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High sensitivity fast acquisition algorithm for inter-satellite communication
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Abstract; In an effort to achieve the rapid cooperation of Either micro-satellites or microsatellites and meet the
requirements of high sensitivity and fast acquisition of spread spectrum signal proposed by inter-satellite
communication link, the principle of common acquisition algorithms was analyzed. In view of the shortcomings of
traditional signal acquisition algorithms such as low acquisition sensitivity, long acquisition time and high signal-to-
noise ratio requirements, a fast FFT acquisition algorithm for inter-satellite link was proposed. Based on the
traditional FFT code phase acquisition method, the algorithm improves the acquisition sensitivity and acquisition
speed of the traditional algorithm through multiple parallel architecture, special synchronization sequence, rate
reduction decimation, incoherent accumulation and other optimization strategies. In order to test the feasibility of
the algorithm, firstly, the limit sensitivity, anti-interference ability and theoretical capture time of the algorithm
were derived through theoretical formula. Secondly, the typical task environment was set in MATLAB software to
simulate the performance of the algorithm. Finally, the performance of the algorithm was measured by building a
hardware test platform. Simulation and hardware tests show that the performance of this algorithm is significantly
improved compared with the traditional acquisition algorithm. The ultimate acquisition sensitivity of the improved
algorithm is — 130 dBm, and the acquisition time is less than 100 ms, which meets the design requirements of
satellite communication environment. lIts feasibility has been verified in the inter-satellite communication machine of
the self-developed tianping-2 satellite. The improved algorithm can also be compatible with different needs of
applications in various environments by adjusting the number of parallel paths, non-coherent accumulation times
and other elements of the algorithm.
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Fig.1 Schematic diagram of multi-satellite cooperation
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Fig.2 FFT code phase acquisition algorithm
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Fig.3 Structure of improved acquisition algorithm
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Fig.4  Structure of synchronization sequence
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Fig.5 Architecture of multiple parallel acquisition

2.3 BEEEREHE—IERT RMLE
HI T FFT A5 A A7 4 2R 55 05 5 20 B E 47

LS T N £ FFT %%ﬁiﬂ%ﬁ%-logz]\/ W T

BEE N-log, N Wiz 800 I H FFT BEEAE 1
SITER R ) R S R R B A B B G, XY FRT
i ARSI 5 R0 22 B8 SR R I A B 5 N PR S8k B
T A AL HRGE 1 SOt A XN TR AR
TIFE MK A4 BE R ZER | BGlE B3k Hhou) F m oR AR i A
RSB 1AE AT At A B 7 T SR A 8 68 ARG D i ik 2>
FFT 85552 245, R Bh i 454 mT A4 o 38 i 7 st
H SR ) B i AT LU B A A AR e
(], B33 o B e L 51 T AR i S B g FH 7 =K B e,

SR, o F P AL 5 1 55 15 5 ok i, IR E &
5 AR AR BB 5 1 B AR, SE 52 FET 359 o %
DA P TE AR 4 -, DR bl el R R R AR AR T 2B
e 75 SO R AR S AR SERE R AR ZXd A
2 IFFT J5 i {5 5 AH G E AT 20k B ARG
BABEE Bl DT 4 AR S B, AR TR A £t L
B4z T LLRR

G.(N,) =G,(N,) —=L(N,) (3)

LA G (N) FAEM TR E  L(N,) R AEA T
SM0RE, T HL

XV, VAR RS I, P o S AR B
R, P, RN R S AR BB
BRI ZEN F] L 2 1, e A 2 i A 47l AR (1) A
K, At AT 5 ik it p 5 ARG AT 55 /oK & B
TEFEARAR T Fs
3 R
3.1 HRRFEERES

TR T 2R i B R G e A 1 A
BT A IR RS RAE IR 132 1.Q M
AR

F n[(n)

w(n) = 2R d(n)ye(n -y)eos(e) +"52 (1)
V2P nQ(n)

xo(n) =~ ZEd(mye(n-y)sin(e) +7°57% (8)

X P RS I d(n) ARG BBHE, c(n -
v) KNSy 4552 DR P 81 5 AR i Eh 5 371
AN ny (n) \ng (n) FRIER 0, 72K o 1
FHE ST 28 7 S i s R BRI 2
K FFT KA SCAE K FIAHAE 5 «, (n) ANEZE
55 xg (n) BIIUVE N &7 50 34T FET, )i X 2 i
A ONESF N ¢ (n) BE4T FET I BOLILHE 5 o %
FFT 45 AR I e A HEAT IFFT, 1% A8 19 A S mT
TN
y(m) =IFFT[X(k) - C" (k)] =y,(m) +jy,(m)
(9)
KX (k) =FFT[x,(n) +jxy(n) AL S 1014
HIHASE, € (k) =FFT[c(n) ] " A H O s 48
B AR S 0 G, LA 56 25 SR 1 S0 5 R 4
5K -

y;(m) = 22Pcos goic(n)c(n—y +m) +
=
jnzon,(n)c(n +m) (10)
yo(m) = /zzipsingoz::c(n)c(n—y+m) +

%z;n(\)(n)c(n+m) (11)

Ky (m) Ly (m) S AHE ST B g 35T BE AL AL
FRAEALES r(m) LEMRM I 34 H, 5 IR M Fw A1) 7
Al H, o BB R 58 5 PRS0 h



5 8 1] FRENEL, AF . T A AL R A0 S B R A 315 - 47 -
» PxN 2574 —133.46 dBm,
JCrIH,) =U’2exp( T 2 Io(Nzi?Pr) (12) 3.2 HTFHEENSH
“ 2 o SUTPLAI S M, R B F 2 KR
fotH) =S <50s) (%) TR RAESIER TR A

A, () ABIERIZ S — 2K IR EL, o), R
FEAH T R — AL LU A5 W 5 22
HEERFIREAR Py AT AR A

©

® 2
_ ' %2 d, — - _
Py —Lh?ez%dr—jy%e dy = e

203

)
o (14)

K T, HITER y =2j70 MR P, W] Fem Ry

P,=1-(1-P,)" (15)
KA Ny 1 FFT 1258 5 80, BRI R P, I 3RoR
y\jm]

® 2402
ro s Ty
— a2 = =
P, = f e ”%IO( 2 dr =
Ty a-n

Un
Jw Lef(iz%ms’“)lo(riVZRSN)dr (16)
Tha"z] a'“
. _ PXN SO N
K= > Ry a0 5F B 45 5 WAL, Ry M 15
te, H
2
v
=— 17
= ()

T e 5 22 o2 Al g sk
WO AR B8 T2 /207 N TR 285, i i %
PSR P, Y15 220 HIEEMR, Th/207
et B P AW, 2250 (14) L (15) 3
BOTIRSEORT 17 i R R P, > 107
SR, TTRR (38 KRB 2 S 808 A % Py T
Be, i F P F LA 1 - P, Boanimiii®,
[FHE, 2230 (16) IR AT AR E T TR S 800 18, Kl 7]
FRAGMELL R 16 dB B, W 2 T b FH i i A %
NTF10 T ZOR TR HER /N T 0. 01 R, HiA
ML R SR TBRAE MR L Ry SR K
Ry =Ry -G, -G, L, -L + IOIg(fpn) (18)
X6, WAR TS, 6, AT R8RS, L AN
PRI OLIAFE , L, A AAEFE , £, S DA X R
A SR N R B S 2 (18) T AT AR AR ]
FRAZ M LU 254 T i A0 1L R =37.54 dB-Hz, 2
T P, FNERME L R OB X F N
P_.=-174 + N, + Ry (19)
o P NI R N, RIS S R B B
Rey =37.54 dB-Hz fC A (19) o] LIRS RF—
S BRI R FHEREE 25 1 BRI A R AR R R A

M;=G,-[L+Ry] (20)
A L A EHLN TR, G, WL 45, Ry
FEMSOH LS /DNt A M8 b, JBCHG et i MO 23R 5 1 A
RER T TBREM L 16 dB,
PR AE O AR B T FL R B TR 2
BRI AR
M =G,-[L+Ry] =[G, +G,] -
[IL T +1L, 1 +Ry]1~25.33dB (21)
K (21) F, BEUAHLET S A TE e T
25.33 dBH, iR T LT K AZ 1 B K T RE
R (A S LGV IE 3 64T TAE
3.3 HEitHREEITE
— kUL, 7E AR AN Y UEAE T AL ITAT -
S Ot R A T8 2R (8 B A AR A ) ] AR )
- (2-P,)(1+KP,) R
weq P, b
. K N KA R A A MG N 48 R K, m N i
ZENG O TP R R AL, 7 A — IR IR
(R E] 2% B B3k TR FRT S2PR G S0t iE] , )
Ty =N+ Max | T, Tf|e]ay } (23)
XN, BAEM T RE, T, WA TR, T,
N FET sz a], a3 R A2 Py~ 1, %
W P, ~0, L (17) ATEIRR A
Ty =mx N, x Max{ T, , Ty, | (24)
MR 2 B AT AR I i A BRI T £ O
PN 5 Z B e W 2% f, vl 400 2238 38 50 0w v
FEZ AT RV B, BURT AN TG 22 2 0 00, ik
m=1, MEPFEAEL R SIS R AR
A, FFT B 5E 0 7, AR, 8 AR
M RETI T, T, TR SIS T AR R B i 22, A
KBFR] T, FES BT N N Z R g, T DL &
PR AR AR B[] W] 42 1 7 22 R D

4 MRS LN

4.1 EEMEHE

F 1B TR R ST 5 TR T B A
HINEE S AR IR IHFE SR ERE % &,
WEEIERNIFATIRB N =3, FHT ZinRE N, =
256,

R AR B LAE 52 BUR R 38 BE T40
A SCE Ll 6 BT

(22)



.48 - e NS B | A - =

55 4%

x1 HESHIRE

Tab.1 Simulation parameter settings

e FE
FEIR/ (chips) i/ Hz

i E R g Phi iR/
K/ (kbps) KA (Mcps)

JingfEl 1~8 Gold 3.069 52 330

1.0

X52 B E
ol¥s W

0.8 1

,,,,,,,,,,,,,,,,,,,,,,,,,

0.7 {
0.6

0.5

JA— LA R R

0.4

0.3

0'20 500 1000 1500 2000 2500 3000 3500 4000 4500
FRHG Y Bh /55 5L
(a) 21 dBZHETH 521 dBHEF T T HIAHE MR

1.0

- - - HHIRBE

0.9
0.8
0.7
0.6

WP S

0.5

0.4

0.3+

0207500 1000 1500 2000 2500 3000 3 500 4000 4500
PR I8 3 /55 #
(b) 22 dBZ HEF#i 522 dBEEF T T HIAH M

6 FHTEZBEXER
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