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Abstract: In order to improve the accuracy of clock synchronization correction for the receiving terminal of integrated satellite ground
communication users, a clock synchronization correction method for the receiving terminal of integrated satellite ground communica-
tion users based on Orthogonal Frequency Division Multiplexing (OFDM) technology was proposed. Analyzed the communication
clock bias interference caused by relativistic effects in the process of integrated satellite ground communication. According to the cali-
bration requirements, solved the optimal direction angle of the receiving channel and optimized the receiving channel of the user's re-
ceiving terminal. Based on this, combined with the characteristics of OFDM signals, the signal was divided into different time windows
according to the transmission period of the communication signal. Established a measurement function for synchronous correction, esti-
mated the symbol starting position of OFDM signals, and achieved synchronous correction of clock bias through error compensation es-
timation. After experimental testing, it was found that applying this method for OFDM signal correction processing resulted in a more
regular waveform of the communication signal. After applied this method for clock bias correction, the clock bias was relatively small,
which improved the accuracy of clock bias synchronization correction for satellite ground integrated communication user receiving ter-
minals.
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clock, clock error

i AEI: 2024-05-11; fEEIBHA: 2024-08-20



55 3 34

B HiE 4 FT OFDM R 2 — A {5 1 Bl smdh 22 R0 A OE =79 -

0 3=

B2t — A A 20 £ R 10 R e £ g e A O — 1k
SR T RIS I e S s (5 A . SR B N Pz
W2 2 AR AR TP, B0 B — R 3 R L
B v A — I i 220 70 2 — R e
Rgi, WNAPRZE AT RERIE T 2N J7 1, A3 A
PEZIAMANIZE) (ZEEE) . AT E T
B AR Sk RPN S 2 o Je ik, O 7ot
BRI S Rkl RS (RFREh2E) JHT
FEPRIESZ 2] 7 GU N2 0 o IR Z AT B
feth TP RAE T o

S35 SRR T T 4l DT £ AR AU /N~
FTEM PRI AAET i, /i Tl s T s Higpr o
SEMA P R BRI R LR M RRAE ) AT & SR A 2 DL S o
2. W MR IsSEN, Mk AT R .
SR IR/ N3, APRAIERS T #EAT P UE L, T[]
ARAEAN 2 . AESBRRHI, 25 R e 3k
ATHIRGERL, MELURTEIE R R — R bl E 5 T T Y
INBRZE, SOM T ROESSRIGHERIE . 228 R[318t 1
FET PR 4 O R s I 22 FE AR T i AT &
T R RIS B2, &5 e d B Hh I e
7, AR T RRRIRBI AL A RN
PREEPZE F s R s S, ORIBFRROIE MM . B
N2 B — il 5 sep, £ REESZE T
I, A NS S AT O 2RI R 22 28 11 3 1 R
TR B RN, S BN ZE R ROE I HERRE T
B o 2B SCHR 4180k 17 B TR I 1R 1 3 (Precise
Time Protocol, PTP) [W#h 2= NP IETT ik Aol 5
A b, SR PR, 45 PTP 3
SR A ot PR PR DX 28 PR TR E 491 3R B8 DA M B o3 - 8. Rl
enh b, RPN EROERIBREIE , S AR
MRMERZ, SCHL T PPZERIE . PTP X LR ERGT 2R
s, WARIB R R MEIIEING, BRIE R
ZEFPPROERIHERRE . S22 SRSt 1 36T 1L D4R
PBOBAE PP PR E TS ik o £33 M L 2R 30
AP BCR  Z R 4RI, R AR A BUZE T,
R 15 B R O AR O B . e R BT £k
BTN B ZE R RN R o AR Lol 53
P SHERAER ], AT ZERAE I R ATIE R IE AN
W, SN BZ R IE o (HAZ 5 TR {5 B s ifi
AT A S IR S I SIS, RS

B — i s R BR =M TR 2, RS
IEARROHERNJE o 2225 SCHR[6] % it T 2k T O BiiAH
IR R P AR IE Ty ko SRS 23 10 £ A0k A R TR 8L
S5 E BRI TRV TR] BB PR I 0[R20 B0, ST AR R A
PR BOMBUARIA o i 7 SRR RO I P i, 3f
B LR PR Z B S8, DA S BN B 2 i [F]
SRAE . 25 T 53 BB S5 A AR S 2
AT fF s R 2 D AR RS ARG &, dn R
HHBIT R A MEREAN R, CREAAEARCRE L _E Rk 2 R 20
RE I HERAE o

SR AR SR P B HH RO B ] 28 W T 1Tk i
&2 B M — R 5 5t NI B R AR HE R R S
K, BN, ASCUAFE g L A RS S0 B — 1
R R LR 55 AR e R S H O ARAT, A5 IR
BN Z BB B, it 7 —ME T OFDM I &2
H— R 5 P e & am ph 2 R P ROE T . 20Tk
M AR AT R — R B E T, U TR S
£5¢y OFDM Il fERFAE, QU I RS T 557l % P 2 (e
FEIR S TRV AT R, LA INJE PO TRV £ o B 22 A 2
RO RAR &, SCEL T HERR R R I B AL E

1 BE—GiBERAPEEKIEHERTS K

IEFERT
1.1 Eft— U ERERE S

TE R — R PR A E SRR
BEHIX— AR, A SO R R — R A FH
PEMRZEDR S BIEAT T4

F T B EADS Tk LSz sh, DA FIgEm
I S R ez B 51 AR, AR T
PSRN T2, SFRX—HEE, SRATAR I RO
FEA RS P E T

TR AR A SOV Sl R I E R 2, sl (D
Fffp0-11]

AH:—zvngﬁni (1)

KRB, AHFORIESIE, 2 30R DEIRIE S, bFR
DREMHKER, «FRRER, 6ERAHSE
B, dFTE| R,

BN, TR A R R AT — S I REREERA
A AT G O R B 202130 R, A
VR PR AT 2 S B
it (2) FiR



- 80 - KHp—R A5 B4

CERE

Ap = Z (d) arccos

yl :
|A|) @)

1, Ap TN gigunzs, AFnABuBRkaE, Z3%
IR AN, g3 TR B A el 2 i FR AL
Al

EEM— B ERERET, EEGESIERS S
T REHEI R EERN RS, ExX—d R, 22
AR A IS, A5 H P B Z i A — e
75, WX—RZEREA TR, X (3) Fox

N —J% ijedj

AV, = nZ+ nyZ
X, AP, FIAY, 73 B R L B R I 2 = A g ph 22
B, jRornEt— G R B SRS, [For
FSPER, N, RREEERN ek 258, n My
B RE T RER AR RER , 3o H— A i (s
TERR IR 2

AP B — S R, B
W RZE 8, HT TAN R T
1.2 MRACAPERLRPEREE

T LA AT R M — R E P E T S E A
BGOSR T P B e e v R am 15 BeU s
BT TR,

P RS A RO, E Sl E R
PS5, DA P Bl Zam b i H i1 ko AR IR 32
AT S SO Z =M R, WA EREEEER
BRI, iR 1 FrRia1el,

~Hr

(©)

28 wm o
Y,

P
b.\ CH B30
BT

E1 BEFENAEATE

A LRI P Zom i RO S S B R
RO, H R EEN B A o, W (4)
BN

_ 180/
“= nR

W, IFORINR K, RITRERYARL,
TEIELO ARSI N, A T I 4R

ALEEG R ER, B ARTEE NG kA

RFEE M, RBBWEEW TR Ao, W

X (5) Fox

“4)

Rsin (180/nR)
Tyvd+R - T;\/2Rcosa + R?
AR AT BN A e LT3 1F0 9, 9 H P 4 s )
R AF E o R E R TP AR S P R

@ = arcsin

®)

IR M P B A i Bl (3 07190, e
EIE SV N
S
y=JE (& + W)X+ () (©)

X, yFRORAEREIE, E, R DR i 4
BRI R R BT IRAE, XRoRHI A, DERET A,
SFETRIBEIBR, (RN,

Wk PR, SERE P RIS S B 2 1 i
B, DAMERE R AL,
1.3 £1Xf OFDM R H&F KR IE#EZEWLiniTE

FEACAL I P iU S i (5 v, 1l AT A
WSS AN B2 R A, DA AR B ke
A TR 2ot R F g Ab=t B i — A b A IR
K AGIEFESE LK, $15 OFDM [FP R E#E(E 5
Ml R R E A

T B H— b= OFDM 25 5& 4010 s i 1=
S, FG RSB TY, RIAS R 4h i B
ZFRE R R DT s . IR, ph2Ela b 5k
PRI & 1 BERE HE AN 55 2 OFDM 15 5 5 O 4f
Mo ARMELL L OFDM {5 54, ASURIREE Sk
SR, BRI A F R TR & o ¥ o SRRl 5 2
HEA 2R S R R E Y, IS e R INES
(O TR 2T, PR AR P02, DA BN s RO TR 2 7 N
PERRFD AR R, (RUERIEE HREE AR 55
2| OFDM ff5 it i o FIRAR T s (7) s

Alz%iﬂB-lf %

i=1

A, MAORFIRASE, rFox BN RIETEHE R, B
BRI TR E P I FERE

FRYEE SR BhZE R0 P AT i, 3N R ROE R
R AN A5 5 TP i JGE A T fE R
BOEAE, Sa Rl e R Eam, WFEERE



55 3 34

B HiE 4 FT OFDM R 2 — A {5 1 Bl smdh 22 R0 A OE 81+

JE R R ErARR AL

N
71

W)= S rm+ ) ®)

n=1

Ko, FORAE SO R, W (1) TR
R TR SRR RS, N RS ST
fr.

FE BRI T R I OFDM {5 575 2, DAL
S BRI SR SO o B 22 T AT B 22 3
E Al OFDM (5 S1UTFE IR, Hifi, OFDM (X
SRRk R

N-1 2n(m+N)
x N MeN-1
n=1
ST N 2mm-n) ©)

x ¥ MegN-1

n=1
A, sAROFDMESTTS, xAos B R #n/inim
BES, eFRRAKRTEE, m¥* < OFDM 5 SIEIA TSI
RIS

i OFDM {5 5 155 5 A AR MEURN R AR IR Ry
b, FEMETHY OFDM B ST S0 B o FEIL LA
b, BEFRIRIEGNEERES, G208,

NRBE
OFDM{& 54 %
« RN > iL
)

EEEE |
E2 OFDMRE#KIEFESTE

WE2 foR, i AR AR S — AR (5 5 S
Tl E S bRk & PUAS Bh2E(H Y OFDM B 5195, 15242
PP RAE R A (E S o KIEJA Y OFDM {5 5 3k A4
A (10) o

F()=1y 3 (D + X) (10)
k=0

X, F() FoRFEROE B Z 1 OFDM 5 5, [, %&or
OFDM {5 S 145 .

M EACPEE, UL T OFDM AU B — Ak fkim
{5 F P el 2 ph 2= IR B R E

2 BREHERIEMR
21 BE—HERE

ARG A FEL A g i, 0 A PR w0 e P B — 1
PR R IR 55 R SR Mt H AT, s A

H B Zems i 2 A T REE R E MR

201 H OB B AR Aok, K
PANFAE IR R ZANEE o & F LB 2 R4 B
KA 3 s

i *
St
X
v,
?
)
B0
" ,Qf,y R
LS I I X P
Toet Tty e @ b3} skl
4l CYIN

B3 Et—fUEFEEEHEMEK

ST 3 Fron i SE ki, iy B — A s
AL SPAEHE IR 55 . FEC RS A b, At B — ik
WMEMIRSS A, aE 4 PR,

W4 fror, B s R R F AR, 7E
WEMRS A, s | B — Rk 55
TR DL K376 e B 25ty 18 AN SR A 100 15 B AR PRI AZ OV IR 55
B o DL A v R W ks 24 2R e 1 0 B b — kb
& M P E LT R 2= M IREE A E NN
22 EANIE®E

FRPE AR MR TR R, B — A i 5 Ik 55 24
WHESENENT A,

S — AR SR R 1 _BAT, AR R
PR ] 23 TR R AR T il 11 L 6D T2 e Nl 5 ik
SAh . Z DR GONRIT PSR, DA
B ERRE, BE A EAE 125°E, 105 AUERRAL Y Ku 5
BEE S5 AR M m 5 Ve o Bz TR N — 1k
AR A R R R A 2 SR et AR IR e
&R SEW L,

F M RS EU s Kk B &L 6D B 2 N f5
MR 554, Horh, OFDMIEIEAHCS SN £ 2,

TEHIEFEIAET N, AT 28 FH P B P Bl 2
B TR IE
2.3 WERSKIEDH

IRFE R — ARl ST, SRAASCIr A IE
T R P i ) 22 g TR AR E o ARIE A



(L2 7457 100/1 000 Mbit/s
MAC ik 3: 16 K

- 82 - K —Ab A5 B 4% E R
NI 3512 4t 2R 55 B — bR S5 BT R 50 Y Y Ty VN
e 1
S 1 1
&9) il | — i : 0'. ()
. GLO/GAL ; R E | -
)T g B &R
(i T s B L e | 6D o
} = i l i TR
: [ oo :
AREICS s ) {22 A 5T | BSL Casir .
1 PRI ' T | ; =
: | A | 1
: - | :
DB E I I l | i
i = :
e Daw
M BB BN i R
e -
4 BEih—F B IRE ML ZRAERK
*x1 E—HLEFESESH *2 Eh—#WKiEE OFDMIERSH
& S HE/E SH HE
125:84%16 GB T Bt 5124
[F&:2: 35:21%4 GB 19 AT 20 ps
413:41%8 GB TR 1/16
T AR :950~1 950 MHz AT 5 16QAM
TR D Azl i ( Transmis- R IR 15 kHz
sion Control Protocol, TCP )/ BT
R ntemet Protocel 17 1 T3S M ARG T DRI 55 5 5 et 30
W5 2 B SRR E A AR RS f .
(Quadrature Phase Shift Keying, QPSK) i 5 s o
FF5 #5303 ~ 1 Mbit/s
TAEBES :950~1 950 MHz 40
T M 1P TCP/IP 33
TR L) I« 5 QPSK : 30}
5% 0.3~1 Mbit/s
Wf7:16 GB é ol 20
JA£&%11: 100 M/1000 MAEHHRIZE e
W IR 5 Tl : SRS 1 0
CER/ PSS CERT 10+
KNI : 100~240 VAC, 50/60 Hz
H17:16 GB 0 . . .
D221 1:100 M/1000 M ez | 400 800 1200 1600
R DA % % TR SR 51 1 BK A/ (Mbit-s™)
HL B 5 EEST#HE
i NHLE : 100~240 VAC, 50/60 Hz
4 % 3,252 Mbit/s S FIA, B — i E e H Pl s rh s
B A 010010008 T SRS SR R S R AR AR —
i e ! FFIE, SRTIASSCr ot Bl 20 MO fos B 20 T3 B

Fifid OFDM R B EF 5o ZRIEARE, Wi

ESBEIP A 6 firR.



953 10 R . JET OFDM AR ML A 3T Bl 2 R e 83 -
! BN, Zor ik R R SRR, R
05 PEREBLUF.

g o 'H'm|| uw |m, (EIR SRS TR, 675 bt L — ML

gﬁs MMW|WMMWHMMWWMMM VRSB TIRAT . WIS H T DA S22 0, DL
B FERERIF S BE TAF, S T S — AT o 2

1 1 1 1
0 50 100 150 200 250 300 350
H ) /ms

E6 OFDMI{zS K

W 6 it , FRHEAS T AR I 5 1) OFDM {5 S 7F
B b 20 H A E S E S nEE, &
SRR AR, S 1 i — Rl 1 e
AP IE
24 REEBESH

KINZ 3 SCIR[3-51 T B2 R N B 2[R P T3 A E D
W HREL, 5 ATy R e o3 A A8 S I T PR AR AR 1
.

SN, 32 TR Rl R N e E
R RS R ANE 7 iR o

500

------- SH I35
400H %%jﬁklﬁ]ﬁ%
w || 2% SCHR[S5]J5
Efﬂ —————— AT B i
300 |
w0 T
& -
200 .
®
0 1 1 1 1 1 1 1

5
e k]
B7 RIEEHhEEX

FEARGI A, i A P e 2 I A5 1 B
FEERO TR TTEERIRIVERE . oA 7 AT, Bl
— PRI S S AW, ASCRTR T3 T T R B
MR ZE e/, R ERIE R Ep Z A E K
BRI . HAt LROS TR S AT A RIE S R
BORMZERR

FHH AT DL, ASCR e o 1R 22 R 20 T 4 2
— AR SR R AR T A AN A SO B = )
PR L i ZE R PROEMERE

3 HLRiF
XS TAT ) SR L A a5 U8 ] P a5 28 A AE 1
BRZENEL, #Th T BT OFDM Bl 22 [P AR IE Ty k. 5K

{ZNDER
SE -

(1] 2Ry, 5, P, . S5 BOIA A i B UPF 53
FAEAZ FL 3G PTP I SRR A5 75 7 0], FLMIBOR, 2022, 46 (5):
1662-1671.

LIZ H, TANG J R, XIONG B, et al. A New calibration method of
PTP main clock source in smart substation based on innovation
weighted adaptive UPF algorithm [J]. Power Grid Technology, 2022,
46 (5): 1662-1671.

N, A, A, L ROEIAAAE ARG I B 2
FIME a7 T D ZE AN 22 T2 7 IR, s 241, 2023, 44(16):
210-233.

WANG D, GAO W G, NIE F Q, et al. A closed-form solution for

—
%3
—

TDOA source localization with calibration emitter in presence of
partial synchronization clock biases and sensor location uncertainties
[J]. Acta Aeronautica et Astronautica Sinica, 2023, 44(16): 210-233.
[3] TSR, 2 kA, WIZANEE, 45 . A5 T RBF-PID [¥ AR50 - MR
BIRZAS IESTE]. I S ES 24, 2023, 37(11): 152-160.
XUGY, LIY S, HU J X, et al. Error correction algorithm of master-
slave clock for transformer calibration based on RBF-PID[J]. Jour-
nal of Electronic Measurement and Instrumentation, 2023, 37(11):
152-160.
FEN, 2505, R BT PTP S 41 =i £ W2 I ] 250
TEWTZE[]. LTI R, 2022, 45(18): 91-98.
CHENG S L, LI C X, ZHAO K. Research on time synchronization

=

optimization of train communication network based on PTP protocol
[J]. Electronic Measurement Technology, 2022, 45(18): 91-98.

I, ER, AGE, L BT R R T R A 2
TR S {YER, 2022, 59(10): 184-190.

WANG Q, JING Z, DAL Y J, et al. Research on clock synchroniza-

—
W
[t}

tion method based on power line communication protocol[J]. Electri-
cal Measurement & Instrumentation, 2022, 59(10): 184-190.

SRAL AR, PR . BT SO SUTER I 587 L R0 5 i )
ATTEE). IR, 2022, 45(1): 49-55.

ZHANG S Q, TIAN H. Clock synchronization method of broadband

—
=)
—

power line carrier communication based on fractional phase locked
loop[J]. Electronic Measurement Technology, 2022, 45(1): 49-55.

(7] T3-F18, 22 E, S8, 5 oA a2 i SE R A M 1) 43 A <IN
PR BEL[I AR AR, 2021, 42 (12): 92-100.



.84.

R — Al S 44 EIRE S

[t}

[t}

FANG Z H, LI D, JIANG P, et al. Distributed clock synchronization
algorithm for delay compensation in wireless sensor networks[J].
Chinese journal of scientific instrument, 2021, 42 (12): 92-100.
K, URIGEAR, VDA . ISR A LA b S I [0 28 ) B
RSSO L BT[], FL TR R 22741, 2023, 52 (5): 718-727.
PENG Y F, TU X D, XU D, et al. Comparative analysis of clock syn-
chronization failure between time-triggered Ethernet and time-
sensitive network[J]. Journal of University of Electronic Science and

Technology of China, 2023, 52 (5): 718-727.

[9] KGR, &7, BRI, 25 . TR 2 BARZ AL IR Sl s — e

THBITE R T, 515 2R, 2023, 45 (11): 3821-3829.
ZHU J K, JIN T, TANG Y H, et al. Multi-objective and multi-user ra-
dar communication integrated constant modulus waveform design
[J]. Journal of Electronics and Information, 2023, 45 (11): 3821-
3829.

[10] EE‘Z%M\‘ R, ST, 55 BT 20k 2 ) OFDMIE

— R R TR, 2023, 52 (2): 196-202.

HU Z L, YE Q B, HUANG Y X, et al. Multi-user OFDM communi-
cation radar integration scheme based on frequency division mul-
tiple access[J]. Journal of University of Electronic Science and
Technology of China, 2023, 52 (2): 196-202.

Rk, 2 08, TR BT R AR U 1 v e R I [ 22 o
IFTAAMELT]. BRIEFR, 2023, 45 (7): 81-91.

CHEN Y, ZHAN Z X, JIANG F Y. Time compensation of high-
speed railway time synchronization network based on Kalman filter

[J]. Journal of Railway, 2023, 45 (7): 81-91.

[12] 754, 2, S0, 55— U e TPt 51 ae 5y

Mr[I. For LR, 2022, 52 (12): 2109-2115.
FANG Z X, LIG Y, WU HY, et al. Interference modeling and per-
formance analysis of satellite-ground integrated network[J]. Radio
Engineering, 2022, 52 (12): 2109-2115.

VR, SRS, IR, 2 101 6G I B bk S — R 4TI 5T
[3]. TP L 7 AR (SRR R), 2021, 33 (6): 891-901.
SUN S H, DAI C Q, XU H, et al. Research on 6G-oriented satellite-
ground integration networking[J]. Journal of Chongging University
of Posts and Telecommunications (Natural Science Edition), 2021,

33 (6): 891-901.

[14] FUst, A, N, 55 EiB AL Bl PSR 58

BRI A HET]. F‘E‘*%?ﬁ, 2023, 48 (1): 5-15.
HE Q, GONG Z X, LI F H, et al. Channel matching array calibra-
tion of weak synchronous array with large aperture clock in shal-

low water[J]. Acta Acoustica Sinica, 2023, 48 (1): 5-15.

[15] B8, 950 UM BDS-3 SN2 1) GNSS P 4118 o 2= fif

STTIELT]. AR, 2024, 53 (3): 413-424.
HU C, WANG Q X. Calculation method of GNSS ultra-fast orbit

clock error considering BDS-3 satellite clock constraint[J]. Acta

Surveying and Mapping, 2024, 53 (3): 413-424.

U, T I, A, SRR N [ N e 2
AL J e B T e 22 O I 22 S A2 P TR ], 2 741, 2023, 44
(16): 210-233.

WANG D, GAO W G, NIE F Q, et al. Closed-form solution of
TDOA location for restraining partial synchronous clock deviation
and sensor position error in the presence of calibration source[J].
Acta Aeronautical, 2023, 44(16): 210-233.

5, T, AR, 2 BRI TR o £ 1 A H s £ Do 2 1
I AELE ] 5 TE[]. THEHOR S B, 2024 ,43(2): 52-56.

FENG Y, WANG B L, CHENG S, et al. Low delay control method
of substation communication network based on time-sensitive net-
work[J]. Computing Technology and Automation, 2024, 43(2):
52-56.

SRR, VRESI, BRI, S L CMOS EHE AL i 1 e ik
AT U ADC BTE 5 A 7], L FA2 R, 2023, 51(8): 2067-
2075.

GUO Z J, XU R M, CHENG X Q, et al. Design method of high-
speed fully parallel two-step ADC for billion-level CMOS image
sensor[J]. Acta Electronica Sinica, 2023, 51(8): 2067-2075.

TR, SKAE . GPSFlIBIIRE N 9 JC 2% Rt P4 I ) ) 20
I HTIN. AR AR, 2023, 36(9): 1467-1472.

XU L S, ZHANG X. Error analysis of time synchronization in wire-
less sensor networks with GPS-assisted ranging[J]. Journal of Sens-
ing Technology, 2023, 36(9): 1467-1472.

SRR, A, 250, 5 JL T 408 2 TRt D8I FL 5 5 59
DI 5 Rt I]. LT AR, 2023, 31(18): 183-186.
ZHANG W J, LI H M, L1, et al. Design of weak area communica-
tion system of power grid signal based on data multiple fuzzy filter-
ing[J]. Electronic Design Engineering, 2023, 31(18): 183-186.
2RI, SRR B, BB, % TR E A A 15 UPF SLIL %
FEAZ FE 35 PTP 12 I BRI )7 5[], HE I BOR, 2022, 46(5):
1662-1671.

LI Z H, TANG J R, XIONG B, et al. A new calibration method of
PTP main clock source in smart substation based on innovation
weighted adaptive UPF algorithm[J]. Power Grid Technology,
2022, 46(5): 1662-1671.

[22] Pk, %”‘Jﬁ TSR, % 2T FPGA [ LEO I Rl 15 KA

I Bh SRR T I]. LTI R, 2023, 46(21): 43-48.

LUO Y F, FENG Z B, TAN J L, et al. Design of large frequency off-
set clock recovery algorithm for LEO satellite communication
based on FPGA[J]. Electronic Measurement Technology, 2023, 46
(21): 43-48.

STHENS, X081, A . F MVDR S 15 5 M R i K2k
éHBHEﬂ“}Mb‘AM)[?T[J]- HIIE 55955461, 2024, 31(6): 47-55.



%3 B HiE 4 FT OFDM R 2 — A {5 1 Bl smdh 22 R0 A OE 85+

XIY P, LIU J, XIAO N. Simulation study on anti-jamming of satel- [{EZ BT
lite communication earth station antenna array based on MVDR al-
gorithm[J]. Electro-optic and Control, 2024, 31(6): 47-55.

[24] (1832, KL, gRak, 45 2375 T BB fF S S A S Tk
DU HEERIA4R, 2023, 38(1): 87-95.
HE Z W, DU C, ZHANG Y, et al. Dynamic modeling and simula-

BEE (199%4-), &, AR, g TR,
TEIEREFE 5 I B A B AR T

tion of multi-scene satellite communication channel[J]. Journal of

Radio Science, 2023, 38(1): 87-95.

[25] =, JEE, FERAR, 55 . 3L T GPU I I i A5 A AL o s 2 (1996 ), 5, AFF, By TRUE, SRS
A EATELLL]. AR SR, 2023, 45(10): 1720-1730. T A

LIR C, ZHOU X, WANG Q L, et al. GPU-based parallel algorithm

for high throughput of satellite communication baseband processing EZ; (1988-), Y, Wik, SR LR, FTWITT R NH
[J]. Computer Engineering and Science, 2023, 45(10): 1720-1730. SGIAEEEF & NNAL

B O el e s P o et A B S P VAR B E

PLEms ). JS T HBhk, 2024, 43(4): 33-39.

YAN P J, CHU F H, WANG M Y. Adaptive satellite communica-

tion jamming strategy based on "electromagnetic trap" [J]. Ord- SKIEE (1990- ), 5, AR, g TR, BT A,
nance Automation, 2024, 43(4): 33-39. FHBAEHTRARN .

[26

=

O (1993-), 2, AR, TR, EEHFTT AR
SR ks & NVASE R



