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A Ranging Method Based on Synchronization of
Continuous Chaos Signals in TT&C Systems

YU Jinfeng'*, YANG Wenge', LI Fei'
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2. Department of Optical and Electrical Equipment, The Academy of Equipment, Beijing 101416, China)

Abstract : The shortcomings of the pseudo code telemetry, tracking and command ( TT&C) is discussed.
There are range ambiguity and synchronization acquisition problems in pseudo code TT&C. The idea of ap-
plying continuous chaos signal to aerospace TT&C is proposed, moreover, the theoretical scheme is estab-
lished and the merits of the proposed method are pointed out. Driven by the transmitted signal ,the receiv-
ing terminal is automatically synchronized with the transmitting terminal with omitting the phase searching
and acquiring progress in the pseudo-random code ranging. The aperiodicity of chaos signal solves the am-
biguity problem in the pseudo—random code ranging. The analysis results show that the application of con-
tinuous chaos signal in TT&C systems is feasible and advantageous.

Key words: TT&C system ;ranging ; continuous chaos signal ; synchronization ; Lorenz’s system

1 351 &

TRIEIG R AE IR M2 2 5 vt BB 0 5
() AN BERLAY AR , 3 Pl FR AR TR, SRS
I H X0 B (6 A B L RUR e L IR S
X B RS T AT R A 48, 75 T 53 F
fike T RS B

*  WrHE HH3.2015-03-12; & E H #5:2015-06-02
w% JBWAEE : yujinfeng2008 @ sohu. com

A FIRMEAS = BA R A L S DA s
AR L BT AR ) 3 T O 2 T A L 7 00 e {5 25 40
e, AEIRIENHIT IR AR E TR R 2
ser LR AN, B B A R AE A — T Y
KD TR A R A b R O A R
Mt R RSB

Received date:2015-03-12 ;Revised date:2015-06-02
Corresponding author : yujinfeng2008 @ sohu. com

. 713 -



www. teleonline. cn

HLIREAR

2015 4F

RIS 52 B E TR R G0 A R 55
HA 5y 7 A R 1 S5 A, A o I8 U R 5 | e
Tz R, MBS e IR P BT RS A
St E BRI B 2 U o - A S A P A 2
JIZHESE, AT T — LSRR

M 28 G R A AR 4 S5 R D R A 23
AR JEMFIIRERIZE S N ERE T S SUE Y
BB , P, 1R A5 5 7 o K ST B oA
ARR IR ST

ARSCEG T — R SR T R AP S Y
ILE G b S R = 5% TR E B o RS
AR D i 0 0 S R 8 e 00 B8 7k A A 4
AR, RS b DS E ARG R, i T
TR TR T ) 205 57 BRI M P4 5 325 D5 A T
DI EE AL AE T ETHBR T BB RN, 5F A 3 5%
LRSS B [R5, A s TR A

2 NWERFHAFUNEFSKRERE

JoEk F ) B TR PR TR AR A Y kg
WL S — A Y (S 5, A 7E B AR Xz (s
SR T HAO L K, HOL R RO &R 26 ok s (] ZE
R T AIREAS = 151, I PR BUR 3 5 305 5
Z MBI AH X B AE |, AT 2 B b 5 0 R &R 48 2 (8] Y
HEE

W K AR5 22 [R] s R 2E R () 2 R 24 Bh A O
PRI R L B AR AR A i
B, ANAEAE 2 B e AR i 28 RO, 1k S
TR (), RIME S B ER 5, Bl ] 1y
H5 M s(i-1) o MG 7 (8, THE P E AR OC R %L

R(AT)=R(7=7)= ] Pos(1-1)s(t=7)de. (1)
A R(AT) MM 5 AR G pRER, 7 2 432 A0 %o
T WA THE, T, & R4 ]

M5 S I SEAL T IE AR | A 56 s B e R AE
A AR A i 2 5, A 6 PRI 2 Pk T R, LA
RENS = H FE Mo Ak ot B 2B (i,

HUR I R G, 2R RS0 B A 5 — e P
— SR E A S, o — R O BEALAS I A5 S
0 R RS 0 REORE R 5 O AU R B 2 (R AE AR T
JE SR 0 R e 00 B R 2 N 5 0
B A vy % 1 Y

At B =2 B A B Ty =, b Bl AL A ) R
B, A7 AE P BRI A () 20 i A n) A, O BE HLAS % J)
HAME S AR IS AN BE ) 1) 35 S B 5, s l I AR
WL DRSO X A MR RS AT A S /N S

. 714 -

PN iR 2% | AR MEE 5 DA% AU A 5 . D BEHL
B SR, JCASORME  AA  ATRAE EE R  Ddrh
TSR ARG L /)N | JCASOMM I /N  JCASR
BRI R B L, TTA R BE BER Dl A e e
B LA e O i I B ey | 7 i B AR ] 0 0 [ A4 2K
[, O H P AP RE 2R 2T TG Y

3 ETRERSHEEMNESZE

FETIR I [R] 20 i PR B I A, LIS & P v 3K 5l 2R
GE AN N R G ) A0 2 5 B [R)— IR SR T afE AR
MBEAE =, BA HA f Rt . IR DS i Ak & 19
P, Wt A5 5 TR TCRR O, REA% S I 8 00 5 v 1Y
TR RS , RIS S 1 A R 2D 4, SCREMEME 5 1
TR IR R E T AL, ZE IR S5 S5 VEF T A s si it
WO RGEIEI AL

T LOE AR ZE R G, TSR AR T 0 ik
BOE JRIEMS |7 F 3 AR S R E BDE e R TR
TAE S AT R ik

E2Z RGN TR N

x, =0 (x,—x,)
Xy =TX, =X, +X, %5 (2)
X3 =%, %, —bx,
;T:QEF',x: (2, %,,25) %%?&”}%,U\r\b EARAG
ZHL

Y5 L AR GE AT 5 R R B AR A N A 5
RN ARG WP 55 W B AT T 28 e O s 74
PRSI TIRIC 2L AR GE, PRl B S BRI R
FHEE, B 1155 R B2 A2 G A [R) 2 80 A — A
P T B2 (1)

A u=x,/10,x5, =y/10 x5, =2/10 , FH-HUA ] R
ARLIN T m = 1/2505 , 22 i B2 RUBE AR e AT [] R
JER R T R

nu=0(v-u)
1 =ru—v+20uw (3)
nw =5Suv—bw

T B ZE BUE ZARAIE R GEAL TR MR
W o=16.r=45.6 b=4 i L ZK,

PLER RGEAE UK Sl R ST, W 2R G0 R 4k
A ALEN N R G, SR F 9K 3l — i 7 ] 20 4 592 B0 4~
RGEMIEI

Wi 17 28 8 K

nu, =0 (v,-u,)
nw, =ru-v,+20uw, | (4)

nw, =5uv,~bw,



555 &

AR A SR TR — TR R T ] A ) D42 2R e I o g vk

557

PR SN RGMPIREE ] d = (u,v,w) FoR, 0
PLRGERPREZ R r=(u,,v,,w,) Tw, HIDRG
REBE2ZEH e= (e, ,e,,e5) = (u—u, ,v-v, ,w-
w,) , HORBN R GE A N R G B[R 2E RGN

Tlél =0 (e,—e,)
ne,=~e,~20u(t)e; (5)
ne, =5u(t)e,~be,

BT B 2 T R pRAL

E=T(Lrdael), (6)
LB I 1] (42 Ak 3
1 . } . 1 3
E= Samnetene +de;me, =—(e, 5 ) z—zei —4be:
(7)

T EJEIEER, E RTUER, 2SR E
R f3 R 25 R SR HTIE AR E 1Y, lime =0,

4 MERBRERSHH

P B ARG, i FAE ] A R TE R 4
AR EI S 1. 1 AIE 2 23 2 K S R GERY TR
W5 FAE wo ~FETHITE wo FHEIATECE

-4 -3 -2 -1 0 1 2 3 4

K1 SRS R GRS T1E w V1 B

Fig. 1 Projection of driving system chaotic attractor in uv plane
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Fig. 2 Projection of driving system chaotic attractor in uw plane
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Fig. 3 Synchronization error of system variable(u—u, )

YRBNE S B S BIR WL 4,

- 1 1 il 1 1 1 1 1 il
8.000 0.005 0.010 0.015 0.020 0.925 0.030 0.035 0.040 0.045 0.050
t/s

B4 IRIET v BETE

Fig. 4 Waveform of driving signal u

FHIR AR 5 AT IR 0 i | 902 7 i % i A
— BRSNS B e s ) B A o A ZE 3R
WL TR & 5 B 5 5 1 B AH C R 5L
HH 00 2R G2 5 B R e RE S AR PR [R] 25, BT DL
SRR T A AR SRR AL

BIEERENE 5 20 ~ 30 ms Z [H IE 5 (LK
5)  THRE SR 5 AR SC R B (LI 6 il
7).

-2 1-|- :

|

. I I |
(‘)‘.020 0.021 0.022 0.023 0.024 0.025 0.026 0.027 0.028 0.029 0.030
t/s

K5 BKEh{ES PR — B RS

Fig. 5 Intercepted signal from driving signal

. 715 -




www. teleonline. cn

HLIREAR

2015 4F

R(r)/dB

0 ekl
Vit WOt
LA AR

|
-‘-‘0(.%)20 -0.015 0010 -0.005 0.000 0.005 0.010 0.015 0.020
2

|
o
K6 #HUES SemE S n A kAL

Fig.6  Cross—correlation function of intercepted

signal and the receiving signal
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Fig. 7 Partial enlarged view of cross—correlation function
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