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Finite-time terminal sliding mode control of connected vehicle platoons
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Abstract: The paper investigates a vehicular platoon control problem with uncertain parameters and unknown distur-
bances, this method is able to achieve stability of the platoon control system in a finite time. For the predecessor-following
and bidirectional information flow topologies, a new quadratic spacing strategy is introduced to achieve traffic flow stabili-
ty. And then based on the nonlinear terminal sliding mode control and finite time stability theory, two distributed adaptive
terminal sliding mode control schemes are presented to ensure the string stability and strong string stability, and the adap-
tive control law is designed to deal with the influence of uncertain parameters and exogenous disturbances. Finite time
stability and string stability of the system are analyzed by constructing the Lyapunov function. Finally, the effectiveness
of the proposed control scheme is demonstrated by numerical simulations. The results show that the proposed method can
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guarantee the string stability, traffic flow stability, and ensure all the states stabilized in a finite time.

Key words: topological structure; quadratic spacing strategy; terminal siding mode; finite time

Citation: GUO Ge, ZHAO Ziwei. Finite-time terminal sliding mode control of connected vehicle platoons. Control

Theory & Applications, 2023, 40(1): 149 — 159

1 55
PO FER 2 59 1 [ 2 1) 1 4 A A2 1 2 B E S0 R )

HEHARZ —, ZBHRE L 1N [/ R
BAAR/N) 45 5 2 () BE 2 ER B AT 424755, TR
IR 2 R I AV A, 3 v 1 I A 38 RO AN 22 4
PEBL ZE RN e (2R R AT B R T A B, AR AT —
VAR RN R A A S o HA A2, L 2 S B
SEAZIE S DR, A R 2R BN )RR A 2 R

Wcks F1391: 2021 —10—24; A H: 2022—-02-23.

TI@ (54 . E-mail: geguo@yeah.net.

AILTUTIRTS: RO,
% BREHEIE S0 H (62173079, U1808205) % .

Frea e W4 B EE, AT PREFEEAS 22BN R GRS E 1R (R
AR e ) 2 G EE

ZE BN ] ) D B ) il — e e 5 TR Y 4 ) B
W, IX LR R B AF AR E M AR AR E PR i
R LR 1) (S AT [ 5 4 T e A R] A% 2 ) B
A AR ) P SR WK HA B A () I T DA R ) 4 1 BRI
4 BB R () R A R ) IR BRI, R 2 D UK (]
i S W% (quadratic spacing policy, QSP)). Z= BA4% il i)

Supported by the National Natural Science Foundation of China (62173079, U1808205).



150 B owo#H w5 N

40 3

Iy R ) R ZE A TRV (A5 SRR T A5 4, 1K 0 2
A By 42 i) 1k R AN AR 1A B s e B B A
45RO 7T ZE—-BRBE (predecessor-following, PF). X
I (bidirectional, BD)F 45 BA ZE—XX [ i 15 4%, K JPF
SR, ZE AR ] ARSI FL AT R BRAS S S, R
FHIXELAE BoR BT H S sl gs, BT 507 m 31K
BEE, B AR 2 omAFFRE . RAIBDIR NS
R iy, ZEAH ] DA 20 30 1 200 5 R 1045 8, BLER
e SEBR R R G ZE A I AT AT M. H ETSCERR
Z e HE T AR RS B0, J8 i 5T s g il
ARAUE RGP B\ S IASE 1.

ZERAFE ), 5% 22 IS IO JE R 1 RE P 1 2
fabw, BTG 0t 7045 5 A RS 2 AR (1 BRER
PERRUSL ORI, B T ARUF WSS ) A R 4F,
A7 IR B e 42 ) b 30 8 o) A S R PR A S50k R B i
P T PP BB, (E A BR B R) 4R 2 £ P 7 25 A i)
R HO-T R (10145 A BIR A ) 2 38 )97 F 1) 4 A 4% il
b, R T A R [RL AR ) 7 v s 2%, (2 A B
8 PRAIE AT BIRES [) A B IA MBS T, AN BE ORAIEZE VAR T
A R R)BAK i A, BY R G IA)ER R ZE AN BEE A PR
I [A] USSR B 2. SCHR (1114 7 —Fh e BR8]
SR EER (1) 73 A 2z S, (L2 T R BA S
FRE . PR, R — PG R AR5 i Rl 1 7 vk, A
FRGAELRUEBN SRR E VR [FI, [R] R ZE Re i AE A PR
IS TE] USSR 2, o — AN A Bt Rt 7 R,

A — 3R, SCHR [10-12]70 5 R A 2R3 B AR AN
BFE RS AR R G E R 2. T AESLFRfE Ol
W, =B R AL R S L R SCER 110, 13]
HEE AR SV S 777k, 25T PF, BDAE B 4h4h
R ) A1 3K I ST R s i R, AR — Pl TR
I 1) 4 S A P ) O 2. AR ST 2 BTk A R A
J7TH:

1) $EH PRI TPRAIBDAS B4R 45 0 A 5
3 S et AR I R, I NS B R R Ak
R G0 AN E S ERIINEYEDLS). BEORIE T R4t
) ) S R ZEAE AT PR T YWl B %, LSBT R G
FABI R E

2) {EBNFIFEE PETT 1, T SCHR [14-15] 2 REW
PRAEFAZE I IA] R R 2 WSR2, AWt 700 A% 38 e 2
0 T RS RRE M, PRUE T ERAFI
V) R 22 08 G 3t Yk [FIIS) 5] N Ik [R] BE SR, 255
ATz 5 A2l AR R AR, DRI T R GRS

ASCHIHLAGERI AT : 5271525 H A IR 283715
g5 thorAn R f R ot 5475 —REUET B
JEAERES T R4S,

2 R
2.1 ZERABh B
A, R —ANHAE G = 0)FNAFREE 4

0B 25 BN, dn B LR, JLrbp, (1), vi(t), aq(t) 73931
PRI B E EEATIER A S R G ARE
JE 3 P U 8 A 4B 4R IR, Herhi € Viy, Viy =
{1,2,--- , N}, FIRRBEEEEE S 4 5.

pi(t) = vi(t),

7[Fez(t) - Faz(t) - ng(t) - Fm(t)] + yz(t)a

(la)
Ao m R EBARER R, F,(t)72 H RS A 1)
WK 75 By ()2 2R3 1580 77, o Fy,y = cv?,
Ci = Nai AiCail 2, b 73 U L, Ay ZE R AT THD
R, Co eI R, Fr=r;m,g cos 072 R 5 FH
71, ri R ) R HL, O TE BRI E, Fyy =mugsind
FEHE ST,y (6) 72 HH5E X 2% AN 55 R 2R 5 RS B AR 0
HRERILEN. BB T |ys| < 0, BRI, g B RA 5
.

Fu(t) = _lFei(t) + lui(t)? (1b)
Ti Ti
A 7 R R BNHLS A5 2w (¢) 24N N T7 (8
WHE, & X fi=rim;gcos0+m,gsinh, D; = y;/7;,+
Ui IIEATS, SR 1A AN

1
[ci(v] + 2Tv,a:) + fil, 2
m;T;

K o2 A1 RELG D2 AR SR 3 ) 5 A
SRR B (% T AN 5 KO 51 R B R Bh, BBl D, i
pi(t) = vi(t),

Mw_xg—i1@+a@— 3)
1

m;T;

D(1) i) D(1) DD
V(1) v () v,(2) ()
a(?) a,(®) a(t) ax(t)

B 1 ZERAB A

Fig. 1 Platoon dynamics model
2.2 ZIRIANEESENS
ASCET IR 24 R B Bh6E 70, Beit—Hhh =
R I SRS . [ PR SR s 3 T

ei(t) =pi1(t) —pi(t) — Ly — Ay —



1 A ICZEARA S PRI ) Loy s ] 151
fwxw—-ﬁﬁ“> @ 9S() = Qs(t), AT
m ) s=1[s1 89 - 8a",

Squaa,i(t) = L; + A1 ; + hv;(t) + UQUA(t), (5) S=1[8 8 - S,
K@@ 0,(t) = pimi(t) — pi(t) TR BAHBIHEE (¢ -1 - 0 0]
ZNA) R B B3 Squad,i () 7 AH S8 2250 2 18] 1) 391 B2 BR 0 ¢ -1 - 0 )
n“i% LB, Ay e — M E 22k Q=1+ . :

295 oIS TAJ LR, AT DAAMEERI AR BIE RS I AEIR . o 3R 0 0 qg -1
T%?Lﬁ_%jﬁﬂiﬁﬁﬁﬁé%ﬁ, A, e 5K ] g JROE 0 0 0 q|
AR EROE JFEE,
23 #HlER SIER 2061 HpEin FARL M RS

AL H b vt — Ak T 28 St )
IR A B E R SNE, DASEEL R 91 H

1) A BRI )RR E P PRUEAEAT BRI TR N, REEH)
(AL R ZE BRI, () I AR B 4 T P e B I

STBNZE R L
lim e, (1) | =0,
- (6)
v;(t) = vo(t).
2) PFIFEEME: RGHIBASIRS E AL DL AR AT —

il LA AT DAGRAEDY. o 55 BB AR 52 14 BE PR AIE
RGBS TERE, SBIASIEEVE PRI R GRS PERE.
3) et AeE ) AR BARR S I, SSE IR E QK

TASE R pHORLE ijIE apﬁ > 0.

EX 1 SSBJJJ%%E 1o ily\/%é}iﬂljﬁﬁ [FERS
ZRFF BT WL S > 0, Fv > 0, [FR

éi(0)[} <p
O} <v. (D

EX 2 5 PAFFR e MUY Y A BE AR 22 A
len(t)| <len—i1]<---<lea(t)|, BRZEALHRELG, ()
= e, 1(8)le;(s)I 2 |Gi(s)| < 1, Wl 2 5 BA FI A2
. Herbre; (s) /e, (1) FIHLEH AR He.

F 1 RTOAIIR RN E AR 2/, S I
FERWAS, ZRENFITA EHRIPRSBEA —806 508, &
RFFBFIRRE I 5 — DN ELREREFRZE R IR T, PR T
PREFRZE A ZE B AERTIAR R, FRy5E A SR e 4.
24 TgER

SIFR 1 VR AN RN B S 7R
[F—iE N, 2 BAC S s, RS, S, sl 3%,

HE RS s R R

S; — S; ,iZO,l,---,n—l,
si:{q + (®)

sup max{|e;(0),

= sup sup max{|e;(0),
i t20

qSi, 1= n,

P @RI RS 2T BLESE X, S Ms; )% R ik

(t) = f(z(t)), 2(0) = z0, t > 0. (10)
4Dy C DRRA0)IAZLE, RBAFAE— L
AEIREY - D — R, 92%c > 0,a € (0, 1)?@
V(z) =0, x € Dy, V() >0, x € D\Dy, (11)
V(z)f(z) < —e(V(x))", x e D. (12)
W Do 72 A BRI [R]£2 5 B, 25 A7 £ — > Do B FF T
AN C D, HT : N — [0, co) ABEERFIA], A8
SRR ) T A2
1

5| ¥ 3 (Barbalat5| BRI 251/1( ): R— R, 1E
t > OF LT 2, JfFEWE Jim j (r)dr e R
I, A tllglo P(t) =
Sl 4U8 F AR M R G0 = f(2), HAE
TEREV (2)F1Z3%a > 0, b >0, 0 < B < 1§15
V(z) < —aVP(x) 4+ b, t > 0. (14)
MhZ R % = f(x) N2 JRSLbra R T e, Ush
1375 /2
Ty <Tr=
LV a) - (a) ), as)
(1-8)"" L—p ’
KV (2(0)) NV (2)IWIERTE, HO < p < 1.
FE 2 A R AR — AR T B A
ORI B 16, A S T 200 10 S
. AR SCHR (314 R AT R R, A8
2 B AR AN E S BRI MR S 5o . R 45
NEJEF SRS, 5 RN B89 5\ ZE BA gt o
3 hFEEHIESHWE S 9
3.1 AumlgEm st
B ) e i A

Si(t) = é;(t) + cisgnle(t))]e; (H)]2,  (16)

HE IR



152 B oW H w5 M OH 408
s R IR sgn () AF 2, FHA M AT R ARG ORE I, M E R
$ilt) = &) + Sl Feu(t) = FIREREEL:

2 ) ) . — -
w0 S S0 - T V=R 2
(t S : g, &8
SO e e B g
%ai(t)}_ (17) X SR ZEE, fiamiyéz‘%)‘(y‘j: ¢ =¢ — G,
32 NGRS i fo= o o= me i, &= e e R
320 HiZE-PRBEELS R (D23, MV RSE
SR FHPFG MG I, 8] LIS B BT 42 R i f L Ei, i
V 555 S 24
5 f B R R 5 B U 1 5 0 8, T 5% menSiSk Tt @
PR AR ST AR L P A 1 77 v R A HER(17)(24), TT73
PRI T B4, vk 40 2K I S B 38, 977 (3 .
L 5 XA (1), BRI T miTiSiS; =
(h+ am) —(h+ Zw)Si[éi(vf + 21v,a;)+
2 D m
Az(t) =Q;—1 — a; — & + ﬂal(t)— m 7'1
Am T; A + fz + 51( )Sgn(sl)+
Bt Sl 4e0). aw g,
KRBT 5] S —— (1))
~(h+ 2 hrg) g
. Am 7ryz m
St = ) el 2nwiag) - (h+ T8 [0 + 2ma)) -
fit mimiDi] + Ai(#). (19 fi + miT D] +m,T; Ai(t) <
VBT (h+ T8 5,607 4+ 2rna) — kS
i = &(v] + 2mvia;) + fi+ &(t) sgn(S;)+ }4{7 N _
;T A k g (h+ A )S; fi + M Ai(6)S; — k| S| —
—A; + i+ '
(h+ Z”’) (h+ ZTU) (h+= oY )I8ié —manDi(h + j‘;’z )S;. (25)
ko (), 0) %it(szxﬁmw g
h+ —
( Am) Vi < (h —|— " )S & (v + 2mva;)+
P SRR I3, VO EE R T oo
& — e Zvi)si(v?+27—iviai)a (h+ Am)Sifi_k‘S' — k|S;|+
fo=nl(h+ UZZ')S» m;TiAi(t)Si + (h + ZUZ)IS &~
[3 I3 Am 79 (21) . . '
ov; CiC; fifi Ei&s M;m;
=~:(h+ S; G% il =S
b IS A AR
m; =¥ A8, — kS? — k|S;|. (26)
ﬁtpé%%&% ) 71 ) 7@ ) 7@ EE@ %éﬁ(ZZ) T?EIJ‘
I RS ERG), T R = .
L ym, Gy HIERTHQ2), BT 40 H(17) V=Svi< kSt -HSl <0 @)
%%ﬁﬁfﬁ%@mi&ﬂiM%%%ﬁ%ﬁﬂji SRR 24 D43 BT RV T 4
R AIE PATER 2855 1 BT 1 2 #0545 RS T R £, O V(0 ft ) N
B8 RS, ) T A% 2, () B 06 7 RO A i (0)=V{®) > |, v(r)dr. (28)

SENE H ARSI G- BA AR SR S5 AR E 1.

QDAY (1) <0, V(0) =V (t) > 0 .



1

SIS PIBEAEAPIA S AT BRI 1] 2 A4 ) 153

e, lim f: D (r)ArfFLE BLAT T, WS 537
lim () = lim 3 [B]Si] + kS?] =0, (29)
—00 —00 ;1

X LML IERL, He,, f,-, My, €; € Loo, BRI

%, ﬁ?%?ﬁﬂﬁ/ﬁﬂﬁj‘?ﬁ wﬁ%@iﬂt
¥/ 512 fi2 EN? 77%2 m;T; o
Vi=Vi- oo — 5 — —— — = 5 P
2y 2y/ 2y 2y 2
(30)
X H R S5
‘Z‘ = miTiSiSi k|5 |+ (h + A )’S |&i—
(h+ N )S fi + i Ai(t) S, (31)

.yjémﬁvmuéz S L —&|Ez| g éia ’.fl| g Fia
| < M, || < &, BEk

k> (h+ Z“Z )Cilv? + 2rvias] + (h +

M| Ai(8)] + (

gv;
A
ov; . _ =

A )Ei + & (32)
FRE)RNAG) A2

[ 9
<&V 33

& -2 ks 0, TRAGIH)TER

m;T;
Vi < —kéﬁ (34)

(K, 5 RGN KR AT R
V<3 (kEY V) <~k 3 (VT < kT

(35)
ArhE XE, = m}n@, H R 0<€ <& 38
TEER: V() AR ZIHZ A FH, R R PRI
) AL SR 2. AR BE L, S (¢) Fe; (¢) AEA BRIN A] A

Vit

Vi < —kS? — &S]

WSR2, TR/ R i S 9 DA SRS 1. 17 32
AT, WS AT,
2 \
T, < ,g(V (0))2. (36)

EH.

A3 LIRS LRIIE R G A FRA R Pk SR,
NHAE B R GRS BT, BELEAT BRI ] Y YAc 8k 3 I
R, BVRGURZS €4 (t), &, (¢) 1EAT PRI TSl .

IE S ANET R U R RR A
Vi(t) = le®)]- (37)

RGEARNEA, s;(t) = O, ORNFE ST/
Ak, A A HI L |0 < 6, ONIEFHL, Hik
éi(t) = —cisgn(e;(t))|e:(t)|7 — 0. (38)
xR (37) R G A
Vi (t) =sgn(ei(t))é(t) =
— sgn(e;(t))e; sgn(e; ())le:(t)]? —
sgn(e;(t))0 < —cilei(t)|
Vit e, (39)
M4 B4, e;(t), é;(¢) ¥ 1EA BRI 1] 3 e SR 5
RURNERIEN, BSOS TR T, i 2
T, <
(U(1 = B)ep

JVI2(0) = (O/(1 = p)e))! =277,

(40)
;iEF‘:,B:%, 0<p<l. iEE
322 XAEGEHIESEW

A1 30(16) 2 TR I AN E ORIIE R S 5 BA
FIRGENE, ARSI NS, A arr:

) {qs,- “S =01l
qS; 1=mn,
RA@ADF, i € vy, q > 0, IL; ()5S (1) AR N
II(t) = QS(t). (42)
g n IR et Iy IS PRy VA E
II(t) = qSi(t) — Sip1 =

oa? ov;  u;(t)

R e b wol!

m;T;

—a;(t) — [ (v + 2mvia:) + fi]+

T; m;T;
Di()} + Sles®] Feilt)} = Sivr. (43)
NfERA3), 58 X P;(t), BT F:
ov;
Pi(t) = qlai—1 —a; — A; + fzm
Pt Sle®] Fa] = S0, @4
ragEcilkr /I

u; =

a;(t)—

. A k
é(v? + 2mvia;) + fi + U sgn(11;)+
_|_

k min A
ov; -Pz +&; (t) Sgn(ﬂi).

(45)



154 oW OS5 MM %40 %
Wit HiE N AN
¢ =~q(h + %)]L(vf + 27v5a4), p= ! 5 (52)
;4 075- L+ A+ ho(t) + V(1)
fi=rla(h+ ), 24,
. oty 16) FTEQ(p) = po, H
i =AM P, I, Q(P):P(\/(O_)z—g(L+A—p)—O_)'
T2 FELEWN Q) T EH =1, 2, (53)
<, GG HIERE46), TR T & umlg ) H) R
A T 22 (45), FTSEI 4N RS R ER EAE ], HAR 0Q ( (%)2_ %(L+A—1)— Mj)_
F IR 245 T A £ 0 A RN IR, BT (1) op . . P
FHS; () AT AR I A BRI ] W S, TR BR iR 2 e, A, . 54)
HLE A BRI ] Y 8 2. HL240 < |q] < 1, REAR . (hAm))2 24, (LA })
ERA RGN TR PN o P
UEE A ALE R AT A0, 2R PR TR N 4= BA R /?\(?9762 — ORISR AT ., AT TR
(55 %R A PRI ) f2 e 1. NI (t) = qS;(t) P 1
— S EA PRI TA] A e 21 2, M40 9 A B RS e P e Der = ST (55)
X, AT (t) = 0n A3 R 2(L+A)+h (+U)m
glés(t) + csgn(es(t)) e (t)|*] = TFE,

éist(t) + ciprsgnes (t) e (£)]7. (47)
X (@ 7) AT Ry A 1S
a[sEi(s) + ¢;Ei(s)?] = sE1(s) + ¢;Ei1(s)2.

(43)
1Fjj<iﬁclﬁ'\j‘fﬁﬁiﬁ, ﬁci = Cit1, ﬂ?%l‘
Eiii(s)  q(s+ciEi(s)"7)
- | 49
Ei(s) s+ cip1Eipa(s)"2 @9
HO7 RE PRI R PR, P4 A R 5 R
lim Gl(S) — lim Q(S + CiEi(S)_E) — q2. (50)

50 5205+ ¢ 1 B (s) 73
M0 < || < 1,[|G(s)| < LB, REARIE R S8 (158
BAZ RS E L. iEEE.
4TRSS R BT AR 1 R, A
B Hisat () RAVE AT B IFESE BN . 2]a| > 1R,
& X sat(a) = sgn(a); Mlal < 18, sat(a) = a, SKHEZ 5 {5
E RS [E] BEARZEAEAT BN T A SR 2
EIB 3 BEEWIFEAL3), 4G xR
W& (4), BEPRIEEBEN G\ RSl AS e 1.
IE BT EEMROR, EE A RGIA BRSNS, 450
(1) 22 4 R B AL BEERAHTR], FT 45 Squaa,i (1) = Squaa(t),
v;(t) = v(t), B L Squaa(t):

av?(t)

Squaa(t) = L+ A+ ho(t) + oA

(D

4 iR RNH

T B AERT RS A SRR 2, 7TEMATLAB
ISR AT O B, S IR A ST TR H 1 42 A
I RE AR R, RSO T M AL 1) PRIR
FNEER T I ZE PSR R 45 2) BDIR AR ZE G N B 42 BA
PREFFE . FE07 A, BRSNS B A5 2R
FIAGHRERBE ZE A R, % RO S FE N ST B
ETE FATI, WA EATAEIRAS po(0) = 0, vo(0) =
0, 7EORVE TG AlEFE XU 15 50 T, 2R Bl 25 I W) A6 IR A
pi(0) = [—24, —48, —72, —96], v;(0) = 0, i KL 5L
BERAIN60 s, HAR @ H B REFIE 16 m/s. ARG REL
SR, 17], BB M S50 [F), Bk 2R3
WML R, Hod: BT Em, = 1607 kg, 7<)
FHlc; = 0414, T T R ELS, = 236.2, KBNHLES
[ 8, = 0.25, B EMERK BN = 4 m, FARK)
BEFEA _;, =Tm, %2 7o =0.2, iiRK (7]
Nh =012, B h,; = 1.198 kg/m?, B AR
A; =225m?, FHMH NI RZBC,; =03, 3H 1 &
Hr; = 0.015, EIJIEEE g = 9.81 m/s?.

FRREXCTAECS B =4

Table 1 Control parameters of vehicles

m; ¢ fi T Ay b Am
1607 0.414 2362 0.25 7 0.12 7

A; hai i g Cai o l;
2.25 1.198 0.015 9.81 0.3 0.2 4




1

SIS PIBEAEAPIA S AT BRI 1] 2 A4 )

155

I D; () = 0.1 sint, 4B\ I0TE 45
wr, HAA a2 s,

0.5t m/s?, 1s<t<4s,
2 m/s?, 4s<t<8s,
ao(t) =
—0.5t +6m/s?, 8s <t <125,
0 m/s?, t>12s.
2.5 T T
20} |
< 15} ]
g
Ty 1
iﬁ
=
05 1
0.0 1 1
0 20 40 60
t/s
(a) SN ik i
15F 1
g 10F 1
!
= | |
0 1
0 20 40 60
t/s
(b) BN

K2 SRS

Fig. 2 State of the leader vehicle

4.1 PF#HHpEEH

X843 BRI E F 1 P T A Bk,
HHYE AR 2 Hic=1, #H 8 S 3k = 500, k = 40, 1
HARINEB TR, Bl 3(a)-(0) 73 3l i2 A% 9 R (po
— p)MRE R R (vg — vy), TR R RGAERE T,
R SCILAL RS BRI HL I BEAS 8 PRAFAE 16 m/s, E3(c)—~(d)
ST RS IR AR 2 (ep — eq) FIE AR (Sy — Sy)
(1K 2. 15, LN RGAEPFIRING R T, KLAI7E
25 s, [A]HE % 22 e S USRS B0, AT Sl EEA 7R A &R
GRS R P BR R . e ) SR RE S S A R St
(1 TR BE 5% 22 70 AT PRI R] Y UL SR B0 RN R S 1) 55 BA A At
EE.

1000 T T
—Dy
800F —D
D,
600 —Ds i
g — Dy
& 400 -
i}_[
200 E
,200 1 1
0 20 40 60
t/s
(a) hif%
20 T
15 B
n
E 10 .
~ —
b o
: 5 ‘:‘ U, i
| —,
— Y
ok . 4
0 20 40 60
t/s
(b) HE
15 T T
— el
R eZ
€;
g 10 — e, B
Pl
i
L2
Z 4 i
0 1 1
20 40 60
t/s
(o) [HBRiRZE
6 T
— 5,
5 —_ S2 A
S;
4t — S, :
1=
® 3 .
Hr
2 -
1 L .
0 1
0 20 40 60
t/s
(d) TEART

K 3 PRIRNE I AR

Fig. 3 PF topology simulation results



156

7w oo 5 MM

40 %

4.2 BDIRINEH

A4y T BIGIE i FE2 TR T e A i Bk, B
F¥q = 0.9, IS = 3, k = 300, k = 40, 1}j

HERIME4FR.

Kl 4(a)—(b) 7 5 37 42 BA R G IS B BR RO 7%
FREFRZEC R, R IIAHLR 508 A i (8] BE AR e AR
SE MBS F 17 m; B4(c)—(d) 73 57 e om ZE BA 2R G ) i
F PRIERANTE R BRER IR 22 0 &R, R B RRAMERBE 27 As e
i, #AE LL16 m/sPTE B ER IBE AN %2, Ed(e) Rn %
PN SR G DI FEERER R 25 B 4()—(h) 73l 3R R 4]
PRIRZE | VAT FIRE S AT (11 ~ T1) [ R R,

1000
800
600
g
® 400
:131
200
0—o”
-200 L L
0 20 40 60
t/s
(a) %
-14 T
-16 - i
g
— -18 4
B
oK
R o0k J
— D= D
-2 H e
| — D4s—Ds
-24 ] :
20 40 60
t/s
(b) (i Rr%E
20 T
TV}
£ |
oy —
i L vo
® |
} - |
C— ’1)3
— Y
20 40 60
t/s

(c) H%

HWERZE /(m - sT)

JEE / (m - s72)

lEE R / m

HEg]

10 T T
— V=7
— U=
V3=
i — V=Y
0
_5 1 1
0 20 40 60
t/s
(d) HIZiRZE
2.5 T T
P a/O
R a] T
a,
P a3 =
—a
70‘5 1 1
0 20 40 60
t/s
(e) Ini Sz
15 T
— g
S— 62
6
— &
\\\ -
\\\
N
A
>
18 20
20 40 60
t/s
(f) AR IR ZE
6 T
— Sl
5F - S2 .
S;
4 —8, 4
3 d
2F J
1F d
0 ' '
0 20 40 60
t/s
(g) VBT



w1 AT PIERZE RN BT R £ o A2 1) 157
5 20
5,
4 —8,
S, 15t
g — S5, W
= .
g g L
2} 2 g 10
BT i
1F |
0 P
o 20 20 60 0y
t/s
(h) FAE IR

K 4 BDIRHNEE R AR
Fig. 4 BD topology simulation results

NI4T 1S, RGEBDIINGE T, RATELS s
B, T8]PE % 22 RERZUCSI N0, AT SEEVEEAN RN R ST
RLFS 3 P AN B BR 5E. 5 PFh P45 /AR b, W8t
FE T 2010 s, EL IR A (90 76 7 BRESH ] 35 51
& SEHE, IR E M T, RN E S
PEREW] A2, Bl les| < lea| < -+ < e BBI%E
il S35 B % S B AR 40 1) [A) PR R 22 76 A PR BS JR) Uiz 8
FloAn5E A FIRe e P, IF A B A R AR S
PERE. BN B FOR L H LI G, 158 4240 Bh A
FFEACER LS.
43 XFHsERQ)

Rk — 20 A AR ST e 4 ) A P RE, 5%
235 1) 4 M VA ) 28 2R AT A, SR FH TR (171 )
PID ¥ T 55(1) = é5(1) + anes(t) + jot e:(7)dr,
KRR R, B A IE R S8, = 0.8, ap =
0.6, WU 2 S5ASC— 3. Wi h 2R MRV AR T DA A AH B
Ryl es, RS RWESHR, 2t T ENRSR
PINEFS  THEE S [AIEERZE | TR PRAS, AT EEEf 4.2
(1477 B, AT A AR SO H I Sk USSR B Ll AR S )
TR BAORZ)10 s, HRELEA PRI ] Py S22 5
2 fERE, EEHRIS R B0,

600
—Dy
—D
400 D,
—D;
—D,

200

i /m

—200
0

t/s
(a) %

2.0

[ %% / m
S

<o
W

&=
(=]
T

|
=
n

20 30 40
t/s

(=]
—_
=y

g A

(d) A
K5 XfELsEe 1 i s R

Fig. 5 Comparison experiment 1 simulation results

4.4 XTHESEEG(2)

Sk [16]7H K 1R E % B RS A FIFa E
P, SRFSCHR [16] 70 1A s 4%

wi(t) = X [ko(si s,
JEN;
ko (vi —v;) + ka(a; — a;)],

EHlas S HHUE, k, = 50, k, = 60, k, = 70, KH X
AR AL, WIUG S S AR S 2L, 1 B85 R an e pr
7N, KSR 4 2 BT BDIRFNE A N R R, 715

—dij)+



158 B owo#H w5 N

AR P EVERER AL |es| < lea| <o < e, I
R [16] AN 2, X% ZE AR P Rz i JE 4 B2, 28
FITIR, A SR I 7 V18 S A4S 21 T 1RGP I BRAIE,
B AT LASEIL R S (KB AF RS e L.
5 4w

ARSI T AR SO 2 MBI 4
AR ER 2] 1)@l 25 & PRI TR BES, $2H 7 3£ TPF,
BD I S5 P01 1 5 16 110 53 A7 2 1 3 7 4 ) B 9.
TEIX AN LTS, R4 0] R R AR (1) R) PR S PR 4%
i, CRUE T ARG FIFTA (S 5 #OE A R [ fs e
(1, FESZIL T AR ATl R A e 1

600 T T I
400
g
% 200
&
0
_200 1 1 1
0 10 20 30 40
t/s
(a) hif
20 T T T
15+ / B
5‘; /
g ]
~ —,
i —
b 1
(&3
— h
=
20 30 40
t/s
(b) HE
15 T T T
‘ — Qg
‘ —a, |
a,
— a/3
—a,
75 1 1 1
0 10 20 30 40
t/s

(c) W pE

40 %5
2 . . .
g s — €
Hd —e |
= | —e
E —e
1
35 40 1
,6 1 1 1
0 10 20 30 40

t/s

(d) AEEiRZ
E 6 XfEbszaga el R

Fig. 6 Comparison experiment 2 simulation results

XFF R ZE AR G, T de K AT R B o3 [
SE BN RN G ARBN 5. SR, AR A vHE A M A —
ANFLSERZEAM, DR, O f) 2R A e 1R 42 ) D iE
(SLIFI

SE k.

[1] CHU S, MAJUMDAR A. Opportunities and challenges for a sustain-
able energy future. International Weekly Journal of Science, Nature,
2012, 488(7411): 294 — 303.

[2] SHENG B, LIE, QING X H, et al. Robustness analysis and controller
synthesis of homogeneous vehicular platoons with bounded param-
eter uncertainty. [EEE/ASME Transactions on Mechatronics, 2017,
22(2): 1014 — 1025.

[3]1 GUO G, LID D. PMP-based set-point optimization and sliding-mode
control of vehicular platoons. IEEE Transactions on Computational
Social Systems, 2018, 5(2): 553 — 562.

[4] PLOEG J, SHUKLA D P, NATHAN YV, et al. Controller synthesis for
string stability of vehicle platoons. IEEE Transactions on Intelligent
Transportation Systems, 2014, 15(2): 854 — 865.

[5S] GUOG,LIP,HAO LY. A new quadratic spacing policy and adaptive
fault-tolerant platooning with actuator saturation. IEEE Transactions
on Intelligent Transportation Systems, 2022, 23(2): 1200 — 1212.

[6] ZHENG Y, LIS E, WANG J, et al. Stability and scalability of homo-
geneous vehicular platoon: Study on the influence of information flow
topologies. IEEE Transactions on Intelligent Transportation Systems,
2016, 17(1): 14 - 26.

[71 GUO G, LID D. Adaptive sliding mode control of vehicular platoons
with prescribed tracking performance. IEEE Transactions on Vehicu-
lar Technology, 2019, 68(8): 7511 — 7520.

[8] LI'Y, TANG C, PEETA S, et al. Integral-sliding-mode braking con-
trol for a connected vehicle platoon: Theory and application. /EEE

Transactions on Industrial Electronics, 2019, 66(6): 4618 — 4628.

[91 CAO Y C, REN W. Finite-time consensus for multi-agent net-
works with unknown inherent nonlinear dynamics. Automatica, 2014,
50(10): 2648 — 2656.

[10] KWON J, CHWA D. Adaptive bidirectional platoon control using a
coupled sliding mode control method. IEEE Transactions on Intelli-
gent Transportation Systems, 2014, 15(5): 2040 — 2048.

[11] COPPOLA A, LUI D G, PETRIOOL A, et al. Distributed fixed-time
leader-tracking control for heterogeneous uncertain autonomous con-
nected vehicles platoons. Mediterranean Conference on Control and
Automation (MED). Puglia, Italy: IEEE, 2021: 554 — 559.



1 A ICZEARA S PRI ) Loy s ] 159
[12] VERGINIS C K, BECHLIOULIS C P, DIMAROGONAS D V, et al. Transactions on Cybernetics, 2018, 48(11): 3243 — 3253.

[13]

[14]

[15]

[16]

Robust distributed control protocols for large vehicular platoons with
prescribed transient and steady state performance. IEEE Transactions
on Control Systems Technology, 2018, 26(1): 299 — 304.

GUO G, LI P, HAO L Y. Adaptive fault-tolerant control of platoons
with guaranteed traffic flow stability. IEEE Transactions on Vehicular
Technology, 2020, 69(7): 6916 — 6927.

YANG Z, LI S E, LI K, et al. Stability margin improvement of vehic-
ular platoon considering undirected topology and asymmetric con-
trol. IEEE Transactions on Control Systems Technology, 2016, 24(4):
1253 — 1265.

LIU Y, XU B, DING Y. Convergence analysis of cooperative brak-
ing control for interconnected vehicle systems. IEEE Transactions on
Intelligent Transportation Systems, 2017, 18(7): 1894 — 1906.

LI T, ZHAO R, CHEN C, et al. Finite-time formation control of
under-actuated ships using nonlinear sliding mode control. /EEE

[17] GUO X, WANG J, LIAO F, et al. Distributed adaptive sliding mod-
e control strategy for vehicle-following systems with nonlinear ac-
celeration uncertainties. IEEE Transactions on Vehicular Technology,
2017, 66(2): 981 —991.

[18] SUN Y, CHEN B, LIN C, et al. Finite-time adaptive control for a
class of nonlinear systems with nonstrict feedback structure. I[EEE
Transactions on Cybernetics, 2018, 48(10): 2774 — 2782.

& A

;o B, LA, ARG R RO Ee
AL HIFL, E-mail: geguo@yeah.netn;

RXFEME LTI, N REAE T /L, E-mail: 787916828

@qq.com.



