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Digital twin driven longitudinal and lateral control of truck platoon
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Abstract: In the complex traffic environment, the traffic flow data of truck platoon has the characteristics of heterogeneous and
multi-source. Digital twin models the physical entity in digital form, which can process complex traffic flow data, and then ensure the
safety of platoon driving through remote monitoring and remote control of vehicle status. In this paper, a truck cooperative control
system based on digital twin is proposed, considering the longitudinal and lateral motion. The Proportional-Integral-Derivative (PID)
controller is adopted as the longitudinal controller to ensure stability. The linear quadratic programming (LQR) control is designed to
calculate the front wheel angle and ensure the lateral lane tracking performance. The digital twin simulation scenario built by Prescan,
TruckSim and Matlab / Simulink dynamically simulates the longitudinal following and lateral lane tracking performance of the truck
platoon based on longitudinal and lateral control. The digital twin comprehensively debugs and optimizes the control strategy and
parameters by remotely controlling the longitudinal and lateral velocity, lateral position and yaw angle deviation of the truck platoon
and monitoring platoon. The simulation results show that the digital twin-driven truck platoon control system has good tracking
performance and lane-keeping performance.
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Fig.3 The structure of lane-keeping model.

S8 SR 7] 7 B8 22 R 4 A AL A 1R 22 R A R .

& =9 + L~ Vel
{ )

o _
€ =D —Dides

B MO NG AT, EXREE
gl =lef,¢ el ef], M A uf =5, AR
ylh = [ely,ely,ef’,el‘p] ’ 9l\%giﬁ)\§% W;h = [vz'x7¢i,des] ’
TR 7 B 7 B B AR BR AR 2R S FE R AR A

ééih = Aih v )fih 0+ Bihuih 0+ El’h¢i,dex (1)
yz‘h ()= Cihfih ()
H, RGUEFFEQF:

(10)

0 1 0 0
h h h )
Al v )= 0 an(®) a @)
! 0 0 0 1
h h h
0 a4 o) iaz s o)
_(q4+q”) -G, + G,
e
mvi I;7v,

1l

o Lo r :
_ (¢"+c) _ G =G
air3 = . sdi a3 = IE >

1 1

(¢~ + D)

a. =
i,24 >
mv;*

(Cid (Ui =Dy + G+ DL )

ai’f44 == I[Zvix i
_ . T
! 7 q,
B'"=l0 =— 0 Si G ,C = diag[1,1,1,1],
m; 17
— 0 7
~CI (U ~L)+CT (L, + D)= my (v
my.r
E,h _ iV
i 0
B (Cijlf,[ (l i _L) + Cicrlr,i (lr,i + L))
] Iizvix |

3 T ARSI A

3.1 YEHEHIERIR T

1) R I 47 1) SR ) H KR SE B A A1 AT
I, FeuE BRBE AT R AR A R R R

AR FH ] 7€ ) 5 S B (constant time headway
policy, CTHP)!'I, £ CTHP H', ZEHHHALE % (Al
WEAE B AR S AR EAT B . 12 RIg 5 A\
RO RGR: mEAT RN, MR, fRUEZ
SVERE: REATREN, J/NEEEEE, $REACERR.

JAEE 2R R BRE SO TR

xi,des =hvi)C +d() (11)

Forb d, ok A A, b A
B, b ORIER TE AT AT, Sl S R
i1 2 B B )

Wbt DL ZE IR B 22 AR R R RS B, 36
IO PID I, AT BB 5
W, 58§ 47 7 AR R, R IR X, ,
T

Xp =X =X
(12)
xi,e =X, _xi,des
DRI UL 28 i 3 22 1) PID #5415 5 900
w,=k,x; , +kx, (13)

SE SN B B B AR L(x, () = X (s),
L(u;(t)) =U,(s) » 3(5)Laplace 24, 154%1% k%K
X, (s) 1

= 14
Uls) s*(;s+1) (19

G,(s)=

3.2 HEEEH R

ASCAE ] LQREPOSEHUARE i AR BRER , BETHRA A
PER BRI 4 Fos . Herp Ol E g 2k —
OB T S (LQR)FRAT, Tl P 2 i o 1 it o 2 45



AR

R AT

T LM R55(10), H LQR 23t fetRr ik
TR

Jh

l

(&) Qe+ Y BRIy

(15)
(&) @ +KTRIK)E i

St 8§ o= 8

XA BB (15)3K T, AR S R«
K =(R"+(B!" PB")' B P4" (16)
Forr P AL Riceati J7 72
(AN P+PA" - PB"(R!Y'B"P+0O! =0 (17)
LR Riceati J7FE(17), THEAEHIE A5
K'=(RH'B'P (18)

Her, of RFRIEEAEHRE . ST LQR %
R T
& =-K}'& (19)
Horh K] LQR #3425 .

Bl 4 g s 1) 2 5 g ]

Fig.4 Lateral controller structure

RIS H AR 1T

ZERHHT T W I8 B LA FE R A A 7] ok 5R R
ERHREZ—

EWAT RS MR, Xqod, fF1E
E @, 4o (1) » IRAS T ZEAFIAE )7 B DR ZE RV RA A1 % 22
PITCFIEAEE 0121, IR AR ST I Wi 2 il 2 R L ik
b TR AR, PREE RS e AT .

2 SCRTRIERIM T Mo 57, R G(10)K
5N

&' (1) = A& (0)+ Bluf () + E @, 4o (1) + B/ 5/ (1) (20)

XF(20)3 4T Laplace 24, Jfimidt &H e, 15
FIRGURERMFRSENT:

e, =—(4] - B'K!)' (B! + E['v}x) @

[IE{ R S u: N/

5/ =x(CICTa* +CTCTH —CTCTB K] (3)

~C7 Ma(v})? + C" Mb(v')* +2C7 C"ab

~-C7CabK! (3) + C¥ MaK! (3)(v)? (22)

~-C7C LaK] (3)-CY CLbK ] (3)))

NC C (a+b))

A el fh AR E R, B AR
BEh AP RS AT R, A5G ISR, B
P A I L A

u =5/ +3) (23)
4 Matlab/TruckSim/Prescan ¥&& 1/ 5

T FH 22 BA A ey — 93 7 2 A0 o A R e 4 2L R
TruckSim #2424z /2457 ; Matlab/Simulink 5
T3 5 SEBLRA ZI4 ;s Wil 5 #, Prescan #it
5 COEMORERIRR X MR RS R, A8 %
R, WK, TEEEE. R BN E R,
ERNB) 1SR 1 R

® 1 FRHNFESY

Table 1 Parameters of trucks

SR L)
m; 18000( kg )
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/ 1 3.5(m)
L 1.5(m)

T 025(m)

C,.‘f 5.4225¢+05 (N / rad )
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Table 2 Parameters of the longitudinal and lateral

controller
SR Bt (B hr)
k, 8.1
k, 0.9
d, 9.5(m)
h 0.6(s)
L 5
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