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Effect of Antenna Deformation on Remote Sensing Images of FY Satellites
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Abstract: In order to explore the effects of the deformation of the reflector antenna on the brightness
temperature image quality of millimeter and sub-millimeter sounding/imager ( MMSI) carried by FY satellites,
physical optics (PO) method based on surface current integral is used to calculate the antenna radiation pattern and
then the variations of the antenna radiation characteristics are analyzed under different forms of deformation of the
reflector antenna. Combining with MMSI's bright temperature image processing, we evaluate the changes in image
quality. The experimental results show that when the deformation area, deformation position and sub-reflection
surface sloshing of the reflector antenna change, the key indicators such as main lobe gain, side-lobe level and beam
width of the antenna change regularly, and then the brightness temperature images of the MMSI are affected by
different forms. The antenna gain decreases and the side-lobe level increases when the deformation area increases,
then the resolution decreases, the noise level increases and the brightness temperature deteriorates .
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Tab.1 Changes in electrical parameters with

different deformation areas

TAS R/ % 10.0625| 0.25 1 2.37 4

E Wi ¥4 k/dB| —0.14 | —0.24 | —0.3

E i ALss(left)/dB | —0.26 | —0.16 0.19 0.89 1.87
E i ALss(right)/dB | —0.21| —0.13 | 0.16 0.95 1.97
E T AWyps/dB | 0.002 1| 0.0002 | 0.003 6 | 0.009 7 | 0.054 5
H i F ez k/dB| —0.14 | —0.24 | —0.3 | —0.41 | —3.35

H T ALss(left)/dB 0.42 0.71 1.16 1.93 2.05

H Tij ALss(right)/dB | 0. 44 0.79 1.18 2.09 2.14

H 1 AWyps/dB —0.002|—0.004 2|—0.009 2|—0.018 7| —0.122 3
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Fig.2 Antenna radiation patterns
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Fig.3 Antenna radiation patterns
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Tab.2 Changes in electrical parameters with
different deformation positions
L PiEl | E2 | fES3 | fUEA | fES
E 1 i35 48k /dB| —2.34 —0.01 —0.04 —0.09 0.07
E T ALss(eft)/dB 1.47 —0.04 0.18 0.07 0. 06
E i ALss(right)/dB 1.31 0 0 0. 06 —0.28
E T AWypp/dB 0.040 4 | 0.010 3 | 0.006 4 | 0.002 4 | 0.001 8
H T Eseidsfe/dBl —2.31 | —0.01 | —0.04 | —0.09 | 0.07
H 1a ALgss(left)/dB 1.51 —0.41 —0.07 | —0.336 0. 05
H 1] ALss(right)/dB 1.55 0.14 0.01 —0.44 0.11
H i AWypp/dB 0.726 5 | 0.0025 | 0.001 2 | 0.001 7 | 0.001 6
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Tab.3 Antenna performance parameters before and after deformation

X Jm | YIrm | Z i

AR X LR | W T 7 T %%

1 mm 1 mm 1 mm

E ifii £ 35 /dB 48. 54 48. 45 46.02 46. 00
E T Lss(left) /dB 31.69 | 27.17 | 32.36 | 35.69

E 1i Lss(right) /dB 31.76 34.59 32. 84 35. 69

E 1 Wypi/dB 0.793 3| 0.7913 | 0.740 8 | 0.784 2

E T8 M m B A B/ () 0 0. 36 0 0
H T & e 35 /dB 48. 54 46. 08 48. 42 46. 00
H i Lss(left)/dB 31. 35 32.22 27.58 35.72
H i Lss(right)/dB 31.41 32.23 33.91 35.72
H 1 Wypp/dB 0.8039 | 0.7556 | 0.8050 | 0.817 9
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Fig.4 Antenna radiation patterns
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Fig.5 Sampling results of forward-looking typhoon images when main lobe beam changes
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Tab.4 Sampling results when main lobe beam changes

3ABE R G/ (*) | Rwov/km | #K R Crra | KF 6., /K
3.3 25 0.926 0 0. 360
4.0 28 0.918 2 0. 365
4.2 30 0.910 5 0. 368
4.5 33 0.902 9 0. 369
4.8 35 0.895 5 0. 374
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Fig.7 Sampling results of forward-looking typhoon images when side-lobe level increases
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Tab.5 Sampling results when side-lobe level increases

AT =/ % Rirov/km MXFREL Crra | MH KT 6. /K
0 25 0.926 0 0. 360
5 28 0.9210 0. 396
10 29 0.912 7 0.411
15 32 0.898 8 0.441
20 43 0.876 5 0. 450
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Fig.9 Sampling results of forward-looking typhoon images when main lobe directivity offsets

280
2601
2 240
g
IR 220 — FEHEfRF 5°
— Emis e
200f  FEMmAS11°
— EE w140
180y 20 40 60 80 100 120 140

& 10 INERHESTHEMSESN

Fig.10 Concordance analysis of brightness temperature

data distribution curves in Fig. 9
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Tab.6 Sampling results when main lobe directivity offsets

EP A/ | Rwov/km | HIKRE Crra | MK 0, /K
S+ i 25 0.926 0 0. 360
0.5 33 0. 860 3 0. 365
0.8 — 0.575 8 0. 368
1.1 — 0.253 7 0. 369
1.4 — 0.126 2 0.374
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