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A signal acquisition method in wideband Doppler model based on binary search
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Chengdu Sichuan 611731, China)

Abstract: In the ulira—high dynamic and low Signal-to—Noise Ratio(SNR) communication scenarios
like deep space communication, traditional signal acquisition methods suffer from inadequate dynamic
range support, insufficient accuracy, and the use of a narrowband Doppler model leading to poor
approximation accuracy in the received signal. A wideband Doppler model is employed to model the
received signal and a chirp signal is used for Doppler estimation and timing estimation. A sampling rate
adjustment method based on binary-search is proposed for the receiver to overcome the mismatch
between the Doppler—stretched signal and the local signal sampling rate. The simulation results of the
synchronization performance show that the proposed method using Up-Down Linear Frequency
Modulation(UD-LFM) signal is capable of achieving a Doppler estimation error below 400 Hz and a
timing estimation error below 60 ns under a SNR of —-49 dB and a maximum Doppler frequency of 2 MHz.
Compared to direct acquiring, the proposed method bears a higher acquisition accuracy and a lower SNR
threshold.

Keywords: ultra-high dynamic; wideband Doppler model; low signal-to-noise ratio; chirp
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@%%ﬁ* 7] 20 I A5 S WO SR BT, & kR[] 20 (Bl 200 RO ] 20 (BREZ) AR o Al R AT S YL A 15 5
bR A —20, LA IR M B R o S L5 S IR ER 0 R AR BT L, AR S AR R X E S AR R I A A
W RN B T AEAG TR o I AE Sl R T B R R DL R IR 2R R e, KRB E SRR B R s 2
BN S TR WU AR AR AR R AR 1) S B S DR Y, TR S 8l b oI A T AR TR GHE S R B, £
AR, I T SR E T r 2 A4 IR TR RUBE b R 4Ee

TG e, W E] RUBE - % 2238 ) A 4 TR - Bl B R 1, LG I 22 3 0N AN B R AR A AR B RS .
i BHA: 2023-12-28; 1EEIHHA: 2024-01-16
EEUWH: EXRARPEEEE I H (62371098)




270 ABEH PSR TFERSRE 52 %

BR[3]45 tH, A5 S0 L8 &0, W BT< vy, o BRE S YE, TSRS E, ¢ AE SIS B
TRl B, v W ke X7 A2 1) 32 Sl AR G T B2, 2 30 38l 28 17 T A B S I i) LR i 24 T R 220 e 2 3 B A R (S A
o 2 B I A BN o WL EGE (R B S R AR A E, (AR A A Aol S s S L AGE R b, T
PRI vie << 1, UG5 AN BE-FH I 7 5 B A T LR 0K, 75 2 Al AR R R v i R 1 A AR R 22 3
o7 [R) A% B g 288 D2 4t O 40435 5 2 285 1) R S A 4 T

W A5 R IR A = 3 S s, A i B R KRB 5] D4R, G2 R 2% iz 2l 120 508 2 16.7 kml/s
MRS = Fw A RN, R T EL, {9 EltaollE, SEEEPLEE R E SRR, &
FELEARAT W LR X5 5 AT R A R I o S AR ) 2 R DA 55 vh AR BOCE R £ 5 195 B, TR 2 15 A R A%
i 5 SR ALK BRGNS BT IR B A MO (S DB . C B BB J0 kW AR SE R OR AR T R A 1) A (Ka
Be) Az e iy R B0 T e WA S R A 5 Ul Y SR TR 4 2 3 W B, DR BB 5 TR s A AR R L Y K D
BfR Sk + g,

TE#E G 3 A8 5 T RS 28 Wb, i TRE T ZE M4, S EURICEA M E S H G T BRAE
ML RE S B RAE AR, D EC B PP RE T R i Dok A 38 5 B o 2l 25 3 5 v E TR 08 4 P RE 22K B4 7
EORE 7B, SCER[ G -5 % A5 5 00 K 2 30 0 0 45 1) AR 2E AT DR BC B %, Xk 22 3 i Ak 4
(77 22 BIE BT LLIA # Cramér-Rao T 54, MR BJE T2 BHOFAT 8 25 SCHR[12] 42 5 T i £ 5Lk 742 4 52 3
JK P T A AL B B AE S SR T, R e A e ) A B 25 IR F DT RS U I 5 SOk (1342 H A ) Wigner 43 A5 b B
Z 5 WA A5 X S RS, (EAERAE MR L 2R A R PR RE 2 2R AL s SCHR[14] 52 7 2 5 BILAb i P 22 38 8 UM 2 Y
7730, X LEO TR AR 22 48 b 4 22 3 1 (i 4 A0 0 kA5 TR B, PR R IDR T RN B A9 o B 5 SRR [15] 76 iy 301 25
Gy P 3T HY S 5 19 PMF-FFT i 31 5] A Keystone 284, FUA JB I I 3 4 4 A8 48k, 5 22 305 80 A0 1 G ) ik 4 2
frabes, {4 PMF-FFT fili 3l 5 H AR AR Sk A 1, 2 B RVE A B, BBk i 238 S E A AN e s SOk
[16]7E A% 7 H R AN FF L A L AL B, A% 2 380 S OR B AT R, e/ 1R BC s i ok, AR U BEAT — 4R 8
R, W T 4R, TR R ER

O k20 R R B AT T Ka Wi Bef5 5 R PR RE , A SCBCTE 1 — Ff T 1K S 3 e 4 98 3 (UD-LEM) 15 5
Il 25 2 2 Y 1 23 8 A6 T 5 R 25 50, #E 3L F UD-LFM (5 57K 5 (0 R0k 1047 2238 3 B 1l 3 DL B e it [l 2
AR b, 4 R U R R W A M DT I 0 A SRR R, R 2 R A R AR S ISR AR R . el
A7 FLXE FEAE AR SC A B30k RE e THIE R 3l S S b AR S TR MR RE

| BRITHEFNERTSSERESERER
BUITRN £, B r(0) 19 RIS 50) 7T RN

s()=r()exp(j2nf 1) (D
MRS AT, HWE S s, ()T RR NN ),
s, (=ar(t—t)exp[ j2n(f, +f)t ] )

K a HEWMABAE;  HE SRR AE s =1, x vic ] 238 Wi .
1K 74 £ R 15 3 5 R A ke, ol TR B2 vie<< 1, BT <ol R FEMUST , BRI 578 Al P o %
AR AT ARG, T A A AR M R
s,,(t):ar[(l + a)t—r]exp[janct(l + oc)] :ar[(l +o)t— r]exp(janct)exp(j2nfcat):
ar[(l +a)t— t]exp(j27:ﬂt)exp(j27y"1t)
WG, FUAE T s, (o) [F) I A7 78 2000 B RN Bk g i i o Horbr o= vie A2 5 045 7, M a e[107, 1070,
I 37 5 AT IA Ry R S A DGR g 5, R AR R N 2 M RO A R UERS . 7R S B S AR
S, BT WL IR AP Bk I B TR A (R S AT R BORE 223 AR [ IR AR B DA AR A A 4
5t 223 WA A XSS R AR A R, Q) UE  BHCR HE R IE A
5, GT,)=ar[ (1 + o)iT,~t |exp(j2nf,iT, )exp(j2nfyiT.) )
Ve 2 W WL R IS 5 A SE N T RN Ty 22N JEORE TR B T, 89 (1 + o0 175, WS A b DT P50 5 #
Az Y LA B RAR R BB A AR g T AR, B I SEA0, 2 M5 5 2Bl kK A S 0n, S EOULBCuE Pk AE 51 2K .
T R JH e 90 B 3 A7 A B0 R e S S S S v, Ay TR IR A g 22 A RIAT £ MR LU 2 1 S B 5 A o RS I B R

3)



i

53 M PEFE: BT - HERNESSTHREGESHRAZE 271
HWRAIETY ARG R LS 2GS W WY RS G S48 3 T B AL I R (Pseudo—Random Noise, PRN)JF %]
BYYI5E 5 LA B A3 5405 5 (T S 5) -

1.1 LFM{ESf1HFM {55 N 4

S5 o D A A B 055 MR (LMD £35 5, 2 RN ) 2 26 A5G, LM 1355 19 52 £ 5 4 38
AW,

sum(t) =4 xgtx(iT)exp[j(znﬁmHnerZ)] . te[0.T] ()

K. ARFESWE, BEAIPr, B A4=1; g (dT) R K%Y B ALE B KA £, 8 LEMAE 5 (& 45 4

B foa NI, G S I By = | fua—Sua |3 THAG T HIRFEEI[A] 5 LEM {5 5 19 431 26 48 {6 28 (U 28 ) My =
Bio/T= | fns = fuan | /To LEMAG 5 B W B B0 pR 50N -

fLFM(t) :fstan"'MLFMt (6)

LFM {55 5 () DC g 58 Il 2% b 8 17 2 5 22 AR A S A0 LFM {55, 28 A0 i 2 3k ok o DC 5 908 90 % 1T LA S 3% LFM

S K R R, DT A BB R A HE . M > fad BT, LEM 352 1F )50, X 107 () D 3 0 22 14 o i i

JI7 0 I A58 25 B8 B4 0 M

hipu(t) =4 Xgrx(%)exp[j(2nf;ndt_nMLFMt2)] . te[0,7]

fLFM—MF(t) :fend_MLFMt

T3 — P E UL ) WA Bk A 55 02 XU I8 351 (Hyperbolic Frequency Modulation, HFM) {5 5!, A8 2 J2 i [i] (1) XLt bR
¥, HFM G5 E RS F£ikh .

(7

SHFM(I):Axg(;)exp[—ﬂnKln(l—fs;‘(”t)], t€[0,T] (8)
iﬁEPK:Tf;“d stan/BHFM’ HFM{%%E@%HTJ"J;EE%Q{’EFI‘[&W:
) A o () St || K
S 1) =50 % =4~ = o d{ 2me(1 K ”__K—ﬁmt ©)

TE ) 5990 ) HEM A5 5 X 107 F4) DE TC 3 O o F4) a0 i ) 60 I 531 25 B 8070 ) g

hye(1) =exp[ 22K In(1+£,,1/K )]t € 0.T]

(10)
fHFM—MF(l) = Klj_}}pnddl

1.2 LFM. HFM #1 PRN ¥ 35 1= 245 ¥ L &

595 1 28 8 58 25 M 3RAE TR S P 25 W R 1, 235 8 8 28 e i A5 5, 32 2235 38 25500 1) 52 T
NG ST E A SRR RAE T 5 S P I0RIME R RE S DL R BERE 1, B SR MR A 0045 S AE DU B AR U, A
BN RGN A DG . R I [R] 25 5 25 5 5 1) 8 430 I e T 000 755 1) 22 5 880 0 25 1k R 1 A DG R

&1 AT 2 40 500 R 2 s Bl 235 ) 3 o 5 0 23 ) 3 5 N IR ) LEM {5 %5 . HEM {5 % Fll PRN R 31 5 K
W55 AT S iE B R — LA K G AR WE LR E, A 2 MR T, LEM{F5 1M ek
WA B TR, HORAETE I A 0 s HFM A5 5 A9 A DG W 76 i 6 10 TR sk o B0 1 8 38 (0 9 J DA R sk, B4t
DL T I (B s PRN P A H A G 258 AN AT WL, R 2 AT, S8 28 AL T, LEM {5 5 i #H 6 i
VEAE L T B IRAS , HAFAE ROy R, COMELLIETT 238 8 45 A5 T s HEMAS 5 190 (e B0 TR
[l AF P e M R A B, W LEM AR 5 B A S IS8k 11, PRNJFSIE) A G AC Y%, Tkt s
Bomhiit o B3 XL T X 3RS S A0 A A OCHEPE, PRN RS F A G RE M b, L A A G R B0 R et I
U LFM {55, H R R A HFM R DG 06 B @I BE 730 5 HFM {5 5 04 32 0 R0 IR (%) s 3 22 (BN R, AR AR e L 1 5t
AR 5 I TR, AAH SRR XA T P i 22 .

WA E L EE AT, TR AW 2T T, LEMES RAMRIE, HFM{G5KZ, PRN T4
XoF o B SR AETEAF 2% R, HEM S S Se Atk &, LEM {55 K2, PRN A R 48 fc U A A e Rk
Jrifi, PRNJFFIET LFM {55 M HFM {55 .



n ABEHEE5RTFEEFE 52 %

0 0 0
—— non—Doppler — non-Doppler — non-Doppler J
10 ~— narrowband Doppler 10 — n?ITOWbanq DOpp.lf_rw 10 ~— narrowband Dopplei
-20 v )/\ —20"‘ T N T e e e
g 30 3 -30 fumm— 3 -30 ' -
g | E 2 il
g 40 T r S 40 S _40
g I CT T g ]
-50 | B -50 -50
-60 -60 -60
8.5 9.0 9.5 10.0 10.5 85 9.0 95 10.0 10.5 095 097 099 1.01 1.03 10.5
t/(x107s) t/(x1075s) t(x107%s)
(a) LFM (b) HFM (c) PRN
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Fig.2 Zoomed-in of matched filter outputs for three signals in non-Doppler and wideband Doppler models
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