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ABSTRACT

Synthetic Aperture Radar(SAR) can provide radar imagery in all weather, day and night situations.

Recently SAR system consisted of several imaging modes, has been used for not only military

purpose, but also commercial and scientific applications. This paper firstly reviews spaceborne SAR

theory, specially scansar principle, and secondly the theories and the design procedures of system

performance analysis in the scansar mode, which are different from the ones in the conventional

stripmap mode. Based on the SAR-related knowledge, it lastly derives the results of performance

analysis in wide swath mode using the scansar technique at the design phase. It shows that these

results can meet the system requirements as given the customer. In future, they will continuously be

updated using the real measurement data, in connection with the development of a spaceborne SAR

system.
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- Satcllite altitude’speed, Earth radius. Repeat

Orbit Data; For each imaging mode

cycle, etc
- Center frequency, Incidence angle range,
Req. resolution/swath width, etc

O Tool: Swath Selection Design (SSD) Module
O Input: Satellite altitude, Center frequency, Duty cycle, Guard time, Min/Max PRF,
+ Min/Max incidence angle, etc.

O Output: Diamond Diagram (ground range & PRF for each swath)

ntenng Sjze & Min PRF Selectio
Q  lnput: Satellite speed, Slant range,

v

MinMax incidence angle, Center
frequency, Reg. azimuth resolution, etc.

Q  Output: Antenna length/width, # of
antenna rows, Min. PRF, etc.

Downlink Data Rate

0O Tool: Swath Data Rate Design (SDRD) Module

Q  Input: Satellite altitude, Duty cyele, Header length, CADU factor, Max, sampling rate,
Guard time, # of quantization bits, etc.

O  Output: geometric parameters for each swath, Data rate, etc.

For each swath l

Doppler Bandwidth
O Tool: Scansar Bandwidth Module

Azimuth Resolution
Q  Tool: Scansar Bandwidth Module

Q  Input: Satellite altitude, Center frequency, Requircd azimuth L # of
subswaths, PRF, Min'Max look angle, ctc.
O  Output: Doppler bandwidth, Look bandwidth ctc

v

& Input: Satellite altitude, Center frequency, Doppler/look bandwidth, # of subswath,
PRF, Min‘Max look angle, etc.
Q  Output: Optimal azimuth resolution, Scansar return time, etc.

I

For each subswath

\ 4

Azimuth Ambiguity Ratio

O Tool: Azimuth Ambiguity Analysis (AAA} Module

0 Input: Satellite altitude, Center frequency, Doppler look bandwidth, Antenna length,
Center frequency, Duty cycle, Pulse bandwidth, Swath interval, etc.

O OQutput: Point & distributed targat ambiguity ratio

v

Elgvation Antenna Beam Pattern
QO Tool: Autenna Beam Module

Q  Input: Antenna height/length, Swath center look angle, Steering angle, etc.
O Output: Elevation antenna pattern

r~-gp| @ Input: Satellite altitude, PRF, Min/Max look angle, SeaLand reflectivity model,

Range Ambiguity Ratio
Q  Tool: Range Ambiguity Analysis (RAA) Module

Antenna beam pattern, etc,

Q  Output: Range Ambiguity Ratio

A 4

Noisg valent Sigma Zero (NESZ) & i Resol

Q  Tool: Link Design Module

QO input: Slang range. Pulse bandwidth, Incidence angle, Antcnna gain, System losses,
Center frequency, Duty cycle, Peak power, #of
looks, etc.

Q  Output: NESZ, SNR, Radiometric resolution

¥

/Azimuth Resolution, Peak/Integrated Si tio
Q  Tool: kmpulse Response Function (IRF) Module
Q  Input: Satellite altitude. Azimuth look bandwidth, Pulse bandwidth, etc.
Q  OQutput: 2

resolution, Peaki sidelobe ratio
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Swath | Subswath PRF Look Angle(deg) | poppler Look |Imaging| No. of | No. of | Azimuth | Scansar
# # Near | Far |Bandwidth|Bandwidth| Period | PRI | echoes | resoiution | retum time
la/la 2858 | 1360 | 1701 0.0506 145 133 29.96
1b/1b 2817 | 1659 | 19.88 0.0514 145 133 29.96
1 2490.39 311.30 0.4154
1c/1c 4133 | 1948 | 2264 0.0523 217 199 29.96
1d/1d 3158 | 22.25 | 2527 0.0534 169 155 29.96
2a/2a 3083 | 2490 | 27.77 0.0546 169 155 29.96
2b/2b 3667 | 2742 | 30.13 0.0560 206 189 29.95
2 2533.20 316.65 0.4541
2c/2¢ 3158 | 29.80 | 32.27 0.0574 182 167 29.95
2d/2d 2858 | 32.06 | 34.48 0.0590 169 155 29.96
3a/3a 3667 | 34.19 | 3647 0.0607 205 188 29.96
3b/3b 2000 | 36.19 | 38.33 0.0624 182 167 29.95
3 2545.25 318.16 0.5059
3c/3c 2667 | 3781 | 39.84 0.0640 171 157 29.93
3d/3d 2025 | 3959 | 4150 0.0659 205 188 29.96
3¢/3¢ 2667 | 3781 | 39.84 0.0640 171 157 29.93
3d/3d 2025 | 3959 | 41.50 0.0659 193 177 29.96
4 2551.54 31894 0.5059
4c/4c 2683 | 41.27 | 43.05 0.0679 183 168 29.93
4d/4d 2025 | 4283 | 4450 0.0699 205 188 29.96
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Error Free Impulse Response Function(Swath #1a)

INPUT PARAMETERS:

Earth Radius = 6370 km
Satellite Altitude = 618 km
Look Bandwidth = 311.3 Hz
Pulse Bandwidth = 25 MHz
Incidence Angle = 1495 deg
Range Hamming Weighting =072
Azimuth Hamming Weighting =072

OUTPUT PARAMETERS:

Azimuth Resolution = 2258 m
Range Resolution = 23776 m
Peak Sidelobe Ratio - Azimuth = -23.27 dB
Peak Sidelobe Ratio - Range = -23.27 dB
Integrated Sidelobe Ratio = ~1398 dB
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