i ® 2

y o)
Ha45% H12 W % 2% Vol. 45 No. 12
2024 4E 12 H Chinese Journal of Scientific Instrument Dec. 2024

DOLI: 10. 19650/]j. cnki. cjsi. J2413357

EF M &0 B M S BB N K B R R IR R i

WER,EAW,H T
(RAEREAUSRIS 5 TR AR 210096)

AR A e AL R RS T ME LA SE IR E BRI TS M S A R o [ R A T A BEAE S R AR T — Rl
F M A A IE LR BRI T, TEE G IR RIS R SR [ MR T R R B+ R R R 2 U I (KF+EKF) B 28k
R PR IR G R A A5 A (5 A SV A A T B S T D R, e I 4 SR T T SE VA M Tl A g
WCUEDE TS E BLAAE , WA SR 25 5 2 Bt B 3 NCO FThTE NCO, SEERER SR 454, LW 0y B0 S0 22 B, A L TAL S8 B B 3R
B, BT A % dm MR BR R ) = s AU B IR 224 T 67. 6% R BE IR 2E LT 67. 8% , AR T A BE AR T Y R BRI RIORS
WENL,

KRR . A HEEM M AT SOREAGIN 5 1 3 N Ok R

i E 5 EKS: TH89 MEARIRES . A EXRREFRISERE. 590.35

Design of adaptive vector tracking loop in spinning vehicle
based on M-estimation

Chen Xiyuan, Wang Yuetong,Gao Ning

(School of Instrument Science and Engineering, Southeast University, Nanjing 210096, China)

Abstract: To solve the problem of unstable tracking satellite signals and inaccurate navigation positioning of the spinning vehicle in the
rotating state, a spinning signal model is constructed and an adaptive vector tracking loop based on M-estimation is proposed. On the
basis of the traditional tracking loop, a cascade vector tracking loop based on KF+EKF is constructed. The filter is realized by coupling
the observed quantities of each signal channel and the output of the tracking loop is used for the bandwidth calculation and the fault
detection of the M-estimation to realize the navigation solutions. Simultaneously, the navigation results are fed back to the carrier NCO
and code NCO to realize the closed-loop control. The semi physical simulation results show that the proposed vector tracking loop reduces
the position error by 67. 6% and the velocity error by 67. 8% in three-dimensional space compared to the traditional tracking loop. This
effectively enhances the stability of signal tracking and the accuracy of navigation positioning for spinning vehicle navigation modules.

Keywords : spinning vehicle; M-estimation; fault detection; adaptive vector tracking

KA, AR SCHE Y T 2T MG T8 A e 2R A 1
I BREE PR R BT, S BB BR B A 5 A9 B A TN -5 g
B R AR SRR EYE

0 3l

il

BEE AR &, 2K DR RS
(global navigation satellite system, GNSS) 5 Qe 4
S PR UERE A7, A 45 T 4RI it ik e A 8 L AR E 1
BLRSS  RASE AP T4 ) T R oKk, A e
RAT W R E AR T 5 13z sk, S BoE o A
(G5B 238 A% | AL 5 IR AT E H )

S H 9. 2024- 10- 10 Received Date; 2024-10-10

GNSS WL T 203 A5 Sl Ak A5 T BRER R T i 5E
7 3 80, R K R 0 15 5 B s 0 i 2 v o i LAY
HEHLAL % S8 bR i R PR I (scalar tracking loop,
STL) F= B S8 4% Tl iE ST ., BT8R (frequency
locked loop, FLL) #i#H¥F ( phase locked loop, PLL) FI%E
R BRE FH (delay locked loop, DLL) FHREEFR T B ANER |



320 f# £ ¥

a5k

PRI RAE(F AL 2 S ATIR I A L PUE AL . Rl
EEFR I (vector tracking loop, VTL) , AS[R]F5 i BR R PR B
425 3 Tk ) BRER RO RO, R i IR R G A B F B Y
(7] bsf 528 JS £ 5 BB AP S5 O e 530, 308 o 2 WAL A T L T
) (] G AL EE R S 457

R IR B A AR Spilker 5 $E Y XHE
5 RS R AL SR B AR T 8 il R B i L SR T R A R
SR IR HA TSR T AR ) AR G R 1 B TR
FEl IO T & R AT FH 5 Yang 262 B8 T —Fh [ 38 1 2
e R B A M 3R 5 2K 2 B U ( Kalman filter,
KF) #19" B 4/R 2 1 37 ( extended Kalman filter, EKF) f¢)
IR AR MR T v BT N 5 A D AR B AT A 4
Mu %5 #2H T — BT 4 JF BB R 5 A
(numerically controlled oscillator, NCO ) #5 #il 5 = () 28 &
BRER TR IR T R i BRI B B 09 U0 A A 5 o i Y
M  Lou 26 AF 98 B0 0F 1 % J I 8 A 2o P 305 4 2 85
T AT AR T S A R R A T i AR B U AT A R
THET IR IR IR IS i PR R PR R T, SR A S A B
§5{5 5 SRR IR R IR 4R i R G S e s TR AR 4R
T — R S N B R R = IR Bk TS S
PR T H AN R 25 KOS PR RE R T A RL
P Sun S5O B T —Fh IR T —BUR A A uniformly
most powerful test, UMPT) fi¥ 2K 2 R 25 A % i s A 00
% P 3 S T A W/ N — B 220 S A i A R
SEME AECRE 3 A {5 5 E A B S B0 AUE B D
AR A HE T AR S T A BE BT S 0 AT Ak AR
AR AT S BRI S 06 A BT 5 AR 5 AF P R R T —
FREET M AG TR 22 Z BRI G AT BT M Al
MIPL 22 45 1A HE AT BRI 1k IS OR B T A
Shen %M PR R AR [ AR T T 155 R 10T 1 (0L
SR FH R 3R /0 30 B B R B2 S IR R O 6, R B A
L WA AR R 22K, i 2 RS B R I 21 5 R
T TR A 1B S0 e S S 1 sh AT B SR o A (H I
RIEAT L PRAERE (55 S B ik

RIASC B fE T — 5T M Al Ty A e sk ik A
TN R B BRI R A A AR SRR A FIAE S A
{7 A 3 A AR R -, DA ST 0 38 1 1 ) 0 i 2, 3
b R O e AR S R RS T AR S IR A A A Y
FoE PR MER 4

1 BHEESSRERMHEEE

1.1 BRERIEFEREIEESHEE

— TS PRI R T S LRI B TLRAR
DR A e F SR AT LA 2500 A i 5 224 i AR ) 37 R
JEFRE . ARIMAE SR L RS, th T15 5 9

WP D K Tt T B i) 225 RS A R R, AR e A WPL G
DA SRR A, PR T X B B AR B TR S
RER A TIRA T, 5 SR BORA FH RS 515 8, SBR
P T 38 B TR S AT 3, T B R IR B R o i
BHHEM,

RYRHE M KL mE 1 s, TES Ak
RIEZ R SR, DRMPE V. 5 SR ELIM N ¢, HiEk
R IE SRS ARG AR T DA F-shigsh v, MK
LAXTTFRAR L s sh v, W45, V., 5 SR iy,
V, 5 SRIMN @,

€ gg LR
S

g R
K1 Alegifizsh

Fig. 1 Motion diagram of spinning vehicle
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Fig.2 Rotation analysis diagram of spinning vehicle
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Fig. 3 Vector tracking loop model
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Fig. 4 Vector tracking loop system
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Fig. 10 Velocity results in different tracking loops
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