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A Design of Ecological Vehicle Platooning Control System
Using Model Predictive Control
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Abstract: We propose an ecological vehicle platooning control system using centralized model predictive

control. A model of the vehicles in the platoon considering vehicular aerodynamic drag is established.

In the proposed control system, fuel consumption of the vehicles is considered in the performance index,

and information of the curve is used for prediction to reduce the fuel consumption of the vehicles. The

proposed control system was simulated in the case of platoon formation and driving with variable target

velocity. The significant improvement in fuel economy was achieved by the proposed control system.

Keywords: Ecological vehicle platooning, Aerodynamic drag, Road information, Model predictive con-

trol, Vehicle control
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Fig.1 Air flow profile around a platoon.
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Fig.2 A platoon consists of N vehicles.
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Table 2 The parameters of C;.
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Fig.14 Engine characteristic map.
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Table 4 Parameter of the fuel consumption function.

h1 -5.119%x10~7 h1o 1.359x10~2
ho 6.650x10—6 hi1 7.488x106
h3 -4.025x10~7 hi2 2.096x106
ha 4.512x1075 his -3.032x10~4
hs -9.257x10~° hi4 -1.059x10~4
he 2.934x10° his 8.819x10°
hr -5.725x10~4 hie 1.346x10~3
hs 5.018x10~% hi7 -3.166x10~4
ho 4.112x1075 his 2.705x10~*

i BRHR T H Y, Bl IR < B0,
(17) REKRO & 5 RSB CTERT 5.

fl(t) = <fc'rui.se () + faccel 1(t)>Wl(u’b(t))7
fcruise z(t) =

SN ho s 0 (O (i i(8). i 11 (1)) |

k=0 1=0

Facoel i(t) = (m(t) + gsinf(zs (t))) x

2 2
ZZhIS—Bk—l 0P () C (dim1 5(t), di 41 (D))
k=0 i=0

1

Wz(uz(t)) = 1+e*w1“i<t) )

(18)

ZIT, fi 13 fi OB, feruise i REEEITHHIES S
BB, faceer o VINHGEFTREC BT 2006, W, 1T fi %
(T 570D 7EA FEETHD. hi—his 1T/3T7 A—X
T, ¥fli%x Table 4 2777, wy =120 &1 5.

4.3 L&Y HHlER

4.3.1 LQR &I

LUF, LQR E£HH#I#%% LQR & W3, HmOHES D
HEEET MTAEEITIRE (v =07, di1 ¢ =d") O
TS 5. W, BEEh) - HIEh D, AT R OVE R PR
L HE & ORI Sus, OF;, Sui, 6dii1 s &L, W
TR

Sui(t) = vit) —v*
SFi(t) = Filt) = fis — failt) = fus |
Sui(t) = ui(t) = fai — foi(t) = fui
Sdioy i(t) = dioy i(t) —d" (19)
DI R EETREOR ORI T, Yot T,
fii = G pACH ) (20)

AR A IR L, (20) LY Sv;, 6F;, Odi_1 ; %W
T TR LS.

d 1

ﬁévi(t) = E(Fi(t) — fai(t) — fm') )

7



14— 2 - gk IS

d 1 1
aéFz(t) = —;5Fl(t) + —léuz(t) s
%(Sdi_l Z(t) = 6Ui_1(t) — (S’Ui(t) . (21)

fai =B vi, dic1 i, di i1 OBEERRL, T4 T —
JER L C UL Lo AT 5 L ke 72D,

fai(viydicy iy di iv1) = fa(v",d",d") + ;i dv;
+8i ddi—1 i +vi 0di i+1

= 8fai
1 T b
dvi vi=v*, dj_1 ;=d*, d; jy1=d*
B' _ 8fai
i = a7 )
Odi—1 i vi=v*, di1 ¢=d*, di j41=d*
8fai
Vi = (22)
9d; i1 vi=v*, dioy g=d*, di 41=d*

(20) K> 6F;, (22) K& (21) K> Lov; ITfAT B L, &
AR HND.

1
m;

—7:dd; i+1(t)> . (23)

LQR PR 2T 5 72O ORI L Lok =
KD X YTk 5.

%(5’02'@) = <5Fl(t) — aiévi(t) — ﬁiédi,l Z(t)

z(t) = Az(t) + Bu(t) ,
LL‘(t) = |:5’Ul 5F1 (Sdlz 51}2 5F2 5d23

T
0dny-1 N dvny OFN s
T
u(t) = [5u1 57],2 - 6’1,LN y
[—oar L2 o o0 0 0 0 0 ]
1 mi mi1
o -L o 0 0 ... 0 0 0
T1
1 0 0 -1 0 0 ... 0 0 0
0 0 —B2_oa 1 7 0 0 0
mo mo Mmo mo 7
o o o o0 —-L o 0 0 0
A= .
=]l 0o o o0 1 0 O 0 0 0
0 0 0 0 -1 0
0 _BANn _an _1
myn myN My
0 0 0 0o —-L
L TN 4
- T
0oL o 0
T1
0 0 0 %
B= ; (24)
000 0O 0 0 ... 0 0 L
L TN

Al B & 2 B MET 2 BB AT NIIRAD £ 51278 5.
J = /00 (:ETQ{E + uTRu) dt , (25)
0

uror = —R'BTPz(t), t>0, (26)

ZIT, QBEEERATMTI, RITIEERMMITIE T
5. PidkoREY v FHBRA A w7

ATP4+PA-PBR 'B"P+Q = 0. (27)

4.3.2 (EEDOBKFIFETHIE
LU, 1EROBRFNAETHIERE CVP L. —HBHOD
B O ASIR O B EEEHIEEEE (ASCD) CThx 5.
t
ueve1(t) = k(v =ur®) + [ k(v —0r )t (28)
0
“HEHEM”S N BBFEFTOEHFHOAN ucvpn (n =
2,3,..,N) kX ThHsr'.

ucvrp n(t) = fan(t) + fgn(t) + fpm(t) + mnusln(t) )
wan(t) = o [Enea(0) + (1) — drén(t)

1+4gqs
s (0a(t) =01 ) -AS.(0)]
Sult) = ént) +qmen(t) + a3 (valt) = 01 (1))

+qu Z ex(t) ,
en(t) = d° — d:H n(t) (29)

:‘:‘T’ k”" kp) q1, 43, 44, A bj:ﬁ?;k; Usin Sn bj:quE'EJ/jAK
B, en IXHEMBEREL ZOHEME DETHD.

4.4 FHE#IIaAL—IaVORR

ZITHE, ZAOHENLRLEEASIENSG LTS, B
FEETE & BIRBIEREL O N L— RA 7 &5 %, KHIHR
DIRTG A= EFE L. MPC OFBEARZRAOL ST
e L.

wo(t) = 96+ 5000 [0(z1(t))], wa = 18,
we = 0.006, wy = 10000, we = 2000 .  (30)

F72, Umae 133 m/s?, FHHXH T 12 10s, 27V
JEH At 13 0.01 s EEE L. REHEET C/GMRES
HEE RTINS LQR OBEAFANITRAE Lz,

Q = diag[ 1.00 1.13 0.15 1.13 1.44 0.15 1.25 1.75 | ,
R = diag[ 1.88 8.75 15.63 | . (31)

CVP O/8F A—H51% k, = 473.6, k, = 44.4, ¢1 = 0.6,
g3 =38, =035 A=1.0 ERELI.

FHIERNC X 2 BEOMRENE T O IRPEERRE GRESHE
MEEBEANZ LT 258) IK8ind. 22T, (1) =REIERD
oD DOELT, (2) BALHENET DREOETO D ORE
ORMEEEZD.

4.4.1 EHEBEK

ERIT N OER E TS, EOPBIRE (¢=0) X
v1(0) = v2(0) = v3(0) = 90 km/h, d12(0) = d23(0) = 10



BIRE D120 O 7 )L F RIS EATHI#E R OR%E ~15-

-

v; [km/h]
L=}
o

diz, dos [m]
=)

2
% 5 10 15 20 25 30
3
T,
£
g el
£ = s
30
0 5 10 15 20 25 30

Time [s]

Fig.16 Computer simulation results of the MPC in
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Fig.17 Computer simulation results of the LQR in 4.4.1.
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Fig.18 Computer simulation results of the CVP in 4.4.1.
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Fig.21 Computer simulation results of the LQR in 4.4.2.
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Fig.22 Computer simulation results of the CVP in 4.4.2.
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