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Study of Obstacle Avoidance Controller of Agricultural Tractor-trailers
Based on Predictive Control of Nonlinear Model

BAI Guoxing LIU Li MENG Yu LUO Weidong GU Qing LIANG Chen
(School of Mechanical Engineering, University of Science and Technology Beijing, Beijing 100083, China)

Abstract; For the obstacle avoidance control of agricultural tractor-trailers, a controller based on
nonlinear model predictive control was proposed. Since the obstacle avoidance control of the agricultural
tractor-trailer should take the position state and the attitude state of the tractor and trailer into account,
the kinematics model of the agricultural tractor-trailer was derived based on rigid body kinematics and
non-holonomic constraints. And based on this kinematics model, the position state and the attitude state
prediction model of the agricultural tractor-trailer was established. Thereafter, the optimization function
was designed based on the improved forbidden zone penalty function, and the proposed obstacle
avoidance controller design was completed. In the simulation results, by comparing with the obstacle
avoidance controller that did not consider the position state and the attitude state of the trailer, it can be
known that the proposed obstacle avoidance controller of agricultural tractor-trailers can control the tractor
and the trailer to avoid the obstacle simultaneously. And under the control of the proposed obstacle
avoidance controller of agricultural tractor-trailers, the minimum distance between the trajectory of the
end point of each axle and the center of the obstacle minus the sum of the obstacle radius and the safety
margin was not less than 0 m.

Key words: agriculture tractor-trailer; kinematics; model predictive control; obstacle avoidance

0 3= TR U B A 9 o8 Rk R S 1R B e R B
FFH‘M)&EI%ﬁn?ﬁ%ﬁ‘]ﬁé‘filﬁﬁﬁﬁﬂ“%ﬁ%

R HUE [ 3 S P 2 SR BURAE I —  BORFSE R S S Bk ot D RE 7 B PSS SRR, B
WO L R RAE R A A AL IR A E e O ARG T AR Rk A B R L T 1 A G

W H 9. 2018 =09 —26 & Inl H 1] . 2018 — 11 — 07

EE£TH.: EBZEE AL HE (2018YFC0604403 2016 YFC0802905 ) | [ 5% i £ A WF 5% & J& i1 %) (863 ++%1) i H (2011 AA060408 ) FiI
o e i AL HE ARl 55 B % BT 4 T H (FRF — TP — 17 —010A2)

EEBN: AEE(1992—) 58 4, R8N E A sh b4 ) AR 10 422 5 1F 5%, E-mail ; bgxgzy@ 163. com

BEMEE: G (1981—) B BlHE, L, FENFREL T AL, ’HL%MF‘?* E SIHESE , E-mail: myu@ usth. edu. en



% 43

FORBI T R B F, SCBR [4 ] PR 49 Tz R
1 [ A SM BT 58 BRI K T 3, i 5% T A< 4t +E
B S A AU A i e 25 1) ) 9F 5 1E AR K T o

PR HE 4 5 T8 AL 3 4 0 55 [) O 7 5l 3
L, T LLA] L2 25 J0 N L A 90 I8 s e 4 1) O U o
FI A 7E TC AL AT A7 75 95 itk 7 58, b — Fif o
Tob R 4 I A8 R R0 B 3 e B A A, g — b U i
1 U 00 452 1) ( Model predictive control, MPC) J5 i
S T R A o P T R R S T A B A R Bk
AT SRS MR M SR N T ST
S5, i T B AR MR SRk T KR A% Bl A O B
K7 AT f 0F S R G LY, DRI A% Bl A g AT
AE TG 12 LA /N Y 5% 22 B O 0 ) 7 21 Y B 42 . MPC
J5 5 B S 3 AL AR AT DL 2 o R R g R
2y, BT MPC J7 ¥ 10 i s 428 1) 25 72 9 FH 45 B A
PR EN A ESMPCHB A IZ N
O

% R B A AHEHE AR A5 M R T SOk -
14 ] rp i) 3 T 42 0 J AL, 0 AS [ 19 45 44 7 A2 19 Y
e et AR AR ST RIS Bl A SE A 2
AR A S Tl A A A A T HE A s A
T, AESEHEAR F 5 A A 3t A a0 RS T A Y
I T U A DR ST R BB e 4 H bR R K, A
1117 i 1 A T A 2 M 455 A 00 455 ] ( Non-linear model
predictive control, NMPC ) ¢4 I 6+ 47 ik i 425 ] 5
o J#3d Matlab/Simulink X $2 1 f i B 42 ) 5 12
HEAT U5 BRI

| ERFEEET

18 By E L e 4 45 A% 3l 28 4 12 Sl P ol P g
AR Rz R e A R W 0B B2
TBEBE AR A D R PR AN S A 0 1 1 3l B o 2 AR o2
AR . R HF s sh e A 1Ry
A B 7 A0 A R ), A B 2 1A g
B

0 X
4 WSS E T & R B o g i
Fig. 1 Model of agricultural tractor-trailer
HY T4 4 Y 4548 5 3 4 1 S A SR AR AR T
WA 2 193 B 2 R AT 2 B SOk (13,22 ] iy 3

(IR S 55 T 1 2R PSR UM ) 17 P 3 i o 28 5 357
Letr iy i
56}1 cosf,
7ol = sing, ” (1)
. tand
0, l,
K x, oy, ——HE 5 s i A AR
6, i 4 i
S—Hi A FE m f
v, i = G\ 1) A ek T
L—H6 iR

A (7 92 4G o 40 35
Y BT I T A7, 2 OO [13 T, sk (1) #
i

ST B34 AT R R LR S
. v,cosf), .
Xy - 1,6,sin0,
. v,sind, )
Yol = 1 1,6,cos0, (2)
. v, tand
01 l 0

A w, oy, AR A B DAL AR
L) AN (2) /I T 3 2 sl e 42 < 1) 328 5l
AR Rt A s s A
PN E SR TR S
e B A A JA BF P R B, N T A O A
BBt i A Y T B 5 4 A P R A I B

v, co8y +lgégsiny =v,
{ : (3)
v,siny =1, 6,cosy =0
Hrp y=0,-0, (4)
Ao, ——HHFEI AT
6,——H 7 i 1 £
Y EF|
LA 5 B 5 2 T B B
R (3) nl 17
v, =,C08Y
- psiny (5)
[@‘zg
o T HA BTG E B YR
kgsinﬂg - j’gcosﬁg =0
T (6)
x cos, +y,smnf, =v,
KPR P B PR E
K (6) nl 17
kg =v,cosf,
e o
Y, =v,snf,

WAL (1) ((2) 0 (5) (7)) AT 45 T4 4t
7 JhE i 1 P R A gl S AR R R R R v B )

AR J (v, 8],



358 & o Bl B ¥ iR

2019 4

¥=0.-9,

x, =v,c086, — 1,6 sing, (8)
y, =v,sinf, + l,é,cos@t

%, =v,cos0,

y, =v,sin,

X, =v,cosycosf,

y, =v,cosysing,
2 NMPC & &=l 85 i it

BEit NMPC i e 25 1] 2 A2 & g Sz 1500 4 2 A
BOHR S AL B bR s B AR 3 o TR R ) A 2
AR F5: 2400 224 7 1 07 2 AR 25 R AR SR T B Y 42 Al i AL
R o AT BE Hh B AR 07 bR A, NMPC g e 4% 1] 4 119
TR AL AT DL A 4 R a2 g s R HE

DN
R TEFFRE, @)L H
X=f(X,U) (9)
Hrp
X=[0, 0, v x, ¥, % ¥ % ¥
U=[v, §]"

5 41 45 14 SR ARE ] B AR /0N, BT LT AR R r 7
(Euler method) B #0{b=(9) 15

X(t+11¢) =X(tlt) +TX(tle) (10)
Aorp T SR AL A B

A (9) A (10) w17
X(t+11t) =X(tlt) +TAX(tle),U(tlt))
(11)
B B B NV, , 32 B N, 00 0
5 P 4 4 1 1 RS Ty
X(t+11t) =X(tle) +TAX(tle) ,U(t+11¢))

X(t+N,+11t) =X(t+N_ 1) +
TA(X(t+N_1t) ,U(t+N_lt))

X(t+N,It) =X(t+N,-111) +
TA(X(t+N,-11t) ,U(t+N,t))

(12)
AR FAT I XN I N, DRI AL
DR R SCH A AT A R R R PR PR R A

B v 5 AE 00 S8 P A ¢+ I 20 5 A R RS )
Z B PR B
d(t+ilt) =/ (x, (¢ +ilt) —x )"+ (y, (t+ilt) -y,)
dyy(t+ilt) =/ (e, (e +ilt) =2 )7 + (3, (e +ilt) -y,)°

d(t+ilt) = /(e (t+ilt) =x)7 + (y, (e +ilt) -y,)°

2

(13)

At d (e vile)——+ i B2 R A 55 )
A BB ) A 22 TR B

dy(t+ilt)——t+i B2 A 55 )
AN BB 2 18] B B

d;(t+ile)——t+i BRPZHE R 55 )
A B ) A 22 1) B

Xy ] B R AR AR AR (R
(13) By NMPC ik B 45 i) 4% v A T 46+ 4
5 i 1] B 7 0 A A
NMPC ik i 755 1 & o3 — > G BE 38 70 2 ¥R 3
o, AR AZ OO A AR s 8. X SRR [ 12 ] 32 HE Y
A DA BRI K SCHR L 13 ] rp 2 Y 9 B L i) 485 55 e 4
ANSCHR L 14 ] 32 A9 95 RO ok Z00n] 0, 48 XA
PR AT R 5 00 300 SRR o3 5 A T A A G, I A
SBR[ 12 [ 4 A A DA 5] e 8, B R i
FH T A% P 4 4 3l s 4 1 A9 D0 A6 E s R 58, 25 TR] i)
W d(t+ilt) >R, +R +R, ,d, (t+ilt) >R, +
R +R, fl1d, (t+ilt) >R, +R_+R, N
J(t+ilt) =0 (14)
F ]| Ji(t+ile) =M (15)
KPR, R, .R, Il A2, HAE 55 T bl
BN 6 S 0 B R
R—— B 9F
R~ A
M—— 05K T K
WAk, Sy ik B 5K A JR 78 B A AL OB 2X(15) 2
kN
Ji(e+ilt) =M —d (t+ilt) —=d, (t+ilt) -
d,(t+ilt) (16)
FIASCHR [ 13 ] iy 428 R B AR S 0T T, , B AT 45
Hi HE 4 B4 1 00 A6 bR ek B

N, N,

J=l+ Y X i) (17)

izl i=1

ZIESCHR[ 13 I3 45 i 29 R 2 A TR R 2% A
hEN

N,

FURAREDY DWICERIDY

J
s.t. v, e (=1m/s’,1 m/s>) (18)
5 € (-0.44 rad,0. 44 rad)
8 e (-0.164 rad/s,0. 164 rad/s)



% 43

FRE R S 7 A 2 M A ST 2t A R 4 e 4 e o 42 ol 8 F 2

359

RV AT AT A FH A 7 i e s ) P 194 42 i 22 2 81
U =(U(1),U0(2),---,U(N,-1)) (19)
HA s — AR U(1) RPA R H: 27 30 42 1

o FE T — I 20 i i ) 9 o AR

3 (hEWIE

AR SCHE HE A 5 T Sl A R T 45 ) 0 A L 4t
i 77 30 5 4% ] #4536 13 Matlab/Simulink 3 17 0 H %
TIE o 5 3 2R 56 v A B b e 47 1 25 A0 R4 HE 3
BB TS R AT DL B S A
W PLER AT B, BT LA B R S8 R A 8 L &R
G RG IR R Ge . 5 B R B HE HE 45 0 NMPC = il
WS EANFR 1 iR 5 B4y R B BRI 24 T
L
3.1 WRHEE

FE X L5 B, 256 21 o AR SCHE H 4 AR 1
P A 5 DA 87 Bk 4 4 4 sl e 4 ol 25, 0 IR
s 1l 255 U A 2R FH 9T ) 238 8l 2 455 A Dy o000 4SS 78 1)
R R a2 DA R B O i G O A o B AR
R A HE RS R R, B2 BoR
TSI 2 AR P 2 sl A T 0 4 T 45

F1 KRAEEER NMPCIEFIHSH
Tab.1 Parameters of agricultural tractor-trailer

and parameters of NMPC controller

28 Bl
i 44 EE [,/ m 2.00
HAEEH S BHEAZEMIER [,/ 3.00
P RFEMIR T/s 0.05
TN, 50

P N, 5

i 7242 R, R, \R,/m 1.00
B 242 R./m 0.50
LR R, /m 0.05
4 M 107

Pl 3 U A8 7% 1 A PR L o o e ) 4 o 285
oo P 2a MK 3a S0 FLAE A 10 B IR 7R ol 18] AT
R A 2 3 47 1] i 1 7 3l e 1] A R X B
WA T L A, ELOE B 45 R, B 9 A 3
XM B) T T AR . 1B 2b A 3b W) o {5
S50 SRR IBOR , H AT AR SO H A0 3 4
B 7 il e P P T A A 0 4 A R e A
B R 5 T G2 bl S o A O P R R
TEIHE BT T B A, R 5 RS A AR T R

30p P i
B fﬁ 3931%15% ',,@e‘ﬁ--?-"*""""m """""
= = = RSN L 1951 e
""" ISR i
L HEERINEYGE F
19.0F
£ £
N B e —— . -
20 S— 185}
---------- 70— - - ~ YRS
''''' TSSO PR
1BOF e RN LI
15 iO 3‘0 4‘0 5‘0 éO 7‘0 3‘4 3‘6 3‘8 4b 4‘2 4‘4
X/m X/m
() A (17 HL 25 R (ORIEE ST 7 ONES
PR 2 S 2 A T 408 e 4 3 e 2 ] S 2 B 42 o 45 L 25
Fig.2 Simulation results of obstacle avoidance control based on tractor-trailer
obstacle avoidance controller of experimental group
30r i T L
EATIAR P -
- - = RIS ER L 1950 o
=== H F RSP ER L P
Br e HEEARIN BRI
19.0-
£ £
B — 185
---------- T U e s R
——— S B L
18.0F s LA NER AL
15 2‘0 3‘0 4‘0 5‘0 6‘0 7‘0 3‘4 3‘6 3‘8 4‘0 4‘2 4‘4
X/m X/m
() A ) L5 R (b) D5 HLEE R R R
P 3 o MR AL 4 ol I o e ) e I o 7 B AR

Fig.3 Simulation results of obstacle avoidance control based on tractor obstacle avoidance controller of control group

Pl 4 g i B 42 ) o it e o A e A il £
HT 1AL 4 R AR 0 A A 3 7 R 4 4

e oA o g 1) ) A R AR R N - 2R AT R R
MHEHEF R R LW JeAh, 18 4b ATAL, TR



360

Kok HLOB ¥ R

2019 4

IO BRAS i A 1 AR T L AR
i 22 3 o AT (41,19.2) m 5, B o 4 H: 4 )
BEATH AR, NI HE S5 EN N 2 338
RS R &L T Bl

& 2 M A B 7 A G B 7 S B A D Y
Sie/ IR A i A o AR T A TR
Z 25 Sty o5 B 5 A R A 0 Y B /N BE B R
0.550 5 m, i K YRS L2 EZM
0.550 0 m J5 K T 0 m, 7E Hi 4= ik i 42 1] % 19 425
B v S B0 S R 0 (41,19.2) m
I Ee /NI ES R 0. 490 5 m, i 25 i 5 4 2F 42 0. 500 0 m
JE/NT 0 m HE AR A i 5 A AR TR

(=}
1

—Hi b
290 i - - - M2 A

W
T
o
P
[
h
E

=

5]

HokE YN ML/ (m - s7!)

i e /s
(a)

—— SR
- - - - R

HEZE R 17 fi /rad

[ 8] /s
(b)

P4 Ry B £ A

Fig.4 Control variable of comparison simulation

30
— G TR AR
- - - B ZE AR MR
----- HZE G SN L
251 s FEE AT A NER IS
E
b 0:1 3 4
20} = T
\,___w([.;_____‘“v —
575030 40 50 60 70
X/m
(a) JeBE £ i 07 BLLS S
18.5 ooz N
£ 180T
o
- - - { RIS NER S
LA N J— RV iZ NEiEe R
e FETETERR AN B
71 S S N S S S
41 42 43 44 45 46 47
X/m
() BER2 R Ok ]
& 5

x2 MRBRHEFRAEEENXRBEES
PR ORI AR /N RS

Tab.2 Minimum distance between key position

of agricultural tractor-trailer and center of

obstacle in comparison simulation m
i A 5 A ) i 7 3 4 o
SRSy SR S SRS
O RN e LN s
(35,18.9)m (41,19.2)m (35,18.9)m (41,19.2)m
ZEBER  ZEEEE  ZEEE ZEEE
/M fr/MHE f/ME /A
AR 2w S 2.5527 2.5950 2.5525 2.5709
HiF R A0 0.5527  0.5957  0.5524  0.5744
Wi G M 2.5496  2.5788  2.5494  2.5498
WG4 s 0.5506 0.5799  0.5503  0.5500
HEEM om S 2.5542 2.548 9 2.5546 2.4903
HEEWAuEmS 0.5549 0.5505 0.5553 0.4905

3.2 ExTRHHE

N Tk A AR SO H R A e e A
i AEANIEHE A I 4 = AT B AR BT T B
(EX7/ s S ISRUTP ST c 5k e il £ ok I ET g iDE Gt T
AR Pt 2 2 14 448 2% 01 A AU 3t 52 B gl e, O
HLAE 58 U RIS 013 1 45 TE AT Bl AR

Fi1PE] 6 R R A SRE B ) P 4 o AR R AT ST
i I R A A A

K7 A R HE 4 0 3 4 ) A 45 46 e T Sk
o 1AL B R 72 i 2, g U 2 T T AR 4 4 b B
i T A5 TR eSS OR R A S A EAT R AR
) f % 22 WO BRE 1o i I Ta WAL, AE 58 IRk B

- - —HE AR SNER
21.5F === SRS
e B SN
g
= 21.0f
FTam,,
e T— -
34 35 36 3738 39 40
X/m
(b) FEA4 R ORI
- - ~{EEHAF SN
————— L STH I EREN TR
21.5 s PR TEATR AN ERE
§ 21.0

47 48 49 50 51 52 53
X/m
(d) FERG 93 AR R I

AR A e e s 4 o £ 45

Fig.5 Simulation results of obstacle avoidance control for agricultural tractor-trailers



% 43

FRE R S 7 A 2 M A ST 2t A R 4 e 4 e o 42 ol 8 F 2 361

o~
1

—_

HiHEZEGA 1o Y
(m-s™)
(S W

o
(8]
1

HFERTHE 1 f frad
(=4

1 1 1 1
5 10 15 20
[f[E] /s

Bl 6 B 7% T 00 B 45 il 22

Fig. 6  Control variable of simulation of complex condition

|
(=
(3%

(=)

051
£ 0
i
K -0.5F
=
i -1.0f
= | 1 1 )
" 5 10 15 20

i) /s
(@)

e
¥
1

1
=
]

o

wl

)R 2 /rad
%

1
10 15 20
I fil/s
(b)

T HE SN LS A EAT AR Z A R 22
Fig.7 Errors between center of rear axle of tractor

and given path

Ja AR A 5 45 08 AT Bk K AR 0 R ] iR 2% 8 A
/N S R R, e AW S 0 m, &I 7b
AT, L 1w 158 22 0 R U B /N, WA SR B TR, B
LR 0 rad,

e 3 o R 4 4 A 45 A i e Uk S RS
W /N ES R 0. 550 0 m, 9 1 iR M) F 42 5 % 4
Mg ZH10.5500 m 25T 0 m,

4 g

(1) D S BLA A 4 HE 4 10 bk s 72 7, 2% 18 2K
P4 5 5 T 42 A TR] Y 4 B 454, ik T W {42 3l

®3 ERXRTIRFERPRAEEENXRUEES
BRMPORHRNERS
Tab.3 Minimum distance between key position of
agricultural tractor-trailer and center of obstacle

in simulation of complex condition m

SRR SR SRR SRR
e s s s

L (35,21.1)m (42,17.8)m (47,21. 1)m (53,20.7)m
ZIBEES  ZWEEE  ZEPEE  ZMFEE
/M F/MA F/ME fe/MiA
JEERTARZESE S 0.5542  2.6455  0.5541  0.553 1
EERTBR AR A 2.5536  0.6520  2.5501  2.5500
HEE S HFZCME S 0.5526  2.6813  0.5736  0.5528
MG HAMA  2.5499  0.6819  2.5732  2.5492
HEEMAMmA  0.5500 2.7028  0.6202  0.5523
HE A A 2.5497  0.7039  2.6196  2.5489

FAAESE B L R R HE T T A B s B e
T I BT RE A () I 0k 4t 7 A 4 i A 2R 25

(2) Tz MR HE T 1 A A+ 7 00 5 4R
AT B 2k i 25 AL s Bt T A
b R, 58 BT A T A0 e A 2 00 4% 1) 119 4
i 3 o A% B O BOEE SRR W]
o REAG 12 B A 19 T 00 T 552 BUAC FH 4 £ 7 114 bk s 4
], P4 4 2% A7 i L0 5 R A ) RO 9 B
JINE R 25 B A~ AR S 2 A T R M 25 2R 3R
THET Om,

(3) X B0 ELE5 SRR, A5 I8 4 R3S
(19 4 sl 42 o) 8 2 T B AR 3 R 7 S R A ) K
AT R, AT e I R A RO B SR/
PRSI 2 B A W AR S R AR R A5 RN T
0 m o 38 i XF b, UE W T AR SCHR A9 A< T 4 4 47 s it
P il e 1O A AT

(4) 52 Aol Bt 4% il J , AR SR H A9 A P 4t HE 42
e A ] 21 X B AR B B P RE A RS M AL/ ol EL
A HE A 5 E AT B A 2 T Y 1] R 22 A
U T i 22 BSOSO %, HLWSSI0H JEE R

2 % X W

(1] ZEgk B, WIdd, W, 5. 2 T BN A & B 008 87 8080 00 ol HLBR B 72 BR 25 05 35 [ J/70L ). ROl MLAK 2~ 4l , 2013,

44(1) .205 -210.

LI Taochang, HU Jingtao, GAO Lei, et al. Agricultural machine path tracking method based on fuzzy adaptive pure pursuit
model[ J/OL]. Transactions of the Chinese Society for Agricultural Machinery, 2013, 44(1) ;205 —210. http: / www. j-csam.
org/jecsam/ ch/reader/view_abstract. aspx? file_no =20130139&flag = 1. DOI;10. 6041/j. issn. 1000-1298. 2013. 01. 039. (in

Chinese)

(2] &@F, 4R, BUF, 45 LT UL O 5 B A B U4 LQR — GA BRARBRERFE M [ J/OL ] A AL A4, 2018, 49(6)

375 - 384.

MENG Yu, WANG Yu, GU Qing, et al. LQR — GA path tracking control of articulated vehicle based on predictive information
[J/OL]. Transactions of the Chinese Society for Agricultural Machinery, 2018, 49 (6) ;375 - 384. http: / www. j-csam. org/
jesam/ ch/reader/view_abstract. aspx? flag = 1&file_no = 20180645&journal _id = jesam. DOI.10. 6041/j. issn. 1000-1298.



362

Ko BLOW % MR 201094

(3]

[4]

(1]

[12]

[13]
[14]

[20]

[21]

[22]

[23]

2018.06.045. (in Chinese)
S, BEE, TRoCH LA RITR B S E ARGE BR EE R BA [T ] Al TR 2R, 2015, 31(10) ;198 -203.
ZHAO Xuan, YANG Jue, ZHANG Wenming, et al. Sliding mode control algorithm for path tracking of articulated dump truck
[J]. Transactions of the CSAE, 2015, 31(10) :198 —203. (in Chinese)
ZEM, EARHE, SREA. A IE LR B AR 1 R BUIR B R[], Ak TR 4R, 2018, 34(9) :104 - 113.
LAN Yubin, WANG Linlin, ZHANG Yali. Application and prospect on obstacle avoidance technology for agricultural UAV[J].
Transactions of the CSAE, 2018, 34(9) :104 - 113. (in Chinese)
WANG S K, LEI Z. Motion planning method for obstacle avoidance of 6-DOF manipulator based on improved A ™ algorithm[ J].
Journal of Donghua University ( English Edition) , 2015, 32(1) .79 - 85.
GE C, KASABOV N, LIU Z, et al. A spiking neural network model for obstacle avoidance in simulated prosthetic vision[ J].
Information Sciences, 2017, 399 .30 —42.
EREF, RO, MBI PLAS R S SATABERRE [T]. H g R i ( B ARBRE R , 2007, 38(1) :128 — 132,
WANG Suiping, XIONG Guanghui. Real-time navigation and obstacle avoidance for deep-seabed tracked vehicle [ J]. Journal
of Central South University ( Science and Technology) , 2007, 38(1) :128 —=132. (in Chinese)
Brit, BOBTRI, s, BaPlas A 3 R MR Jrik gk (1], Pl A, 2010, 32(4) :568 - 576.
CHEN Yang, ZHAO Xin’gang, HAN Jianda. Review of 3D path planning methods for mobile robot[ J]. Robot, 2010, 32(4) .
568 —576. (in Chinese)
YOON Y, SHIN J, KIM H J, et al. Model-predictive active steering and obstacle avoidance for autonomous ground vehicles
[J]. Control Engineering Practice, 2009, 17(7) :741 —750.
LIU J, JAYAKUMAR P, STEIN J L, et al. Combined speed and steering control in high-speed autonomous ground vehicles for
obstacle avoidance using model predictive control[ J]. IEEE Transactions on Vehicular Technology, 2017, 66 (10) :8746 —
8763.
WANG M, LUO J, WALTER U. A non-linear model predictive controller with obstacle avoidance for a space robot[ J].
Advances in Space Research, 2016, 57(8) :1737 - 1746.
eI, Brat I, MW, BT AR X &I ek B0 MPC A5 84 0000 i 22 f5 kB g (7. 3F S AL LA 5 8 A, 2018,
54(15) :131 - 138.
HUA Xiaofeng, DUAN Jianmin, TIAN Xiaosheng. Research on vehicle obstacle avoidance based on restricted areas penalty
function and MPC prediction multiplication[ J]. Computer Engineering and Applications, 2018, 54 (15).:131 - 138. (in
Chinese)
BT, T, AL EANE R AR B A (M ], Jb Rt RS d AL, 2014,
EBE, BN, ML 3 4EShABTRE T I R AVB AR IRE ST [T]. Hlds A, 2014, 36(1) :83 -91.
WANG Yi, ZHU Xiaoping, ZHOU Zhou, et al. UAV path following in 3-D dynamic environment[ J]. Robot, 2014, 36(1) :
83 -91. (in Chinese)
KAYACAN E, KAYACAN E, RAMON H, et al. Nonlinear modeling and identification of an autonomous tractor-trailer system
[J]. Computers & Electronics in Agriculture, 2014, 106:1 - 10.
KAYACAN E, KAYACAN E, RAMON H, et al. Distributed nonlinear model predictive control of an autonomous tractor-
trailer system[ J]. Mechatronics, 2014, 24(8) :926 - 933.
Xt , JRESL, ok AE. SR T 2R B ARG R LIE LA AL BT [T ] Rl TR %R, 2017, 33(8) 162 - 68.
LIU Mengnan, ZHOU Zhili, XU Liyou, et al. Multi-objective optimization and design of tractor trailer systems [ J].
Transactions of the CSAE, 2017, 33(8) :62 —68. (in Chinese)
T, tork, A&, 4. R s R L R HRER LA H - &R R [T]. T EVUM LA, 2016, 27(3) :413 -419.
LIU Mengnan, XU Liyou, ZHOU Zhili, et al. Establishment of extended range electric tractor and its rotary cultivator’s
simulative platforms[ J]. China Mechanical Engineering, 2016, 27(3) :413 —419. (in Chinese)
IR, IEY. EREDSR N ENZFIISERT]. ¥ 55, 2017, 39(1) :94 -99.
LI Yiliang, QIU Xinming. A kinematical analysis model of the inner wheel difierence[J]. Mechanics in Engineering, 2017,
39(1):94 —=99. (in Chinese)
OYELERE S S. The application of model predictive control ( MPC) to fast systems such as autonomous ground vehicles
(AGV)[J]. IOSR Journal of Computer Engineering, 2014, 3(3) :27 - 37.
NAYL T, NIKOLAKOPOULOS G, GUSTAFSSON T. A full error dynamics switching modeling and control scheme for an
articulated vehicle[ J]. International Journal of Control Automation & Systems, 2015, 13(5) :1221 - 1232.
GONG Jianwei, XU Wei, JIANG Yan, et al. Multi-constrained model predictive control for autonomous ground vehicle
trajectory tracking[ J]. Journal of Beijing Institute of Technology, 2015, 24(4) .441 —443.
SRTEL, ESCH, BRI, 2t e 28 A T 4 ) AR SR e A W T AR B S EREE RS B (T]. R TRAER,
2017, 33(13) :104 - 111.
ZHANG Wanzhi, BAI Wenjing, LU Zhaoqin, et al. Linear time-varying model predictive controller improving precision of
navigation path automatic tracking for agricultural vehicle[ J]. Transactions of the CSAE, 2017, 33 (13):104 — 111. (in
Chinese)



