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Fig. 1 Influence of atmospheric turbulence on received signals phase
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Fig. 2 Model for stochastic process of atmospheric phase disturbance
FIRI M ARBEEX QAT BB . Q(0) AP/
W, TR N

M
0@ = 1/A@), A@Q) =1+ ) az™ ©)
k=1

RFEQ(2) M EaE R YL, WAR)IME SHALT
AR, Az RET HLevinsonid A5 LS R .
3 KRERABMERNAE

X KA 51 L A AL RE R H B i FEEAT T — Ik
S, PPEAMEN: REMRNEESELME, Mo
HHN=10, FEIClEEd=50m, U055 50% =32 GHz
(Ka#li) » 55 MéE=0. MWREER =2 km,
KV, =10 m/s, HLEIEHL=6km, Ty=0.1 ms, K
AR S B T SR FEAIR £y = 100 Hzo MR K
SRS, FEHISHALI A A E AR A, B 3 E
AT IRORSAN BN L. B3 (a) Fliik [ 7ERE B
WHEZAETS, FECMAL 22 AR 2R K3 (b) Mok
XU BRI IA A7 2520, B e AR A 22 B AR A 45
M 3R ATE H, KA G| S KR 22 21 R AR AL 2
HA R, mRHIEGR RN =,
SRS B = PR A4k

K 43R T AERS B AN R R R AR, VLA
TR~ 3 N R AR, 28t it 26 E] 4
ATCAE H, VLA TAES# 8.4 GHzRY, TEFE WM T
5 min P K2R (8] AR AR A 77 A2 TR 1200 0B RS . AH
iR 5 R& TAEMFIE LI E, RETIEAX
BB HIARAERE Gt B, K2R TAE T Kasi Bt # 47
AL SN AH N AR5 A A, @ X e 3405 A A T
FERN P 4SEBRARALIE RS AT 0, A B RY Lh A 43200 S B
THOL, ARLIBRCARE, £ MMTESERE~EF, K
S AL B 1 B8 AL 2% 18 AR 10 wT DAY BR R SRS OE .



574 AR 22 R ¥4
200
30
150
o o 100
8 2 50
il 2
= &
l% z 0 i
=50
=30
: : : : : -100 : : : :
0 100 200 300 400 500 600 0 100 200 300 400 500 600
i ] o/s I8 [)e/s
(a) §RAMAER ) (b) s KSAERELZ)
3 RERFE T B AN R R A AL L (AR B FL 2R )
Fig. 3 Simulation results of discrete time atmospheric phase disturbance (equidistant linear array )
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Analysis of the Effect of Atmosphere Turbulence on Antenna

Arraying Phase Fluctuations

SHI Xueshu, JIAO Yiwen, MA Hong

(Aerospace Engineering University, Beijing 101416, China)

Abstract: Large scale antenna arraying system is superior than a single large antenna in deep space TT&C network. Building a
Ka band antenna array system is a cost-effective and sustainable technical scheme for interplanetary TT&C and astronomical
observation. However, due to the rapid fluctuation of the phase drift between antennas, the synthetic signal to noise ratio (SNR)
will be deteriorated rapidly when the antenna array working at Ka band. The phase drift also brings challenges for deep space uplink
signals phase monitoring and closed-loop control, so it is necessary to measure and numerically simulate the atmospheric phase
disturbance between the antennas. Based on the relevant interferometry data, the atmospheric phase disturbance measurement
method and statistical analysis method of the antenna array are analyzed, and then the antenna array phase drift jitter model is
established by using the microwave atmospheric turbulence model. Several phase delay disturbance processes caused by atmospheric
turbulence are simulated based on the model. Using the above model, the applicability of the antenna array signal synthesis

processing can be tested and evaluated.

Key words: deep space TT&C; antenna arraying; atmosphere turbulence; atmospheric phase fluctuations

High lights:

e The atmospheric phase disturbance measurement methods are analyzed, and the discrete time phase drift jitter model is
established for the antenna array.

e The atmospheric phase drift curves of linear array elements are simulated under different meteorological conditions.

e The phase drift jitter curves of 6 antennas apart from the reference antenna by 50, 100, 200, 500, 1 000 and 1 450 meters
respectively, and within 100 minutes are simulated and analyzed. By comparing the simulated data with the measured ones, the

efficiency of model is proved, and the model can be used in the evaluation of antenna array system construction.
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