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Abstract : In this study, a novel method for setting a target inter-vehicle distance is developed to enable platooning between
heavy-duty vehicles with different loading weight. To this end, the minimum target inter-vehicle distance for a platooning
operation is computed by predicting the maximum deceleration in the longitudinal direction after considering the loading
weight of all vehicles in the platoon. To prevent control error and delay that may occur due to differences in the loading
weight of vehicles, the inter-vehicle distance control strategy of each vehicle is proposed, which compensates the minimum
target inter-vehicle distance for longitudinal control error of the preceding vehicle in the platoon. For the longitudinal control
of heavy-duty vehicles, an SMC(Sliding Mode Control)-based robust controller is designed to track the computed target
inter-vehicle distance. The proposed algorithm is verified through a total of eight scenarios, including four cases in the
difference in the loading weight of vehicles and two cases for emergency-braking and acceleration of a leading vehicle in the
platoon. Simulation results show that the proposed algorithm can ensure the safety of platooning performance without
collision between preceding and following vehicles in the platoon. These results also demonstrate that the proposed
algorithm can improve the driving stability of the platoon, compared to existing strategies.

Key words : Platooning(%] 5= 38), String stability(t & <+747d), Crash safety(5& F%17d), Autonomous driving( A&
4Y), CACC(Cooperative Adaptive Cruise Control, 3 2] 4-3-=3}4] o 7]), V2V Communication( 2} 7+ E41)
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Table 1 Inter-vehicle communication (V2V) signal

Direction Signal
LV to FVs Emergency-braking flag
LV to FVs Minimum allowable spacing

LV to FVs Target inter-vehicle distance
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Table 2 Manipulated variable 1 of scenario

No LV (Maneuver)

A 80 — 0 kph (deceleration : -6.2 m/s?)

B 50 — 70 kph (acceleration : 0.25 m/s?)

Table 3 Manipulated variable 2 of scenario

No LV (GW) FV1 (GW) FV2 (GW)
1 m, my +13,450 m,
2 m, m,, 113,450 m, +13,450
3 m, m, +13,450 m, +6,725
4 m, m, 16,725 m, +13,450
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Table 4 Scenario used in platooning simulation

No 1 2 3 4

A A-1 A-2 A-3 A-4

B B-1 B-2 B-3 B-4

Table 5 Strategies used in platooning simulation

No Strategy Parameter Annotation
1 CTG 7=0.5 CTG(TG=0.5)
2 CTG 7=1.0 CTG(TG=1.0)
3 CSF k=0.25 CSF(k=0.25)
4 CSF k=0.5 CSF(k=0.5)
5 PROPOSEDI1 - PROPOSED1
6 PROPOSED2 - PROPOSED2

218 BRAFAZES =2Y A31A ABE, 2023

51 2AE A2l

HE Wl A A el o] - EAES zf;; 8} 3
23}oll A 80 kph2 G4 Z¢1 thd o] Lv7} % ] Eape
A2 2 A1 ~ 4ol thaf Al E o] e ng@ 717
2] 247 Heke 7] 219l CTG(T G:o 5) CTG (TG=1.0),
CSF(k=0.25), CSF(k=0.5)%} #l| ¢t 4121 PROPOSEDI ©]

rlr
N
N
o%

A

H‘.

o). #7h2 A4 e} 2] e waa 4y}
32} Qo) Ao s TAR FUUL 2 A%
o) A% Ae] 2olE Mma] 98, BE ko] T

Ql AdElE AE wHMEe] AvEle Aol g
CTG(TG=0.5)5 A &3t Al glold AatE F7tsto] &
Al vl aLs}el T,

Fig. 72 AU] 2 A-13}F A-20] T3k A E-dlo] A A3}
E Uebdth A &gk oA o] A e A depd
S dejate] FHEskglom, AlEdold A T
o] X5 7 Abge] X5 Wk o] A4S e U]
ol MR mpA A2 ZF 2Fe] CGH o=, UK wiA
AL LV7E 545 A A AT, Al mbA 23
2 LVE] FAE°] A=k o] % LV, FVI, FV2 % 3tj9]
o] ehd 8] Aabgh Al S e ek 2] F
AbolE Ol A2 72y A5k Als A E vebdh 7}
2peke] Y| B e}l AR mA] A He BE CGHS ust
7] wiZell, Lv7F S5 Als = Al &bske Al el o] Zh &)
& Alo) o] ApgEA B = U B whA A4 Afel o] A e} &)
2ke] ZJo] ¢l L(=10.7 m)2] 2F= AXE™, A tfo] 2}
o] X7 Ax}gE Al R el A o] 2t xpuE Abo] o] A A e =
A B wbA 24 Afol o] Al el L] A= ALkt whet
A, A3t T szo A mpA = AR upA 2 H Aol 9

AeZE L] A9E, ol T W] A8 L F 2ol
A 7Y F FE0| WAl Bl Hol TR

=5 9|t

AUl 2 A-13F A-22] AlEH oA A} 1o A,
7HE Aekel] gl A HA FH LS BE xfgko] )
AR A E R Y Dol CTG(TG=0.5) WS 2483

BGEA, BE Apge] AT ANN TS 2] W
of Lve] FAE A2 Aol A 2zt 2} Aol o] 24317
2)e} mE Apefo] bk A o)A 7 2h apo] o] A3k
A e SUsHA oF 132 mo|t) o] o} &), AA|eS

ek A o] Bgol A 24 Q) 2ere] Pojxl
AEA 2 A Lvel FAE A2k Aol A el 217
AR Aol A o) 2z el M2
T AL SAE 4 gom, ol BAETe 100 %E



Y483 2YTYE A% A2AHE| Ao M

A g Aepe] AlEA =
1

%
147 mybE Aol 21& &

7} A= e gis) 55 %Xd* = Q 0}71 A&k
;(]-7]—7{;4 H 24 Z] E‘Fo] m 1—%
QXM= %%Xigi A ﬂ%"éﬂr vl HA el A
Z+2y Lvel FVIe] SEo] ¥ <}
o], o]= AW A 74]%}011 -‘ﬂﬁH A FrE A
&&= CTGSF CSF W21 54 wjEels & <+ Atk
Al )], AAWGTE 2A AAe A
u WA o] Aol d Aol 2
ZEAE(CF 132 mE <lal FAl% 5
A= WA AAATE A 24T
AR A o] AlEd ol Aael o], XA
A o] xFEAR](9F 24.3 m)E 13l TP o] o] H o]
Atehd = odeh A3bA 0 & CTGS} CSF 212 b
Al whE Hd AlsAwE kA Fal AW
Fo Rk o) EeE S & Ak o]o &, =Y
31400 A ARFEE WS 285 7 AL 2.9] oAl |
A Dol A= Lvel FA4llE A1ZF A - ol A o o] 2k
A (SF 193 m)E FAIsk] FEo] WA - iAok
y HA dE 1ot 52 23S, A HA e oAl A o
oﬂip}_‘: .,__. ;(}2_]_ _IQr ]3]__]—1 1_‘: 7-1& ol-/\ o]r%
gk W= xpEFo] gk Al ol A LV e FV1e] xFHA
2= k25 mE o] A= HA 8 7 2 mE v

—— CTG(TG=0.5) (=0, m=0, m=0] 8]

— CTG(TG=0.5) = A

m— CTG(TG=1.0)

—— CSF=025)  py2
CSF(k=0.5) M T
PROPOSEDA

LV

FV1
Fv2

(R

<40 20 o
Global Coordinate X [m]

Fig. 7 Simulation results of scenario A-1, A-2

fo 2 »x h ox ot
N

Table 6= Fi

el A1

g. 7914 AlvE] 2 A-19] AlEEold 4
£ TR A7 Folth Ay A1 H
~4) Tl LVel FV1e] T3 2po) 7} 71

Als Al

Z e GEl=, AlvEl e A-19] A3E Fel = A
’d Frol vk At
- ek

Fig. 8-> Alue] 2 A-33} A-40) T3t Al &2 0]
= Yehdth Aua 2 A-13F A-200 A 9} 2ol
o] Tk AeHE A Ll CTG(TG=0

Ao Avg

Table 6 Simulation results (LV-FV1) of scenario A-1

A A3t
RE

Apa oz eld

2F

5) W

Inter-vehicle distance (m)
No Strategy
80 kph 0 kph
1 CTG(TG=0.5) 132 Collision
2 CTG(TG=1.0) 24.4 9.7
3 CSF(k=0.25) 13.2 Collision
4 CSF(k=0.5) 243 9.6
5 PROPOSEDL1 19.3 2.5
= CTG(TG=0.5) (m=0, m=0, m=0]
m— CTG(TG=0.5)
= CTG(TG=1.0)
= CSF(k=0.25) Fv2
CSF(k=0.5) |- = A
PROPOSED1
L
B-------o-- ‘
R &
Fv2 - T
- R A
FVi
e N N
& A
(K73
A N
" £
v
Fv1
Fvz
[R'3
Fv1
Fv2

0

40 20 o
Global Coordinate X [m]

Transactions of the Korean Society of Automotive Engineers, Vol. 31, No.3 2023

219



Yunchul Ha ¢ Taeyoung Oh * Jaeyeon Yoo * Jinwoo Yoo * Seunghoon Woo

A& A8 ez g Addte] e A WA H =R
LVe] F A5 A& A9 B &F
zt e Atol o] A E(9F 13.2 m)= %O—J*‘s}fﬂr 12
o] & AL g A A E 2 A5
A= 2 B2 100 %, 50 % ﬂZ} ] HSP FVI,
FV29} A1 1] & A-40l 3= 50 %, 100 %= 2H2 2] A )
FVI1, Fv29] 4ozl AlsAZ = 3] Lvel J45 A%
A AT B xpFo] AxbgE Al ol A o] 2FxhA = A

2 o0& AE E1E 5 vk olw) A 50 %E
AANeE 2pge] AlsAR = 3 e A oiv] <F
84 m, 100 %E AT 2Fe] AsAZE AlvE e
A-13F A-20l A 9} o], oF 147 mubE dojxl A& &
T Atk Al 2 A3l A = T H A D 3 ] A o
Aol A 2H2} LVeL FV1 S| F&Eo] ' Algh 21 gl e
A=, o= A o7 FFo] Tiue 2kl Als A
27F #7] wiEel™, Lvel FVIS] A A|=F x}o](13450
kg)ll 13 Al A] 2Fo](14.7 m)= = A S
oA Aoz o drct v Ayl e A4olM = F
HWH i 2 ] A ol A FEo] WAlekA] o8 A

glgt = qlek o= g Wl LV, FVIL, FV22] A A%
o] exA o2 ZrvelE o, LV} FVI, FV1H
FV2 Ztzte] 2 2|5k ZFo](6725 kg)oll o] & Als A 2}
°](8.4 m)= AUt & A-33 HE] T AR E HolA
A e Ao 7 Agare =l o FV] = FV2 A A gk

0&‘&
S
oZi
R
r°" r
w
2
R

— CTG(TG=0.5) [m=0, m=0, m=0] w
— CTG(TG=05) i
— CTG(TG=1.0)

—— CSF(k=0.25) Fv2

( )
PROPOSED1

---------- -A
3%
R s A
FV.
Ve ol
[
B-----------4
FV1 L
Fv2
v: A o
v
Fv
Fvz
L
FV1

Fv2

Global Coordinate X [m]

Fig. 8 Simulation results of scenario A-3, A-4

220 sRAEAIEE =27 A3A AE, 2023

o] zto Watw A 71l HH 3};}3
= ok Alue] o] Al Aok oA A i
A L A1 A2 A 9F o], T3 9 Olﬂlﬂdﬂr
el TAHE Fol AAMSFE Y AA BAT A5
= tfde] o 8§ A2 (0F 243 myE frA sk, 7
A 2k o] AR D thn) S5 b Sell A
e glo, wEAE S7F 5 AN S
e Fssly ] olel & Ao FehErh =i
O] 3.1l A A|EeE A& 289 Al L A3 A4
o) S At =, dAke] - ol W A A
2 A7 2kl 1 13450 kg, F-AF] 73-%- 6725 kgoll <] 3l 2
sz AlEAE Aol o= o] ARt e 7t
7}7} ©F 193 me} oF 13.4 m= A A E o] LV 415 A2
Aol A Wi o) ARk 2] 7F AR Sk | 21 A
oleh o= Aok B3 dApeh $A; B KIS Apeke]
Ak Al A Lve FVe] 2R 2l # 4 6]8- 3E
A 2 mE WEskglon, Fake] Aol = Fvi
FV29] At e| e H & 818 1M 2 mE WS A
SR1e = vt Ao m, =] AljE WA
B3 zh Alte] e.of oA A thd o] A, FA

I
13 WA ek 4= 9= od U 2}k 7 2= 1)

FEol WA 5 3

rulo

tlo N

| 10
e T L/ o s T VA

Of
-

> oft

RS == o
W Wl A 7P F 42 7 5he] el

™ ofy
b

—— CTG(TG=0.5) [m=0, m=0, m=0] &Y

— CTG(TG=0.5) @

— CTG(TG=1.0)

w— CSF(k=0.25) Fv2
CSF(k=0.5) L R
PROPOSED1

_____________ A
Fv1
- N
FV!
V.. s
w
B-----------= A
Fv1
&= SE—
Fv2
o- A
w
Fv1
Fv2
L
Fv1

Fvz

Global CooFdinate X [m]



Inter-Vehicle Distance Control Strategy for Platooning of Heavy-Duty Vehicles

52 714 AUl

o A A defe] AdEatEdS 23tk AT
3o A 50 kphz A4 521 9] Lv7) 70 kphv}x]
7HEshE Alvke] 2 B-(1 ~ 4)ell thall AlE o] d& 33
Sk 2bA R A AR 71E WAl CTG(TG=1.0),
CSF(k=0.5)%} A9t %291 PROPOSEDI1} PROPOSED
20|t} F7F= A A dE7E 247] o LG A ~ 4
R g e o] gt e ® g o 1 A
Fo] 7FE s AfolE wlaLelr] flal, e Apo] ¥
291 El R FAE S e Ave e Bell tigk
PROPOSEDI1 & 483t Al &#o]H AuE F718te] &
7| ¥] skt ek

Fig. 9= Aluhe] 9 B-13} B-3¢] thah Al E-glo] A du}
5 UERHTE AluE] Q. Ao A o) o], A8-5F T E
o] AR A dEd S gejste] FHEekal e
AlgEleld Ayt e X5 Z; 2o x%— el
ol HlA& vebdich R} AR vk A3 Zh &)
ZFo] cGHo g, vB v A -2 Lv7F Z7] 50 kpholl
A 7F4310] 65 kpholl =23t Al o2 tjdo] 714 &
Q1 i Aol ™, AR U}ﬂ A3-& LV 7h&o] A=)

¥ o] % LV, FV1, FV2 3 3t 9] Z}o] thh o] 3% 2
A B &% 70 kpholl $H3] =Rl G E =g
Al Ve mebA = A3 AfolE Sl S LY
o] £1= 65 kpholl A 2} xFFo] 7h&ahs tid o] 2t

ol

o°1‘

B-1
v = PROPOSED1 [m=0, m=0, m=0]
B--------- -A —— CTG(TG=1.0)
CSF(k=05)
e PROPOSED1
Fv2 = PROPOSED2
D
Lv
R LR LR F R A
Fvi
[ c GO S S —— e A
Fv2
o - SN, S— iy
v
Fv1
Fv2
Lv
Fv1
Fv2
Lv
Beovmemmmemem——a— - A
Fvi ¢
] & A
Fv2
o + N
100 50 o 50 100 150 200 250 300 350 400

Global Coordinate X [m]

Fig. 9 Simulation results of scenario B-1, B-3
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