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Abstract

In the context of existing networked technology and automotive intelligence, intelli-
gent networked vehicle platoon technology based on autonomous driving and environmen-
tal information interaction technology can not only significantly reduce fuel consumption,
but also prevent traffic accidents caused by human factors and alleviate the shortage of
truck drivers. However, current research on vehicle platoon control mainly decouples the
longitudinal control and lateral control of the vehicle , which ignores the actual longitu-
dinal and lateral coupling effects of vehicle. In response to the aforementioned questions,
this paper proposes the truck platoon controllers based on the decoupling control scheme
and the coupling control scheme respectively, and focuses on truck platoon problems under

different controllers. The main contents are as follows:

First of all, a five-degree-of-freedom vehicle dynamics model which can characterize
the lateral and longitudinal coupling motion of the vehicle is introduced in this paper.
To verify the effectiveness of this model, the five-degree-of-freedom model is compared
with TruckSim using truck parameters. Meanwhile, in order to make the platoons run
on curves, a lane keeping model is taken into account. Finally the truck platoon’s lateral

and longitudinal control objectives are introduced.

In order to investigate the influence of lateral and longitudinal coupling on the truck
platoon control, a decoupling controller is designed for the truck platoon. The longitudinal
controller adopts a quasi-infinite horizon distributed predictive control strategy, which
applies the terminal inequality constraint and terminal cost to the optimization problem
to ensure the consistency of the platoon’s longitudinal driving. Feedback and feedforward
control method is adopted for the lateral controller. The decoupling controller is verified

by co-simulation of Matlab/Simulink and TruckSim under various driving conditions.

The decoupling controller may reduce tracking performance by neglecting the longi-
tudinal and lateral coupling effects of the vehicle, which further compromises the platoon’s
driving safety. Therefore, this paper proposes a vehicle platoon integration model which
is suitable for operation on a curved road by combining the five-degree-of-freedom vehicle
dynamics model with the lane keeping model, and designs a truck platoon distributed
predictive controller considering lateral and longitudinal coupling. In order to solve the
problem of inefficient solution of nonlinear predictive control, a reinforcement learning pre-
dictive control algorithm-based the neural network and actor-critic network structure is

proposed, which can obtain the optimal /suboptimal solution of the constrained optimiza-

3



tion problem with high-efficiency. The proposed algorithm and the traditional nonlinear
predictive control algorithm are used to solve the constrained optimization problem for
each vehicle through Matlab/Simulink and TruckSim co-simulation platform, and simu-

lation results show the effectiveness and superiority of the proposed algorithm.

Key Words:

truck platoon, lateral and longitudinal coupling, distributed predictive control, rein-

forcement learning
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T 171 249 s A D0 [ 428 ) % e T B B o R Ge s, AN %5 IR AR R i SR
T EAE W T RIKERIRARE SR 25 8 — ST 4= 5 NV R B 22 2H Ry e
TGN, HApHiE TRy, MR MMl el N) Rom. AEEHLLGH
TESERENAMHEN A EBE (5-Degree-Of-Freedom, 5DOF) Z4Hz) ) 558,
HAE T ZESH0T 0 Ho BB A H 45 55 Truck Sim t 45 R IRAIE T 288 1A vk, 5l
A TEM TS E BTN B ORI, fag 7 i 2 g AT Bl A R AL
e B A 1) i A2 A 1) A

22 TN NFERGER

221 HEHEZEWMNFER

AR R — N RGN, 228, MG RS, BB HRE RS 50
ﬁ%m AT AH 3 A 0 201 [1] B =5 P8 LR BT e R B o AR SCAE 48 3 = | ol R A R ) Al
F, AR TWE 2 1FRR A S R AN B B R R T AR R B8 R ST
FELLT LR B ) il 1
(a) REBREWN-Fizsh, 2SS AR AT 25 238 30 (1) 5200 5
(b) AN RE R 5 H6 2 1) () B Ar A5
(o) Il A 5 e 1) F A TR
S = H B BRI S AR R T BT, HIE T W I AR T
b Bz s), HM R TR A
maf —map; = F7 cos 6, — F¥ sin 6, + Fr"
m;v] — mutp; = Fff sin 0; + Fiyf cosd; + F" (2.2.1)
IZp; = <Fff sin ; + Fiyf cos (5i> a; — FY"b;
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Horr, FEEGMRFRRT, of ABEEE AT 37 00 B 1) T8 B2 of D9 22 4 B0 1 5
s o NI BIE AR S . m N TR & FYT S FP 50N G R B R A\
J1s FY S5 E S BUARTR R R IEM I F15 ain bXINET RSB RO KR 6N
R PR BN EE L HE IR i g

ERHEN 3 )i B 2.2, Hah ikt (2.2.2):
g T = RF

i per (2.2.2)

Hot, w] A A MR R MR, wl NIRRT T o A e R B
H; RANFRFEENAR, TN s s sh 7148 .

A
Y

v

& 2.1 5DOFEWHIERREE

Bzt (2.2.1) 55K (2.2.2), BEILUTSDOF M) )2 AR .

. Ecosd — FY sing + FET
m;
y .. FYsing 4+ FY cosd; + FY
Ui - _U’i SOZ +
my;
(Fl-xf sin (2 + F’iyf COSs 5,) a; — F;yrbi
@i = (2.2.3)
I;
- f Tid _ReFixf
Jz’
. Tvid _ ReFvixr
w = ——
[ Ji

12



% 2% WHEND A %ER

B 2.2 ZFREHZHTHE

AR PR BN IR L M R . BER AR . AR AR T AN A
FE I, FEHIEON TR A A . ISh e SR 5 RS BRSO T SO
RN, P25 AR RRIRKIIVE R E R E S0 108 h R BT e, HAk
SRR 2.107R

*21 BAESH
ESH | FREUE | B4 | WS | TEEME | AL
m; 18000 kg I7 130421.8 | kg m
a; 3.5 m b, 15 m
J! 24 kg - m? J! 48 kg - m
R. 0.51 m

222 ®WRRINTE

FERRIR BN i A2 & LA FE R U R0 A RV 170 73 /R AR 56 iR 5 i T % Ak (1 [) —
Rifl Lo TS ARMIBRE], A0 7 7 AT 1R 7 22 18] 47 16 3 5 i 5 R0 e S5 AR 2
PE, 455 9 2 7 FE A PR A6 A PR AR RN T P B P 2 R I O T, R I HE A 10 5 ARk
B FEE A ) A8 Bt B B R . AR AR A XG4T R IR )i
S JLHERATE S BN SRR S T2 AT R IR Al S H R T AR
) S e i S B0 o h SR OB 2 8, KRR AR O 1 3 AT ) s D M A TS
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OME RS, BAARRTHE A W (2.2.4) PR

F? = Dsin(C arctan(Bk; — E(Bk; — arctan Bk;)))
F! = Dsin(C arctan(Bo; — E(Ba; — arctan Ba;)))

Hor, BAWIER T CAIRE T DAEER T ENMEET, kANRIRKTERE
Ry o NERRII A, FONRIRINE J1, FONRARIIFR A0 BeAh, FeRR 1 3R B 8T
AR RGN S A A T ARG, W 2.3 5 18 240, e A E BORE AR TE RS R (1
D F11), FE RN 1A 73 (00 170 77 ) (0 D /0N Bt o e P 8 L B8 A (100 18000 70 18 0 o A S 3 i v
HA0.85 MR 1S, WAk 220,

(2.2.4)

4
%< 10
ar i ]
— [z = 7T357.5N
— 'z = 14175N
Fz = 29430N |
— [z = 44145N
3 e [z = 58860V
= 25
=
=
=
s
w2 1.5
1
9] L L L L
0 0.2 0.4 0.6 0.8 1
PEgE2
38, 2 :
E 23 HEh5E :
9% 1
40 T T T |
— [z = T357.5N
— 'z = 14175N
3.5 Fz = 29430N |
— Fz = 44145N
3 e [z = 58860V
= 25
2 2
=
:;3
w 15
1L
) %\
o L L L L L L
0o 10 20 30 40 50 0

MwA  (deg)

B 2.4 fEHSNEREZ
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* 22 EBRANEKRESH
LR 2 B C D E
AN 158 | 8.434 | 1.813 | 21370 | 0.6593

JEHRNIE 138 | 8.434 | 1.813 | 42020 | 0.6593

HiEeMim /158 | 5.228 | 2.42 | 21430 | 0.9869

JEEME J138 | 5.228 | 2.42 | 42140 | 0.9869

R B R RS 2T A R (2.2.5) 752

W = Ref— v’
) ]zz N (2.2.5)
b=
|vi"|
IS BA IR A A 2 (2.2.6) 0F B B9
i o o
a; =sgn(v;’) - arctan | —
v
i (2.2.6)
of = sgn (vf") - arctan | —
V?

Forh, oL oL urs ol A BUAZER AR B R I RTR O I L S A
ATHAR (2.2.7)i 15

vl = v cos(6;) + v sin(6;)

v/ =~ sin(6;) + 02" cos(6;) 997
o (2.2.7)

vt =Y

v = ¥

Horr, o'y oty oP? ol B ZE B AR ER BRI RT RS 0 [ 3 B L S R A e
%, BARRTH A (2.2.8)1HH:

z,1 T
Ui vz
vl _ oy p
V7T =0+ @5 ay
A A
e (2.2.8)
Ui - Uz
'UyQ_Uy_."b‘
A - Y1 Pi )

223 FRESHTHEAHFHERE

NEER ST 0B R (AT R, 3% BRI #8 B A D I sZ B N (17

gL sl
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RSN B A

o
=]
al

o o o o
8 8 8 R

HITFEH £ (rad)
o

0 1 2

& 2.5

3 s 5 6
[ (9)

HFERN L

& 2.6

HIECEE ft N2k

T, SFERETR A N 2. 5F1 B 2.6k . W 2.7 R, fETruckSimH % 3%
2R BUEN T R E ST HATIRE, W TrackSim# N % B o 1 H i R
NSt o K B N R VE A T 4 B R B A S TruckSim K 44, 0 LU AR B HE 45
B 5 TruckSim#a H 45 5.

1
o Sprung Mass: Figid 3;;‘9
ass LCF Van Sprung Mass.
fero CabForvard Truck, 5m Rel
Animatar Shape(s) Vehice Shape
i LCFVan
Ties | 3000kg Stear. 3000kg Driva ($10 mm)
Steer .
e 25 (Typieal]
Powertan 42, ude 2
i and coordinates are in
Misc (whole uni]:
ial properties are for the Sprung mass in the design configuration. wi
no additional loading
= Edit radii of gyratio:
Ade1  disancs bace [IIE mm  Ade2  Xdistnceback 500 mm E=cEs kg . oG o
Suspersiontype  Scldade(UIK&C) - Suspensionype:  Solidaxe(NIIKAC) - 85568  kg-m2 Ry 2819 m
Suspkin | 5 Sleer Single Whoel - Kiremabos - 851 Dive, Dual Wheels - Kinematics ;1326712 kam2 Rz 2795 m
1304218 kg-mz 5
Comp SStLeat +150 mm.-150 mm Travel 8 5tLeat 4100 rum, 60 s Travel o Yom2 -
Brakes: 10 kN.m Capacily, Hydraulic 10 k- m Capaciy, Hydraulic Product {ba): EED Yg-m2
Product (lyz} o kg-m2
Stoering | Madium (5 m) Wheelbase (NoComp) No Steering
Visc Misc Ao 1) Mise (Ade2)
Mass and Inertia Massandinetia
Uraorrg rmmes ras
,,,,,,,,,,, ™

(a) TruckSim =441

B 2.7 TruckSim#Am

HIE 2. 87T A Y, AR A RIET, FAESECR I B s 2 A
B 1 5 TruckSimfi 8 BAAFAE — k7%, EEBAK LGS EEMEA, HBE
RANFEAR—F, I E ST T A S ) S A AR a] DURTA R 22 AR

M5 30 T2
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% 2% BRAEND A v

T T
——5DOF
—— TruckSim

] 1 P (m/'s)

0 1 2 3 4 5 6 0 1 2 3 4 5 6
58] (s) HF ) (s)

(a) ShIADE RS H (b) i) 3 2 %) EL ]

0.2

T
——5DOF
——TruckSim| |

RS A5 (rad/s)
o

o

o

o
T

S
2

S
=
&

S
N

3 4 5 6
I 1) (5)

(c) AR AN L
2.8 5DOFH#A! 5 TruckSim#fi & R L4

23 FEkFFRE

FAEE TR EE T T S B AR, R 800G IS T B (L ZE 30 A0 224 DL ZE 3 A
S WA Z MM BRI, 683358 T 00 E SRS 8 th i B Ax.

Wk 2,907, B E XIS AL B AR Z A0
€p =T — (ZL’i_l - ddes) (231)

by a5, AR BN KR — W ZE RN B, dge AURAH SR ZE 22 [R] 122 )
EE$I‘EﬂEEo jijﬁp%m%il‘mﬁﬁﬁﬁm%, Eﬂddes == dOO
WE 21007, & el NEMS EE R OLPIM AL BEIRZE, ef R ZEMIMMLA
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RSN B A

A

Y P v

_>

Vehicle i ‘ Vehicle i -1
00 (%) 00 (%) >
¢ >’< P
0 Xi ‘ eip ddes xi_] X
E 2.10 FEFRFREREE
w2, Al TFRAE:
e;o = Qi des — Pi (232)

H 050 aes RN IR A1 S IE B DI A AL
T, BATUHES ZEZ AN E . 458 AR B G R KRy 25 60,

b __ x x
€ =V —V

e] = vie] — v — Ly (2.3.3)
620 = Sbi,des - Qoz

Fob, i = SRFEFNE ORI AT, RNEEER, LB

2.4 HHRZERmPAITHIBER
AN T FH 2 4w O\ 428 il R 70 2 S AE DL AR B SR |

18



% 2% WHEND A %ER

(a) BABIH BT 25035 0 R 28, B 25 e A [RS8 B e 0 3 110 22 4
(b)) BAF o i ZE AP P e DR ey (R 22 5
(c) JBAE M2 R] 58 HLECHE A% S i (] ] 208 AN it
FEJ 2 CA_EARBE R FEAE b, A4 B RO H bRdtid an R -
(1) GhrFE] H bR R IS o i) PR B 22 5 0T 4 PR BF — 30, HAH B4 2 Al fR
FRTEE R IR AL, MBI AGRE TR
{ lim [Jo7 (k) = of (k)] =0
lim ||@i_1 (k) — ; (k) — dges|| = 0

k—o0

(2.4.1)

(i) BEF ] A E SR WA TS EE 5 a2 R — 8, B SR 2R3 ) 8 ) o7
BiaZE5MmMARERA N0, AEFEARKEANT:
{ lim [le? (k)] = 0

(2.4.2)
lim e (k)] = 0
k—o0

2.5 INEBING

RN EN 775 28 G AR AR G DA 1) 25 BETT 5 0 A A R Al . TS RIK T A 4RI
BEPIR AR, ARSI = H R KR L, SIATOSERESEhERE
WL E B AR, IR dl TR ARG ST . AERTRR M DN IR SZ AN 0L R R L
THMAEZECT K R 4 25 2R 5 TruckSim4ar HE 25 2R, 25 SRR WA AL fE
RERIE T M IR & 30 J et e BeAh, N TR ER ER S F ik, K
ERFFAR R SINRIH 2 BAFI R G . e Jim g th 7 T P 2 4 DA AT ko 7 o 7 2 2
PRI I B A v 2] Ao
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% 3% HYMEARTE A & G AR BT

3T BYRIBE ARG

31 5|5

F AT XS 25 59320 A7 1) AR BIF 78— AR ZE AN 1) R [ 2 1 A A, BT A 371 o 2 5
HIA ) A (0] R EAVEP D ISLI R GE, 70 79 VTG 1] S A i) 42 1] 4% S5 T 22 0 20 A 422
fil HAw . iR 7 SRR 1 i, H 5 T S2BL, (HZAM T M E SEAE RS
RNFE . BeA, M TRMZENS, WHERGREMRE R, oA E s L
J e SRR S 2R v B SR AR A, 0P R ORI B L BRI ) Ay B e, LA
IR RN ARG IC N 25 o R R 2 1) 7 U RE 15 SEBL BB, JC e 7 42 BA )
20 BAAT BEAT A AR 9T o

DI FURE B 0N XS T 4 2 B ) B RS, A R T A ) = i A Y K A [ B
D35 AR 43 0l e v G n) RO r) 455 o 8 o 9\ n) SR FH 3 T 9 I PR IS 3 ) 2 A =TI
) SR, 3 AR T A A ) R b N & AR L 2 AN S XL AR AIE T A B
N1 AT B — oM B 1) SRR A AR N S Bt 4 ) SR B S I AR TE OR A B bR . R
FMatlab/Simulink & Truck Sim &0/ LI UE 7 AN [F] TH0 T R ) 28 i da i 80k .

eV al L 5 3838 ik B MERES xv,a

Xides > Viodes > i des #}}\ \‘l?—J *5-_' %ﬂ ég. } m, " -

VY des s Praes > € > s AR A 0o o vi,¢,el el
T e IEF & — T

[l 3.1 BT HEE

3.2 YEEEHlgeit

NS BLTE 2 BAAT B R i B 6] b, 1 S X ) B e AR R 3R AT T A 4
SRR ST T TN Ia P A v v A e 22 R, g5 T N T R A (0 R RS A2
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FTARKF AL Azt

AT, B JE Rt 1 Pl T UE TS BRI S 0 A U ) S . Wl 31PN, iR &R
MR Fdes = mia; ges B O\ 1) 12 1) 2575 320 £ ST 82 Jin 3ok 52 5 A0 D9 ST SR O 1 70 8 P 1 SR i 22
5o

321 Y\EEhHhFiER

BN 8, SR DA R =B AR B DS b A 2 ) 01,
T = vf
5 = a? (3.2.1)
a; = fi (v7,a7) + gi (v7) mi
Horbt, of, af AR BIBE QA FIOLE . NI DR FUIERE, R EHL
BN BHS; (oF,af) S (o) B FRGE X

—2Cy; 1 4 2 Oy
fi (vf,af) = via; — — |ai + —vf +
i i i my
1
X N
gi (Uz‘ ) =
m;T;

Hrp, CouRTFAMARE, maZEWIRE, 72 KNI REEL  dn WU .
BB IR A SRR 00 O, SR E DL T a4t (61 620,
n; = mgu; + C’divfz + dpi + 21,Cyv5 a; (3.2.2)
Horb, w R BRI ENGERE, B8, R (3.2.2)% 7 L. B
(3.22)HRN (3.2.1), WiAFE] T LLF =R rhsiy.

.fti = U?

Y A x

0 = al (3.2.3)
ST -1 _z -1,

a; = —T;, a; +7; U

AL E  ERE . I 5 A 2o, o2, af s, BRI 84 HO B EEAR G  -
(wo (k) — ido, vg (k) , ag (k))
Horb, do A M R RE . AMRAE R SRS SRS, SCREREWT:
€iw (k) = i (k) — (w0 (k) — ido)
eiy (k) =i (k) —vg (k) (3.2.4)
¢iq (k) = ai (k) — ag (k)

T

E XX = |:ei,a: el eﬁa] s Ul =y — ug, KAERTEELT,, RIS EICLF H TR
LSBT IO\ 7] i ZE A2
Xi(k+1) = AT x;(k) + Bfui (k) (3.2.5)
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% 3% HYMEARTE A & G AR BT

17, 0 0
He, A*=1{01 T, ,B¥ =10
001-L L

3.2.2 YAEITHIEHIR R LR F

A gm I BO A ) 1 1) H A S L A SRt T
Ca) BAF A BRIE = O A I o7 B 1R 22 N ORA5E 90, B T8 2 I R — B
Jim [leq. (k)] =0
~ (3.2.6)
lim He || =0
k—o0
(b) ZAMEENR: AP LG b e AT B R R A, ) BRI R 2
PRAUELE 70 VFHOTE Bl N o AR R B DRI 28 E 3072 Bl )y R DU AR (Rl AT ) B 9 1 4% /1) A
#E, YN R ZE AN 8 A PR RS I20% 1031, B b AR 5L g R N ) i 22 B ] A 4 )
FRdoHI20% -
ei,acmln S ezx (k> S ei,xmax (327)

(0) PATTWAR: ZEMPATHI LA, R A 72— E N EE

ui,min S U; (k) S ui,max (328)

3.2.3 ETETREHEA 7% 2 FUl =

ST FH 2R 9w BA B G 1) BRERVEBE,  $ Hh 17— ol 3 - 48 DI BRI 3 PR 4 49 20 A 20 A
T 0 SR o AE A A SNTI A AR ZE N, AR IRAT B R 5 B Ak el @,
HACAL 18] R ) H B R S A PRI AR R RN e i AR O R B2 R, IR B2 AR R R AR
REEA R S K AERL N FEIAEAL LI 2 75 R R 04 a) R

i) @ 1

m%ﬁ%ize J (xi(k),UF (k)) (3.2.9a)
s.t.
Xi(k+j+1|k) = Afxi(k +j |k) + Biuf (k + j|k) (3.2.9b)
Xi (klk) = xi (k) (3.2.9¢)
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€4,z min < Cix (k + .]|k> < €i,x max (329d)
Ui, min S U; (k + ]|k> S Ui max (3296)
Ixi (k + Nl [ < (3.2.9)
Hr,
Ji* (xi (k) , UY (k)
Nt - N - ) (3.2.10)
= 5 (v O+ R Tl G+ 1R )+ I (- Nyl

=0
z@%%ﬁﬁwﬁﬁ,wu»:{wwm%w®+umw.mﬂhww—u@ﬁ%ﬁ%ﬁ%%
FEHIEA, QF, RyIIEERFRITIMBUERE, | (k + Nplk) | RN LIRACH 2L, 20
X (3.2.90)FRLIHALERLK, PPALIRENHIE, o N —DKRTORH B, KigAs
T 2 10 A5 2 GOPR 7 78 TR0 BT 338 00 AR o 14 NS48 AP — AN 403, AR5 FIATIRAS )
Tk g ) i 28 BEIR AT A0 [ 3 5Pl i, i AN 25 3 240 R % 28 i AR A B B0 AR AIE T 32 1
[FIDMPCHZ: I fa e PR 2 e B 2L 64
FIHEL: WAL RS (3.2.5), RS RBEERES (k) = KFxi (k)15 5
RGEREN, WA + BPKPREGEN, HAFTE—/NH 8o, — AR PE i1
(a)
(A7 + BYK?) PP (A7 + BYK}) — PP+ Q; =0 (3.2.11)
A M — 1E 3 W FR AR o
(b) FLEEB, () = [l Vi (i) < )il
Q; (o) C X, Ky € Uy, Vxi € 8 (3.2.12)
Hod, Vioa(®) = a5 HEEAQ () diuf (k) = KPx, (k)¥E #11 R 5
(3.2.5) ) —ANIEAAR I, RIYH 2 -
(A7 + BYK}) xi € 4, Vx; € (3.2.13)
Hrh, KPN(ERA? + BPKPRERPIRS R BIERE, QF = QF + K¥ RYKY,
HSHPE a;, KPR 51 B, B4 ] B AR s B b B B v TE BRI IR, B
FEDMP CHLE 1) T AR 8 PEAZ B T ARAIE 165 061

3.3 tEOEIEFISIEIT

N SEELTE FH ZE G BT B R 426 H b, AR E e v T ROR BAT AR, JRRE
HEERFREAML S, 520 TR S 8 ot s sl A, g 7 i
P A A H AR SR, SJa it 1 S AN I U5 R4 ] SRS
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% 3% HYMEARTE A & G AR BT

3.2 BITERETREHE

3.3.1 HmzhhFER

W 320w, BATERAAE T 400 a5 oY 5 AR A o AN E EFE
AR T AC G f oA E NN o BBEHT I S8 H6 IO U # 72— AN /N Bl 7, D1 Je 46
kB VAR EZF

Fef—cf (5i (@i +U?))

Ui

B — Y (3.3.1)
Ficr — Czr (bl(pl Uz )

X
Ui

v, Cf, Croy RN R I MRRIE,  a;, b4 MBI RSB B0 B RS . 4T 2R

PRRES T FEFR R R
HRERER
©i a3 Q4 by

a1 =— (¢ +C7) fmuy
as = | b;CT — aiC'Z-fg /mivf — vF

\
/|
|

as — szI — azCZf /IZZU,LI
a = (8C; - a2Cl) 10
bl = le/ml,bg = CZZle/IZZ
Y EIE R FFA Y (2.3.3)5 BHAT B (3.3.2) 45 &, 43 2 LU B 1A 3)) ) R
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) (49
( 1 ! i )vi bi
TN W £ O
1 (Cla— by (Cla? 4 Crb)e
¢i=:7;0— " - o +Cil a;67) (3.3.3)
;,0 szdw 907,
| & = vi"ei® —vu¥ — L

e = [ g ef g]T, WY = 6,0 T A 9 SRR s A R
& (1) =

AYE; (t) + Blul (t) + EY P ges (1) (3.3.4)
/\EP’ f f
T (G o Cila; — C;b; T
(elren) (@a-cn) o
m;v;* m;v;*
, @7%—0%) (0%3+0%)
O —1 0 0
i —1 —L v;* 0 |
J S T
Biy = |: CZ CZ Zaz 0 0:|

T
E%{001ﬂ
Dides (£) P HHIE I 26 5| E AR BN -

33.2 tamizTH BiR R ARFN

ZEA G O\ (R [ 2 1) A S 20 SR S A IR G0 T

(a) M 4% B Ar Ay 22 BAF b (¥ BREE 25 6 0% v 2538 RO 2R A7 3, TR s T 28 11 A
[ 37 B 1% 22 B ) A 5% 22 15 B O

(b) MRIEHE (A TREFEARME) ME: SEAMKBKEHEREER K, &
SUE AT EE 35K, T PR I B — A2 ~ 2.40K, DRIE, A PRIE 50 % A 47
EZE0E F AN IR T, Ho7= A i i KRR AR ZE AN MBI 0.6 75K o

3.3.3 LQRRIRMBIIRIES

AR RS (3.3.4), W1T 1 HH R U2 il 25 0 Fi 75t 425 1] 2 2E Rl P A 1) 2 1) SR, o
S il B 2 R T 88 (Linear Quadratic Regulator, LQR) K15, i im$4 )

RIS H B0 iR, B2 ds a5 &l 330K
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ERNE ik h B

+
545 . _l—‘f o KA
T PTTLT e il

() ()

y

& 3.3 #EEIEHSHE

(1) ] &
TR (3.3.4), € XLQRIZHI A ERESRIR AT -

7= [ (&) Qe+ @ R 39

Hor, Q%,R%E%Wkaﬁﬁw;ﬁ@o

R (3.3.5), AR PIMLQRIEHHAI T

8 = —KY¢ (3.3.6)

(2) i) s

AT T W TE B JUAT TR R e 1a) s h i B R 3R 2 — . BT HI 88 H T 2290
A7 B AE S M IE B N X S ] R EAT AN o AP A, ESJEURAS T, R4 e [
SEMRTR A, RS E R FIZgh. SRR IE A 0 5 AR 5% M 2 TR 1A Bl oK R
PR A BRI 2, o€ S0 F sUpR Wl

Wi (o) = 2 = (a: 10 v (3.3.7)
5i (CLi + bz)2 + my; (% — %) (U;C)2

B i sh 5 BAT SRR p fi R 1) — 2. DI, 3 O k02 il B AR 0 1
TR, MR ges = % T LATE S0 L 10 301 2 RS2 A58 36, KT Mk 25 1 Ak T LAAR 4% 20 5
(3.3.7) VBN L HHE 0] o fe 28 B AP ) 4 v B3 00 2 1) A )

t1
I
o = /W%,des (t)dt (3.3.8)
0 (2

Forp, ¢ ARSR TR A 1]

A% ) B AR A (3.3.8) PR A da il &, EAR LERE R GEE, E
RS AN R TN . B, G54 R (3.3.6)0 (3.3.8), ] 5 1
EFER Y I

6; =67 4+ ¢ (3.3.9)
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34 HEGRRITH

PR AR R BN, BY — S 4 = AR B A .
1 TruckSimMMatlab/Simulink k& 07 £ &, H A TruckSimi& it 4230 /) 5 A& % 3
555, Matlab/SimulinkH T# 628 %1t (7 B RiESEE S50k 3.0,
EAMRIWIEE A B AR BWER 3.2 . R BOE 0T S EE, 4 AAEAS R T 00 T R T
ARG 28 HEAT T TruckSim S Matlab /Simulink 4515 BLAGIE -
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KEERIRT, | 0.1(s) Py -90.2 169 —126.3

—249.5 —126.3 662.1

TR, 20 o 16.6
RY 1 Q7 diag (10,5, 1)
€, min; €i,z max -3,3(H1) Uj min, Wi max -3,3(111/82)
RY 1 Q7Y diag (10,10, 10, 10)

5 2R 1B, | 16(m)

iE T —: EKm K2 40.0025
P TH B 5 R BON0.85, AT A A25m /s TR FE AT i, R B 5 0 4 T E 45 26m /s,
WIGERE [F) 7 B R ZE AN R) AR 2240 N0, T8 B il A5 S A 3.4

* 3.2 EWPNHRMEER
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B 3 TR EMI AR EE S K 38R AT ML AR L s sk K 3.9%R
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HANF AL B PR R 7 e USO80 RTTHIE 37T LA, H4BABENZTERS, EREE
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3.16 RMFEMEMAIRE 3.17 RMFERENMNEIRE

3.5 ARE/INZ

DR E 2 A0 A S 5 02 0F 7 FH 2 i AP 1 RO 200, A B S 0 AR R AT O
() ST AL, 70 BT 2 ) AR [ 428 o) s 5 e D 2R BA SR AT ) o G ) Ll i B 2
RN T TN A S g vt A 2 A, IR 1 2 v T BRI 3 0 A 2
O 75 1) M, e A I A ) DAE A T R RO N 2 S AR A S % i A B L ARARAIE T A
FIINFAT B — Bt B ER BAT ERR S R TE IR FF AN S &, R BTN i
TP 42 1) S S IR T8 R FF H AR . #J5 A Fl Matlab/Simulink & TruckSimBX & 1 5 ¥ &
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F 4% HAABE TR F RN F B0t

1T BYIBATRAERMEHEE

jillls

4.1 5

KREEANG T — M SRS 1 05 25 2 B\ 7 A U T00 4% ) S g . e T 22 1 2%
T SE B AAE R AR & RN, 5 = 28 B B 7 FH 25 20 A gl 32 ) 28 72 08 S B8 K il 22 1
THTN, A4t EmLR, FAETHZ2RE, ARES ST HH
JEREHPRE G BN ) 2 BER e ZE 08 OR P B AL () Bl b, ST 7 AR m] — AR ALY,
TV 7 P R HE S 1 oA T A ) 2 o 2B I8 B Gt R A M A 2R TR 4% o
(Nonlinear Model Predictive Control, NMPC) 77 TF 5 A HEE 1)) @, A2 7E 0%
AR BAE 5 5540 5 2147 N-TEA Cactor-critic) W% gh /i) 38at E, it 7 — kAR sE
22 2] P #% #1] (Reinforcement Learning Predictive Control , RLPC) HiEX #i &%
28 P 2 AR 1) AT SR, LRSS PR

TEAR EA 5y, A HMatlab/Simulink & TruckSimBE &5 B &, 1EREE = F A7 [H 1)
TRTAT, 23T AR B IAARLPCHIE 5 1% GENMP CRLIZN BRI 4 i DAL 1] jUBEAT
R, DIEERIGAE 1 iR R BA R LAt .

42 ZEEMESHD HNHUNHESIE T
RGN, IR GO, LIS LATRON, SCO I RTRE ALIE B 2 17 4 75
R SR TR S 2 — SR L T SRR LR R A B,

SRTRIAL T IR, (B AT BE S PRAREREATERE . AT ITE 1 — A5 RE B AR & (1 70 A 2 I
Pl g, Hor A AT HIAE B an & 410071 .

421 YHEE— R ER

NV R 2 2 BARS S 4 i 2, 1 ST R R 2R A AT AR ) — A A . R
T H HERNS) AR (2.2.3) 5 FIERFFES (2.3.3)4 &, 1921485 SWEINA] BR IR
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v2v

v2v Vv
v2v
A 4 A 4
e XCES PEES i R
fm‘mumE‘_ fm‘m&@‘_ L L
L 2SN R AU G AN R 2N R .
| | | | | | | | | |
| | | | | | | | | |
| | . — | . . i r
[ | (R | I Q% | G0 () | I Q% |
| ——— i | ——— 1 | ——— 1 | —— 1 I —— 1
Vehicle N Vehicle i Vehicle i-1 Vehicle 1 Vehicle 0
E 4.1 FRAFERADHRTMEHIHEER
P REAIAE [ 5 5E 1 B El’JJMéﬁSrﬁl AR, 4R s
F™f cos§; — FY sin 6, + Fo
o =i i +
.y z Fxf sin (5@ + F;-yf COSs 52 + Fiyr
'UZ' - _U’i SO’L +
my
(Fff sin 0; + Eyf cos 5i> a; — FY"b;
Pi = I7
T — f
of = L= Bk (4.2.1)
1 Jf
. T R Err
w = -
(2 J/;r
éf =07 — U,
Y = fel — v — Ly,
<Z,O 901 des — 902
ENRG (4.2. 1)B’Mj<7§§7'j
T
T, = [v v @ w! owr el el ef] (4.2.2)
AR 7 25 g AR ) H b, BUCR Geh 00
T
Yi = [U el e! eff} (4.2.3)
P A N 9Bl / # 3h F R AT AT B A -
T
w; = [Tﬂ 51.] (4.2.4)

W RG (4.2.1)5 N B

(4.2.5)
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Hrba; € R®, w; € R?, C; = diag(1,0,0,0,0,1,1,1),
BCRFES KT, KRS (4.2.5) 88k, AELLF .

{ i (k+1) = fi (z; (k) , i (k))

yi (k) = Cix; (k) (4.2.6)

122 FRZEHAS R ITMEHISEE

NS DL 5 2 B 1) AV [ ) b, A B P ) RS 2 5 8 LAt 2 ik AT A 2
AR S B A E, e AR et A 2 ) A A 2 ] i S B2 A D T e B e
Tizgh. WERIMIE 4.2 Pron, KA ESNTEREOEE N, B MR - #0
A UL A S A — A R AT IR

BT PR IR, St RS PR A S R F R, A W 4307
e AR INMIERAEL T, K5 BRI 2 /AL AL i) U AL 9 B4 2 (14 = B A A 1)
JITAT BRI 4= 5 AT SR 8 3 B B 0 AL el

00 Q 00 00 Q 00 Q

Vehicle N Vehicle i Vehicle 1 Vehicle 0

B 4.2 wIFESMEFRMEXBEHRD

v

| monHE -

() ()

Bl 4.3 MWBEEHIEER
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BN RS (4.2.6) I H A
T
Yides (k) = | 0 gog (F) €} gog (k) €7 4oy (k) €Fgeq (F) (4.2.7)
Hor,

(D) w2, (k) % S50 46 10 00 S8 900 o S E 6 T 4 9000 46 08 45 4 91 % 49
—F’ Uzdes (k)_UO (k)"
(i) €f yog (K) s €Y gos (), €7 gos (k)T BINERI AR BN M AL B R 22 TR A v £

» “i,des

B, WEMmMmRE, HEHR0.
XPREARERBE 20, 8 UIRERRZEN:
ei (k) = yi (k) = Yiges (k)
SE SCTTUIN I 350 A P4 1 310
U; (k) = {u; (k|k) u; (k+1]k), - ,u; (k+ N, — 1]k)} (4.2.8)
Hrb, N RPN, k+ jlAREN ZIX6 k + 500 Z0 0 T .
TRATER 8 2R AE K 20 75 R MR AR AL 10 R N

i) 2

mz’(}z(rgize Ji (ei(k),U; (k)) (4.2.9a)
s.t.
zi(k+7+11k) = fi(x; (k+ k), uw (k+ jlk)) (4.2.9b)
yi (k + jlk) = Cya; (k + j]k) (4.2.9¢)

yi (k|k) = y; (k) (4.2.9d)
Tonin < T{ (k4 51k) < Tfa (4.2.9¢)
Oimin < 0i(k + jlk) < 0imaz (4.2.9f)
e: (k+ N,|k) =0 (4.2.9)

Hor,
Ji (e; (k). U; (k)
Ny (4.2.10)
= 55 (lea Ok 1R, + s -+ 1R,

QMR A IEE X BRI FE:  (4.2.9¢), (4.2.90) N RGEHBIBAR, T2 0, T B
%f$§%AhT%1 E"J%/b%ﬂ%kﬁ%ﬁ’ 7,min zmax]J %U%Tiiﬁﬁlq:mﬂﬁd\%nﬂiﬁﬁﬂﬁ ?5
o (4.2.9g) ABOR RGUTIL AR SE VE 19 2 0m A5 UL 3R 142 491,
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SR 25 ity 255 220 RAE SE B SR A R LA A2, SO A RS (4.2.9g) Fe A6 2R
AbEE, R e 2 AR BRSO A T
Ji (e; (k) Us (k)
Np—1

= % (les b+ IR)IZ, + llus ( + 1R, ) (42.11)

§=0
+lle: (k + Np)|[7,
H PARON A &SR, ASCHEP, = 10Q;.

43 FEIRZEH S BTN B AR SBOK R

A7 I 47 A1) K 70 A 2% 1) 55 000 2 A ) AR 5 5, T ASE R 32 BA 0 22 JR)
DAL TR R AL R B A AL ) e X AR Ze I R S8 (4.2.6) T 5, B EAERAS RN Z]
RIEF 2, Hizi BREIE ), HH S s Em . ik, AN SR IAAUE AR 5
2 M actor-critic P 28 S I EE Al E, BETT T — RIAACRLP CRLVEXS 4.2 R 5 42 1l 4%
FIDLAE Ir) 2T SR, DABRARTH S A 4H L I BRSR AR R

431 ERRUE S FUNESIEE

L5845 S actor-criticP 45 45 1)

SERAL S 2 R — B B AR R A 1A TE TR, AT DAR T AR S S A o) i e s
1l e R P A 10810 b AR LR 1 AR GE BT 1 TN ) B 7 R IR 20 SRR Ak 1) AR AR A R TR
M, T HL R R GRS A S B AN BTG N, R A R AR At
Han. Hurw s s T EE 2 HEEM, KIKIEM (Policy Iteration, PI) Fi A&
SRR B AR 2 1) SRS R U AR T Bz — 109 R SOl A Ak 2% o rp R SR AR AR
i actor-critic k¥ 2% 45 Fa 0 B 4= 1 20 SRACAK [ AT SR i -

WE 44F7R, KRGERGE G 5 RVl 5 508 . 94k % S actor-critic %
SER Ractor P 2% 47 Tt BT SREE , IR ELROH SREE AR 2N T IR SRS, Meritic X 2% 171
TN A H R SR AP R BEAT VAL, IR 4 tH A0 S AR o 2 SRR B AR AN AR
PRIE, 1B R SRS A B T B BRI, BEifactor (X 26 i Hi BRI A By SR A0 A4 0] 880 1) e A
BRI -

ILEHRRLE

fE4.27% v, FRATE T T B AE G 1 o0 A Ul s i) &5, G 2R A 4 PR e 42
TERFAS RFERS ZSR g — AN ARG M /AR P i) &, Rt R E . Ak, Rk
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actor R critic L JihE

gy (| ety (€| P

SR
(FH &)

4.4 FREEEAR Sactor-criticE#

I B —FpEE Tactor-critic™ 2% 25 M R ARRLPCH L, H TAEEEAE 450K . fEi%
HRLPCHIE T, FREE AL RRASRAE I 280 2 A A AR LA 2SR Al £ R AL AL i) 245 2]
T I 32 A ) S AL B AL I P 21, R IR S 5 — AN e R A TERBE 2, 19 3
AR ERUE DAL ] U FHT R A

REME i 2
actorpM 4% [« CIXIXJIEZ; < il R seesass
1 A
ki % o
BRI
k k+1 K+ 2] 7o >
BRI
£} SN
L ]
REME i 2
actor[4% |« %‘?g < KmiE iRl
a A
B 4.5 EARRLPCEXFEE
NEFFS, LT AR e (k4 jk) ,w (k+ j1k) S Nes (5)us (5) FITER,
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I & LB BARAN A
ri(ei (4) i (7)) = lles (D)1, + llu (7)1, (4.3.1)
BB ) B2 R SR LA ) SRS A AE . RTINS 385 € [k, kb + N, — 1N, RIEIURSZ
ERPEEN, RS R AR Bk s 2 70 7Y,
Ji(ei(j)) = min (r(e (j),wi(j)) + J7 (e (j +1))),

s ()1 <0 (4.3.2a)
jelkk+N,—1]

I (ei (k4 N,)) = llei (k+ N)I7, (4.3.2b)
R Ty (e; (7)) N 2 10 T,
ui (ei(j)) =arg  min _ri(e;(4),w(j) + J7 (e (5 +1)) (4.3.3)

[lus (e; ()| <U
KU = diag(Ty ops 0 mae) TR BLI RS
HACRLA L5 B 4 F 170,

B 4-1: ERRLEE
stepl: WG EIERIXEL = 0,70 (e; () =0, € [k, k + N, — 1], FF&EIK

%EE > 0, %ﬁ%ﬁﬁﬁ\i&lmaxa
step2: FF —Fﬁﬂ‘ﬁuﬁ (ei (4)):

Lei (j)) = ar min ri(ei(7),ui(J Lei (4
u; (e; (j)) = gIIUi(ei(j))IISU( i (ei (7)), ui (7)) + J; (e (5 + 1)))

step3: RS (4.2.6)1FHH T —BZPRZEe; (5 + 1)5

stepd: FFH FRAHIT (65 (4)):
T e () = (e (4) i (5) + Jf (e (G + 1)), j € [k, k + Np — 1]
Tl (e (k+Ny) = llei (k+ NI,

stepd: A RIEREAERAE|| T (es (7)) — T (e (7)) || < €3 = linas MIEREAH,
Bl (e; (7)) BRI BMAT =1+ 1, R[Elstep 2, 4kEEATIEAC,

ML AERIEA-11, step2] 2 T HISIEACT 5N EHERE, stepdMstepdAH 24+
RIS IBAC 1 RIS VA I A2
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432 FETHEMBIEKRLPCEIASRUKRE

EIEARRLPCH VL T, B iE4-1H T £ & A KRB 2 5K 20 AR AL i) 2, {5
sestep2 BT & A X E R KM . AT 2 Mg A TS ARRLPCH %
(P ELAAR SR, A 2 T i 28 P 4% 1) R 00 T 5 AR 9 e 8 T ) 3 P 3RS B A s T
LRI AR AL BRI SRR o AEIEARRLPCHEIET, actor M5 F TR A B A 5 i 5
By, TeriticP4 A TN, IXEA; = 525, FRBAO BB AR Tl FHL

&=
I EERE
WHIER 1]

4.6 RBF#HZMELEHRER

FEFM 85 € [k, k+ N, — 1|, RATFEB 75 ZLN,Nactort £ /K 45 Sk & 3 T i
A R AR B 0 (), N, oritichhZ M4 RO (e, (7). HI T35 B
(Radial Basis Function, RBF) &ML fii e, R =Z ML, HillZd R
fai B, ARSI RED, BT DAAS SC A SR EXRBE #1458 WX 4% 45 44 Sz Bl actor 0 48 5 critic X 4%

HIZhee, HEHnE 4.65R.
EWIME G € [k, k + N, — 1|, & LA actor ML 514 09:

_ M,
it (e () = 0T (5wl () v () )
= 0T (Waa()" (e (7))

Ko, TORE - AHEKETO] < WA EAT R, FRHL @398

B Ry b R OB 2 T MR QR . MR RactorM 4 B2 E 2 O S WA
B, Wl ()3 R 18 3% AR R BRI 5 i Mactor B 44 19 SmA o0 2 R )R

(4.3.4)
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B ) & E%M)E

BOE R, Wa(j) = [ L

B, W (e (5) = W”( ()¢ ( e
TE R eritic 45 4574 4 :

R2. ™ (e; (j ))%@ ?actorlm R E =m0
L) 5wl ()5 swlll™) ()] 47 3 actor ™ 4 i) B 46
(7); n/ﬂM I (ei (1)) -

~

Aei (7)) = Dl () 6™ (i (7)) = Wea ()" ® (e: (5)) (4.3.5)

o, MR Reritichd % B & 2 o0 AU B, W) ()R R R R R K
%m%ﬂmmm%M%W$&ﬁ5ﬁ$E@%ﬂ%ﬁ%,&ﬁ%)e

Yo ol (e (7)) A ncriticl 2 B 5 SR B SEmAS G R WO BB, W, () =
[ sl G ol ] i 8 09 BRI B L 0(e()
[0 (6s ()07 (e (7)) -+ 561 (e (1))

FI A 9 2% b R 52 B S 808 0 B J2 b i R PR 2 B R OB, b ey
J2 F G s B AL o N AR B R, LA R, R R SR A 2 T I A
2O, TR SHDONEEZ 25 2 2 8 U

153 T 2% 119 ARRLPCELVE TR, actori 28 4% 15 critich 25 19 4438 39 28
B 7 303 ) SEBLRIR 4- 1 [ SR BT 5 SR PP A D e
(1) actorfii 2 /A 28 A H 56 3

F T BB A I SO T 0, PRI BSOS MBI, FR AR R ()R
FE: ‘

—aggzg ) _y (4.3.6)
B (4.3.2a) A MRS wr ()RS A4S

0 (ri(ei (4), ui (5) + J7 (e (G +1)))

. 8u.() , T , (4.3.7)
BCACTORIC)IN {8 G+ 1>} 0T (e (j +1)) _
9u; (J) 0ui () J 0+ D)
BAR (4.3 )N 2, A5,
e,
\ (e ) = %(jj” (13.9)

Nffactor P 28 5t B IE I UM, A3 (4.3.4) 525 (4.3.8) LM, w15
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Tactor X 2% AL E 5T A :0A
-1
WE () = (W (e (D) Wl (G)T) % W (e ()

‘ T T (4.3.10)
1 =1 1 86@ (] + 1) . T .
X (F (U ( R, (aaﬁ’p > (j))) Wer(G+1)" @ (e (4 + 1))) ))

Ho WP ()3 78 78 F0K SR WS VF Al 5 S pIR SR B TE B I 355 Nactor ™ 4% ¥ A 5 4R
B, W, () BARFE IR MRS N 28 5 A critic M 28 (AL AERE . 0bP (e; (7)) R AE IR
SEME VAR 5 555 p U WS SR 5 S actor 46 (U4, T2 ()FORT () R BRI

A (4.3.10) ] LEH, BH i NactorM A ER, FTEHRE) + 14 critick
A (e; G+ 1) = W (G + 1) (e; (5 +1)), BUAEHFk k+1,---  k+ N, —
2 actor P 28 AL EE IS, TT A A 30 (4.3.10) 8 Hr. M%) = k+ N, — 1 I, RIEA A
(4.3.9) 715

X (s (1)) = A (e (k + N,)) = 2Pies (k + M)
My = k+ N, — 1, A R (4.3.10)F MW+ 1) (e (5 + 1) #r
N2Pe; (j+1), Fk+ N, — 1 actor ML AL E B A Xt 8
-1
WEE ) = (Ve ()W ()) < ¥ )

. T T (4.3.11)
1 -1 | 1 aei (] + 1) o (i
x (F (U ( o (a @ <j>>> el “>)))

(2) critict45 /X 25 AL 5 5
KA (4.3.2a)Hi X e; (5)RFA15:

de; (7)
COri(ei () ul (), (0ur ()N Ori (e (5) , uf (5))
- de; () " <5’ei (j)) du; (j) (43.12)
ous (H\' (Oei G+ 1)\ 0J; (ei(j+1)) h
*(aei <j>) ( ou; (7) ) dei (j+ 1)
(aei (j+ 1)>T8Ji* (ei (4 +1))
de; () de; (j + 1)
Ko (43.7)HAR (4.3.12) 715
oy Ori(ei (), () | (Pei G\ O (ei(j+ 1))
Al (€i (J)) = de; (j) ( Oe; (j) > de; (j 4 1)
e (L TN (4.3.13)
=206 (j) + ( ée‘j(j> ) A (ei (5 +1))
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Joflicritic P28 55 th BEIE T NS (e; (7)), AR (4.3.5) 540 (4.3.13) A MAHSE, W]
Rk k+ 1, k+ N, — 2 critic 2% FIAE 58 A 0N

Weren () = (@ (e () 2 (G)) % @ (e:(3)

"y T T (4.3.14)
X <2Qiei (J) + (M> WG+ 1) (e; (5 + 1)))

de; (j)
HAW, 141 () RARTESD + VIR R BE VA I 25 5> eritic P 28 (A 56 [
FURERD, 7 = k+ N, — 10, 5k + N, — 14 criticld 4% FIRLE 53 2 228 A

Weror () = (@ (e (G) @(es (G)") @ (e (3)

. T (4.3.15)
. de; (7 +1) r _
X (QQiei (J) + (W) 2Pe; (j + 1))
H2: EARRLPCH LRI U S 13 B4R IE, B EMRREL — cofit, ul — uf,
HJV— T AL — A 110,72

BAR [T0]h R W), MR ARIRBU — oo, actor™ 4% i H B 4 23 W ST B 4% il

B, Hlr TS E AR, RS2 N AT T R IEACTIE Bk, R IR AR

TS 48 R B KIE AR BUGWCSIRE BE o 78 Sl a9 55 FHIISS 330 P eritic X 28 5 2 588 19

BRIREL,  prax Nactor WX 28 B B F B R IR, AW, () 5 AW, (e) 537l Nactor M 2%

Yeritic/ 25 A WU SR - ARHEIE2, EARLSA L b kARSI T R B
e

[Wearr = Weall < AW (e) (4.3.16)

Hactor(k + j|k),critic(k + j|k) 7> A 27 2 TR Z1 1) 28 j Mactor X 28 MlcriticM 2%, €
K 23R A5 ) R 2 ) B AU 1 P A T
Uz (k) =

(4.3.17)
{uf (klk),up (k+1[k), - uf (k+ N, — 1]k)}
W B AR + 12 g — AN AT AT A 12
e (4.3.18)

{uf(E+1k+1),uf (E+2|k+1), - ,u; (k+ N, —1]k),0}
PR LG 7 A5 — IR 205Kl i /28], AN actor X 48 BUEE 5 ceritic ) 2% A 42 R gk A7 00 46
1L
actor (k+ jlk+1) =
actor (k+ jlk),j€[k+1,k+ N, —1] (4.3.19)
{ zeros (M,,2),j =k+ N,
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critic (k + jlk + 1) =
critic(k+ j|k),j € [k+1,k+ N, — 1] (4.3.20)
zeros (M.,2),j =k+ N,

Hrbzeros (M,,2), zeros (Mg, 2) 7 mZIRm M, x 24ENIM,. x 24 /-, BTz
25 1S ARLPC Sk R AOD IR B 45 i ika-2.
Bk 4-2: HT AN RIERRLPCH

FN: e KB H o, Dmax> EELBIEAW, (¢) , AW, (¢)

PIGEI 2 RS

- B0/ R R (K)

WIgEA: MR R (4.3.19) (4.3.20)WILAL N 25 AL

Hactor(k|k),actor(k + 1]k),- - - actor(k + N, — 1|k),critic(k|k),

critic(k + 1|k),- - - ,critic(k + N, — 1|k), WEIL = 0;

repeat
for j=kk+1,--- ,k+N,—1do
p=0
repeat
FIF A (4.3.4) 5 (e; (5));
MR (4.2.6)THE T —B Ze; (5 + 1);
FIFHAR (4.3.10), (4.3.11) 15 5 Bractor fi 48 [ 2 B ;
Lp=p+1
until p = puax o [|[Wo () = W5 ()| < AW, (o)
R AR (4.3.4) 5 (e ());
A (4.2.6) 15 T —BFZIe; (5 + 1);
FIF A (4.3.14), (4.3.15) 5 Hcriticki 4 25 BLE ;
end
l=1+1;
until [ = lyax or [|Wey (5) = Weim1 (5)|| < AWe(e),Vj € [k, k+ N, — 1];
MA A (4.3.4)TH M Zactor-kifar i, RIDYHALIROIE SRy (k), Kuy (B)1F
MTERBERD, 2k =K+ 1, RUFrRER2, R B SR E R

3 TEFVEA2T, Lna S Pmax BN FHE, HE M BN, LK. ERRLPCH
RS ) R AR PR, R MR BOL R T R G B Y S, Rk
TIERRLPCHEIE R A R AL BT E R RO (n®N,). fEAEFNMPCHE LS,
R FH 22 30 I T B39 Ok At R B A TN IR 35 P 1 L SRR A ), Pl A (Interior
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Point, IP) %48, ZIEITHEE AR RO (n®5N2) M. L, S54ESENMPCH %A
b, AR IS RRLPCHIAE TR A E A IR AL

TE4: AFRESCHR [T1]FPLPCHLE N 2 1 7 A 85 22 4 B A I 42 ) v o A
R 28 3 58 2 HOR PR P SR IR AR e P, A L LERZ AR T S A e K
hALER, fESIRA-270, FFARKG PR B L H e 5 e E T R G, i DU R 3
BN RENT RS, HAERNIUAR IR A2 R YE (4.3.19) (4.3.20)4]
U ORI ATE, X5 SR (71 BENLTAG A RS R S BCE R AN R

44 HEZERRESH

FEAT H = ZE I MATLAB/Simulink 5 Truck Sim 347 B & 5 B RIS UE Fr s 1+ 11 2%
JERE AR 10 7T FH 22 4 BN 20 A QT ) o5 A7 e o 25 8 — Al DU = 4= 1 s i
EgwBN, BN —BTT A = AR BE 4, P R ER S Sk 2107,

7F 1% RRLPCH ¥& W, & MactorScritict 48 P 4% B2 & 2 10 ¥ 3 2R 2 A
B (e:) 15 () A9 0 T 1 3 28 2

W (e)) = (exp—||ez-—eﬂ|2/n2;exp—uei—eﬂf/nz . ;exp—||ei—e%ﬂu2/m2)
(4.4.1)
B (c)) = <exp—uez-—eﬂ|2/naexp—uei—eﬂf/»a . ;exp—nez-—effcn?/nz)
Ho e = 1.1, B APactor 4 Heritic % W g & Z 0 &AM, = M. =
5, (elie?; - sei’), (efsed; - sei’) o Al Mactor M 45 eritichd 45 K & 21 ool £
B FO S ZE ) SactorM 45 criticI S N CEE R ZE N EIRZE . B
AL B R 7 Wil ARz 4EfE 8, BN DO4Em &, & 45 i EUE K/ 5 5l
f£(-3,3],[-3,3],[-1,1], [-0.1,0.1] PEENLELHL, pAELT () LB ytanh (-) e %L
tanh(z) = c - e:I
et +e "

*® 4.1 EWRNHRMUEER
A G AL E

(4.4.2)

4 64m
PREE 41 47m
PREE 22 30m
PRBE %3 13m
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* 4.2 EHIHFSH

ZH AR HH
KL [R]T 0.01(s)
50 0 0
070 0 0
IR FEQ; 105 x
00 40 0
00 0 40
0.06 0
IR R;
0 1.5x10°
T i T oy -10000,10000(N x m)
5i,min7 5i,max ‘0-1,0.1(1'&(1)
I8 % 7 I8 B d 16(m)

0.015
0.01 1

0.005 l

-0.005 - Ji
-0.01 4

-0.015
0

TEH 2 (Um)
o

5 10 15 20 25 30 35 40
i8] ()

Bl 4.7 ERHEER

/[\actor|>‘_>€|§§50riticlm?%El@%ﬂﬁﬁ*ﬂ$W£705Wc7gi@7£[—0.5,0.5]2@ BEMLIEH . &
B R KIERK B nax= = 85 Pmax= = 8 BEHIHREAW, () = AW, (¢) = 1072, HAih
FE SR S HINER 4.2 .

WEWIEN ZIZEW A B Bk 4.10R, BRIHNE REON0.85, MLV 4R 3 B
N20m/s, ESEREAT SIEATRE, S BEATHIBECE £ 15m /s, RIS IRIFSIE . IREEAEY]
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GRS A20m /s, WIARAE A A7 B R 22 AR AR A ] A 1R 221 R0,

PiEsER—: EARRLPCHL (N, = 38)

MR BE I B, T8 il RS R 4. 7FR, B2 TR AR A
P 2, T 43T T B ARRLPCRLVE R AT SR AR . 4% 2 Rt P 4.8~
413 . o, B 4.8 RoRBAAIH ERR AR E S R 1B 4,937 BRI ZE (K e iz
BIRERZE: B 410 REMNIR A ERE S B AR R EMAT W R b FLO g 3)
Bk, B 41280 IRBEE BT IA e 22 1B 413 IR BE AR R e A B R 2

B 4.8~KE 49K WIER S m 2 E N, IR BE 25 1K L 1) o7 B R B iR 22 38 T AL 8
NO: AU AR B R AR AR A, B SR 4 T O T R AR AR 5 AT 4 DR R — 3R
1) P IR B R 222 B 24 L USC SO0 L G I 7= A ) i K o) o7 B R R R 2 AN I 0.5m; &
4.10~ & 41152 B BABIFEAT B I 72 v 2240 2 [B) SR R AR, ELAT B IZE B AR ORI — 3,
DR L AE RS S P i) 4 F T BAA B 1) BR R I e AR 31 T A2

B 412~ 4133 B3 M BAFILE BUE EATBRES,  PREE 25 (A 19 A 1R 25 5 i v o B AR 22
IRZEN0, TIHPASIBENEIE G, BRBEZE T IR A iR 22 S ) A B R 22 AR 4R R 2R T 2
AR, HP= AR s KR ) 7 B R ZE AR G BRI S (0.675m) AP, T ZEAR [F] T
T, B 414K W5 = E AR S SHE A T R OO R A B R E T Al T IEK S
PR, fAEAT R AR E . Bk, FERBARE SRR 2L, AR
G A T2 1 4% BE W6 B2 e 7 P 2 BB UAT B 22 1k

B AE BT 4R 15 ARRLPCHLVE K W AT 1, B 07 20 i A5 v 4 93 R i 28 1) 42 o) 7 I
415 IR, B 4.15(a) ()2 W BT BRBE 4 1) 00 S B0 %8 % A 200 R B R &
416907 FLId R vh BB AR AR A0 SR AR I 1], 3% 43R 45 Y T BRI R I 4 1)~ 38 SR A I 1)
A KSR AR E], A AT DL R R 251 28 SR A I (8] 4E0.004s 22y, HAF D SRS

22 T T T T T T T 0.5
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