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Abstract

Based on the requirements of a total weight of 42 kg or less, the NEXTSat-2 SAR (synthetic aperture radar)
system was developed. As the NEXTSat-2 is a small-sized satellite, the SAR system was designed to
account for about 40% of the dry mass of the payload relative to the total mass. Among the major
components of the SAR system — which are an antenna, an RF transceiver, a baseband signal processor,
and a power unit — a part with a particularly large dry mass is the antenna, the core of the SAR system.
Whereas various selections are possible in consideration of gain and efficiency when designing the
antenna, the micro-strip patch array antenna was adopted by reflecting the dry mass, power, and
resolution required by the NEXTSat-2 project. In order to meet the mission requirement of the NEXTSat-
2, the antenna was developed with a frequency of 9.65 GHz, a gain of 42.7 dBi, and a retumn loss of =15
dB. The performance of the antenna was verified by conducting a field test onboard the vehicle.
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Table 1. SAR requirements for the NEXTSat-2 program

Parameters Requirements
Frequency X-band
Dry mass 42 kg
Altitude 550 km
Look angle 20°-35°

Operational mode

Standard
Resolution 5-44'm
Scan width 36 — 46 km
NESZ -27--14dB
Polarization W
Maximum side lobe level <-19dB
Accumulate side lobe level <-12dB

SAR, synthetic aperture radar; NESZ, noise—equivalent sigma zero.

T 359 55 o= QY] el =R E 7RsT 4+ Itk 59, Table 1014 o€
4 & I =(resolution), TZE(scan width), 7RS4 (noise-equivalent sigma zero,
NESZ), HiKpolarization), HHEHd M (maximum side lobe level), FAEA | W(accu-
mulate side lobe level) 52 A5AHY 593t HApEolc) wehA, o9} 22 9 AL
D57 Aol muh QY &5 FEie] Tukt QbElG whART QEEIG 1 i QFElu
4 oj%] St Y 5 ot F579 FEY SRS HESIOH, ol F 71E 7 T4,
A, i A, AQ A 52 SH 0 FE 11251 micro-strip patch array antennas
Aol ARt QbEUE A7ste] 7Rdsteltt. Table 2+= SAR AIAHIQ] AF9] 8+ 270 o)
£ QY A 4 deRdch

Table 201 AAIE QY A +4& EXZ QHHY AAE $=3¥519ct. A A
23504 8+5k= QFEIY Zol= 5.197 m, 2 0.552 mo|th. ©]2F 22 tig 9] HEuE
s 87 2AL FEIIEE micro-strip patch array® 7HEeH= 22 4A] Y4t} webA,
PGS At o] 2R Alo|22 Zefsto] ZAISHH. &, & AF-& QW] 712 &=
FHjA(sub-array) AfP]2EA] o] HIRFO = 0.37 m, 2 0.552 mE HASHI. tha 374
T 202 A" el ot W (sub-array antenna)?] &0 2 md Qe WK(panel array
antenna)s TSI 0™, AAHAG Y 259 AA A2 aefsto] Faljd kL 1470
£ &83F 529 1id QHY 2o g A|AR”IA @75k AR 35S 915 AA ofFo]
OHIUE AAIBIALE. Fig. 12 FHiE QHELHsub-array antenna), 3H'E SHel|WH(panel array
antenna) ¥ AIAEC] 2YEAS W] A oflo] QFELKSAR system antenna)?] B3
Kol A 25.9] Aol B33 HA| ofFjo] QHe|u o] 52 42.7 dBiolw, &
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Table 2. SAR antenna requirements for the NEXTSat-2 mission

Parameters Full array antenna
Size (mm) 5,197.567 x 552.000
Dry mass (kg) 13.7
Material Micro—-strip patch array
Frequency (GHz) 9.65
Gain (dBi) 42.7
Efficiency (%) 50%
Beam width (MHz) 250
Polarization W
3 dB beam width () Range: 2.90

Azimuth: 0.21

Side lobe level (dB) Vertical: =13, Horizontal: =13
S level (dB) -15

SAR, synthetic aperture radar.

(a)ANT#1 (b)ANT#2 ANT#3 ANT#4 ANT#5 ANT#6 ANT#7
(€) antss ANT#9 ANT#10 ANT#11 ANT#12 ANT#13 ANT#14

SHRSS QL
TH SHELL
TH| o1l0] QrE(IL}

Fig. 1. SAR antenna. (a) sub-array antenna, (b) panel array antenna, (c) SAR system antenna
and the entire antenna configuration mounted on the NEXTSat-2 spacecraft. SAR, synthetic

aperture radar.
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Fig. 2. Far field beam pattern measurement of the NEXTSat-2 SAR antenna configured with
5 panel antenna: (a) range beam pattern, (b) azimuth beam pattern. SAR, synthetic aperture

radar.

mff SUOPHILE 122

Fig. 3. SAR panel antenna 1 set assembly onboard VAN vehicle for field test. SAR, synthetic

aperture radar.
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Table 3. SAR antenna requirements for the NEXTSat-2 mission vs. field test results

Field test results

Parameters
Requirements Results
Frequency (GHz) 9.65 9.65
Gain (dBi) 36.9 >36.9
Efficiency (%) 50% 50%
Beam width (MHz) 250 250
Polarization W W
3 dB beam width () Range: 2.90 Range: 2.90
Azimuth: 1.00 Azimuth: 1.00
Sidelobe level (dB) V=13, H: =13 V=13, H: =13
S,y level (dB) -15 >-15

SAR, synthetic aperture radar.

Fig. 4. SAR panel antenna test section from Daejeon to Dangjin express way and imagery.

SAR, synthetic aperture radar.
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