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I. INTRODUCTION 

The synthetic aperture radar (SAR) antenna, which affects 

the performance of the spaceborne SAR system, is an important 

part of the satellite payload’s size and weight. Several factors can 

affect the performance of the SAR antenna and should be con-

sidered when designing it; these factors include the SAR opera-

tion mode as well as SAR system performance indicators, such 

as ambiguity-to-signal ratio (ASR) and resolution. ScanSAR 

(scanning synthetic aperture radar), which is a representative 

wide-swath SAR operation mode, can reduce the revisit time of 

a satellite by observing a wide area. However, the resolution is 

degraded in proportion to the number of sub-swaths of Scan-

SAR system [1]. In the case of the quadrature-polarimetric  

(quad-pol) mode, horizontal/vertical (H/V) polarization are 

alternately transmitted and received to obtain various polariza-

tion information about the Earth’s surface. However, the ambi-

guity performance of the conventional quad-pol SAR system is 

worse than single-pol system [2]. For this reason, considering 

the performance only in single-pol mode when designing the 

SAR antenna will limit its ability to achieve the target perfor-

mance in quad-pol mode [3]. Therefore, the effects of SAR 

operation mode should be considered in the antenna design to 

achieve better SAR system performance. 

In this paper, we analyzed the requirements of the reflector 

antenna in the spaceborne ScanSAR system’s quad-pol applica-

tion, and we determined the optimal reflector size to satisfy the 

target performance by analyzing the SAR system performance  
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according to the antenna size while also considering both the 

single-pol and quad-pol modes. 

II. DESIGN OF THE REFLECTOR ANTENNA FOR THE 

QUAD-POL SCANSAR 

In general, the ambiguity-to-signal ratio consists of the range 

ambiguity-to-signal ratio (RASR) and azimuth ambiguity-to-

signal ratio (AASR). The resolution is characterized in the 

terms of the range direction and azimuth direction [4, 5]. The 

performance indicators of the SAR system, such as ambiguity 

ratio and resolution, determine the quality of the images ob-

tained from the SAR and are affected by the antenna radiation 

patterns. In terms of the ambiguity ratio, using a large antenna 

is advantageous because the signals received from outside the 

main beam affect the SAR image as ambiguity signals. In terms 

of the resolution, illuminating a wide angle using a small anten-

na is advantageous because the azimuth resolution is inversely 

proportional to Doppler processing bandwidth (PB), which is 

related to the antenna azimuth length. 

ScanSAR divides a large swath width into multiple sub-swaths 

and utilizes multi-beam for each sub-swath. Using a reflector 

antenna with feed arrays enables beam-forming simply by turn-

ing the feed antennas on and off. ScanSAR can avoid blind 

ranges determined by pulse repetition frequency (PRF) and 

transmitted pulse width and can improve noise performance. 

However, as the dwell time of each sub-width decreases, the 

azimuth resolution is degraded in proportion to the number of 

sub-swaths [1]. Therefore, increasing the antenna width in the 

elevation direction reduces the beamwidth of the antenna pat-

terns formed by each feed, which discontinuously worsens the 

resolution because of the increase of the number of the sub-

swaths and feeds for maintaining the total swath width. To 

avoid changing the focal length of the reflector antenna, the 

space between feeds, which is related to the beam deviation fac-

tor [6], is reduced. Therefore, the size of the feed antenna sh-

ould be considered in determining the reflector width, even th-

ough the resolution constraint does not limit the antenna design. 

The quad-pol SAR mode obtains various polarization signals, 

such as HH, HV, VH, and VV. However, the ambiguity per-

formance is degraded by the combination of the polarization 

signals, especially in the RASR performance for HV and VH 

[2]. The quad-pol mode can use only a half swath width com-

pared to the single-pol mode because of the ambiguity perfor-

mance degradation, especially in the high incidence angle region. 

For this reason, the quad-pol mode has a smaller number of 

sub-swaths, and it has the advantage of better resolution in 

ScanSAR mode. 

Because of the different characteristics of the two SAR op- 

Fig. 1. The relation between the system parameters of ScanSAR. 

S=single-pol, Q=quad-pol. 
 

eration modes (single-pol and quad-pol), the optimal antenna 

for each mode is different. However, the two cases cannot be 

considered independently because the same antenna must be 

used. This means that using a larger antenna improves the am-

biguity performance of the quad-pol mode, but its effect on the 

resolution of single-pol mode must be considered. 

Fig. 1 shows the relation between the system parameters of 

ScanSAR, which affect the antenna design, such as the swath 

width, the number of sub-widths, N, the range of the look angle, 

∆𝜃 , the antenna elevation/azimuth size, W/L, and the antenna 

beamwidth, 𝜃 , /𝜃 , . 

Based on the relation shown in Fig. 1, the reflector size was 

selected by analyzing the ambiguity performance of different 

antenna widths and lengths.  

III. PERFORMANCE ANALYSIS RESULTS OF THE  

QUAD-POL SCANSAR SYSTEM 

In this paper, we assumed the C-band ScanSAR system used 

an offset reflector antenna at a satellite altitude of 505 km [4]. 

The performance of the quad-pol ScanSAR system was ana-

lyzed according to the size of the reflector antenna by applying 

the antenna patterns obtained by FEKO simulation tool. Scan-

SAR has a swath width of 150 km in single-pol mode, and the 

PRF and PB were determined considering the SAR system 

performance [3].  

We verified the performance analysis procedure of the quad-

pol SAR system and obtained results similar to those of previ-

ous work [3]. The analysis results of the ambiguity performance 

presented in this chapter were obtained by this procedure. 

As an example of performance analysis, the analysis results of 

the ambiguity performance of a 4 m (L) × 1.35 m (W) reflector 

antenna are shown in Fig. 2. In this case, the single-pol mode 

had a better ambiguity performance than the quad-pol mode at 

the range of incidence angle with which we are concerned. Al-

though quad-pol mode had the less PB because of the azimuth 

ambiguity performance, the two modes had a similar resolution 

because quad-pol mode had a less swath width under the crite-

rion of –20 dB of the ambiguity ratio. 
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Fig. 2. The ambiguity performances of the ScanSAR system. 

 

Fig. 3. Relation between the ambiguity-to-signal ratio and the re-

solution, according to the reflector antenna size, in the C-

band quad-pol ScanSAR system. 

 

Fig. 3 shows the performance comparison result with various 

antenna sizes. As shown in Fig. 3, we can confirm the trade-off 

relation among the antenna size, ambiguity ratio, resolution, 

and swath width as mentioned in Section Ⅱ. In addition, if the 

target performances are RASR/AASR under –20 dB and reso-

lution under 10 m, a reflector size of 4 m × 1.35 m is the an-

tenna optimized to satisfy the requirement of the ScanSAR 

system.  

IV. CONCLUSION 

In this paper, the reflector antenna that is optimal for both  

 

 

 

 

 

 

 

 

the single-pol and quad-pol modes of C-band ScanSAR system 

was designed by analyzing the relation between antenna size 

and SAR system performance. Based on the simulation results, 

we conjectured that the range of performance, which the Scan-

SAR system can obtain under a SAR operation scenario, can be 

estimated based on the trend of the ambiguity ratio and the 

resolution produced by variations in the antenna size. 
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