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I AEAE AFstaA i th EAIE =29 g4l VoI 38 AR 29l ALAY &
YA Y Mujx 9 D utE MAFE MU 2E O /A YT Ao} 5T A
E vl A% A3 i A AR A3 aFEEA AE AAAT 2 A7)
Maztg dgFed ARt 5389 A A MAsEE Ae ¢ F Ut

4ol : ASHHFY, OEAF FYFY, 5559, AR TIFY, EAR =R

ABSTRACT

Convoy driving is one of the technologies of multi-vehicle cooperation driving along with platoon
driving. All over the world, research on vehicle control mechanisms to maintain vehicle formation
during convoy driving convoy driving has been actively conducted and in Europe’s Autonet 2030
project has developed and demonstrated convoy driving services for highways. But, even the concept
of convoy driving is still insufficient in Korea. Therefore, in this study, the concept of convoy driving
service was established and scenarios and communication messages for service application on urban
roads were developed. And its effectiveness was verified through simulation analysis. As a result of
comparing and analyzing individual vehicle cooperative driving and convoy driving for the blind spot
support service and dilemma zone safety support service, which are representative V2I cooperative
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driving services on urban roads, the number of conflicts(indicator of traffic safety) and delays and
stops(indicator of traffic efficiency) are significantly improved in convoy driving compared to
individual vehicle cooperative driving.

Key words : Cooperative autonomous driving, Multi-vehicle cooperative driving, Convoy driving,
Multi-lane platoon, Urban road
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= =3tk KatoZ} AQHF A2 # T IFH AFY 47 stlE 28 FHo] L A MA Aol
gu J&E gt FEHEA AFTY Alol2E FAEA] Xitthe AE AR

o] % Gowal et al.2010)> ThatZ #H{FHES Al ZE7t gle 2H= 71Nk Aoj& Agtstdth. 1=
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<Fig. 2> Dynamic graph-based formation control
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<Fig. 1> Concept of local cooperative area and convoy driving?
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1) source: Arnaud de et al.(2014)
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3)Joininga convoy 2)  Convoydriving 1) Convoyformation

4)  Cooperative lane change 4) Leaving a convoy

<Fig. 3> Convoy driving use-case
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g gloh

3433 3= 492 = Ego.V2| heading o] FH2IEF2| heading@# 305 o] XFoluh= 7% Ego.VE
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oAU, FAFHFY HAE Hlold Ay T AFE YoM AF ojgHH

B A7 sAEETA WIS Egove] FAAR 71E A 50m(F 100m)= HAH3HA.

i%%ﬁﬂf\l e 0 A4 Aae] BAAAE S 457 Solok 3o, ol Bhelel &
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Age EASAL oLk, T B W QoA FAsE A o] A, olge M AFe o
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Ay Aol MARE AE AR A2 Aol MY AR $EF wol FYFOIH HFE A
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3) s&0) L A=
S50 ) AE WASIA S A9 Egove WASIA Shs 2] T Aol A2 WA 2 v
AACHEA 0, A28 98T by H1E SR, LAVE ATE A2 230 AT &
A =AWk e 7o) Fn

3. BEFUES 9I3t WAIK 7Y

555U A7) Usecaset AEIE V2V WA E Fal o] RolAn, T3 AL F7ldoz Fu

2efFoll <Table 1> 22 34538 W A]X|(Convoy message)S Z4-5tedof o},

<Table 1> Contents of convoy message

vehicle ID Clock Position Speed
Heading lane number headway vehicle state
Ak 3F @S 913 vav WAIA]] SAE 127359] BSM HIAAl HollE flolA AATE S&F3el 2
23 A% g 2 7s dd HolErE ZFE e i, a5 4 R 5 BET 5 e HolH
2o PAs,
olef] B AFo A= BSM WAIAE &35t Regional Extension G ol & 3o 83 thg9] HA
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o
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<Table 2> Data frame of convoy message (BSM Msg extension)

BSM_Data frame Data element Explanation etc.
Convoystatus Convoystatus convoy status [I”})IS:]S%Q(':((,‘)(I)IX\?Zys
Sending of ConvoyJoinRequest
TemporaryID ConvoyID Vehicle temporary ID
N 0 : nja
ConvoyJoinRequest convoyjoinrequest convoy f(}){rén?lgstn(]mmng) 1:Convoy
4 formation(joining) Request
response to 0: nja
Regional Response response ponse 1e 1: accept convoy
. CFM convoy formation(joining) request NP
Extension formation(joining)
ConvoyAcce ConvoyJoinRequest
ptResponse | MsgCount msgCnt Msg sequence number
. . Sending of ConvoylJoinRequest
Temporary ID |ConJoinReqVehicle ID Vehicle temporary ID
ConvoyleaveNotice convoyleavenotice convoy spilt notice 1 C(())n\;or}ll/aspilt
ConvoyMergeNotice convoymergenotice convoy merging notice T Cor?vc:)yrr]n/z;rgmg
0 : not Convoy
Convoystatus convoystatus convoy status [ITIS]9239:Convoys
CSM .
TemporaryID ConvoyID ConvoyJoinRequest
porary Y Vehicle temporary ID sending
Convoystatus Convoystatus convoy status [1215]32;9(':82;:\?(})’}/5
LaneChangeRequest lanechangerequest Lane change request I Lane (lha:éi request
PresentLane presentlane present lane
ChanginglLane changinglane changing lane
Headway headway headway value for lane change
0 :nja
Regional Response response response for for lane change request -lane change accep
Extension i
L;neChange MsgCount msgCht ConvoyJomRequestt)e Msg.
CLCM esponse = se(}u:c:llfc{e num Vrh. 1
onvoyJoinRequest Vehicle
TemporaryID TemporarylD temporary ID sending
ReadyNotice readynotice Lane change ready notice Llane (iharrlléz ready
LaneChange MsgCount msgCht LaneChangeRequest Msg.
Ready sequence number
lanechangereq LaneChangeRequest Vehicle
vehicleID TemporarylD temporary ID sending
0 : nfa
LaneChangeNotice lanechangenotice Lane change notice 1:changing lane
2: lane change notice
V. EFHEA
1. AIEY0IM S QI AZTE
5579 BHEANS A FH WAL ANE A AEF e FYR F Q0mE BT A
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2020.02.20.~ 02.24 24

THS A AWAEE FASHG

WAE 3NA B IFURT 4L HAAFE 6714 Fo] ZirEo Qith
INFEE 2% 4A71A 9] 37 222 (Intersection 1. 574 NE| &L MEHT T olgE

—_

, Intersection 2. BN E 12} ofu}E ok Intersection 3. B E 63} olgE o ) wEHS 23

3 2 A

<Table 3> Traffic

P DEFE d8stHon, AE nEF 82 <Table 3>3 2T

volume status

Traffic volume (veh/h)
Intersection Time Total Passenger . Cargo | Two-wheeled
. Van Taxi Bus . .
vehicle vehicle vehicle
11:00~11:30 135 94 15 4 3 17 2
13:00~13:30 120 93 12 3 - 10 2
Intersection 1
14:00~14:30 127 91 21 2 - 10 3
15:00~15:30 145 104 23 2 1 11
11:00~11:30 126 99 12 1 1 13 -
13:00~13:30 95 78 10 - - 5 2
Intersection 2
14:00~14:30 116 87 15 2 - 12 -
15:00~15:30 126 94 16 3 - 13 -
11:00~11:30 117 86 8 1 - 21 1
13:00~13:30 149 120 14 2 2 10 1
Intersection 3
14:00~14:30 152 114 16 4 1 16 1
15:00~15:30 156 112 17 3 1 20 3
5 ASHAE <Table 4>} 23 FANS = 422 A 83190
<Table 4> Traffic signal status
Contents PHASEL1 PHASE2 PHASE3 PHASE4 PHASES PHASE6
| L32m. 861
+ + T * | e —
t6m | ‘ ‘ 16m |
Intersection 1 | | ‘_l D e . |
71(4) 21(4) 22(4) 10(4) 26(4)
Pl L £ + + 4
I I 28m i i 30m ;
Intersection 2 | —— — | T I ea! : : et i
21m. 2G1 A v v M
26(4) 34(4) 16(4) 314) 14) 38(4)
o1 8m. 361 " . . .
L l —
Intersection 3 —_— , . i
777777777777777 + - - v
ITm 2G1
314) 54(4) 114) 16(4) 14(4) 204)
58 PIITSYR =20 217, M12(2022H 2¢)
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2. AIE8I0lM 75

1) HE®I3 & 75

FIHEAE 93] PTV VISSIM £ZEF & &85t 73t wBUEY IS FF33ch 319
WAE 17} 29 o]AATE °F 500m, WAE 29} 3L oF 400mo] ™ thAA EEFIHY AEE S4B 6832
oty ARG o] &3t A T2} FABHA VISSIM Ulel =25 FHFYL, AF 2AR a5FS
deEs] AR Ak AR AlEE ol S TSt

2) EtxlZt FaSHe] R
izt FRPPY RS FE TAR E8 FPRAFE ALEEE Wiedemann 74 RS ARESHG 01,
Feyde] 2ol vlehv]E 2= Average standstill distance, Additive part of safety distance, Multiplicative part of
safety distanceS A2}t

<Table 5> Driving behavior parameters for normal vehicle

Parameter Value for Normal vehicle
Average standstill distance 2.0m
Wiedemann74 Additive part of safety distance 2.0m
Multiplicative part of safety distance 3.0m

AT E AeFHaTFe e Alo] 2202 IDM(Intelligent Driver Model)S 28313121 IDM

s < 5% % ZEEA, B 7hE A 79 b A

AZE O] YollA AFshs FWEF Ao getn|EE o] 83t

A&7 AFare] FiE Aolg wrdstAth AEFd AsAte] T, I et HE IDMS o] &3t

of &5 AFHFE WIS AT =F Ko et al.(2021)S Fudte] ZA3HUT IDMOA 714 Ee
A 4+212 Treiber and Kesting(2013)5 #a1ste] A3l o A4tAle og 2l(1)3 2tk

s*(v,Av) |y

%:a[l_(%)s_(f) ], s*(v,Av)Zso+maX[O,vT+ 2\/@] ........................... 21(1)
0:17]}\1 v /\11] Byt
a Hf 7HE=
v AA &
& TFEEAE (AAGE A Al ol F45 = 25

s*: A7 A (dynamical) <]
Av: APAFTL] &R
sy HA 2HA

T: AA AFAIZE

b: A} &R

Vol.21 No.1(2022. 2 The Journal of The Korea Institute of Intelligent Transport Systems 59



TAIE £2 5&5F3(Convoy Driving) MEIA 7He 3 SfEA

<Table 6> Self-driving car parameters

Parameter Value for autonomous vehicle

Maximum acceleration a 1.4m/s?

Maximum deceleration b 2.0m/s*

Longitudinal control Desired speed v, 50kph

(IDM) Acceleration exponent & 4

Minimum gap s, 2m
Desired time headway T 0.6s
Waiting time before diffusion 30s

Lateral conrol .Min. headwa).f 0.3m
Safety distance reduction factor 0.6

Maximum deceleration for cooperative braking 3m/s?

4) S5 e 222
£Z23) P BAS 93 c# 715k VISSIM COM terfaceS 53+ /MEAFES] P rds
a7 1= ‘ﬂxi VISSIM COM Interface 714} 2k A|oJ & 9Jsf 2hgFe] &%, 7HE =, 24 (Lane), 2}

FHA, HE S5 RS AN R FHsta AFe] ID AR 7 D] A AFAA RS Ve
X

7Bt g2 TlFd S
TR =S, s f A7 AW E .34 7EE %—EH VISSIM 1H Changing Vehicles 32}
SIS SRR OF W AFEY A $A4S dE3F o HAs st W
A 53‘:41% ‘—r"t:"]_'é]'i’i‘:]'. Ot sE5FYPE A% SFEH Aol2E A 6t oW ERE FHEHEE AT
A = A3
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=
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3 AEFY AsAe Hfr&o] 100%°]11L &5 F3o] 7Hsd Ejolth

A el Algdeld 7k W HES A 14101] A A "7iA dele 271 di71 A7 warm-up
time) 90029 H7F FHAIZF 1800F 2 TASA F 2700%(F 458) ¢ F3H = Aok
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(Speed Control) =~ —

<Fig, 4> Concept of urban road cooperative driving service

4. HIIX|E MA

WEY B BYAT S Aastel iy 2 FARAY, 52 84 Fu)
< [¢] =S

9% HIIAFEE <Table 7>3} 2] A4sA

el a7l Y2 Aow FEHn), aAAZS A %
TE WA BAARE AEAFE AASNUT, BEEEA BAARE BEAA, B AR5 445
A,

<Table 7> Selection of measure of effectiveness

Type Effectiveness assessment index Note
Traffic safety Conflicts VISSIM COM Interface

Average delay

Traffic operation efficiency Vissim’s own output value

Stops

V. a3 A3 84

el e (S1. LHAE 100%, S2. AHEFHAE 100%, S3. AEFHAF100%+EEFH)E =4
=
=

=2 459 Ao EREALe AAsEn,
AT QA Al 2o T B4 s10] WIS 82, $3 BT ebaAel B e BT = U
CEY ALYETY Aol AW TN BEFY AF vlad B3} 29 AR FFAFE 84

_]

b whel $39] At FESTe 6273 =M, s30] s20 HIs kAol 25%01F MAdHEE Ae & F

AZEA T QA AH 2o TigE o] FASA S AR A A FAA Y A SIS 56.6%, S2v
247%, S3E 1453% 2 YERGOoH, AHAF ALE SIS 603, 25 1.53), S3= 0.823 2 UElytTh o=
At sF FYPA BTG 2A-EHY FYA A AA7F Base AE AABEL Jow JE AE A-EEY
FYAN BT SFFPA AAAQ T&A 0] T2 0% MAse ZoxE EAFHIATH

danfE ok F3 Mu| 29 Af-o= AF3= S10] 33963, S2+= 28943, S3: 24173 2 YERY &
TP (S3) MEAF 2AEEY FHARTKS2) HA o] 165% NAE = Ao Yelon, uF 84 =
Holl = 827} 8300 M) AAAZHE 48%, FAGE 10% MAEE Ao Yebgt
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<Table 8> Results of Cooperative Perception-blind spot

Cooperative Perception-blind spot service Dilemma zone Safety Crossing service
Measure S1 S2 S3 S1 S2 S3
(MPR 0%) | (MPR 100%) (Convoy) (MPR 0%) | (MPR 100%) (Convoy)
Conflicts between
vehicles and 520 0.0 0
pedestrians : (-100.0) (-100.0)
Traffic (rate of change)*
safety Conflicts be
’ \llzt;jcle:W “ 109.0 840 62.7 3396.0 2894.0 2417
(cate of change) (22.9) (42.5) (-14.8) (28.8)
Delay 24.7 14.53 61.6 58.66
Traffic | Gate of change) 366 (-56.4) (-86.7) 127.6 (-51.7) (-54.1)
operation
efficiency Stops 60 15 0.82 s 19 171
(rate of change) (-74.3) (-86.3) (-55.7) (-61.1)

*S2 rate of change: [(S2 - S1) / abs(S1)]*x100, S3 rate of change: [(S3 - S1) / abs(S1)]x100
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