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Abstract: Due to the inconsistency in symbol rate and count between the hopped signals, especially with few symbols in low-
speed hops, it is difficult to extract clock errors. To address the clock synchronization challenge of frequency hopping signals under
high dynamics, a method based on frequency offset estimation for clock offset feedback adjustment is proposed. By estimating the
frequency and clock offset through synchronization sequences and adjusting the clock offset and clock tracking through feedback
methods, high-precision clock synchronization is achieved. Simulation results show that this method is suitable for ultra-high dyna-
mics with flight speeds up to 7.9 km/s and accelerations of 0.2 km/s?, exhibiting superior timing synchronization performance. The tim-
ing accuracy meets the requirements for high-speed frequency hopping signal demodulation, with demodulation loss less than 0.1 dB.
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Fig.1 The frequency hopping frame structure diagram
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Fig.2 Timing synchronization implementation block diagram

TE

@ [ 04 3k o h T Ak Bk AT it 25 44 (n
B ORI RS, W2 S LT s 5
B, AR A ST R, 4 TR
K, AR 2243 VL e g it 14 7 =X

@ AR E A A UG, A E 2 5 04T
WRAL T BUORAL TR A FFT 7, FFT 095 A
S IR A e 9 oy BE R JE i ECE , 4B S mi H
P23 (s M bk, RIBF /N FFT KB, 74
TR

@ 4 430 R A A5 0% 45 AR 4l =X (7) 5 1k
i

& X B g 45 S HEAT 0120 FIWT, AT
o e 45 SR 2 5 0 A S R s L TR 1 2 R SR
PE s O 25 % A5 0l AT B8 R KB A B i
TR, WSS SR AT Y, W i R A T HE
AR, AN, AR TR

© i mas R R T IR BE IR I

@ ¢ 24 I 0k I i B 45 SR, E S NCO Y i
A, THEEAR MBS B R, SE R B m AL IE, AR
MEIE S B4l
3.2 SARMIT A AR IER

WRAR TR FFT ke, AN F 26 7 G4l
— R o BRRAGTIRG BB, g S A R 2 (R
N, DUV A AT /DN, R A R R A e 25 A
AN, Zak B ISR A SRR, A Ml A R R )N
PR 5 2 S 5 I FFT (A THRG B2 o ARYIE FET (%
PEVTHL, FFT A FVEE M BURIE, FFTHGK, 14
TR R, RO o X A B AT A4
5B B E A, EaL AN ORI I, A
RARUEFFT A TAS B . IR, S E LR 5% 8 FFT
ARG TEIE L, H 55 2 99 ] s KM A 526.7 kHz,
LR BRZAGEE, FFT A DS S B AL T
2x526.7=1 053.4 kHz, W55 115 F R 2 7 506 &



2024 43 H

E M E F

- 65 -

32014 Msps SR IAT 5, BIIH FET A F{E5 3
RYr g R 2 Msps,  HINEE 33 K 4 Msps 1 [7] 25 17 57
2R SAEIN, #3205 M 160E:, N T
Pem TGRS, 3 160 M EHE AN E R S12 K,
HEAT 512 sSIRAG T

T A A T oK BE L B AR M L

150

LR
—o— Wi fR4S 2
[ u [
A0 3 1os3eros T o T
Y1421 X:2.0316405
130 Y 138.5
° 100 = ‘ l 1|
2 = 1p0
E 3 il
E- o= 1|10
: ]
E 100
|53
Iy |
3 1. 0 2 (24126
g x10°

0

0 02 04 06 08 10 12 14 1.6 18 20

frequency/Hz #10°

frequency estimation error/Hz

1B EJ/N,=2 dB, BPSK i, 1/4 4fid%, M|
FFT A 5 % B 4F %5 15 W Lk E/N,=2-6+3=-1 dB.
LIS 200 kHz 0], SERERI& 05 5 100 Tk, Al
THRZME3 R, MFEGERATLIE T, MR
115 2% 4 3.125 kHz 8 -4.688 kHz, B —E4 &,
PR 2% 5 kHz i1

4000

1.532E+05
3125

3000 .

X:
Y

2000

1 000

0

-1000

-2000

-3 000

X: 1.64e+05
Y: -4688

" i
0 2 4 6 8 10
x108

-4 000

-5000

simulation times

A3 MmEEITRER

Fig.3 Frequency estimation error diagram.
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