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Abstract: In recent years, China's aerospace technology has continued to develop. The distance of deep-space exploration has
been continuously increasing, and the attenuation of signal energy has become more and more serious, which has gradually in-
creased the requirements for the signal reception and demodulation capabilities of ground receiving equipment. Antenna array tech-
nology can achieve the gain of an equivalent large-aperture antenna by synthesizing the signals of multiple small-aperture antennas,
which can give full play to the efficiency of each antenna resource and achieve the purpose of extending the measurement and con-
trol distance. It is one of the effective ways to solve the problem of receiving weak signals in deep space. The measurement and con-
trol range of the antenna array of the ground fixed base station is limited by factors such as terrain, region, and obstructions, and it
cannot achieve full coverage of the existing measurement and control tasks. Therefore, a shipborne platform is needed to make up
for the measurement and control blind area.Based on the real satellite signal, this paper conducts an antenna array signal synthesis ex-
periment on a shipborne mobile platform. For platform states such as docking at the wharf, anchoring on the river surface, and hull
swaying, full-spectrum synthesis and symbol stream synthesis demodulation processing are carried out. Especially for the hull sway-
ing state, a signal synthesis scheme based on carrier-to-noise ratio estimation is proposed. This scheme constructs a model of ship

sway frequency, amplitude, and signal strength based on the measured ship sway data, analyzes the signal synthesis efficiency under
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different ship sway states, designs a carrier-to-noise ratio estimation scheme according to the signal change law, and dynamically op-
timizes the signal weighting coefficient, so as to improve the signal synthesis effect. The paper also compares the influence of differ-
ent signal-to-noise ratio estimations and weighting coefficient update periods on the synthesis efficiency, and the results are consis-
tent with the theoretical analysis. By comparing the synthesis efficiencies of the traditional signal synthesis scheme and the synthesis
scheme based on carrier-to-noise ratio estimation, the test results show that the traditional symbol stream synthesis result is less af-
fected by ship sway, and the synthesis efficiency can reach more than 90%; the traditional full-spectrum synthesis result is greatly af-
fected by ship sway, and the synthesis efficiency is less than 80%. By adopting the carrier-to-noise ratio estimation-assisted scheme
proposed in this paper, the synthesis efficiency can be significantly improved to more than 89%, providing a technical basis for the
subsequent antenna array synthesis scheme of the shipborne mobile platform.

Keywords: Shipborne moving platform; Antenna array; FSC, SSC; Deep-space exploration; Carrier-to-noise ratio; Synthesis ef-
ficiency; TT & C

Citation: LIU Sifang, MAO Nanping, SU Yan, et al. Research on Antenna Array Technology of Ship-borne Moving Platform

Based on Carrier-to-Noise Ratio Estimation Method[J]. Journal of Telemetry, Tracking and Command, 2025, 46(1):

62-70.

0 515

TEGRZS MU, Bl 05 P B A kg
{5 S TEAERE A P i s el R ™, X v 0k
KM I T mZR . Y RKRL DR
R AT 22 WML NGR 7 U0 3 1) A Jre I B S ), SR 4k 4
MR AR N iz Az, HGE o 05 5 384T A Ak B
IR TR 2 A A M Ll A5 5 50 B i DR 15 5 T SR 4K
AT B — o AR h 26 B Mg A i S 30 =
(Jet Propulsion Laboratory, JPL)F 1965 43 Ji: 42
i, ARG JE B A 24 R4zl [ — =3 1 H
sS85 BIE S A0 T s A TR RE v, 78
X2 R&AG 5 S 8E T MEE, RN T R
ISP = R 1 N AN e NS E S N7
P SE RSO R

20204 11 H, FREAER AR T34
35mHRBERL, SEAMN 135 m R ILF 2L
KREWERG . EIESHEGREAR, HEHT
AR FAEEARWTIR 25 35 66 m KA 1F 5 HWOKF,
AR T T Ml R s D% R A R D . AR
T, b R 22 T 4% oA g 0 4 10 [T 52 b B o PR
FEFEIN T X o T, F b 35 0428 0o X6 R 28 K
T aS W45 7 35 28 200 90%. TE 2 T A TR 4
20°LAFg I, b T [ TR S ol 2 (RS AR O i 7 5
YA I SIBE ), PRt A B A 23l 5
58 R ke SR A I 1) A 4 5 o

MR 6 B AL LS, Z P ¢ R
BN, 18 “WEIR—S7 B CIEEOSST D& YR
[ — " OVSEAT 55 St i B vh X L 45 T EEAE .
HBEE VR 25 8 A5 SE T R FF LK, TEM AT &

TAZ BRAE OL T, B RZ D AR ME LU 215
FEWTTRRZEKR, i s A ador & RECHEHOR ,
PETH I M2 ORI i 5 2 e e FEJE B .
TERRECR L H EHOR T, AR IE 3 S 215 5 2
PR BE L AE P Bl S e A R R e P R
WA AR PUE 5 £ 3 LR & A sRCR Bl R 1% 40
BT A

AR SCRFE AT M2 N7 5 R BEUR, X HL 5K
BEAFSIFRREAMEF 56 Mt , 5k
PERE . VLTHA E . MR IE AR O SRS
XF K 2k 4H [ 4 B0 ik & A (Full Spectrum Combine,
FSC) #1455 I & H (Symbol Stream Combine, SSC)
A RACR IR, IR R A S
RZ MRS BN, A AR AT 90% LA | 42
Wk G A R MR R A K, A RCRIR T
80%. AL TAF UG M, & AT H AR
fE R TR, & T ORI 2 B/ NS B, 7R BE
G5 A BN Rz o 4 AR 4R
BT Mg G BT B 06 AR, ASCE ) —F
R LOAG T B B 2GR E S A o 5, s Al
THE 5 80 Lok 2h 28 H R A Ak AR 2,
DLIE W AR 42 2 R BUW AR 5 R AR A . M T T3
TR RAIE 45 A W 5, %A AT LU S b
AR REAE S BUNAE SRR, ] R
BIFE T 89% LU b, NS E ST 5 8 R
MG T SRR AR JEA

1 REABEESERAR

TR 25 A 5 — R 5 A7 B 300 4 s ofe
TT&CH T o YRELE 2 REHLNOE 5 435 5



64 - X753, BETHEE AT GENMEEIT Q@ REEERARIHR

o546 B 1]

WAL, . mIARE . A7 R TR, SRHATSSC
ik A RO 45 18 0 3007 R ER T FR(EIE
TR . A5 5 BRI TR, SR S & BT
M EB 4y KLU 25 TC Ik B A BREE T BR A,
KRB A MO AR O 25 2 ok
KB B T TR, SRATFSC U7k, FSCHAH
TR AR T TR, SSC HA7 5 a7 B ) F2 WS b BR AR A4
ez N T HAA R RS

ASCLLFSC FISSC A MU XN E AL, 78T
FEARAL TR AT 56 | VLTRES R . AR SN TR
P RS R A B 5 AR A2
1.1 £3REE

W 1 7R R FSC IR BRAERE . [N 24 Kk
TR ST 5 T AR R ThOE 5 o8 U A
e, 3 L EHOAH DGR £5 B AE 5 Y S A 25 FAH A3 22
PRI, 158 25 RS AR 5 2R FH S R L 5 s 58 G
ARG, IR AL
N R

I e

SER RIS =~ [Ex ]
Ei =& ﬁéﬂ&m%’
IR
I wenr Pl mamgn—t—
A1 FSCREAER
Fig. 1 The schematic diagram of FSC

12 HFSREMK

W2 7  SSC IR BEHE R . A1 N 21> K2R
FEWCE W BT 5 TR WL e A5 R s, 3%
AT AS, 5 M LAl T B RE 2 A T A

MR A VS MR, SEM B 5 BB
W IR 0135 5 AR B R L 25 S LA I L 1
HOLERT S EHAT AR, B 2 AR

— | FRBA I BB AT [ j

[ ama—

— | FRUAE I RIRP AT P AT T 4?

K2 SSCREIEH
Fig. 2 The schematic diagram of SSC

1.3 FSC#HISSC Xttt

Yt 1,
2 MBENFEREAEKFERE

RIEXTZ S A BEAI B 2SI & B P E I 45 1%
2. WA S AP OR AT SR AR . AR R
SERAT SRR BT, 2054 AR B AL T35
SAEE L VLM . MTIARTR IR ARIRA, [R) A ER R
[l — AL KA, R HIC SR A Rl e 5% A7 85040 .
B AL BRI D SR A 555 B R R I,
I TR B g A LU, SR FH s B el X4 S it
T3P0 AT 5 A 0 ST f VR AL B A BTG - B A 9 A
FRFNAT 50 A U R AL B0 G0 SEALFR RIS 115 5
S EJN, FHRIG R, IR A MR, s
- G ALK ZS T FSC AN SSC & a1 Ab B ) 52
M, R0 RN B A 3 R .

# 1 FSCH=SSC Atk
Table 1 Comparison between FSC and SSC

WES Peni AR A £ N5
FSC XA AEARH BEARG 5 T AT TR XHE T #h sl T BRI TRT IR TR, N

SSC ARt ] £, K A& i i AR, X5 = 3 Sl A BUR

VAT T B s

Fp VR BB TR o TR TR, s

= SOOI
—— X, g :
AR 1 LNA T P e
N . A .
AR 1OMIZ 100 Mz 1 PPSBOOO : ot
L BRGPSHERL N - S P
2. RIS K :
e S : g AL
LR
omiz 1+ 4+
<. AR 100 Mtz 1 PP BO0
i

A3 RAERETER
Fig.3 The schematic diagram of test principle



2025 41 H

E M E - 65 -

FELH B0 AR RERAL e i rh, R
AR R F- 5 Z (BB 25 /T 1 kmo A4S SCER[ 1617
b, MREMEA R EA/NT 1 kmiF, KRB
SEHIE S EAIE S IR ZE ] AW . Ik, AL
o R 2R A BN 4 R AR 5 B KA E— 3
AMREAME IE AL
2.1 KEEIES
2.1.1 ABAHKIFERSE

A. BWINEIA T3k R0 H RS . X A
FIB AR AT ST S f# 07 . FSC AT SSC figk i b
B, ES IO EE A, XSk BOE o AT iR A R
it

] 4 FEL 5 53 500 A A Sk A5 5E AR A8 FSC AT SSC
B ATEES E/N KT HE L. iS5 R AT A
B e AN 5], fF58 8/, AT, B
55 E/N, YA 30 8.33 dBH18.91 dB, iRfLZH Ny
2.67x107F19.92x107,

TTSC
I I — i
HA

(E/N,)/dB

100 150 200 250 300 350 400
time/s

B4 kAR ETFTFSCAmERES E/N,
Fig. 4 The E/N, after FSC of berthing state

0 50 100 150 200 250 300 350 400
time/s

BS5 ki3 IRET SSCAMIE1EF E/N,
Fig.5 The E/N, after SSC of berthing state

3 2 i 7 3k 4 SRR AR FSC i SSC A sk
R, FSCH MG E/NJIMEN 11.40 dB, G RN

94.72%, SSC & W5 E/N, %18 K 11.36 dB, &
R 93.67%. 2 BRTE 5 B ATk B %
BIJE RS IO, RG-S UG E/NFRE T,
B IR RIS ARAE T 13107
2 BKAF RS HYE S
Table 2 The results of berthing state

ik FHIT (E/N,)/dB PREES (e Ry ES

AR 8.33 2.67x107* —

B — 8.91 9.92x107 —
— FSC 11.40 <1x107° 94.72%
— SSC 11.36 <1x107 93.67%

2.12 ABIEET KRS

ANBPLF RS Sk RIAH AR, BT VL
SEARZS o X A BN B MR B AR 5 R AT 200 ST A O
FSCRISSCEIALIN, {55 TAFIt 2T, AL
PEEATIRID RS, B 6. BT TR A Sk Rk
AT FSCHMISSC A I JG 15 5 E/N AT L E . A
NP SRR, RREARXT I S), BB TYLIE
i, fAAE1dBUANME S48, AL BHEIES
EJ/N, ¥J{H 43 % 4 8.37 dB H1 7.95 dB, % #% % N
2.55x10715.18x10™,

(E/N,)/dB

100 150 200 250 300 350 400
time/s

0 30

Be6 xwmahZkETFSCAEMRESESE/N,
Fig. 6 The E/N, after FSC of anchoring state

16
15
14
13
12
11 ¥4
10 }--

(E/N,)/dB

100 150 200 250 300 350 400
time/s

0 50

B7 zasE kST SSCAHRERF E/N,
Fig. 7 The E/N, after SSC of anchoring state



* 66 - X753, BETHEE AT GENMEEIT Q@ REEERARIHR

o546 B 1]

32 3 T 7 o VLA 4 2 IR AS FSC Ml SSC A ik
Ho FSCHMUF E/NYIE A 10.76 dB, A BCHE N
90.79%, SSC & WiJm E/N,¥{E 7 10.89 dB, &,
BN 93.61%.

K3 @A AR A SR ST
Table 3 The results of anchoring state

il HlEA (E/N,)/dB BR%ER BRI ES
AR — 8.37 2.55x107 —
B iy — 7.95 5.18x107* —
— FSC 10.76 <1x107 90.79%
— SSC 10.89 <1x107 93.61%

2.1.3  A/BASAUAT K S 4L Ak sk & 43t

AR TAS Sk RIAF LR, B TV 4
THVAREAIRAS . X AR B AR AR5 5 31Tk ST
fift )8 . FSC AN SSC M AL BE , {55 R &GS,
XSk Bt EA T IR ARG A MY BRFEIE S
EJN, Y18 53 %]} 4.82 dB 1 5.81 dB, %A% E N
3.41x107°F15.44x107,

K18, 9 FrR AR FE LIRS T FSC A SSC
G TGRS E/N T ECEL . A B TR 3k 45 580k
ADRERAI L), B TYLE S T AR EEEE, 15
SRR, SSCH B MATRIEZ BN, B
ORI ] 91.54% ., FSC A 2 s 1R 18 422 52 i 458
K, RAGGRET KL FSC AR, F5
PEEIE1R FSC L TL BRI RS, &
RORMEIR T 75.79%.
22 ETFHRLEMEITHBNOFSCEE

S B AR TR SIDIR A R FSC A R, A X
2 — Fh 2R L (CNR)A 3148 B 9 FSC 55 4 (FSC-
CNR), i a4 UG5 8 e, sk
T MABUREL, 3N R B S BUN (5 S AR
b, HA BB ATA 89.22%,

0 50 100 150 200 250 300 350 400
time/s

B8 Mtk#EIZIKRSFSCAHRET]ES E/N,
Fig. 8 The E/N, after FSC of swaying state

time/s
B9 AEk#IERESSCEMEEF E/N,
Fig.9 The E/N, after SSC of swaying state

NINREGESHRF, FiRENWAGS
F () =s(t) +n(t), Hds(e)Fn(e) iR
R NG SRS | Do, IR R B T 6 0,
BRJEE SRR A
f(l) = Zaisi(t) + Zaini(l) (1)
WRIERKRIETE, Ho,=s/m B, GG
R LB, TR R

)

i=

S, s, A S S AR, 2 R 4% S
VES
TR T, (55 B b2 KLk 48 ) FE 3
W, (SR AR, DLIE SRR R AL AT
(SR T N
s(6) = (1+B,sin(2nf) ) s,=p (s, ()
Hobos s S, pNESHRE, £
(ESREBUR, p () W BG5S 5 A T (5
BRI IR B ERIE . 15 ARSI . B AR
RIE 3 B F AT 2 A RSB, (%4
A5 5 A5 B T 8
) ¢

2 2 2
S t)s
—2(t)= z+7z=7+p2(z)z “4)
n ni n, n; n,

#A M RBORYE S5 BET R, W {5 g
HEATRAR A
(S'zs1+ Siszwap(t)) (Si +pz(t)sgz)
ny 2 ny n;
; = (5)

2 2 2
N N

S i+ S2 2 7124_722
n? 1 2 2 n; n,

1 n,

Ez(t) =
n



2025 41 H

DT A2 R

2
2 2
S5 5>
(2 +pz(t)2)

n’ n:
siyos) (s, pa0)s:
2 2 2 2

ny n; ny n;

(6)
AR AT 9 FR A RE SRS TR B9 SEBE , fE A

w0= "0/ (0 =

%ﬂB%%%E%wﬂ@ﬁgzﬁ_wB1
B ah B E p =0, f,=0.631, {55 E 3R -=

0. f,=1/40 Hz B} , A SCHEST A 2 A 10 5 50 I 45
ST o SRS 5 0 B A T3 A R R B B
REFSCHIL G A MACEWME 10w, 4B
59 E/N, 3 BINHARSE S 2 (R T A S 5 EJ/N BT,
KRG o B E AT A R, AR

R R LU, BRI BRI T 85%

(E/N,)/dB

gL
; i ; ; Bl
0 20 40 60 80 100 120 140 160
time/s

B10 B ZHMFSCHERAFER(ES
Hh9m % A 1/40 Hz)
Fig. 10 The synthesis efficiency of FSC algorithm based on

-4

FahA2HE H 0.631,

fixed coefficientt(signal jitter degree is 0.631 and
jitter frequency is 1/40 Hz)

FE RS PR BE 3 0 3R AR (1 5L 35 I A 1% 3
R, M SRIERER B =0, ,=08, [F5E
BB f=0, f,=1/40 HzI}, RHE SR E T
BAMARBMEERRFSCH Y, 554k
WE 1R Y4B 5 E/N, 3% 2R EE 3 52
KT ARG E/N, B, DR & BRI T 70%.

TE RS VR BE B0 I8 B2 A AE (1415 50 T 358 I A 44 1% 3
WOR, BESPEIRE L =0, £,=0.631, {55+
R =0, f,=1/20 HzI}, RHE SR E T
AN R B E R BFSCH A5 5 A MR
B2 Fim o BLE AR Sh AT 300 ROk Wiy, 15
SO AR HUR IR T, T AR X TR AR
FIRAIEE ST, A REIRAS AR BLRICR

L - 67 -
100
90
80 -

70
60
0

synthesis efficiency(%)

20 40 60 80 100 120 140 160
time/s

(EJN,)/dB

0 20 40 60 80 100 120 140 160
time/s

A1l BZABMHFSCEMAFBUZTHHREAA 08,4
I FE A 1/40 Hz)
Fig. 11  The synthesis efficiency of FSC algorithm based on

fixed coefficient(signal jitter degree is 0.8 and jitter

frequency is 1/40 Hz)

105

P

% 100 £

2 95

=

T 90 |-

B 85 . ;

= g0 ; ; ; ; ; ; ;

S\ 0 20 40 60 80 100 120 140 160

time/s

2 VQM\/\/VquJ

< o MLVEVEVE VE VE VE )

g AfIF
s : : Bify
0 20 40 60 80 100 120 140 160

time/s
B12 BEZAHNFSCHRAERMAZ S H3EEHN 0.631,
H3hmFE A 1/20 Hz)
Fig. 12 The synthesis efficiency of FSC algorithm based on
fixed coefficient (signal jitter degree is 0.631 and
jitter frequency is 1/20 Hz)

155 B3l 7 B2 R 5 £ 3l AR X FSC & ik
RIFZI R 4 IR S PR
AT, AR ShR B O . B, B

R4 AZF AT FSC A AL F W Hra(d s & A
1/40 Hz)
Table 4 The impact of jitter degree on synthesis efficiency
(jitter frequency is 1/40 Hz)

o B it E/N,<Aii§ E /N, B E/N>A M EJN,
Eé RCWERS A REeR BARBERG A e
WECE %) s AEE%)s  WEE%) R %)
0.500 90.00 1.000 96.15 0.385
0.631 83.66 1.634 94.78 0.522
0.700 77.52 2.248 93.70 0.630
0.800 69.23 3.077 92.45 0.755




£ 68 - X753, BETHEE AT GENMEEIT Q@ REEERARIHR

o546 B 1]

A5 1E5HAIMESTFSC AR EWYra(FHhRE S

0.631)
Table 5 The impact of jitter frequency on synthesis efficiency
(jitter degree is 0.631)
. Bt E/N, <A E/N, Bk E/N>AR E/N,
isz RIWBEN G SRECRE  RARBEN S SR
M%) R%)s R %)/
1/80 83.66 0.817 94.78 0.261
1/60 83.66 1.056 94.78 0.345
1/40 83.66 1.634 94.78 0.522
1/20 83.66 3.268 94.78 1.044

W%%EW%?AW%vEWM B BB Z 3
M RFE B R, & UG5 TG s Ak, S
P B 2 R — 2

Sk R0 A SR AR R 3 3 T R IIAL &
£, FSC-CNRBE L H Seflith £ R&HEWUE 7 1k
ﬁwﬁ SR Je R A A 145 R AME S B shar K i

SIREARME . BT E SR ERAER 22, W
%m%%%%ﬁMﬂ%ﬁoﬁﬁﬁ%¢mATﬁ
BRI S E, AN R BT R S g 5 EDA
B RE AR AR EE R . 56 i A RG-S 14
E%%%W@ﬁM&ﬁﬁ,*%mF&ﬁTﬁﬁ
2 LA

2
CNR(D= &
(o!)
LS, (7)
= — u;
0 2
M
(o) = iz(uﬁk— U’

A, ul, RE ARG 5 R A W5 &
MG S EAE B RAEE, U RSS20 1S
%maﬁi@ﬁ, (o))" HWAFERERE . 4 14N S 3 FE 0
I ESVCIEZV)|
aFi% ()
(o))

TS A H RN E S A .

BET CONR Al 45 B fUE S48 5 sk ) i1
EJN 455, 76 1 ms M5 sEEF R T, E/N G145
X LEE AN B 13 s, A B EE T L T 1] 14
F7R

1 ms 55 F T A R Y R 89.22%, 55
FEHT R AT A USRI R 86.23%, 1y BT A%

» TmstiaE | L
—5 sﬁnﬂiﬁi

(EN,)/dB

time/s x10°
B 13 1 msAess LA E/N, T 2 R
Fig. 13 The comparison of £/N, estimation results between

1 ms and 5 s update rate

—_—
SN O N

(EJN,)/dB

0 50 100 150 200 250 300 350 400
time/s

5 sHUHT
— B

0 50 100 150 200 250 300 350 400
time/s

B 14 1 msHe5 s ZAH A IE IR LRI
Fig. 14 The comparison of synthesis efficiency between 1 ms

and 5 s update rate

X P AR 3 S BAG 15 M LE AR AL IR RS, Bk
BORT o 25 A T AS [ 2 M e A 3 B SR 30
KT FSC-CNR B LA AR AN E 15 iR o

89.5

89.0

88.5

88.0

87.5

87.0

synthesis efficiency(%)

86.5

86.0

0 1 2 3 4 5 6
CNR estimation update rate/s
B15 AmZELSHRAATEHARXLRZA
Fig. 15 Relationship diagram between synthesis efficiency

and CNR estimation update rate



2025 41 H =

.69.

IR LR R AR 3 5 B £5 5 o
ARG A R B R LA S R A
JEER R I ARG, 2 R A SR SR U S
e, AR AR

BRIE

AT TRELPRTTE, | IR LA F
B RGBS, BIs b L1 F5RE
BUZ AR TR B BN, A RRAS TN & sk
BInTik 91% DL by 005 G mL sz M IR $2: 45852 i 458
K, G 4 dBEF, & BESCRIET 75%.
SR AR SO 4 2 LA T4 B 1) FSC 3k, Al L
K 0 56 2k 4 35 VN FSC A UM A & By 5
WHE, TG BRI A5 S Bl ah s, A sk
ROk 89% LA o SEBRR T, FEAE 5 RE & 0T LA
R E B R TR, I RS SR A
WG AERE AR T T TRR I, 2R 8% & .
EEXTAR IS ALAT . WIRSF &, 07 B BN o
H . KNS S E/N,. IO B SE TR R A
ML

3

SEEk
AT, AR, AR, S AP R A I R BUIR S e
(7], ERAEAE BRFE), 2020, 50(1): 87-108.

WU Weiren, LI Haitao, LI Zan, et al. Status and prospect

(1]

of China's deep space TT&C network[J]. Science in China
(Information Sciences), 2020, 50(1): 87-108.

FUBEDR, 25450k, TRk, 55 . JOR RN R 2 20 I B8 1
WA AR IF 5 R 58 HE S 6 (9], A0 7 i, 2020, 41(7):
949-958.

(2]

KONG Deqing, LI Chunlai, ZHANG Hongbo, et al. Re-
search and verification experiments of data receiving
technologies based on antenna arraying for Mars explora-
tion of China[J]. Journal of Astronautics, 2020, 41(7):
949 - 958.

I, R L SEIE R — AR A R A TR R[], K
FIaE 24, 2016, 35(6): 443-449.

WANG Haibo, YAO Xu. Evaluation of NASA next-
generation deep space network evolvement strategy[J].
Journal of Spacescraft TT&C Technology, 2016, 35(6):
443-449.

(4]

(3]

(6]

(7]

(8]

[9]

[10]

[11]

TREHE, SEF% . FRIENTR A REA MR AR IR & R JE
[J1. HIREEAR, 2014, 54(1): 109-113.
XU Maoge, CHAI Lin. Technical status and development
suggestion of Chinas deep space antenna arrayin[J]. Tele-
communication Engineering, 2014, 54(1): 109-114.
TR . S ] 3t 3 TR 2 RN 1O IR B g e L AR 114 5
JR[I]. BACE A, 2020, 42(5): 1-8.
HAN Laihui. Status of ground-based deep space explora-
tion network of USA and its revelation for China[J]. Mo-
dern Radar, 2020, 42(5): 1-8.
T, DUk A . oh s SR ke S e B ). A BE A
$%,2022, 1(1): 17-27.
YU Dengyun, MA Jinan. Progress and prospect of deep
space exploration in China[J]. Science and Technology
Foresinght, 2022, 1(1): 17 - 27.
ThC U, FIR, FE, S5 . RPN r it 8 2 0 42 58 175 6
SEH R [D]. PRI A4, 2023, 7(1): 149-157.
MA Wenfeng, WANG Cong, TIAN Hui, et al. Key tech-
nologies of deep space TT&C and telecommunication for
Mars exploration[J]. Chinese Journal on Internet of
Things, 2023, 7(1): 149-157.
EI, TRB . TR W i KL A B B AR K H R R[],
R TR, 2009, 10(3): 365-368.
WANG Qian, YU Hongyi. Antenna arraying technology
and its development in deep space network (in Chinese)
[J]. Journal of Information Engineering University, 2009,
10(3): 365-368.
R, BN FEE RS REA MR GG
[EB/OL]. [2020-11-19]. https://baijiahao.baidu.com/s?id=
1683746792642113903 & wir=spider&for=pc.
ROGSTAD D H, MILEANT A, PHAM T T. J& 25 ¥ fi})
REHFEHOAR M. 2T, 3% AT 36 A R R
1, 2005.
PR, W 308, R R, 45 R AT AR AR B
Y AT 5T (V] % 4 15 R BOR 22 Be e 4, 2011, 22
(1): 58-60.
HONG Jiacai, YANG Wenge, HOU Xiaomin, et al.

Study on downlink antenna array technology and its test



70 -

X753, BETHEE AT GENMEEIT Q@ REEERARIHR

o546 B 1]

[12]

[13]

[15]

verifying[J]. Journal of Equipment Academy, 2011, 22
(1): 58-60.

PR, A/, B, AF L R G
REZMTL]. QAT 24, 2013, 32(3): 384-387.

LU Manhong, LI Xiaomei, HUANG lJianguo, et al.
Analysis of the combining efficiency of full-spectrum
combining for antenna arrays[J]. Journal of Spacecraft
TT & C Technology, 2013, 32(3): 384-387.

SRABIE, 30, 530, 45 IR R 125 18] 2
A BURF R 23 A D], TR 25 4RI 27 4 (Hh 3 30, 2020,
7(4): 399-406.

ZHANG Xuwang, WANG Wencan, MA Wenqi, et al.
Analysis on space power synthesis performance of deep
space antenna array[J]. Journal of Deep Space Explora-
tion, 2020, 7(4): 399-406.

XWSCAR , O TT %%, W], A . S b R 2k 20 9 il [i) Ao S 2
1 IE AR BF 5T 50 UE[T]. 25 I 274, 2015, 2(3):
268-270.

LIU Wenjun, HAO Wanhong, CHEN Ming, et al. Re-
search and verification of inter-station delay difference
correction technology for remote antenna arrays[J]. Jour-
nal of Deep Space Exploration, 2015, 2(3): 268-270.
hor, FEECEH, R G, AF . TR PRI 22 R R AL (1 1
tRAURFTE )], AT R A4, 2016, 35(6): 422-428.
SUN Ke, DU Liming, CHENG Yanhe, et al. Study on

gain loss of multi-antenna arrays for deep space explora-

[16]

[17]

tion[J]. Journal of Spacecraft TT&C Technology, 2016,
35(6): 422-428.

g, BRI, T, A R T R A R 22 R
FARESZ R M (0], TR A5 4RI~ 41, 2017, 4(6): 571-576.
SHI Xueshu, JIAO Yiwen, MA Hong, et al. Analysis of
the effect of atmosphere turbulence on antenna arraying
phase fluctuations[J]. Journal of Deep Space Explora-
tion, 2017, 4(6): 571-576.

FESCSC, Do, RV, A5 AOCAR MR S R A AR Ao
fliHEre R sZma ], AR, 2020, 60(6): 662-665.
JIAO Yiwen, MA Hong, WU Tao, et al. Influence of cor-
relation SN R on phase estimation performance in an-
tenna

arraying[J]. Telecommunication Engineering,

2020, 60(6): 662-665.

[ 2]
xegz 1978 F 4, ML, TAEIF,
2HF 1970 F 4, Md, EHE IR,
o= 19804, ML, SFHB/ I,
EHE 1971454, Mt @GR TN,
BRTF 1995F 4, ML, TREIF,
I 4] 19884FA4, FE, TAN,

(L. &)
(EX s, RFR)



