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Motion States Estimation for Unmanned Rice Seeding Machine
Based on Moving Horizon Estimation

WU Tao' LI Yanming' XU Changgeng' LIU Hanwen' CHEN Xiaogian’ LIU Chengliang'
(1. School of Mechanical Engineering, Shanghai Jiao Tong University, Shanghai 200240, China
2. Shangshi Modern Agricultural Development Co. , Lid. , Shanghai 202183, China)

Abstract; Aiming at the problems that there is a lot of uncertain disturbance in the nonlinear vehicle
model of agricultural machinery, and the measurement is often with noise, the moving horizon estimation
(MHE) method for vehicle motion state was proposed. The state estimation problem was transformed into
a fixed time domain optimization problem and the constraint conditions were fully considered. In order to
improve the computational efficiency of MHE, taking into account the different sampling frequencies of
sensors and the possibility of missing or abnormal measurement values, a multi-threading architecture was
designed. The multi-threading architecture also can make MHE more suitable for practical applications.
The automatic driving simulation system of the rice seeding machine was established by Matlab. The
simulation results showed that MHE can effectively suppress system disturbance and measurement noise.
The x and y positions and heading angle estimated by MHE were closer to the truth value than those
estimated by extended Kalman filter (EKF). MHE was used to estimate the lateral deviation and heading
angle deviation measured during the autonomous driving process of the rice seeding machine. The results
showed that when the time domain window N was 3 ~ 5, the MHE algorithm had a good effect on
suppressing the jump of measurement value, and it can also reflect the real trend of state value. It proved
that MHE had excellent performance in suppressing system disturbance and measurement noise.
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Fig.1 Kinematic model of rice seeding machine
o T B BK AR AB [, B LA 18] A O 22 1)
H055 H0T rw) AR A B

v

0€=0=§ (8)
A o M, m/s
R—H 2542, m
o——Mi I 1, (°)

0, — i M2z, (°)
oI T LA G & AT 45

L
:tan5 ®)
K L—Ai 55, m
S—HIRRFE M EH AL (°)
X i ée _vtand (10)

L
A8 1) i 22 1) 3 KO R0 O R o ARG A b

de = vsinf, (11)
Kb d, ——B i ffi 22, m
VAR [0 {22 o, UL 1) A1 O 22 0, MRS ZE &
[F] ik 2 &K b 0L 52 2% 2 A8 LA VE 2 AN e vk
P, ikl G R EOR A MER, SIS A T
T« A 1) LB T Loy | < PRI A A T, | <K
P ALK P R fE, 2 (10) (1) A #a
YL LB HLIZ Bl 22 A
de =vsinf, + w,
=m0, )
TSI s IO FH P8 G O 2 A O A TN B
X S B AT B R, S REESA M N T,



510 M

W & TR T AOK RS B LIz SRS A T 39

2 (12) JEAT i 1] BOCRL 25 B A 7
d,(k+1) =d,(k) +Tv(k)sing, (k) +w, (k)

Tv(k)tans( k)

0,(k+1)=0,(k) + I

+w2(k)

(13)

(13 ) B IR Y AR 285 o 2 5 T 48 1] i 22 N

JUL 1) 73 i 2, AT Pl R A0 B RTK — GPS A& Jg 4% 1

AL AR B T R A AE B, i e A D R
P Y

Cx, (=) (v —y) 2, (v, ) .\

d, - = v,
(v, =%,)" +(y, =¥,)
Yo —

6, = 6 — arctan 1 +0,
Xy =%,

(14)
A o o, —— RS
2.2 MHE f&it8 7%

(13) (14) Sy EARR LS BIAY A L v AR 25 25 1)
Fk A, i ACA (L) i MHE #R A 20(5) i
1 BB LI BlAR A « 16 i 22 AL ) A0 i 22 1O Al 3T
A% MHE 5k 7 f -

(D) #tR1e x(0) P, .Q R FI N, k<N if 1)
P (3) SR 4= {5 B MHE [R]8, Al 34t 25 /i i 20 &

(PR X (k) < B ] D 2 R 16 90 O 2%

(2) 24 k>N B AR (5) 5K % [ 5 1 38, MHE
0, A BT TV P B A X A ) 2 A D
D 22 L SO EE 220 e A B A (LR A9 4 7 e 220 0K 75 11

(3) MR (6) (7)) FHE W2 b AR 15 5
it By 4615 P,

(4) 7 b+ 1 B 2], 75 057 0k 25 0 W 4 (0, o6 37
B0 N B, R A (2) (3).

A I8 (2 (5) ) B AR i B A T 7
N TR/ 0 SR 2 ) 3 T R 1 e R SR
LS A 0 R 24 U AR S 214 SRR 220 1 9 SR TR
—SE T AR MHE (T ER0R . e 2 Bk 42
W R T 2 ARG, M A B AL R
(B 2 0 43 BT 5 40 B R B F 28 R PR R 7
VR G, 5 U A% i 45 MUHE SR fifp 2% 72 9E 47 418 1k 17
SRR, A B IRAT TAE, AT 4> MHE 4 14
TR ] 3 MHE SRARERR

WP 3 B (B R S 7 A W e A2 T 28 SR R S
WA ) | 1% £ 2k PR 20 1) A i A% tle 2 A 15 I 28 L
R A B A%, PR PR R 2 1008 1% 3 A A R
PR A A R, BR[O T Bl 4 T
AR T i Za e 8, L A A G o 2 T 0 2 A A 5
) P B BT R, RO A% 4 MHE SR fif 28 78 11 B0 3

N————
K2 ZZfE MHE KA
Fig.2 Multi-threading architecture of MHE

IR

MHE
B3 2R AL R R P T &R
Fig.3  Solution of multi-frequency sensors
F R BB 1 A o B R A S A S (LA
Th [ B % (R AT A B 6 L 3
ei= -2l g < (=12, M) (15)
A o DRI
{'—— T [ B 5 B {E

3 (FEWIE

fifi F Matlab {5 LB UE MHE SR &S A5 835 04
Rt o AR 1R 4 P 2R Ge s K P S AR N AY 0 FL AR
T o P SR SR (3 ] i 1 bR JoE 226 o 1 98 42
il i , ) 2R A MRS RS Sh B 28 T T i 1) B R AL
gy 22 R AR 25 (E 0 3 1 PR P R BBAUL R 8+ AN
MR 2%, A MHE 1 EKF X017 B ) R 2 2 17
I 5 RGOR S HAH L, W% MHE #1 EKF 1)
FETHRCR o BB HLAR Ge4x il 05 5 2 B lR] SClik[3 ],
MHE {jj 2B e B 1 s .

- EETH
u(t
d

B b
fhi "R o BB
e T B
faliz |
b %
— VMHE T
% it W

B4 il R s f 1A

Fig.4 Block diagram of control system

% & MHE T 55 i (8] AS B8 4 i A% J8% 2% oK F
110.05 s, 28 5 45 B0 G 6 B B O NV T
5, BT TR B 2 2y 0. 01 s, il & 7E £ 5L il A
TSRl A AR Ak 45 il 3K CasADI & 38
Ak Tl B, SR J5 08 F P9 s vk SR A% i A0 Ak Ta)
Bl 5 602 3817 3 ok A v 22 4 A 2\ A A R 1) A
AR Ak, B € il 2R 0 ELAS 2 09 AR 48 B, 41 (5 il 4R



40 &l #Hl

Moo= 20224

®1 MHE{fEZH

Tab.1 Simulation parameters of MHE

ZH HE
o/(mes™ ') 1.5
L/m 2
A AR BR/m (0,0)
LS AR/ m (6,6)
6/(°) -90
SRR T/ 0.05
{ips/m 1
£,/ (%) 20
FLEWEH o gps/m 0.3
1 fA Mg o/ () 4

3 4
i} /s

3 4
Hif i)/

-100
0

5 MHE REAGTHE5R
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