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Abstract: In the Taiji program, laser interferometry is utilized to detect the tiny displacement produced by
the gravitational wave signals. Due to the large-scale unequal arm, the laser frequency noise is the largest
noise budget in the space interferometer system. To reduce the influence of laser frequency noise, a techno-

logy called the Time Delay Interferometry (TDI) is utilized to deal with it. The TDI is a kind of data post-pro-
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cessing method, which forms the new data stream by the method of the time delay to initial data. But the
premise of TDI needs to obtain accurate absolute arm length between satellites. Thus, for that requirement,
we discuss the ranging system scheme and implement a ground electronics verification experiment. The ran-
ging system is based on Direct Sequence Spread Spectrum (DS/SS) modulation, and it mainly includes three
parts, which are the signal structure, a Delay Locked Loop (DLL), and a data processing algorithm. In DS/SS
modulation, types of pseudo-random code can make a difference to the quality of correlation and the ranging
accuracy. Therefore, to design the optimal pseudo-random code, we compare the correlation and flexibility in
choosing lengths of the m sequence, gold sequence, and Weil code. Weil code that has a shift-cutoff combin-
ation with the best autocorrelation is chosen as the ranging code. The ground electronics verification experi-
ment is set up for simulating the physical process of signal transmission and verifying system performance.
The main device of the experiment is a FPGA card based on the K7 chip from Xilinx, which is used to simu-
late the function of communication and ranging between satellites. Meanwhile, we change the length of the
Radio Frequency (RF) coaxial cable to correspond to different ranges. The experimental process can be sum-
marized as follows. Firstly, 16-bit data at 24.4 kbps and 1024-bit Weil code at 1.5625 Mbps are modulated
with Binary Phase Shift Keying (BPSK) in the 50 MHz sampling frequency. Then the signal is transmitted
through RF coaxial cables of 10 to 60 m in length. In receiving end, the signal is consolidated by DLL and
the ranging information is collected. To measure the range accurately, we use a centroid method to optimize
the collected data. The results show that the ranging accuracy is better than 1.6 m within 60 m. In conclusion,
this experiment proves the principle of the scheme and its feasibility, laying a technical foundation for optic-

al system verification in the future.
Key words: space gravitational wave detection; absolute ranging measurement; pseudorandom modulation
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Fig. 1 Principle diagram of the inter-satellites absolute ranging and laser communication system
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Fig. 2 Schematic diagram of the ranging and communication system

P2 b iR Gl 5 B R, Hoor 5
R VRS . BT IR O | DR 20 K i
E/ANE €1 B X (e TR O g U S
5T S O RIS 1 57 s S VR S A R T
Tk, Zad e nl AR BUBF BT By ik
il F8 o3l FH A 2 BPSK I o F s R FH A 2 G
Sigp R AR YA S 8 (T 1 s AR 2 A
L e o o T T A & B S EP RS I RE N
L5k, TSR ANER ER PSR, PR A T O
BERLAS A RR AL, S54RI 5 AR — 2K, S8
D[R AR BGER R B o Ba b BRI 3 202
RS IE R PRSI AR AR B HEAT LA, RS ik
i — AR I A L

e, By -5 R o al R O 15 &R
GEr) BB, ASCHATRIT . SCE E 2R
Xt I B AR G O LA O, B R 6 L DR
T I) 20 K fi . Bt hb B8, SCofs 25 b AT

8.

3.2 (EiE4mADIEIT
321 1Z54#

FEAR PR A b, (505 5 O BEALAD 5 6liis 5
TERE A1, BEJE 280058 T EEAGE (S, 1%
S A L K S E RT3 PR .

T % S B AR R ], % B
i 3fe LAY S5 B Ay B 00 B B 8 1) B e
i, M4 LISA Wi 5 A3 it, B ih i 2 2 2k
200 km, W& SRS ZE 2R 1.5 KHz, JAHIZ0H
655.36 ps!® ¥, B2 T[N AR 3 i S0 5 ik
IS, AR SR 5 8540 1% 115 % T LISA
I H s

Bt P A OO BEA LIS AR . FE i B R A
FRLLI (B PN, 75 1% i — A Do B AT LA S 0 A A4
B, DA 0 1y 28 4% i i O BB 1) AH 07 DR 2 o
Al A Bt AL A F 2 e R 0 S5 s, P o LA Az
Bk 22, ) BN X R )R A PR s, 0
TETOREHE o R TR R AR T A



RIS, A5 ARl o ) 2 1RO I BR b T FE 27 56

54 W 769
A AR 2% N _— 1 I
&ll.lsﬁz]i)ﬁz% | i A R | F-EAME |

) 574 EI R 655.36 ps nTIEE 2524 200 km '
@;ﬁﬁ% kw1 | arm: | o | EfEE e |[ FomfEmmEm |
ps L— 1 — = :
/%ﬁﬂJﬁJ 11 40.96N
ﬁzliﬁ;ﬂﬁﬁgz fhig 1 | fhis2 | | thie4 | | P8 1 024] [ —PABEHLI ]
. ps
Dot 1 64(N
RN | ] [ 2] REER] [RHE 32768 F—REERM |
50 MHz
RAFESEI: 20 ns
XN REES: 6 m

B3 st

Fig. 3 Design of the signal structure

2~20 MHz, LI 75 /N F 2 MHZ® 51, 1
Ab o BRUJE 391 R 1024 59 O BEAILAS , D] 65 3 24
1.5 Mbps, HLAME F ) FFEE R 8] A 640 ns, B A4
4 200 m.,

15 B 1) A2 i T R [ 5 DI 5 Th R4 7%
o T Oh BE LA R — BT T A A A,
ey o R e N T e VAT B O 2 VA !
BEALES, PR Lz SO 0 2 A 85 5 I DA BEAL
A L, AP RIBER . A iE e, 3 (5 A0 5
FRBEATUS 35 23 5 T E 0y, IR B BT AT A AH G
18 AL AR N IL P i B — 1 5 RO B HLAS HE 172
B, PRI, 7E DA ]2 s DA BEH LA B F A G
245 B T2 B B, — 03 i 25 B O RS 13 K
AR 22, BB F AR DGR R SEAL B AE
WAL B 16 0, B 1AL RN 64 £ 05 BEHL A,
5 M %R 24.4 Kbps, B0 38 {5 A HF 2L B 8] 2
40.96 ps.

KT 5 T RN A L, BRI LA Bh
5 SR g, X A ) R ol 2, 0 kS
FERR RS, A S A5 e D RE AL AR 28 1k A A
FEEAERS BT, B E S AT AR S 225 DL
Faa AL, (052 BRFTT 2 AR A FE bR LA S TIFE, I
Qb 3 1) B e 45 5 % 5 57 B8 Bl AL A5 R SR B
32 55, Bk 50 MHz, BF8{ S A 20 ns, XF Ry A B
[BIXERE R 6 m,

0, P 5 - (SR ZE A L, 38
1 T B2 K R B AR S T s 25 A DL R B

FHM . BT RPE K KT —MABEL
B J 301 B AR DG IRF ], Sy 1 IR E 200 U7 2 B R
300 73 A BB IR R oK, 72 SEBR 5 | 1 BRI rh 7
T BNRZS I 2% (Deep Space Network, DSN),
DA 2 P 102 (B A LA A% (A A DG B[], P
FZBEAS S 200 km AN AORS TE 2, AR S
IR 7 P ) R R e 19
322 AHREALAL LI

FEAT U5 9 A 35 43, DR Bifi AILAE o 248 1Y) 3 B [
FEXTI R S5 A 3 R OCEE W . T OhFE
MU IR R L i m J¥51 | gold J¥ 41 . L[5
&, HI A AOC, BARDCSEPE 45 AR A, B,
BEAE DR Bt DILRS 5 v 2 BT A 1 e B R SR Y
Y

LISA %] i feff % O B LA 2 i 0t H B
G o BB A LA s AR S P i T+ i, (HAR 2
SR R ARSI B D BEAILAS AP 202 H i
A6 MR Weil 19, SEHURE EZEMLLIT =
D7 TH 7% e AR BE 0 R0E . AR OCHE L EOAR
Kotk

i T AR AL, FE K m 51 gold [ 41) 1Y)
KA L2 — 1 R, AR R D, MELLIE
BCSE PR AN H 5 . Weill BFER £ A
Ry, BRI T IR FEAFSH) Legendre
FEANREA IS P15 SR 81 5 B B AR i 20 5,
A T S O AT B — A Tk,

D P 230 S A I A DG U %) 7 8 A SR iy



770 RED2E (RgEs)

#16 %

(ARESR A L, PRI G AR 1 1 AH DG P R AT, A G e
GyRkil o T AR RN 0P A R, AR
FHARWT . M 2505 3K, (HxX 2 S8 A M e ARk
BR. ARCKET m 751, gold J¥41] ., Weil #5LA
KA AM 5 7 5110 de K AH G55 4
XA o %S B0 /INF A ONAS 1 ) AH G R, 4o
1R, S5 ER Weil B80T 5 H H A
YRR, B dB HIIE T gold J3741, SAbH)E
() m JPFAHE .

=1 (AREHLED B AR MERTEE

Tab.1 Autocorrelation comparison of pseudorandom

codes
. . . SSUNIER P -
PGPS PR (BURAE) gk R dBfH
mFEFI (A JE X 1023 0.000977  —120.39
2011) W P4 1850 1024 0.0469 —86.782
. 1023 0.063 54 —84.136
gold/ 731 (A<
FREmAR
HO011. i JTid 1 1024 0.082 -81.929
2157) )
ik 1450 1024 0.0859 —81.526
¥ 1031 0.0611 —84.544
Weilfiy
i [T R 707 1024 0.0625 —84.288

HAHDCE B R = OB RS Z [ AH BT
P, o AR R AR = 2 i B Z A 77
FLHAEAS, BT, TR EL 6 4IAHE 1IEXE
HEMEML RIS . m FEH) AR ml i —Fhh
i, HA AR A AR, ] — B B A DG R
AR AR AN 2, R B 8 (5 — S R %
YRR MBS . SOk [18] 220 Weil i 4 AR S M
B&AL T gold T,

A SCBETE Y 1024 A5 Pk Bl HLAS 48 2 b K R
1031 # Weil 5 2853 7 57 /) 4 34 % W s 75 2]
1, B Weil 5 9 A 5% 50 B 0 %1, Legendre J¥ 51
R E A7 1031 Rl RE, Weil A 167G 2R 4% b i A
1031 4~ s o7 AT (i BE#F, A W% 1024 47 £ Bl
MLASILH 1031x1031 P4l & . AKX EE T r
A D BEHLES 1 fe K A AH OGS e XA, DA R
HAMXMERS . 5Tk, A SCHt i ik
620 Fi A% 07 -8 e, o dRe R [ AR 5C 55 R 4 X (i
¥4 0.0625, dB {H & —84.288, &l 4 Jy A W 1 H
FHICEME .

1.2

1.0

0.8

0.6

0.4

0.2

0
-0.2
-500 —-300 —100 100 300 500
Shift/bit

Kl 4 iR -GS Y Weil #5 A HECEE
Fig. 4 The autocorrelation figure of Weil codes in the op-

Autocorrelation value

timal shift-cutoff combination

3.3 EIRIMEIT

SIE IR PRI 3 )R 5 R A [ 2 AR,
AR IR 58 5 (5 S o

PR ] 2 SR B 1 5255 5 A M T 7 1)
PABEDLAS AT AR OCIZ 55, MR 4 AH OG0 H 30 Ay st
Z VB b DA BREAILAS, {5 5 Bl (5 5 s IR AL
20 izt B AT o3 R 5 R ER IR 43, HoR
ElnE 5. # 6 Fis.

RLESEES

7 Pty
I e BEN

Fig. 5 Schematic diagram of the acquisition structure

") [70dt
B p (+772)
WAGS]

[170de ]
[,0dt
FEREE p (+-T12)
P

K6 MERLHR A

Fig. 6 Schematic diagram of the tracking structure

AR B B LAY S DO BEALAS R ) A5, R
WL 8 52 i T A BE (1 A3 36 15 B B o 102 ) 64 £
THBERLIY ) 532 B ik B A 3t O BEAILAS 22 18] F)
A 22 TG Dol /N B — 7 i L, 0 249 D — > DR
B ARG o 43R 0T s A )RR SO R A LS
SRR T MEAGE R, IR, 51
JE BT TBRAE LA, IR A il AR B AR gl A
SO B0 5 v R Sl DA AR




5 4 3

RIS, A5 ARl o ) 2 1RO I BR b T FE 27 56 771

RIS By BOISFR g Dh BEALEE A ] 22, aniEl 6 fir
7, FAEHIAR AR L, 75— DA% A [a] B v it
— 5 ] B P 9 22 ) B AR S el R i 1 22
/NG E SR TR DG I o B, S BT R B B
AR IT 18], 24 W5 O (A GE IR N,
S S AR AR SR AR [R], 388 1o PO 38 - e
S BIARSCAEL, RIVA] W] 42 7 16, o AR 7R T
DL 7o P T AR RS ) e/ N AR S 7
3, H 2 T H R, LA — AR
[F] A0, IR B 52 R ARSI AR B BR L 24 50 MHz,
BRIV 20 ns. AR IR 2% B B 00 AR {3 18 B s X6F
IO 45 S 326 -5 W o 2 (B A B B 15 R

1.2
1.0}
0.8 |
0.6 |
0.4
02}

Autocorrelation value

0

-0.2
=20 15 10 =5 0 5 10
Shift/bit
K7 HER AT A S fED L

Fig. 7 The comparison of the correlation value between

15 20

delay and ahead signals

SERNS RS JE , (B AT AT . R A
TN JG, CRIME SR N T 3 (55, (HILAT
WAEM SR R E GRS RIS [ 2L
S 07 b DR B AL 5 2100 526 A PN — TR 57
B, A TR R A R B E .

T B A, B0 TUAE 1 A BEATLAE 7
245 % e R AR R, DMRSIE & 2405 5 S5
52 A AL S R B B AR AR AR 25 . HETET
X 2% [ FEE ) fif ke I v 2 ) P v R R s ) 2
3B L T A2 B Mg 7 55 i, 00 s 798 80T 2 ) £
Bf 22, O ORRR R BE R 2D . AR SO o i 5 50
YIRT R G0 e B B R AR S A T o
34 HBAEEE

P T B A SRR A1 R AN R T PR ) M 15, R 3k
B 1 m A I kG B2, AEAE H AT 50 MHz (1R
FERF AR (I [EKS S R 6 m) & B AN S 1Y . R,
A Kb B B R AR I S 0 50 Y SE S R, Al
TR G RAE AR A B ] AR o Sk

FH T A SR A R A e/ N (S R A2 R TR
FEARR, DAL BR e IR T 4 B A AR SC I I F AN S8 42
XEFR o AEAR AR 214 i A 28] B e B R AR &8, 7T
W7 HH B IR AR DG 06— R A T L P (], e
AR P — AR S AR A T UG, DA e
EREERY . AR B 8 Fin .

1.0
0.8
0.6
0.4
0.2

Autocorrelation value

|
e
o

1.0 1.1 12 13 14 15 16
Shift/bit x10*

K8 ASEXIFRAIAECIE

Fig. 8 Asymmetric correlation peak

25 b, BR AL B TR e R A
UL A5 i) 5 T R S, AN S 8 A PR
JE RO

4 W@ F L

4.1 ZWFEYMERERES

R b T ik, AT LR AT % AR R Y
RO I BEAT T BRIE 0 A, USRI 2R 4
PEBE RIS SR s o B, #5 T
— M T H T 2R ST IR, A AR SO S 4
PR SR

XF LR S B R 28 PR v i) B (A A, A S 5
EHAFZ A F 2 A TR U S AL SR =
AR S50 fift FH SR [l F BEAE R AR 55 AR RS 2R
B, A5 5 G W OGRS ) S o O TR
o —HAGE TR IR R AR,
Tt i 2 RS N A K, 55 | AR
WS ST, K T RGBT MERE, HARRSLR:
(0 5 7EAS 8 B T2 LA 36 IE R Gk e, IR
AR SR FH I 2 b T R 2 S 56 1 i 2E A T E
%o TH—J5 T, SLEHH 10~60 m SR ZExT T
B2 ) T3 BL R B R4 T AR, X RN D B
BILAS o 0 EORS 5 1 B T BB &R o PARAILES
N 174 R 3 o R R B 1) R O, TR G



772 R EDEE (FRgEso)

#16 %

WS 1) D B B, P55 SRASE S BN L 8 R L P
HIE, AR 2 DN BEORS B ph SR A JR) 49 45 5040 Ak 2L
AL EYE . A SCHRYEZY 200 km 90T JEE 25, X
PhBENLAS A R 5 SR T T, RRELA IR
25 T4 P2 AT Sk B T BRI . (R, 5K
6 el FHAT PR A SR AT 2 X 12 2 6 ) 0 R 5 A 7
W, FLA SR B A 50 o

2433
A cos ot

POBEHLI— |

42 47 —{ BPSK
- ? [t

42 SLIEE

SR HL - gk 1 0 =X, A — 3 FP-
GA T A ARAE Ry 5250 A 8, F DRI
R g ) T 22 B AR E A L PR A R, DA RSB
BIAHPR , RERFRAFDIRE . A FHAS [ BE i S A4k
DIVSME 5 SEPR G RE IR S . SCUR A K an &l 9
FiR o

EEEE
R IR]ZEIR 1 PR (= A
o —fE R 1] F'W .
B uﬁm || e fp—{pe {£|
A [A]FESR 2

ERIN 04 2

Fig. 9 Experiment flow chat

ST SRR 24.4 Kbps (1 16 115 B S
5 1.5625 Mbps A 1024 11 Weil 153847 BPSK I
), ARk RN 6.25 MHz, Bl B 28 35 B/ s 46
#% (Digital-to-Analog Converter, DAC) 4= i P [
BUE S, — B CF XA KB EE S ) T
10~60 m (14 5543 [) il o 45 64T 6 U B 52 565 5
— B CF SO R IR (5% T8 0.5 m A4
AT R At L A, DU AR IR S 96 I K MR 4T AD/DA
Y | R R U AR R AE B R AR B B RE Dk 2 R
%, A1 S5 Z 5L 4% (Analog to Di-
gital Converter, ADC) 1k & N F15 5, 7E I &R
PN S A A B O L SE AR IO A5 )25 T T
AE, P38 ) PRl R S BdE & B AL, S
£ Matlab F i sUBT 0o B A T AL B

YR M T L T2 B0 S 50 T 5 Sl 1) S 6 2
K 10 foR, FEHBIER LS A

(1) F:TF Xilinx 23 7 KINTEX-7 %41 XC7K-
325T .S 1Y F A FPGA s

K10 Scoe®

Fig. 10 Experimental equipment

(2)Rigol /3] DP832A Al 4t . Fo U ;

(3)SS405 Hi [ FHL 48 0.5 m, 10 m, 12 m,
20 m, 30 m, 50 m. 60 m fEHEHE R 70% ik

(4)USB2.0 %% RS422/485 54585
43 LWERKRSH

SEYGRT 6 AN B HEAT T, G ) T
AN B2 A S 00 [ A P 4 A MO SR A A R B . BRI
S AR 20 2, 9 AR E L H
Jei XK BE B AE R0 I 1 S o) B AR R
300 YK, Fifi 5 FH P s 0o i B30 1 3 o A B
EIFAHI . B TR S AE SRR A& UG A T
LA 1), ARG 5 FL BRI AR A F R B K,
25 AT ] 5 AR YR S0 T 1) SS405 5 A 26 11 1%
&L N 70% M AGEER, PR, S50 45 s 7 e LA
0.7, 20 ZH %0 Hs vy 38 07 2545 DI BE ARG B, i
gEEmE 11 DU 2 FiR.

AT 6 YRS B0 R A A M I S, L
DEERS XL TF 1.6 m, IA2N T 1 m EHAKTE,
UERA TG 2R 0 R e iR ] A B
S R o, RS R TR, iAb, 2
DN 25 5 AH DG UG RS B s BSOFE I SR A S 41 XoF
07 P18 B 5 30T I, 3000 P - S O T LS
{EL, XA R ANFE 3 Fiom o

25 b, SR TR R g P T
AT, 60 m YE I, MRS BEEUL T 1.6 m, i 2
ARSI ARG 2K . {05 LISA 1R Fr S iy



541 S, 2 M-Sl 6 S D S U B M T o 22 50 .
11.5 14
(a) —»— Measured value (b) —»— Measured value
11.0 ===Average value A —— - Average value
o3y . [\ o
F 10.0 \ / E 12
I EwAERAvASE WINA v
WL I |
75 V ’ \
7.0 8
2 4 6 8 10 12 14 16 18 20 2 4 6 8 10 12 14 16 18 20
Number of measurements Number of measurements
4 M d val 3 M d val
—— Measured value —+— Measured value
23 @ Average value 3519 —— - Average value
34
22 13 1
£21 £ \ I\
5ol [\ b | I\
SN S RS A
A IR R A==
~ / 29 =
18 VA
\ / 28 V
16 26
2 4 6 8 10 12 14 16 18 20 2 4 6 8 10 12 14 16 18 20
Number of measurements Number of measurements
33 (e) —»— Measured value 64 | C —— Measured value
52 — -+ - Average value — - - Average value
63
A SN\
N A et
Ml WA VA
49
: R Vi
48 | 59 J
47 58
2 4 6 8 10 12 14 16 18 20 2 4 6 8 10 12 14 16 18 20
Number of measurements Number of measurements
B 11 AR SR NSLE A5 5. (a)10 m; (b) 12 m; (¢)20 m; (d)30 m; (e)50 m; (£)60 m
Fig. 11 Experiment results with different length cables. (a) 10 m; (b) 12 m; (c) 20 m; (d) 30 m; (e) 50 m; (f) 60 m
R RHERMR (1) 93 255 O B AR AR AP T el
Tab.2 Attached table of experimental results . .
B, LR DA (B SR PR A I S8 A X R I R A
AR/ SEE-HAE 3 MEEAS L)/ N VL e N TIPS,
M GRTANm RO m HETE (1 11 1515 FUUK 0 20 B A T A8 748
10 9.03 0.86 . . " .
B TR R R R, Y HOE A T
12 11.13 1.21 . o s
PSR i Hh O DI, BN B v s {H LR U
20 19.24 1.24 \ N o
B, FACE ST, B A
30 30.18 1.59 I . - .
(2) SEBRI & A PR B9 2 f A IR B (55 BT Y
50 50.14 1.35 . - o N — SO
B A 2 e P {5 P N B 5 T R B S A
60 61.23 1.26

0.7 m P HTAS BERATAE—E 220 . ILHR AT IR K
B, TR 2E B BN LR R ST T ) B v 7
PAR =75 M

ST R ARAL B AD/DA 564 | ik B S5 4R A /Y
] S [] A 5 Aol P B0 325, AT I T ik
®E.

(3) HATRGHREEBR A 50 MHz, 7EY)



774 RED2E (RgEs)

#16 %

3 HEXIEBFNSHIE S0 MHz RESNE TR A0S
Tab.3 Distances corresponding to the number of shifts

of the correlation peak at the 50 MHz sampling

frequency
AHRIER B G % JEHMIXTNEER /m  70% G IR BY/m
1 6 4.2
2 12 8.4
3 18 12,6
4 24 16.8
5 30 21.0
6 36 252
7 42 29.4
12 72 50.4
14 84 58.8

B ZTE BRI T B HE R, A6 m RS .
A L 2 SRR AR AR HE T AR 2, 4 100 MHz
B X6 R Sk 3 m, 5B AIR T A4 A AR VR B T
MERE

ZSCHGE R T IR 2R 4 DR H K Y T AT
PE, DEEAS BE U0 T 1.6 m, 6 fE A5 Y0 52 06 kG 2
BR o AR T ) 4 P e el s B B Ak B
S LIS R DU RE A B | RRAR R 22, DL Ak
ARG, SRR T 1

S 3CHE:

5 &% #®

ARSCEET 5 TR i 5, IE IR it i
Th. JER IR DL R A B L A5 5 TR A 44
PR RGBTSR, 43 1 HITH L 2 SR ik Y 45
RSB R, I8 T 5850 . R SE 0 DI I A
[ S 5 2R 495 fg 0 R R RSB SR S )
PR AR Ny B Y, 383 FPGA B4 IT & MRS ] K
JEE %) S5 A3 ] i oL 28 AL T T A A AR B
(A, 7ERE A 60 m JEREIPY, MBS EEDE T 1.6 m.

T o 2 T H T2 R S, SE R T IR &R
SR RN, R — R RS
UEBE R T H ARSLA . (HARYE TDI AR (1) #43
Mr, RS BE T A2 1 m LA, BOEHR L s
VA R 2 TARTT R, PRI, (776 %S850 7 2 i
it —2 . R SEIRZE B AT, AR —
AITEOLT, % [l — I BE 25T 7, £t A BR A1
PEPEAR KRR Lol T B A I IERS B2, IR i
W JRAR SO R S 28 7 1) .

AR SC T AR 1) B ) SO I B 7 AR F R
W5 | 7 I A 3 o S, T HLAs vl 3 T Aok
() 25 T I AT 55 Bk Bl ML RS I B2 A 000 B
e, RIS L L, & B 2 S R 5 H
5% HIa k&N R Pk, PhBEALES K
RIRUL S PR T4, R — Y K%
FEARME W iz B2 140

(1] FFA, a4, B2, F. SROC W5 IR 1], /53, 2013,43(4): 415-447.
LUO Z R, BAI SH, BIAN X, et al.. Gravitational wave detection by space laser interferometry[J]. Advances in

Mechanics, 2013, 43(4): 415-447. (in Chinese)

(2] FFA, RE R WOE T 51 B IS RO MBI ZE S e [T]. #5238 4R, 2019, 64(24): 2468-2474.
LUO Z R, ZHANG M, JIN G. Overall discussion on the key problems of a space-borne laser interferometer gravitational
wave antennalJ]. Chinese Science Bulletin, 2019, 64(24): 2468-2474. (in Chinese)

(3] FF A, REC Frml, . rb 23 (B 5] 7 e KRR K RS " FEB I [T]. 3R 2 4R 5 3k, 2020, 7(1): 3-

10.

LUO Z R, ZHANG M, JIN G, et al.. Introduction of Chinese space-borne gravitational wave detection program "Taiji"

and "Taiji-1" satellite mission[J]. Journal of Deep Space Exploration, 2020, 7(1): 3-10. (in Chinese)

[4]  0FTh, Bsis, FF A, 5. a8 0| s e b i 4 ot B s i SGm A5 He R 0], F B k42, 2019, 12(3): 486-492.
LIU H SH, GAO R H, LUO Z R, et al.. Laser ranging and data communication for space gravitational wave
detection[J]. Chinese Optics, 2019, 12(3): 486-492. (in Chinese)

(5]  E&9, whde, SAPA, S IR RIS | 7R i I RIER TR [T]. F B 5, 2021, 14(2): 275-288.


https://doi.org/10.6052/1000-0992-13-044
https://doi.org/10.6052/1000-0992-13-044
https://doi.org/10.1360/TB-2019-0055
https://doi.org/10.15982/j.issn.2095-7777.2020.20191230001
https://doi.org/10.3788/co.20191203.0486

549 S A, e M- 6 S D 0 0 B i o T2 B s

(6]

(7]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

(22]

WANG D F, YAO X, JIAO ZH K, et al.. Time-delay interferometry for space-based gravitational wave detection[J].
Chinese Optics, 2021, 14(2): 275-288. (in Chinese)

DELGADO E, JOSE I. Laser Ranging and Data Communication for the Laser Interferometer Space Antenna[M].
Granada: Universidad de Granada, 2012.

HEINZEL G, ESTEBAN J J, BARKE S, ef al.. Auxiliary functions of the LISA laser link: ranging, clock noise transfer
and data communication[J]. Classical and Quantum Gravity, 2011, 28(9): 094008.

e, &, ZAMRE, . OOREHLASIE I i =R R R B0 LI ik (1], 4osh 530k T42, 2022, 51(3): 20210250.
HAN X, LI ZH, WU Y J, et al.. High precision ranging lidar based on pseudorandom code modulation [J]. Infrared and
Laser Engineering, 2022, 51(3): 20210250. (in Chinese)

BAYLE J B, HARTWIG O, STAAB M. Adapting time-delay interferometry for LISA data in frequency[J]. Physical
Review D, 2021, 104(2): 023006.

#EE, w84 R M7 Jbat ERF T R, 2012,

FAN CH X, CAO L N. Principles of Communications[M]. 7th ed. Beijing: National Defense Industry Press, 2012. (in
Chinese)

ABOUZAID S H, AHMAD W A, EIBERT T F, et al.. Vital signs monitoring using pseudo-random noise coded Doppler
radar with Delta-Sigma modulation[J]. IET Radar, Sonar & Navigation, 2020, 14(11): 1778-1787.

WA, GPS R 32 5z iehuit M. bt dF Tl At 2009.

XIE G. Principles of GPS and Receiver Design[M]. Beijing: Publishing House of Electronics Industry, 2009. (in
Chinese)

N4, AR &Kot A G A IM]. AKE, 3% SRR dbat: AR 1 iE, 2007.

BEST R E. Phase-Locked Loops: Design, Simulation, and Applications[M]. LI Y M, trans. 5th ed. Beijing: Tsinghua
University Press, 2007. (in Chinese)

ESTEBAN J J, BYKOV I, MARIN A F G, et al.. Optical ranging and data transfer development for LISA [J]. Journal of
Physics:Conference Series, 2009, 154: 012025.

SWEENEY D. Laser communications for LISA and the University of Florida LISA interferometry simulator[D].
Gainesville: University of Florida, 2012.

REF. I AR89 AT 5 [D]. PR/RIE: IR /R BT R, 2008.

ZHANG Y Q. Research on spread spectrum ranging system [D]. Harbin: Harbin University of Science and Technology,
2008. (in Chinese)

GjetE, T Z FHAZ TV IR 5 AR (D], W% P ERNEBE K2 (P E RN B E KA L), 2020.

MA X H. Design and performance evaluation of spread spectrum code for satellite navigation signal[D]. Xi *an:
National Time Service Center, Chinese Academy of Sciences, 2020. (in Chinese)

R, TR, rak i, F. A6l = 5 K Weilld MIGoldigMERE /M 5 Hee (1], 3+ SEuty A, 2019, 36(8): 71-76.
ZHANG H Q,HEZ M, YE L Y, et al.. The analysis and comparison of the performance of the Equi-length Weil and
gold codes [J]. Computer Simulation, 2019, 36(8): 71-76. (in Chinese)

stk dut =5 BIC {3 5840 £ 5 AE 9 A7 [D]. P44 th Bk B 2 (b BB B [ 5 rhu), 2019.

YE LY. Simulation generate and performance analyse on BDS-3 B1C signal [D]. Xi’an: National Time Service Center,
Chinese Academy of Sciences, 2019. (in Chinese)

Mhik. #3hA LRIV MBS A A s A aT £ 5 5 (D] b i PRHE R, 2021,

CHEN CH. Research and implementation of key algorithms for high dynamic direct sequence spread spectrum
communication system [D]. Chengdu: University of Electronic Science and Technology of China, 2021. (in Chinese)
TR, AL, ot 2R, . BT O BEALA AR I8 AR T A O BB R B [T, sk S el F it g,
2018, 55(5): 052801.

QIU Z SH, YANG F, YE X CH, et al.. Research on laser ranging technology based on pseudo-random code phase
modulation and coherent detection [J]. Laser & Optoelectronics Progress, 2018, 55(5): 052801. (in Chinese)

R %, LR, AR S B A T2 48 (1), AL e, 2013, 33(4): 23-27,35.

ZHANG X X, XIE G R. The process introduction to coaxial cable and cable assembly[J]. Electromechanical
Components, 2013, 33(4): 23-27,35. (in Chinese)


https://doi.org/10.37188/CO.2020-0098
https://doi.org/10.1088/0264-9381/28/9/094008
https://doi.org/10.1103/PhysRevD.104.023006
https://doi.org/10.1103/PhysRevD.104.023006
https://doi.org/10.3969/j.issn.1006-9348.2019.08.015
https://doi.org/10.3969/j.issn.1000-6133.2013.04.005
https://doi.org/10.3969/j.issn.1000-6133.2013.04.005

- P (PO %16 %

EEEN:

ik 2K (2000—) 55, H R KK, il
R, B T E R R AT A
WFFEBE, 32251 7 PRI AL [
JGIE AR J5 YWY . E-mail: zhangyib-
in201@mails.ucas.ac.cn

B A(1998—), T3, " IRIRSEN, Al
TAFTE A, B T E R KN o A
SR RE, FEZMN G 7RI 2 HEOE
TRy T 5T . E-mail: dengrujie20@

mails.ucas.ac.cn

BT AN(1980—), B, Wim KA, #
+, W5 B, 2010 4F F v [ B2 B KL
25 RGERL A B KA B A2
AL, A v B RE 2 B ) 4 1 5% T F 5%

XL (1988—), 55, LA, 14
+, BIWFFE 51, 2015 4 F o B B2 B
REEFAFHE L2247, 38 B R4 B
FE IR ST b1 o WFSE U A
BOGT PRI BE | S A A O I & L K Boo RWOGTRIEER# R, 32
AR R BOCYIE% . E-mail: 1i- NG| 7 B 04 2 (RO T35 0 iR
uheshan@imech.ac.cn BOR B HE 534 5 G503 5 T % B

5% . E-mail: luoziren@imech.ac.cn




	1 引　言
	2 需求分析
	3 测距系统原理及设计
	3.1 总体框架概述
	3.2 信源编码设计
	3.2.1 信号结构
	3.2.2 伪随机码选取

	3.3 延迟环设计
	3.4 数据处理算法

	4 地面电子学实验
	4.1 实验等效性及有效性分析
	4.2 实验设置
	4.3 实验结果及分析

	5 结　论
	参考文献

