.

¢ corrections Correction deviation
3.1833s
3.1838s
3.1861s
3.1872s
3.1870s

3.1853s

Case

0.0041s

O~ [WIN|PFP

used. Different amounts of correction were evident from
scene to scene, since each image was obtained in a different
orbit.

By determining the actud satellite position using the adjusted
value of #; it was possible to remove the offset of the ground
position dong the satdlite track. Successful 3-D postioning
was performed from a set of stereo images since the offsets of
the satdlite podtion present in each scene were removed.
However, even though the offsats were removed, ground

Table 7. Vduesof the orbital parameter correction using GCPs.

Aty (9) (%) Q)  (°) a, (km) e,
Dadl D04 3.185300 -0.000057 -0.000001 0.603496 -0.158500 -0.000013
eon
ael D26 2.529100 -0.000115 -0.000459 0.505350 -0.116600 -0.000016
N N12 2.547200 -0.000057 -0.000115 0.249925 -0.033000 0.000002
onsan
N19 3.038300 -0.000065 -0.000058 -0.175608 0.035200 -0.000002
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Table 8. 3-D positioning error of EOC stereo images.

chEE A Ch_eck Positional errors (RM SE) (unit: km)
points AX AY AZ AP
Dagieon 35 0.0165 0.0103 0.0125 0.0231
! Nonsan 23 0.0153 0.0097 0.0131 0.0229
2 Dageon 35 0.0146 0.0116 0.0095 0.0209
Nonsan 23 0.0157 0.0103 0.0184 0.0263
. Dasjeon 35 0.0129 0.0101 0.0103 0.0194
Nonsan 23 0.0129 0.0027 0.0109 0.0171
A Dageon 35 0.0141 0.0141 0.0083 0.0216
Nonsan 23 0.0080 0.0025 0.0086 0.0120
5 Dagjeon 35 0.0177 0.0116 0.0111 0.0239
Nonsan 23 0.0154 0.0093 0.0098 0.0205
5 Dagieon 35 0.0095 0.0105 0.0094 0.0170
Nonsan 23 0.0083 0.0027 0.0083 0.0120

positiond errors remained. These errors were larger across the
track than dong the track. Table 8 shows the errors in ground
position depending on the number of GCPs used and their
digribution. The overdl accuracy improved when two ground
control points were used rather than one. Case 6 obtained the
best reaults, which had a 12-17 m root mean square error
(RMSE), as shown in Table 8. The effect of the sde-looking
geometry was minimized using this GCP ditribution.

V. Concluson

Three-dimensond  podtioning usng a traditiond
photogrammetric gpproach with ground control points can be
both time consuming and codtly, particularly with regard to
collecting GCPs. Furthermore, problems arise when 3-D
postioning or topographic mapping is needed for an
inaccessble area Geometric modeling using only ephemeris
data or aminimum number of GCPs can be beneficid interms
of time and cod. This sudy confirmed the posshility of
geometric moddling using only ephemeris data obtained from
KOMPSAT-1 EOC imagery. KOMPSAT-1 wes the first
Korean satellite to be used for topographic mapping.

Orhitd parameters, sensor attitudes, and the satdllite position
for each sadlite orbit were computed using ephemeris data.
After etimating the orbita parameters for twelve ephemeris
points, we found the rates of change for the orbital parameters
to be very smdl. The argument of perigee, however, showed a
dightly larger rate of change compared with those of the other
orbita parameters.
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We made an atempt to determine the satellite position using
only ephemeris data However, an offset of the satdllite podtion
was found to exis for each orbit. Geometric modding was
accordingly carried out rdative to the adjustment of the offsst
of the satdlite postion. The actud satdlite postion was
achieved by adjudting the offset of the satdllite podtion for each
orbit and correcting the orbitd parameters using only two
GCPs.

Findly, we successfully obtained 3-D pogtioning from the
=t of gereo images snce the sadlite positiond offsets were
removed. The error in the positioning of the ground points was
gregter across the track than dong it. By adjusting the ground
pastiond error, we acquired 3-D postioning with an accuracy
of 12-17 m RMSE, using only two GCPs in the across track
direction. In the future, accurate 3-D positioning using only
ephemeris data may be possble if high-precison ephemeris
data can be provided by high-resolution satdllites.
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