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Adaptive Cubature Kalman Filter
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Abstract
an ultra-tightly coupled structure based on double-modulating loop is designed. Aiming at overcoming the nonlinear filter

To reduce the negative impact existing in the ultra-tightly coupled structure based on single-modulating loop,

problem of the tracking loop in the designed structure, an ultra-tightly coupled tracking method using a robust adaptive
cubature Kalman filter (RACKF) algorithm is proposed to cover measurement outliers and kinematic model errors. The
proposed RACKF algorithm adopts the robust M estimation to adjust cubature Kalman filter (CKF) algorithm so as to
detect and reduce the influence “degree” of measurement outliers. At the same time, RACKF adopts an adaptive factor to
dispose the influence introduced by dynamic disturbance errors. Experiment results show that the proposed method can
effectively resist errors aroused by inaccurate model, and that the high-accuracy and stably tracking for GPS satellite signal
are achieved preferably. As revealed by comparative studies, the proposed method is superior to tracking method based
on single-modulating loop in tracking performance. Moreover, the proposed method has a higher tracking performance
than tracking methods based on unscented Kalman filter (UKF) and CKF, and thus it improves the applicability of the
navigation system under the circumstance of high dynamics.
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PB-KF-UTC; J5i% 2 J& Wik 1) 38 T XU ] 1% 1) 2 1k
GBS S5, R P E AEN. CKF 5k
fEF IR EE 23, i DLB-RACKF; J7¥2: 3 F1J7
L4 SR SE R R 7325 2, (B 38R VAN, 239k

CKF #1 UKF, f#jid & DLB-CKF #1 DLB-UKF.

NS300
Bl 2 mshdss sy R ai

Fig.2 Experimental scheme structure under high

dynamic scene

3.1 SREFEMRE

S rh SINS FZEARSH il BER U E
AN 0.01°/h, PRI 0.005 ° /hy g E
WALy 30 ug, FIMEF 7260 3 pug. fiiEE %
SRUEE WL 1R 2 Fros. alsn, feokgsxd i
25 6000 m/s, f K45 IN5EE L) 20 g, KL%
INIRFEL 40 g /s, 56 B7FE Rl &R

®1 MSHIESH
Table 1 Flight path initial parameters

YIRS KL SRl

RE 102.0266 °

Mg A Jegh 28.2460 °
fi=75°3 50 km
Flhl Om/s
WIURIE ey Om/s
PG Om/s

R2 WURIEHZE
Table 2 Flight path motion parameters

IR (m/s?) g (m/s?)

RATIEL (s)

E/N 1 I RPN E/N o I PN
0~ 20 100 4 0 0 0 0
20~21 0 4 0 100 0 0
21~40 200 4 0 0 0 0
40 ~41 0 4 0 —400 0 0
41~ 60 —200 4 0 0 0 0
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K TG SRR A Ui I 2 T s sh s
BTN LEGY, Hiue s LAE S
ff# etk C/NO by 20dB/Hz, Wk 3 FizR, HHiK
2 AT 13 WAL A, BAN, KR T ik
(R FE N T PERE, BEE 5~ 10s Pl 5 25
7K 20 £, DL SISk 22 Sy — 7 I, A
BE M LBl 5 AR B n] LA % 3 ) 2 A B A K
BRI SRV 0 B 3 R R, BRTE G20 ) A )
BB B ) AR E.

180
s — }—— [ BpthEtm: -12-31 _1Li03: 1%
o ¢ [0 an SRR LR

Lol P EkrdHER Vi

K3 DEMF SRR

Fig.3 Sky view of satellite signal simulator

WH, T 50 PR A 5 BRI 1) D8R s 1) 5 39
B ARG IS TRDRE R, SCHER 1 ms, SR 77 50 58 s 5K
IR, b THREBHIR, AT ELES—NE
WA S A AT U E AIENAB IE, ik, 3R
FIAERE S b v e B 4E 1 J B3R 50 ms.
3.2 LWHEREHR

DR 45 BREF B PEREAR ], RS S FRbs—3%, Bt
PUX BRIl —AN TR EIE — 44 D2 ImE R4
RHEAT 241, PB-KF-UTC #1 DLB-RACKF Ff ¥
RZER L R 4 1 5 Pras, DLB-RACKE .
DLB-CKF #1 DLB-UKF fRpzinzx gt L& 6
ME 7 Prox, £ 3 0 4 BB & A B PR R
7 RMS (Root mean square) il {H, % 4 4 4 #f
PREZSVEIGIS AT I R

HHE 4. B 5 &R 3 %, M5 5s w5
Brrsy K5, PB-KF-UTC F 55 F0 45 A1 A7 R i
R ZE Rl R R AR AR, BRI ZE AR AR, BT
ZOHRHK, AR FIEMREE N, 4
2 10s SN S E R, PB-KF-UTC FfAK
R B HIUERE B, T2 4id T4 1500 ms 74 3% i
W SR IE RS BB TR 450 20 s Bl inig fE 2y

H 10 g/s A INEIZ 8N, PB-KF-UTC [f R E#i5%
FEGEIRIE K X T N ) ) R R AN A s
iz s EEAE O, IR T BRI 22, 47 g s s
HEERG, PB-KF-UTC 3% 2 308 SR 1E H kS
FEVE I, b R T 2~ 3s. [, 4% 40s #ik
O IR 20 5 40 g/s 1972 s g i, PB-KF-
UTC WERERIR ZE F— IR A T 58748, A L3 T

10

PB-KF-UTC ,‘
—— DLB-RACKF I ‘ ’ !

: it 5""\\ wll M*\"
O‘Jmfi"h ‘) U
R
-105 1 2 3 4 5 6
[hJ (8] /ms x 10*

Kl 4 PB-KF-UTC Hl DLB-RACKF £ #)j5i#s
PRERRZEXT L
Fig.4 Comparison of Doppler shift tracking
errors of PB-KF-UTC and DLB-RACKF

0.3 T T
—PBKF-UTC ‘
& 0.2|[——DLB-RACKF
§ . 1 i
P 01 : thy, 'H"‘ I
;E 0M'ﬁ‘ﬁwMm,w,wﬁn"W‘M‘h«;uwwwwvr ot g
01t , |
= .
eIy -0.2 | —‘
‘ ‘ |
0 1 3 4 5 6
I H) /ms x 101

K5 PB-KF-UTC Fil DLB-RACKF fithHH{v B 5 2 5 L
Fig.5 Comparison of code phase tracking errors of
PB-KF-UTC and DLB-RACKF

0
£ 8| ook
6| .——DLB-RACKF
# 4 ‘M
B ) “"r \ ’
Filc I Ll alit bbbl
= ow«wm&ﬁwww‘wmmww LWNMWMW»
R -2
B -4
B -6
*E; -8
*-10
0 1 3 5 6
It 1) /ms x 10*
K6 DLB-UKF. DLB-CKF #1 DLB-RACKF % #5515
BRESR ZE6 L

Fig.6 Comparison of Doppler shift tracking errors of
DLB-UKF, DLB-CKF and DLB-RACKF
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® 3 TURZE S A A A IR ER 1R 72 RMS
Table 3 RMS satellite Doppler shift and code phase tracking errors

DU 30 5 o (1) TS A 5 B 2 T3 0~20 (s) 20 ~ 40 (s) 40 ~ 60 (s)
PB-KF-UTC 1.8706 1.3339 \
) DLB-UKF 0.9153 1.0574 \
LAWHIIRE (Ha)
DLB-CKF 0.5345 0.7375 1.5053
DLB-RACKF 0.1125 0.1220 0.2455
PB-KF-UTC 0.0182 0.0271 0.2379
DLB-UKF 0.0128 0.0277 0.2413
AR 1% 2% (chips)
DLB-CKF 0.0123 0.0245 0.0474
DLB-RACKF 0.0091 0.0060 0.0077
%, X% DLB-RACKF HA5 5 5m A0 H 3E N 351k
025 DLB-UKF b
o 92l DB RACKF | e
£ o5 = m ] Kl 6 R 7 A SR AR RS G g A 1 =
2 | ] R R 4R diE 6. 7 %
® R e AR ‘WM WML# (L F 3 WA, AR BRERR 22K B U7 11, DLB-CKF (ks
=01 | WAL T DLB-UKF, ifif DLB-RACKTF [k 51 &
=013 i 7 DLB-CKF Fil DLB-UKF; 7¢ 5 i (s JRER Rz
& 0.5 7, H T I R P B, DLB-CKF il
5 % 5 5 % z 5 DLB-UKF % 5t ] M 75 5% O R 28 44 =i AL 3l s 3l i)
M i1 /ms x 10* BB T 2500 T PB-KF-UTC (iR 2484k 5o, H.

Kl 7 DLB-UKF. DLB-CKF 1 DLB-RACKF &7 IR &
PRENTH

Fig.7 Comparison of code phase tracking errors of
DLB-UKF, DLB-CKF and DLB-RACKF

®4 DUMOITREAT N

Table 4 Runtime of four tracking algorithms
BRERSIIE IBATIF (] (s)
PB-KF-UTC 0.083102
DLB-UKF 1.835400
DLB-CKF 0.723903
DLB-RACKF 0.954322

R, LR T 148 ik 2 8 45 K G PB-KF-UTC
ML RS, IR T RECI G T A BN R I R
H1, DLB-RACKF — FL{R¥E T B UF (1) BR ERRS 1 A&
ETE, 55 5s il AR KIS, DLB-RACKF H B
TIN5l B RIR A AR N RS L 5
20s FZE 40 s HAMM LA “ATH, DLB-RACKF
o HURE R AR T RIS JE R BRI O, (HIL BRI
R ZERE AR, HAL T PB-KF-UTC 58 & M
B B RORE B, 53 o, dEAS R R I R B R O

DLB-UKF T 40s Ja [AfE AR REWSL, HIL T HiER
#e, 1M DLB-CKFE W18 s ia 20 45 Wi 288y,
{RAIE T FrEEREE, £ CKF 4 e 54 T UKF.
AR DLB-CKF #1 DLB-UKF, DLB-RACKF
TEFEA PRSI AR LU RS, 76 R 40 H IR o ) e 75 S
i A R AR S LB IE Bl 5 | R 3l ) S A A R 22 1 KR
DLB-RACKF e ORBFEF I 3G N 15 P ge,
PRI RS e M T DLB-CKF #il DLB-UKEF.

& 4 41, CKF Bk AT a1 2% T UKF
(RREAT IS I, [RS8 AT 450 1, Sudk 5 1 RACKE &
RTINS R 2 UKF 1% 1/2. Hik, RACKF &
— A R AR AR A A T 5

ARSCBEVE T — P30 m] i 5 s 2B
A AR, BRI T T T [ B 1 R R
ERVEAAAE <5 AR, Pt T A a SR
AIEEVE. RN, D PR R B, BF5E T B Ak
L NEUEBEVE — CKF, X1 5t RATA N ] h &
WA AL B R RN ) AR R T PR T —
Fpi2e HIG N CKF S0, 50— 5 N iz
flTEEAR T R RR AR M fhThx CKF 347 7 250l i
Yo T RIS RIS R R, 5y TR AL
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