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Analysis of Pointing Error and NESZ Loss of
Bistatic Satellite SAR f-SCAN ATI System Using a Geometry Model
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Abstract

In this study, a bistatic satellite synthetic aperture radar (SAR) f-SCAN along-track interferometry (ATI) system for acquiring
high-resolution wide-swath (HRWS) interferometry was designed, and a geometry model was proposed to improve the effect of pointing
error on noise equivanlent sigma zero (NESZ). To analyze the effect of the pointing error on the NESZ, the satellite attitude computed
using the proposed geometry model was compared with that obtained from the spherical earth model. In addition, the timing and
f-SCAN beam pattern were calculated to design an frequency scanning along-track interferometry (f~SCAN ATI) system using the
proposed geometry model. Transmit/receive timing and the ratio of effective bandwidth to transmit bandwidth were computed by the
timing design.
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Fig. 1. Concept of bistatic satellite SAR system.
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Fig. 2. Frame hierachy for geometry simulation. Global
coordinate frame (black), local coordinate frame for
satellite (solid line), local coordinate frame for
target (dash line).

= A9 FAEANA Ske #AxA 9A AAE Ir gt

P =TP+O0. (D)
19 2E 7)8E BANE) Q3 ARA AFTZRE Y
ER Y ok 7t AEA Y] e & 13 2ok 7 F2A
Aole wpet 994 3 24 #AH FHxA = oS AR

Al

A4 #H AFZA A A
1) ECEF* AEAE 7]502 AT A4 &xo) 2
ECI®! #3%A4 A4k
2) ECI HEBAE 71502 24 97 sud A%, A
T Akl wat ALE FH3EA AL
3) ORB #EAE 7T 2 AZY M2 wat 94
HAHE EAFSEe] STNB 3 A Al 4K Frenet-Serret 3-
AR 2 gy,
4) sSTBN #ZAE 7|02 SLC HuEA ALt
5) ECEF #3715 7|55 914 A & #a4
oAl NLD 34 AXKEHE Al 44
6) SLC HEAE 715FCZ SLD %A A4k
7) SLD HEAE 71522 A AAel| wE SAT 2}

Y2 A% A oA 3 NESZ &4 24

A ALt
8) SAT HEAE 7|FC2 ANT #xA ALk

2 #9 FH7A A A
1) ECEF #EA& 7|E2 & 7]F
S GCP #xAZ A9

Azke] NLD 27

2) 34 YA 21E HEsE 14 AEAD 2 W
9 AREHE A A8, W= GCP FEA xy

Hoio| A A9,

3) GCP HEAE 71522 ACN HEA AMSAA
]i ;GQ.)

4) ACN HIZAE 7|52% (INB FHHEA A AKFre-
net-Serret 2] B 2] 2

5) tINB 37 7152

O
2

9 30 B2 g 914 SAR Al2F 78k BAF A3
S Uehdth S99 &4 SLD, NLD #EA 2 &
f‘fd%ﬂ. GCP #&A = 7% Amow NLD 279 &

e 44 z{aaiﬁ A7) B2 ACN 2

CEF HZANAM 7+ ZuA Y xF, y

22 D AENE Jlst BAF S HE

R+H R R

s 4

Sil’lﬁl‘ B Sinﬁe - Singl ' (2)
62_ = 61+6(2. (3)
Rg = Rgg(?' (4)

- 1 21 R,
U= R+H 24x3,600xcosd,,," (3)
R,
v, = ysmcosﬁ (6)

567



THE JOURNAL OF KOREAN INSTITUTE OF ELECTROMAGNETIC ENGINEERING AND SCIENCE. vol. 37, no. 6, June. 2026.

1. 234 39

Table 1. Definition of local coordinate frames.

Reference

body

Frame Origin Axes Remark
frame
Earth-centered z-axis: CTP (conventional Terrestrial Pole)
earth-fixed reference Global Earth's C.o.M x-axis: Toward the intersect of the prime Time invariant
frame (ECEF) meridian and the equator
. . ECEF . . . .
Nadir local geodetic reference Sub-satellite point of z-axis: Toward satellite's C.oM
frame (NLD) frame satellite's C.o.M x-axis: Ground-projected satellite velocity vector
N ECEF . . .
Earth-centered intertial z-axis: CTP (conventional Terrestrial Pole)
reference Earth's C.o.M . .
reference frame (ECI) x-axis: Toward the vernal equinox
frame
-axis: Satellit ital axi
Orbital plane frame | ECI reference zaxis: Satellte .0 roital axis S
Earth's C.o.M (normal to orbital plane) Time invariant
(ORB) frame . ..
x-axis: Toward the periapsis
. x-axis: Tangent to the orbit
Satellite tangent (satellite velocity vector)
noraml binormal frame| ORB frame Satellite's C.0.M . velocity v .
y-axis: Normal to the orbit
(STNB) .
(centripetal force vector)
Satellite local z-axis: Toward earth's C.o.M
.e ° e STNB frame Satellite's C.o.M x-axis: Parallel to the orbital plane
geocentric frame (SLC) . . . .
(conservation of satellite orbital direction)
Satellite local eeodeti z-axis: Toward sub-satellite point
ehtte foea” BEOCHC | 51 ¢ frame Satellite's C.o.M x-axis: Parallel to the orbital plane
frame (SLD) . . . L
(conservation of satellite orbital direction)
. Ref int of . ..
Satellite frame (SAT) | SLD frame ¢ eren(.:e poirt 0 Depending on definition
satellite body
Antenna frame (ANT) | SAT frame Reference point of x-ax.15: A21m1.1th d1.rect1.on
antenna pattern y-axis: Elevation direction
. ECEF . . . .
Ground control point reference Origin of NLD frame at| z-axis: z-axis of NLD frame at reference time Time invariant
frame (GCP) frame reference time x-axis: x-axis of NLD frame at reference time v
z-axi : Normal to geoid
Along-trackcross-track GCP frame |Target location on geoid| x-axi : Tangent to the geodesic, starting form
normal frame (ACN) .. . . .
origin and aligning with x-axis of GCP frame
R z-axis: Normal to g;;li t:))r Bi-normal to target Equal to ACN
e s ACN frame Target's C.o.M . Jeeony . frame in case of
binormal frame (tTNB) x-axis: Tangent to the target trajectory .
. stationary target
(target velocity vector)
Ref int of target . .
Target frame (TAR) | tTNB frame clerenice point OF farge Depending on definition

568




who]2s8g $1 SAR £SCAN AT AZolA] 713 Bul2 Q1% A% 93 2 NESZ £4 4

GCP frame

44

x10°
SLD frame

3.2 33

Ty ECEF  [m]
ECEF, [m] a5 g8
07 3. merHE 4 SAR ZJsiAe BE), xEHEEA),
yE(EhRH), Z5EEA)
Fig. 3. Monostatic satellite SAR geometry (proposed). x-axis
(green), y-axis (blue), z-axis (red).
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Table 2. Monostatic satellite SAR geometry parameters.

Category ‘ Paramter Value
Time —10~10 sec
Sphere radius 6,378,137 m
Earth model -
Earth’s revolution per day 0
Altitude 500,000 m
Perigee 6,878,137 m
Apogee 6,878,137 m
Orbit True anomaly @n==0 25°
Argument of perigee 20°
Longitude of ascending node 0°
inclination 45°
Satellite Co.G [0, 0, 0.5] m
Incidence angle @n=—0 [20, 21, ..., 30]°
Target Squint @n=0 [0, 0, ..., 0]°
Height [0, 0, .., 0] m
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Fig. 4. Comparison of satellite geometry parameters at ze-
ro-squint in sphere earth with no earth's rotation
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Table 3. Bistatic satellite SAR parameters.

Category ‘ Paramter Value
Time —1~1 sec
WGS84 semi-major axis radius | 6,378,137 m
Earth model | WGS84 semi-minor axis radius | 6,356,725.314 m
Earth’s revolution per day 1.0028
Altitude 500,000 m
Perigee 6,878,137 m
Apogee 6,878,137 m
virtual 25°
Tmé;n:"rgaly main | 250833
Orbit companion 24.8334°
vir.-main. 10 km
Baseline vir.-comp. 20 km
main-comp. 30 km
Argument of perigee —10°
Longitude of ascending node 45°
Inclination 43.5°
Co.G [0, 0, 0.5] m
Satellite SAR antenna location [0, 0, 1] m
Look left
Incidence angle at swath center 950
@n=0
Target Swath length 40 km
Height 0 m
Number of target 21 targets
Resolution Range =2m
Azimuth <2m
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Table 4. Results of bistatic satellite SAR timing design.
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Table 5. Direction of target and satellite attitude according
to geometry model.

Category Paramter Value
PRF 4233 kHz Category Paramter Value
. Vir.-main 10 km
Pulse length 31.5 ps Baseline Vir.-comp. 20 km
Center frequency 9,800 MHz Direction of target| [—0.0167, —0.3913,
Transmit bandwidth 1,200 MHz Main (target 11) 0.9201]
Effective bandwidth 240 MHz satellite Pitch angle —1.0371°
Main Effective bandwidth to transmit Proposed - R(,)H angle 230376
. . 0.2 Direction of target| [0.0333, —0.3912,
bandwidth ratio .
. Companion (target 11) 0.9197]
Tx duty 13.336 % satellite Pitch angle 2.0735°
Rx duty 40.486 % Roll angle 23.0278°
Sampling window length 95.628 1is Baseline Yir.-main 10 km
Integration time 0.53 s . Vl'r.-comp - 20 km
PRF 1233 Kiz Direction of target| [—0.0170, —0.3943,
- Main (target 11) 0.9188]
Clock offset 100 ps satellite Pitch angle —1.0619°
. . . Reference 5
Companion Sampling window length 96.345 1s Roll angle 23.2218
Rx duty 40.789 % Direction of target| [0.0340, —0.3941,
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