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Abstract: Doppler estimation is a key link in the synchronization process of GMSK spread spectrum communication system re-
ceivers in the context of burst transmission. Given the extremely short information transmission time associated with short-duration
burst GMSK spread spectrum communication systems, the synchronization segment structure of the system receiver is built. Based
on this, a Doppler estimation algorithm adapted to the short-time burst synchronization segment structure is designed. The short-time
burst Doppler estimation algorithm model is established. The algorithm formula is derived and the algorithm model is theoretically
analyzed. The implementation process of the algorithm for Doppler estimation is described in detail, and the algorithm is simulated.
The experimental results demonstrate that the Doppler estimation accuracy of the algorithm can reach 97.2% when the signal-to-
noise ratio is 1 dB, and it exceeds 99% when the signal-to-noise ratio is greater than or equal to 3 dB. These findings validate the ef-
fectiveness and feasibility of the algorithm in GMSK spread spectrum communication systems within the context of burst transmis-
sion. It also shows that the Doppler estimation algorithm can still achieve superior accuracy even under weak signal conditions with-
in the communication system.
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Fig. 1 Block diagram of transmitter in communication system
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Fig. 2 Block diagram of receiver in communication system
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Fig. 3 Synchronized segment structure
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Fig. 5 Doppler estimation algorithm block diagram
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Table I Doppler estimation accuracy of traditional algorithm
under different SNRs

NI R RS IAHE RS FFT A
fRMELE  MERREE fEMRLL MERRIE MR ERREE
1dB 76.2% 1dB 69.2% 1dB 65.1%

3dB 94.5% 3dB 86.4% 3dB 87.8%
5dB 98.3% 5dB 97.9% 5dB 96.6%
7 dB 99.0% 7dB 99.1% 7dB 99.4%
9dB 99.6% 9dB 99.5% 9dB 99.7%

K2 ALK S E A R AR RS R T 69 A
JERIL
Table 2 Doppler estimation accuracy of the optimized

algorithm under different SNRs

Rl NS
1dB 97.2%
3dB 99.0%
5dB 99.2%
7 dB 99.6%
9 dB 99.7%

HIZR LATRUR I, R 28 Al ke 1L
AT A M L 2R AN A B AN TR R BE A9 1R e A A
JEHIEAE 1 dB I, HERy RS AR, s RS RS
TR ZEEAGTHER BRI . Mid R 2 n] 4G,
AR SCEAT I 2 AT RAAE R R EE O 1 dB I,
22 3% Wy £ e EE GK B 97.2%, T 7E A R TE
>3 dB N, 223 A T o A L 2 RE I B 99% L% LA
b TSR LT R S T g2
TG BE R R R . DL RSRUE Tk
TEAFEME N A LSRR, TTHIEAE 5 (5
FARET, MORA B B 1) 2238 WA TR
Pl 6 AR SCBREH I 2 8 AT A A R R L T
M2 AT ER e M2, PRl DUE T, 7
AR PBAEME S, ARSI 25 Al
THI I 0 B2 7 L A AR 22 AN K, R 2
EHE AP BARRE o (HIZAIEAEEIR L/ T 1 dB
W TR B S, UHE AR R I
N CBUELIN 225k 22 AN T o R AL 2
80% LAT, ARRAE ML LA BVt — 2Bz,
o7 DL SR o ) 46 15 BEH AT B v ) 225 A
THERf L



2024 £ 1 A =N OE E - 65 -
12 000 I d" [2] SENTHIL K K, PALANIVELAN M, ASOKAN V, et al.
—1dB
10000 1~ 3dB Performance analysis of gmsk-based cooperative commu-
~---5dB
--------- 7dB nication in wireless sensor networks[J]. Telecommunica-
. 8000 2 9dB .
£ / tions and Radio Engineering, 2023, 82(2): 45-52.
; 6000 [3]1 T3, REHE, k. TR R GMSK {5
£ 4000 AR T R B R BT[], 9 R B, 2011, 32(1):
3 18-21.
= 2000
DING Xingwen, ZHU Zhiyong, L1 Haitao. Noncoherent
0 demodulation with viterbi decoding for gmsk signals[J].
22000 Journal of Telemetry, Tracking and Command, 2011,
0 2000 4000 6 000 8000 10 000
Doppler frequency shift preset value/Hz 32(1): 18-21.
SEEEES S i+ A 3 % ]
B6 RRARILT 6 259t oL & [4] AHMAD R, SRIVASTAVA A. PAPR reduction of OFDM
Fig. 6 Doppler estimation accuracy curves under different . ) )
— signal through DFT precoding and GMSK pulse shaping
s
in indoor VLC[J]. IEEE Access, 2020, 8:122092-122103.
N 5] LIU S, LUO S. PN code tracking aided by GMSK signal
4 HRIE g g y g
algorithm based on GMSK+PN-FH[C]//2022 4th Interna-
P T4 b A K e A5 E A A T T AR AR tional Academic Exchange Conference on Science and
= Al I 22 b = -
VU 2 2% BN o] A I A PR B o ) A 5 B[] 2 ot Technology Innovation (IAECST), 2022: 842-847.
=] A iy > \44‘ 0 ] Ei (= Y N &= >, I =3
B BT A SRR, H () seqe sk, mEE . B AT LTI T R A
R5 SIHAE RS Vi [a o i) . 5 \ N
TR A A5 A 2 el e D Bty OF L POEAH R AR [I]. RO, 2021, 38(10): 43-47, 63.
N . L L S N s P
R ﬁEﬂf‘WTFTg HENITRE, ARG WU Yu fei, LIU Yan, GAO Jun jun. High dynamic burst
Uiy BETE JELINS (6] P9 58 )8 22 % i Al E o AS SO B30k , o .
. . e spread spectrum signal low complexity rapid acquisition
BERIHEAT T 7 B8, IR GMSK & A T N
A . - N technology[J]. Computer Simulation, 2021, 38(10), 43-
A5 AR S A IRAL, A% oo
WA IR AR AR o 1 dB R, H A ’ ‘
" s N " [71 YUM, LIC, XU B, et al. GMSK Modulated DSSS signal
WE FE IR 5 97.0% , {EEMELL>3 dB I, JEW I R e
N , . e . separation based on principal component analysis
REIA 2] 99% K L b, 55 %) IR0 AU LS . | Cont
S N \ 8 N 2020 IEEE 20th International Conference on Communica-
TEA [R5 W LT 2 2 % B Al TRk LA e 5 Y
R N 8 v — tion Technolo ICCT), 2020: 1271-1275.
WEBHHERSAT R TE o S5 SR R Rl L - wg{%( 5 )4—; SO
S NI - N 8 T, , HERSH, 5 SR A SR A Ay
BRI AR, S e e s, Jopeg (8 PR SR R L S REATRA TR
o . SO NS RN DFFE K SEPR[T]. 3@ EE, 2020, 41(2): 43-48.
TESHE B AT L O 2 9 2 B A e LRI, MWL, 2020, 41(2): 43-48
W piE . [l Hﬁlﬁéﬁ%mﬁﬁﬁﬁ—ﬁﬁ%ﬂﬁﬁﬁzﬁk CHEN Weibo, Al Lun, HUANG Xiaorui, et al. Research
GMSK ¥ 38 [ 2 G M RE B W98 243 7 3Rl and implementation of a new kind of spreading code for
AN X T R e B B S S, bz navigation satellite payload[J]. Journal of Telemetry,
WA, PR T 2 WA T R Tracking and Command, 2020, 41(2): 43-48.
[91 WANG J, CUI'Y, HAN G, et al. Improved doppler shift

S0k
[1] BISWAS P, PANDEY C, THAKUR A K, et al. Algorithm
design simulation performance analysis of mimo gmsk
system for radio communication on awgn channel[C]//

2020 International Conference on Communication and

Signal Processing (ICCSP), 2020: 1261-1264.

estimation algorithm for down-link signals of space-
based ais[J]. IEEE Transactions on Vehicular Technology,
2021, 70(10): 11028-11032.
AR, bR . FE T GMSK A il B4 4 B 48 % 22 4 g i
il A6 D5 SR A BETHI]. f5 B A, 2020(6): 87-89.
SEDIVY P, PIDANIC J. Doppler frequency estimation

[10]

[11]



- 66 -

BRRA S, —MIEREL GMSK Y % S ¥ it EIE MR

o545 B 1

[12]

[15]

using moving target detection filter bank[C]//2021 Inter-
national Symposium ELMAR, 2021: 111-116.

CHIN WL, LINJH, WU W C, et al. Doppler frequency
estimation based on time diversity of random processes
in doubly-selective channels[J]. IEEE Transactions on
Vehicular Technology, 2023, 72(2): 2707-2711.

Fn i, RBEAR, KR . — Ik T 4 M L AL P Y
PMF-FFT s 35k [J]. i@ MIEE 2, 2018, 39(3): 15-20.
WANG Yunjing, ZHANG Xiaolin, ZHENG Kun. An im-
proved PMF-FFT algorithm based on all phase prepro-
cessing[J]. Journal of Telemetry, Tracking and Com-
mand, 2018, 39(3): 15-20.

WANG G, CHEN J, BAO Z, et al. The implement of
synchronization and differential demodulation algorithm
of GMSK signal[C]//2023 4th International Conference
on Electronic Communication and Artificial Intelligence
(ICECAI), 2023: 22-26.

ZHANG X, GUO D, ZHOU J, et al. Time-frequency

joint frequency offset estimation algorithm for gmsk

[16]

modulation[C]// 2022 2nd International Conference on
Electronic Information Engineering and Computer Tech-
nology (EIECT), 2022: 405-409.

MR, s T, 8, 45 . GMSKGE AR 2 46 4 fi Al
T Rk )], BBl R, 2022, 46(9): 35-38, 57.
TIAN Chengfu, XIE Jiayu, ZHOU Yin, et al. An im-

proved frequency offset estimation algorithm for GMSK

communication systems[J]. Mobile Communication,
2022, 46(9): 35-38, 57.
[1F4 & 4]
BRE R 19994, ML A,
Bl 197354, W, AR .
REAH 197654, ML, ARER.
B 1914, md, TR,
HOE 199544, ML, LA,

(RX Jhdt: & =3%)



