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Determ nation af” Radarsat-x Qrbit

; al‘)appllcatlons. bR

, In‘troduction

“tlc Aperture

rblt modelmg is a key point

0 Prowded that a accurate state vector of ephemerls

Lo ;ﬁ‘data is avallable, together with precise SAR
" “processing parameters, orbit parameters can be

precisely determined and CPs (Control Points) are

: fnot required.

0 However, most satellite have low accurate

“information on its orbit data due to the precession,

‘ the nutation, or the polar motion, then the

refinement process on the orbit should be done by
a number of well-distributed CPs.
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# The acquisition of sufficient control points

- is the ' most tedious and time consuming

. step and obstacle to near real time
appllcatlons, especially for SAR imagery.

g erewerefewstudles that
"tb’ red»,UCe"’a number of CPs

"y"Chhen and quman(2001) welghted least-squares

S QToutm(2003) path/block adJustment
» Smith (2003)-a near real-time geocoding method to
. -xeffectively remove orbit errors from computed
... - azimuth and slant-range coordinates using the error
. function (ERS SAR Imagery)
:-..n - Sohn{2004)-systematic shift error compensation

. method for near-real time geocoding of SAR image
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Oijective: |

~ & Satellite orbit parameters determination
using minimum control points (only a
single control pomt) and ephemeris
mformatlon

OAccuracy comparlson of our method with
- conventional method that uses many
control points (minimum control point is 6)

= ngOl‘QUS geometric correction using backward
- .geocoding method
'w Generation of digital elevation model using
radargrammetry
s Conventional method uses 10 control points and our
method uses a single control point for process

®

'Methodology

Initial orbit
*parameters

\
/

e mnﬁusﬂxdf

racy assessment

Correction
neration by Radargramme
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| St_u_dy Area

0 Mi’ddle part, of South
Korean penmsula

OThe area |s characterlzed
by a rugged topography

Elevatlon range from 29m to
i 580m with up to 70° slopes
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& Orblt data is not as accurate as for other remote
- sensmg satelhtes (e.g ERS SAR |magery)

,;;“.

/0 and has the Iarge spacmg between state vector
provide (8 mmutes) as an inadequate
mterpolatlon may present large error.

o “’0 The |mages are in ground range representation
(elhpsond projection without relief correction),
“~orbit oriented and coded in 16 bits without any

e ,radiot‘netric processing.
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Table. Geﬁel‘él;‘eljaraet_eifistaic of RﬁDARSATﬂ images (SGF level)

Beom mode | ACISMIN | gy | Fulsconesie | Mominalresouion | pixel
. Standard-1 | .08/16/98 | Asc. | . (8971,9158) " (25.0%25.0) 125
- Standard -2 | 12/26/99 | Asc (8547; 9109) (24.3x27.3) 12.5
Standard -3 | 06/15/99 | Asc.' | (7816, 8903)" (27.3%27.3) 12.5
" Standard-4 .| 03/30/99 | Asc. | (8078, 9036) (25.5x27.2) 125
- Standard -4, | 11/15/99 ] pes. (8019, 9014) (25.4x27.2) 125
. Standard-5. | 08/19/98 | "Asc, | (8441,8979) (25.0%25.0) 125
- .. Standard -6 | 08/12/98 | Asc (8630, 8724) (25.0x25.0) 125
Standard-7 | 08/30/99 | Des, (7918, 8958) (19.9x27.1) 125

st-1 st-2

st-4 st-4

st-5 st-6

st-7

Initial Orbit'éala‘fhé ers

QOnly the nearest one state vector to the
scene centre was selected and used to

‘calculate Kepler elements to images
respectwely -

-
B

B 4 Kepler elements
thel semi-major axis,

the eccentricity,

the inclination,
the argument of perigee,
the right ascension of ascending node,
the mean anomaly
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If satelllteposmoh and velocity are 2™ poly
equation, equation parameters can be determined
. by more than three satellite positions and

T velocities (the first row, the centre row, and the
/,Iast row)“ i , i

7

v E ; Kepler elements .
a,e,0,Q M(E,v) .
ted )

a,6,0,QM, (E, ,v, ) le—] Scene stop time (1)

....... a0, LM, (E, v, ) J——{ Scene start time (t0)

Trajectory rajectory
based on ECF based on ECI Image

Fig. Orbit propagator diagram

A smgle CP was acqulred from 1 5 000 dlgltal topographic
map- -

0 The ground umform grld has a 20 kmX20 km and the
elevatlon range of pseudo GCPs were in a single CP+500m

o
l‘llpp"f~-~‘ "
,,'," retwss Table. Systematic shift for
_ ," : ,A'--f"-'!'——-y generation of PCPs (unit : pixels)
Ground uniform .~ . i
X
grid T A
b sl smoell Image pace Beam orbit | ' shift
( nitiat otbit pasameteny mode date A’mnge N

s-1 08/16/98 Asc. -42,35 | -11.73
s-2 12/26/99 Asc. -22.34 | -14.39

A : singlo grund coatrol poiat s-3 06/15/99 | Asc. | -23.54 | 5.20
A s csleulatod image control poat with enon s-4 03/30/99 Asc. -6.96 | -11.41
@ : prendo gronad contrl points
) : eateulated prcudo image contro! point with etros
& : single image coutrol point s$-5 08/19/98 Asc. | -32.23 -9.43
@ : preudo image contwl point tod b)

Toghe conttpom Y S6 | 08/12/98 | Asc. | -28.92 | -6.42

Fig. The generation of PCPs from a single CP
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parameters

PCPs frbm” a s;inglé CP were used to process the &2
square adjustments for the correction of the initial orbit

# The least square adjustment set the threshold value to
0.0001 and stably converged within 5 iterations for all

" images
Table. The geometric accuracy and the number of PCPs generated from single CP

Beam Acquisition Orbit Elevation of a No.

mode Date single CP PCPs
S-1 08/16/98 Asc. 52.5m 34
s-2 12/26/99 Asc. 80.7 m 29
s-3 06/15/99 Asc. 28.0 m 28
S-4 03/30/99 Asc. 43.3 m 28
S-4 11/15/99 Des. 7.0m 28
S-5 08/19/98 Asc. 75.0 m 28
S-6 08/12/98 Asc. 12.2m 28
S-7 08/30/99 Des. 15.0 m 28

Geocoded Image

" & Backward geocoding method
¢ 20m resolution and 20 km by 20 km size

¢ For acéuracy analysis, images are overlaid with
1/5,000 digital map

m 47 =




c_;_v)uv;_gfacy of ‘Geoco_c_lvi[ig :

Our method

Conventional method

&

S 1 os sl - (asingle GCP) - (10 GCPS)
" Beam’ NI (umt pixel)’, - (unit: pixet)
mode : ;2::; Rai Azimuth ™ :
nt R nge dlrecﬁon direction Range direction | Azimuth direction
Vs o
o . ‘ :;:': RMSE :;2': RMSE | :;:’l', RMSE :;:’: RMSE
s1 | 08/16/98 | Asc. 11 156 | 202 | 1.69 256 | 1.39 1.64 1.58 2.41
$.2 .1 12/26199 [ Asc. 14 | 100 | 134 1.48 268 | 118 | 1.46 1.66 2.81
‘s3 06715/99 | Asc. 11 0.98 1.13 1.73 3.10 1.24 1.00 1.87 3.09
sS4 .| 03/30799.] Asc. 14 127 | 1.62 2.01 3.63 1.28 1.60 2.09 2.65
547 11/18/997] "Des. 10 0.98 1.13 0.83 115 | 0.91 1.08 0.93 119
$5 08/19/98.1 Asc. | 10 1.47 1.74 1.21 1.54 1.17 1.50 1.14 1.65
$6.. | 08/12/98 | Asc. 17 1.51 2.20 1.26 1.98 1.61 213 1.44 2.09
$7 08/30/99 | Des. 14 1.11 1.50 1.14 1.66 | 1.16 1.50 1.23 1.68

reductlon

0 Hlerarchlcal correlatlon based matching

method

'D‘E'M genefatioh_

’0 Gamma Map fllter for speckle noise

j 0 3-D_,_positioning using radargrammetry
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Accura ci»es of DEM

B

"O‘We assumed DEM from‘ /‘5 000 dlgltal
topographlc map as error free reference
DEM

S

Our method
174 52m;« '301.10m' 200.576m

e T

580. 68m 514, 33m«‘ 520.34m

©31.58m

36, 39m{w«"

| '37. 39m
TR i ;}*7"43.86 m. ”45 79 m
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onclusions

K ) leen a hlgh accurate smgle control point, the
orbit parameters of the process level 1 and 2
” RADARSAT-1 images (zero Doppler imagery) can
be deterimined well enough to compare with many
control points.

~# Therefore this method can contribute to the areas
--“which-have difficulties to collect control points or
' requires rapid data process.
“"4 DEM generation is also possible using the
corrected orbit parameters using a single control
.- point whose accuracy is compatible with
conventional radargrammetric method.
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