THE JOURNAL OF KOREAN INSTITUTE OF ELECTROMAGNETIC ENGINEERING AND SCIENCE. 2017 Jul.; 28(7), 550 ~559.

http:/idx.doi.org/10.5515/KIKIEES.2017.28.7.550
ISSN 1226-3133 (Print) - ISSN 2288-226X (Oniine)

o 7_]'.1_ oﬂ UZ]———- Ku = o]—Eﬂq_ G/T ¥ /\-] tl] }g?ﬂ

Ku Band Antenna G/T Analysis and Experiment According to
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Abstract

In order to maintain communication while the vehicle is moving, satellite azimuth angle and elevation angle correction are needed
in real time. The elevation angle correction affects the system G/T according to the variation of the external noise temperature flowing
into the antenna. G/T is expressed as a ratio of power gain G to noise temperature T and is an important performance function required
for antenna gain design. This paper aims to G/T analysis considering elevation angle change and the establishment of an antenna design
procedure. For this purpose, the relationship between elevation angle and brightness temperature including rain attenuation was analyzed
according to recommendation ITU-R P.372 radio noise. Next, an antenna was designed based on the analysis results and design pro-
cedure was verified by G/T measurement. Through this experiment, G/T according to elevation angle was confirmed, and the minimum
antenna gain analysis and design procedure required in the system could be established.
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Fig. 1. Schematic representation of an rain path.
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jection(km). Table 2. Results of rainfall for average year(mm/h).
City(elevation) Lg Lg City Rainfall 0.5 % | Rainfall 0.3 % | Rainfall 0.1 %
Gimpo #=30.2" 8.35 km 7.22 km Gimpo 3.9 mm/h 6.8 mm/h 11.2 mm/h
Singapore § =71.4° 5.59 km 1.78 km Singapore 9.6 mm/h 247 mm/h 479 mm/h
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Table 3. Results of rain attenuation(dB).

City Rainfall 0.5 % | Rainfall 0.3 % | Rainfall 0.1 %
Gimpo 1.16 dB 2.06 dB 334 dB
Singapore 220 dB 5.07 dB 8.71 dB
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Table 4. Results of rain noise temperature(K).

City Rainfall 0.5 % | Rainfall 0.3 % | Rainfall 0.1 %

Gimpo 64.52 K 104.15 K 14778 K

Singapore 109.52 K 189.49 K 238.03 K
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Fig. 2. Noise temperature by atmospheric gases'”.
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Table 5. Atmospheric environmental temperature(K).
Item Gimpo Singapore
Environmental temperature 59.49 K 36.53 K
E 6. IJ=%(K)
Table 6. Brightness temperature(K).
Item Gimpo Singapore
Brightness temperature 8 K 4 K
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Table 7. Results of antenna noise temperature(K).
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Table 8. Results of system noise temperature(K).

City w/o rainfall | Rainfall 0.5% | Rainfall 0.3% City w/o rainfall | Rainfall 0.5% | Rainfall 0.3%
Gimpo 6749 K 118.05 K 149.11 K Gimpo 173.46 K 224.02 K 255.08 K
Singapore 4053 K 13551 K 204.85 K Singapore 146.50 K 24148 K 310.83 K
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9. 27H= Sy o] 5 Al4H2 3KdBi)
Table 9. Calculation results of required antenna gain(dBi).

City w/o rainfall | Rainfall 0.5 % | Rainfall 0.3 %

Gimpo 33.45 dBi 35.72 dBi 37.19 dBi

Singapore 25.33 dBi 29.71 dBi 33.67 dBi

12.8GHz

Theta / Degree vs. dBi

350.0

240.0

farfield (f=12.8) [1]

Frequency = 12.8
Man lobe magntude = 30.5 d8i
Man lobe drection = 0.0 deg.
Angular vidth (3 dB) = 4.7 deg.

Side lobe level

a8 5. gty 4 2 AlEdeld A
Fig. 5. Antenna configuration and simulation results.
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Table 10. Test results of parabola antenna gain(dBi)"**.
AT} H-polarization V-polarization
Azimuth(xz) Elevation(yz) Azimuth(xz) Elevation(yz)
Fo Gain Gain Gain Gain
GHz HPBW HPBW HPBW HPBW
[GHz] Peak 0 Peak @ Peak 0 Peak @
. [deg] . [deg] ) [deg] ) [deg]
[dBi] [deg] [dBi] [deg] [dBi] [deg] [dBi] | [deg]
10.7 27.83 0.00 5.72 27.95 0.00 6.98 28.09 0.00 5.67 28.04 0.00 6.78
11.7 30.10 —-1.00 4.88 30.20 0.00 6.61 29.74 -1.00 5.53 29.68 0.00 5.95
12.75 30.27 —=1.00 4.63 30.36 =1.00 5.66 30.31 =1.00 4.70 30.13 =1.00 5.53
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Table 11. G/T prediction results(dBK ™).

City w/o rainfall |Rainfall 0.5 % | Rainfall 0.3 %
Gimpo 79 dBK™! 6.7 dBK™' 6.2 dBK™!
Singapore 8.7 dBK™ 6.4 dBK™' 5.3 dBK™!
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Fig. 6. C/N measurement configuration.
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Table 12. C/N measurement results & G/T.

City G/T CIN Difference
Gimpo 8.1 dBK™ 14.6 dB +0.2 dBK™'
Singapore 8.8 dBK™ 159 dB +0.1 dBK™
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