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Abstract : A new algorithm or the spectrum line circle shift algorithm based on compressed searching space
is proposed for fast changing Doppler frequency offset acquisition under low signal—to—noise ratio (SNR)
for satellite mobile communication. Firstly,current carrier frequency offset acquisition technologies are in-
troduced , and the reason why these technologies can not adapt to fast changing Doppler frequency offset ac-
quisition is analyzed. Then,the effect of changing rate of Doppler frequency offset on carrier frequency off-
set acquisition is analyzed. The situation that the first order changing rate and second order changing rate
affect carrier acquisition is considered emphatically. The changing rate of Doppler frequency offset serious-
ly reduces the effectiveness of non—coherent accumulation during carrier frequency offset estimation at low
SNR. Finally, on this base, the spectrum line circle shift algorithm based on the compressed searching
space is provided and simulated with Matlab. The result shows that the algorithm has gain improvement of 2
~3 dB. Compared with maximum likelihood ( ML) , the proposed algorithm losses 0.2 dB performance,
however ,amount of calculation is greatly reduced.

Key words :low earth orbit constellation ;satellite mobile communication ; high dynamic signal ; carrier fre-
quency offset acquisition ;fast changing Doppler frequency offset ;low SNR
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Fig. 1 The demodulator structure with fast changing

Doppler shift signal

Pl 1 v e 2l 285 22 5 Ml i A R B 1G5 D
WA EE SRR R
r'(nT))=d(nT,) ej(2“/""”-‘%'{("'T“‘>2+%"<"T-‘)3““’"’) +
Z(nT,) (2)

R finT 4 2R (nT,) 4L (nT,)* HR 28N T =

WL EAS LB £(7) di A Bh S B RTT Lo 7,
SRR BT R 45— WA L
R o' FR AR MR 5 B B )
B2 T, 257 SR A%, — 2 5 6 1 2 5
2 (nT, ) S TRE RS ST (1M 7% . 0 SRR e i
B T (T ) ST SR AT
SePEANTE T BPSK {3 5 BV 735 57 IR
LRSI AT 45 BT 00 0F 30 10 55 R
FET SEFF SR T SR, R 5 L B T LAY
T B Al — YO 2 55 OIS B &
% FET SR T | F A AT
2.1 BT — AL E R R R
% BPSK {257 J7 b B , 16 5% Heds £ 540
SRS {5 2 3 T V(s 5 | PP 3
e St PR R e
YRI5 2 OB A T — VNS B i
STy A tan) (3
St f, FRWHEON, R 2% — U, S T2
BRI — UL A R BRI 2007
ST U T T 2 , W (R 0 X 7 0 3515 S A
BERBELS BT | ik
Ln#mgg (4)
Rt AR BRRE (S B R IR, N Ak B R
BEROLUSE. BEZ R BORIIM, R0 % A T 45t PR 30
G, T LSRR e, W (R 0 2 08



5 54

R, 2 S A W LU AR A T AL 220 30 i A AR5 0%

55

B A S S VA ZY 1) - W (3 . N = 5 A 1
035 A I B RAIC
2.2 ZEBIR R T EINFOK IR AT
Y 22 305 3 A — R 8 A 3800 28I Al AR 1) 5
i), AH S TF 98 S S i B R Al T, =
PRIE 5 RIk R
a(nT )= Ao (rtntagi(n)?) (5)
o f, R w BN, L Fom ZWIMR MY T2
PRI U A FOR G IR, B
B G, IR 5 IR S 1R, S 3 T I
T BT, 5 — YR RAE 5 A [F] 2 A5 1 - 7%
SN F R A E, TR B AT TR] ) S O T R
—AE, M2 AU — R AR B AR AR Y 5
Ml AH b, ANE AR TSR B4, T ELABE 22 K
KT R BT ZIH % 05 1 B 58007, 5 —
YRI5 AN [A] (0 2 A (4 65 96 BE A P2 —
B8, T i ] 1) PR 8 RS B o ) — 8
GO0 A BBCRAE N SR AR M OB K
PRI 5 R AR, TS PR B 5 1 W {5 4 %
NPT =)
fdiff:(n_1>><LX[]ijT (6)
R n=1,2,3,-- M, ZIKZE L 238G
T 2 MR B 1 2R B DR i 2 ke A s AR AT RS
2 BUF S WG A I AR S RN FE R
{55 PBIR AR T | N7 1 Pl 4 B AR P 5 3500 1Y
KA Al A PR PR N SEEL,

3 ETHEFTEEHFNIELXBEARAEZNR

T L ENRRAKE L

H T IR A TR W A5 T DA 2238 0
TR, A SCHE 3 T 98 R 2 o) FR 4 (S 2R 16 3R B
B R WIRE r EAT , — R R AR R A ], 2
TELRAEITRS
3.1 ERZEHMRERZE

% 183 2238 WA e S AR AR AN S 245 TR) AR
KRBT T TAEMUR A EHF SBL R LEO AL
PESEAE T IR P, BT AU B B
BRI R A 0] AR SCEEH LU B R 46 ik

(1) H RIS HLER AR Y T2 AR & i i 3 15
PEALERARIY = LE 2 M ABBRS = (1,7, ,2.) 5

(2) FH R MAH R 3% NS B e o ol 3 e
BARMEEERY, = (v,,v,,0,) JIEEFEA, =
(a,, a,,a, ) KX (S BB, = (b, , b, b.);

) HKHES = (2,7, ,2,) , HEHLAE G T A
B DT 2R AR S i X8k 7 55 PR B, M4 2] Y
T 55 TR MBS = AR BRS = (x,,y,,2,) RV
=(v,,0,,0,) JIHEEZA = (a,,a,,a,) KINHNEHEE
Bs=(b,,b,,b,);

(4) P45 B B B FE 7E F DAL R O ) 1) 43k
(SS_SU) : Vl/
= 7

)RR, A5 3 T3 A o BE 7 R U A% 5 O ) 1Y 4 o
Vi, AT BB TR s B oo sk 5 7 o 38 1%
TR A, Ay B, X By, 20(7) e - T RR
R A

(5) 7545 th Z2 B 8 o BT KA THE

d:(VU+Ig'>XfRF (8)

VL N 2 N ERE N B vy o R S i B R A
P — A A R B KA HE R B R AE LR 1)
KMEAGTHE L

(6) W48 2 25 0] i 40 246 T 19 2238 3145 2 BT
T, A B/ R 22 | B D3RR 25 RIL A ik
3.2 ERBEIREBEE

R T vE IR AAT M L S5 1 T 2238 B 28 A 5 ), A
SCHEM DL RGBS A

(1) XFAE 5 #7559 2 AURME, JF i
FTARRPE L, A SCff B R T BPSK 155, JF
HEAT TV b B

(2) RS540 B M B, BRBE N ASRFE S, 43
BUHEAT Ny 55,0 FET A0HR, FFSRAEF- 7 W 45 RARAT

) MR EAE R — IR AR S — R AR R
KN WHRREL FRT 85 b 17— @ R T8, DT I BR
R T IR X — R AR R RO
A R 5 S G AR RS R T
FEFT S A %, R R B TR T IE bR 238 %
(ISEN  EINEAR T SR A 850, X — i 2% 18 57
BARTHBRIS L R R G, TR — Ik Z
THRN R, , IR HRN L, G5 RN £,
Bk N AFERL FRT S0 N Ny, W2 n(n=1,2,3,
4, M) Bt FFT 2530 Y16 # X 0, X, 70 AP
oy, —uBIrH R, 51, RN H X, :

Xani((n—l)XZXRCX[NngFT)j (9)
FH—#m eI, RR X,
Xani[nx(n—l)xLe x(N;N*“D (10)

- 555 -

VU =



www. teleonline. cn

HLIREAR

2014 4F

X (9) HAX0) FIIERSH R4 LIRE,
HOmIE JBUES Dt S X, Rk

X, =round (X, +X,,) (11)

FoH, round FoR U HA BB E 2 X, MIEE

F, 22BNV R B, PRS2l

DL EARER HER TISRZP B M4, (145 M B FFT /Y

TR E S
(4) B 1EF- %% J5 1 FFT 45 B gk 17 e M 1
£,

(5)HEZ LI ~4 RGP ZE R

(6) A5 I 5 KTk LRV AE, DEAT it Ml 55 22 3 R
Akt

B P RS S B FRT 2580 Ny RO IE L,
AT LUGE IR Ny, R FXT— IR ZEBR R 5 K
WA LGS | Ny T4 & — A5 AR
LB — A (R B8 R B 2038 3 R A0 e R
— A, DT 45 TR A ) A2 K

4 HENGRHESIHEENH

DU X GG - R SR i A e L S
T, IS ISR L (ML) HE1T L8R, 45
TR,
4.1 ELBEBREBEXNHRERE

ML L DL 3 A5 BB AT, IR 4 451
HEIINHESE (4g) RSS2 1.2 GHz,
K2 Rk Wi £, 4 012.5 He, Z &K R K
175.5 Hz/s L 5O Hz/s* , FFT S50 Ny M1 024 R
FEERR19 200 85/ S ARAET SmBek M Ky 8 ), i
FHREL R A AT R A AR, 1] 3 Rkl
Wil £, 4 017.2 Hz, 25 #1% R L FFT mi% Ak
T ZmBeg M 51K 2 MTH

1.0 8—8—=a—=a
0.9
0.8
0.7
0.6
0.5
0.4
0.3

02 —= R BT RN
0.1 —o— NS/ RN

0.0
-6

KW M 2P,

-2 0 2 4 6
(E,/N,)/dB

K2 f R FET 23 HERa R 4L
SRS S AR U A A
Fig. 2 Detection probability before and after using
translation algorithm when f, is integeral

multiple of FFT spectral resolution

- 556 -

o B p,
[=

0.2
—=— AT R
0.1 —o—NHEEEIAT RN
0.0"
-6 -4 -2 0 2 4 6
(E,/N)/dB

B3 f TR FRT 433 o a5 R FH 2R
SRS SR A U A
Fig. 3 Detection probability lines before and after using
translation algorithm when f; locates in the
middle of integeral multiple of FFT resolution

P2 Hp B 6 G 2 FET 43398 R A0 B B, R
Miggr A, i (9) . (10) HHHG 2], H 2
FFT 25 6 4% 1 A7, ] T B 22 35 8 5 A
TEmAszm . B 2 mT0 RGPS,
AHTRRT I AR R B, {5 088 L k3 T 243 B, 813 v 40
P 47 TR FET 43 B rp ], W24 FFT 45
RGBS 1A, THBR 28 R 052, iy &1 3 /]
W, RS AE R AW S22 dB, R
WP M R R A T B 3 ik
ARSI EE EE I 2 EEm B, B R T 3 b f, T
BARHE AR LE 18 2 ik, w0 S PR Bk
[REISERT IESOE S IR -2 i -V N =
e AR MR LU 25 1 T PR 22385 3 s e 0 B2
4.2 BRAMUREESELTIBEEINEER

I RABRE B (ML) RS8R S U
TR A 5 S X ML 5 R R SR AT
e, D5 EAF . BPSK W, 15 E0E 3R 42 400 b/s,
K FE B R 19 200 SRS, £, M4 012.5 Hz, R K
175.5 Hz/s,L NO Hz/s* FFT %L N, 01 024 AFAH
TR MR8,

Bl 4 RAHFZAE T ML 552 7B 380k i Al
WE B A5 MR L 0y AR AR O, 2 P 2R 2 v ok
1.2 GHZSME S, I LA 3 A s 17, sk 54 4
5 0 I EE (4g) .

H P 4 AT U8, R ]G 0 ARE 32 6, ML BT 25K 9 1%
M b U2 ST A2 51K 290. 2 dB, PGS 4R PR 5
P —



54 4 BAFT , 250 AR M b AR A T A 22 Tl e 5 1k 55 1)
o i K, 2545 % 18 ML 5 2 8 T 7B 0 1 1
o 5 L, SR TR B0 A ) AR5

. 07

# 06 -

B o5 5 HERiE

=

2 0 ASCTFIE T — RO ME L 26 P HOMR S 2068
02 Lol BRI . SO T 2 R — L
o1 5 R AS AR BRI B | R HCR 0 Ry

N NS £ MR R A R 2 T

Bl4 ML -5IELCF R AR AR Y Ho A
Fig. 4 Comparison of detection probability between the spectral
shift algorithm and ML

1 J& ML 58 PRA LI R g, 1
H N K FET 50800, N R 3 BER AR S8, MR EEAH
T BN B, N R T B8 R I — IR 2 R A
BN, BRI IR ZE R A, k1)
W, , TR L I E - J5 FET BT J5 ia s

. 1
il ML E@kaNL
B F, A0S LCE B AL TR RN T
ML, A I TS B AR 8 Lb 2 1R T DR 22305 3 03 i 1)
*1 ML EEXBEREBELZTESRE

Table 1 Calculation amount comparison between ML

JJFHE ML 22T NpxN, xNxM KX

and spectral shift algorithm

ﬁfg BN W IR TR
1 LUHEIE, LML (T IHET) |
NxM K& Te NxM R EFeF-)5
TELbbEAb I JhEE FFT AL ERAT 7
2 CEIIEF) - MK Ny £ FFT
NxM KT 7 Ny YRy
43 BE FFT AbERIFREESE Ty .
3 o M m%vfﬁ??ﬁ PO
Ny M UL 7 A5
JEAT 2, JEAT 2,
4 Nyprx(M-1) Nyprx(M-1)
S H WSO

EELRE ~4 HRE
N AR
5 N ARSI A
N XN, xNxM K Z e+
5 NpyxN,xNxM 2 IRNT7+
Nx N, x(M IR Ny /5 FFT

TIP3 ~4 R
N IR 55
5 NAZIREE 5
NxM R T T+
(M ¥R Ny J5 FFT
Nyger XM UIZHAEFT7 ) +

V= S=mP2
R}V XNV ppp - UESHO:
WM

PEIRTRE 10 KR AT A AR 50, 4 Hh T kiR,
it MATLAB {5 5., — 7 1iiE B T 59k A AR5 M L
R RAR 2238 60 45 D il 2 ot JE AR T R B 2 ~
3 ABRYBRENE 25, 5 —  E I T SRR Bk
FHE IELAEA TR I A dax ¥, F—4 T
VRN 2 BT X 7 T 5T . — SR A S AR A M L 1
T DRAR 220 AT i 174 RS ) A VPR 223 A A5
AR Bl T R RS LR R A F- A2 Bk 19 DSP Bk
FPGA B, AR 8 T R A A7k a8 e TR R ik 2%
FUIMEAECR AR M H 2R R DR AR 2235 5 43 i 11
T35 RS AR AE AR 25 L R TR A T o] )
R, F, iR LE K,

SE W

(1] WP R, FAR. —FhBGHY Fite 208w AT
BRI iR 2012,52(10) 11582-1585.
MENG Qing - ping, ZHOU Xin -1i, TIAN Wei. An im-
proved Fitz carrier frequency offset estimation algorithm
and simulation [ J ]. Telecommunication Engineering,
2012,52(10) :1582-1585. (in Chinese)

(2] e TEEFERGEWREBEAR 5L D], Bt
fiff HCZE B TR ,2010.

YE Zhan. Satellite communications technology and a-
chieve low SNR receiver[ D ]. Nanjing: The PLA Universi-
ty of Science and Technology,2010. (in Chinese)

(3] WIEEME ST, R, — R T FRT (5 sh S8 i

ST R[], RIS ,2004,25(6) :19-24.
HU Jian—-bo,YANG Zi-yuan,LU Man—hong. FFT-based
method for rapid acquisition of high dynamic spread spec-
trumsignal [ J ]. Journal of Telemetry, Tracking and Com-
mand ,2004,25(6) :19-24. (in Chinese)

(4] KB, sS85 S 2SO AY SCBE ) AT 52 [T ].
FEL 274 ,2003,31(12) ;1844 -1846.

ZHANG Bo-chuan, ZHANG Qi-shan. Research on the
key issues of high dynamic receiver[ J]. Chinese Journal
of Electronics,2003,31(12) :1844-1846. (in Chinese)

(5] RO, /-, BRVTL. R e s i 2% 48k 288 e 00 i 1

- 557 -



www. teleonline. cn

HLTRE A

2014 4F

(6]

(7]

(8]

FEL)]. S R G, 2006, 11(2) :128-136.
CHEN Da—-fu, GAO Er-yang, ZHU Jiang. Fast Fourier
Transform carrier frequency offset estimation algorithm
[J]. Journal of Circuits and Systems,2006,11(2) ;128-
136. (in Chinese)
W, PR . m el AR L B AR R
WEFEL)]. EIMES ,2011,32(1) :43-46.
CAO Wei, LUO Xia, LI Xiao-liang. High dynamic low
carrier—to—noise ratio of the carrier capture technology re-
search [ J]. Journal of Telemetry, Tracking and Com-
mand,2011,32(1) :43-46. (in Chinese)

FIGEI AT 2. R B A 22 R 0 B R MR A T
e[ J ] AT 2241, 2000,23 (1) :61-65.
WANG Xiao—xiang,KE You—an. Maximum likelihood es-
timator of High Dynamic Doppler frequency[J]. Journal
of Beijing University of Posts and Telecommunications,
2000,23(1) :61-65. (in Chinese)
ViR , A B . DTSR ST AR e K H
B BE 441 ,2005,16(3) :87-90.
SHI Dong — feng, YE Wei, JIA Xin.

[J]. %%

Matching Fourier
Transform and Its Applications[ J]. Journal of the Acade-
my of Equipment Command & Technology,2005,16(3) :
87-90. (in Chinese)

- 558 -

(9]  FEREA|, 2=, 0l o B, 4. —FioB iy 22 i —DC g i
SERPASHL . LT 2001,29(3) 1403405,
WANG Sheng-li, LI Shi—guo,NI Jin—lin,et al. A New
Transform — Match Fourier Transform[ J]. Chinese Jour-
nal of Electronics,2001,29(3) :403-405. (in Chinese)

EE®E

B &' (1974—) , L, T P, 2002
GRS o3 VAR D/SE P11 LA S ) e S S-S
W57 0 RO S R HOR
ZHAO Rui was born in Nanyang, Henan
Province ,in 1974. She received the M. S. degree

N in 2002. She is now a lecturer and currently
working towards the Ph. D. degree. Her research concerns digit-
al signal synchronization.

Email ; nzzrljn@ 163. com

FEX(1962—) , J5 LT N, 1994 AFAR A4 10,
IR AT, BT 1) R Tl 2 4 ) 2% Ak
P& RE R MR AP AR 5

WANG Yan-wen was born in Luannan, Hebei Province, in
1962. He received the Ph. D. degree in 1994. He is now a professor
and also the Ph. D.

supervisor. His research concerns industrial

safety network monitoring and smart grid synchronization.





