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Autonomous navigation algorithm of mars atmospheric
entry based on dual unknown-inputs extended self-calibration filter
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[ Abstract] Due to the influence of factors such as gusts, dust storms, changes in atmospheric density, and improper selection of
model parameters in mars atmospheric entry phase, unknown—inputs ( deviations) exist in the dynamic equations, and due to factors
such as inertial measurement unit drift, as a result, there are unknown—inputs ( deviations) in the measurement data, and these dual
unknown-—inputs ( deviations) will seriously affect the accuracy of autonomous navigation in mars atmospheric entry. Based on the
dual unknown — inputs extended self — calibration filter, a new autonomous navigation algorithm for mars atmospheric entry is
established. This algorithm can automatically identify, estimate and compensate unknown inputs in the dynamic equations and
measurement equations, eliminating systematic errors, and reducing accidental errors through data fusion, improving filtering
accuracy and achieving high — precision autonomous navigation. The example calculation results show that compared with the
traditional navigation algorithm based on extended Kalman filter, the algorithm proposed in this paper significantly improves the
navigation accuracy in all six dimensions of the detector’s motion state.
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Tab. 1 Detector initial motion state and the estimation

RS
BEES r/km  WEFo/(m-s™')  REATEEREMy/(°)  KBAE6/(°) KBREE A/ (°)  fimfMfys (°)
K| 35222 6 900 0 1 89
fliiHE 3523.2 6 910 -12.03 0.02 1.02 89.03




16 oBe

x2 NESMERSH

Tab. 2 Distribution of mars navigation beacons

{Ghrdn 5 KEZPE/(°) KEGRE/(°)
1 5.7 5.7
2 5.7 -5.7
3 0 0
KRR B HURFEERTTE] 300 s, BUHZE #5

HZ AIIEFRIEIFE N 1 s, sl )5 fE M 5 72
HHRAMA b, R d, 73594 .

(0,0,0,0,0,0) ", 1 <k <100;
b, , =4(10,10,0,0,0,0) ", 101 < k < 200;
(- 10, - 10,0,0,0,0) ", 201 < k < 300.
(56)
= (0.003,0.003,0.003,0,0,0,0,0,0) ", 1 <k < 300
(57)

500 WSRFR IS5 H T PRI R A 25 4R I
PO ARRZERS LEAF DL AN 1 B, 05 R 22 1
XS LI 3,

®3 AXEES EKF SMEEK RMSE HELE
Tab. 3 RMSE meams comparison of the proposed algorithm and the EKF navigation algorithm

RS
Bk
ME r/ m W o/ (m-s™") CITHREM y/ rad KBZE 0/ rad KB A/ rad WU ¢/ rad
EKF S5 285.79 57.26 8.10e—4 2.10e-5 4.42e-5 2.68e-3
E @RS 29.00 5.62 4.28e-5 4.37e-6 9.40e-6 1.54e—4
H L 1 AR 3 TR SR 45 SR AT LU Y Y55 bl
L 000 B ol PR AR T A B B3 U A 5 P32 0L
] - ",
5 so0lt Eoolnh I FEE 7 A SRS I, A% S5 7 T AR B 3
2 oot e IR BCHE A ARG RN IR I8 2508 T T
= oK \
§ 400! e~ B E R EKF 09 B £ 350k, B Sl e BT 45 R fr
, 7 — ’ \ PRl ]
o200l N 2 URY S s, B R I e
= 0 H ] 3
0 100 200 300% 0 100 200 300 4 HRE
Eg el Rt — PR KR RSB H ERMEEE,
T4 315 I 0 9 2 B o i AL v B 1L A
S 58 S | IMU 5285 55 A 1 i A 0T R0 5 42 sl RS Ak i 5%
n 1 g "
=, 0 - o W, AR SO R A TR E R3] A R B
= [ ’ Juzs vll \ 5 oL 1 g o . 2 nole B A
s oon S E s R TSR HE T — R R KA
o ,"' \ e 4 5 ! ~|'\ kS N e N =L 8
ERI RNUPESENN i & AN E s NS s ED R
g % . e
E I 300 0 B o o0 300 300 FHLE AR SCHL S ORS00 iy, S R PR T o, RE T 47
- S8 X LA Ml JEL AR R R B S S R R
~ S 3k
s 10~ < r N
g gl o ,a‘ ‘ ,‘,E 6 H /. [1] BRAUN R D, MANNING R M. Mars exploration entry, descent,
)ﬁ "l| K ‘\ ’l 3 :'. III and landing challenges [ J]. Journal of Spacecraft and Rockets,
6 :': o ’ﬁé 4 " J 2007, 44(2) ; 310.
Roann ovgo=2,n0 2 [2] P, FIER REIE KRBEAR FESAHADIIR S
2,00 Y j; oo JEHA[T]. TSR, 2013, 34(4) 447,
iﬁf 0.______\_5/""""‘"“ & Otz — [3] @V, 3, FIER. KEER A EZSM Oy EMRitREI]. R
I = : SR, 2014, 1(1) 118,
X000 2000300 0000 20000 e, g KR 4. LB 55

1 AXHE(KL) 5 EKF SMEE (EL) BREMBIT RMSE
PR
Fig. 1 State estimation RMSEs comparison of the proposed

algorithm and the EKF navigation algorithm

[T, TR, 2014, 35(3) :245.
5] TR HRGRE X ERIIEABN A ESFM LR [D].
W& SRV A R I Tl K2, 2011,

(FEEER 22 1)



