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Effects of Inter-Vehicle Information Propagation on Chain Collision
Accidents

ABSTRACT

One of most shocking headlines is a serious chain collision accident (CCA). The development of CCA has a temporal and spatial
locality, and the information of the CCA is time-critical. Due to these characteristics of CCA, traffic accident information should be
rapidly propagated to drivers in order to reduce chain collisions, right after the first accident occurs. Inter-vehicle communication (IVC)
based on ad-hoc communication is one of promising alternatives for locally urgent information propagation. Despite this potential of
IVC, research for the effects of IVC on the reduction of CCA has not been reported so far. Therefore, this study develops the parallel
platform of microscopic vehicle and IVC communication simulators and then analyses the effects of IVC on the reduction of the second
collision related to a series of vehicles. To demonstrate the potential of the IVC-based propagation of urgent traffic accident information
for the reduction of CCA, the reduction of approaching-vehicle speed, the propagation speed of accident information, and then the
reduction of CCA were analysed, respectively, according to scenarios of combination of market rates and traffic volumes. The analysis
results showed that CCA can be effectively reduced to 40~60% and 80~82% at the penetration rates of 10% and 50%, respectively.
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IEER WAL 54 F shs AFE wsAk(chain
collision accident, CCA)o]t}. CCA2] Alarele tha-9] o9}
o] A& 2bl, 7, & S, FEr= 20~100tho)] 23k
o) @205 FE(AEIIEER ) LS QI, 74 6em,
20179 129), @106% Z=(AHTL, 7FAAE 10m, 20154
29), B21%F FEAHILEER 384 264km, 7FAIAE 10m,
2008 10¢), @415 FS(Althal, 7HAA =] 40m, 20063
10¢). CCA9] Y3k E2uFA|=F] SHAN =2 vl
Ax AR = A&E, ARSEAA SWoA M5 sl
AL Hlste] uie- Ik o]k H(-) He]e] FF|
Eelal, wE Aloje] SHeA CCAE 202 Wx)/zt
= el dieke AXEA) gk gl Agelr
Fe ARFERE =54 Aellx] Wlsk e 548 71k1
U}, SL2J3 CCAS AR 918 Afaie] sk ARE
AIH(time-critical)o]ch. o]2jg CCAS] A3 ZH g%
ARE IAIAR] AR k] H QA wiol], AH HAAAA L
H )| 27pi} S 7IRtete] AARE 73§, aEAHE
HgmiA| 2 A RE Assle de] A58 ulsAAl(intelligent
transport systems, ITS) A& CCAS] Wr)/7hAad] HgslA]
&t} weby CCAE WAVALAT)] SBlMe =52 o8 Ay
She 12} AgRE 54 st 4308 AR g g
Ao 4 9l ele] Wasi

ITS= 21401719] 5G 713} 8% XPAe ITS (next generation
ITS, NGITS)&Z Z3F|aL 21t} NGITS:= MANET (Mobile Ad hoc
NETwork)?} 28 XAl BA4S 7Hke 2 3P, MANETS] &)%)
Folel 2}gk7F S-Al(inter-vehicle communication, IVC)-& T}k
g wEP R AXRE WS 7hs3HA gk o]¢) o] IVCE
3y 1TS) 3370 Ans) 8 Audsle) 9AE F93 5
Sl et tick ) Shlolck Wep I e AER S
CCA9} 71 WAkl FRAdTE T3] $lte] 2l AlEde]
A} 27 A AlEEO RS HER 88 AEeld =Y
A5 el Tk HES of8ste] AFKE I wEAkL
ARASE AH o2 sjMsto 24 CCA Tha 538 tae
= sk} gk
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Fegght wEbt] Ad hoe B4k F4 Zept 75ER]
c.g., W, Bl A8k B ofFeE 2, o
=388 (Blum et al., 2004). Ad hoc A
ofFEE o QAR T Hep ARle] B8
A7 RSN Salge] 2hd(topology)°] RisH

| #hstk Fig 12 o) Aeg 7oz
T/39 Ad hoc FAIEE /@8 o 2 Bolal gtk

Ad hoc B4 74817 $18 Qe 2= b 1 B
Z, 2 ko] JAEL SANPA] o3 A=, K= Fig
Yeflo] HHalo 2 RgkE) FANPAT)
2] $1x)e) W} =t 29 =t(hidden node)9} E ==
(exposed node)Z =M, o]zfgt == 7k FA4k2 RTS/CTS
EHTZ(request-to-send/clear-to-send handshaking rule)ol] 2]
3 S ETKBlum et al., 2004).

A oA TVCE MANETY] &) Eofo|t}l Blum et
al (2004} 71=9] MANET= @2] IVC 2 2] 52 &%
=3Ake] ey HslR Q18 FAgE 9 wslel -S4 B
FAE A3tk Goel et al.(2004)2 ad hoc 4] EAJ=}
ol& o]&3s HRAve] T dS Adsiaink A Rejddr|e)
Cell (2kmx2km) ®¥21¢] IVC k-8 7IHE o83k A8,
IVC o] AP Z-5-8(penetration rate, PR, 0.0~1.0)°] 0.3¢0]3L
FAMHS7E 100m oPdd g FEd] W Al w'E SRE
AT 5 98-S BTk Leung et al (2006} =}k 1) 21317
S} Cell (2km><2km) H21e] IVC 298] 7918 o}851o] Exs)
ARATE AFelon, IVCY 28 7Feids Btk Kim
et al(2008a, by 2}k R3]0} IVC F4ks of8sto] Xl
A FRE BEARE e, o] 5 2Rkl sk
W20 2 PRSP ARE ArREe = /Al Hej4l
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(@3 : Mobile node I': Communication radius

Fig. 2. Vehicle-based Indexing Technique
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3. SEE

3.1 oA I3

£ e vAE ARE AEoA T IVC AlEglolds: Adtet
o] Fig. 33} 22 WY R3] zy]leaE e, 54
13} WAL ARE 7o 3 FE7Fs Al IVCE
7Hke 2 15 Aspr)zie 24 CCAQ #Haays 3rlsiick

AP 3'5Fe] mAA elE FElHA CCAE didde
2 FEs= AlEYOlHE BaEal 1A ftk Wbk API
(application program interface)E o]-&3l x1=ke] njA|q P&
FIH 0 2 AoJat 4= 9= Paramics AJEHOJEIS o]83)e] W
ARALE QI91F o2 mARSIGITE RoAdd ZHol == Fig. 33}
Zo)| 25kS 1.o)4lE 3= Paramics AEE|o]E, X IVCS

FPshe FAAEGCH, 28a T AEYHHE dFshk
Interface EE2 TAECk

Ho

BN

Had
Vehicle Interface Communication
simulator Module simulator
N Veh. simulation Time-step sync. IVC commmuication
time step time step
Simulation Requesting veh. info. Individual
network veh. management

i l

Veh. info. list Updating entry veh.
-vehicle ID -allotting veh. ID
-link ID Providing veh. info. and comm. device
-running lane -initializing info.
-speed reception and info.
-location (X,Y) propagation
Veh. Info. DB
Veh. control Requesting veh. control ID/ink/lane/speed
I -running speed «—— | -location(X.Y) <
-safety distance -info. propagation
and reception indexes
IvVC
Simulation output Updating exit veh.
] -individual spot speed deleting the info. of | |
-link travel speed exit veh. from the
-num. of collision veh. veh. info. DB
Fig. 3. Simulation Framework
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Interface 52 £ AJEH0JE0A 2% Paramics A&
oele] JNEAEe] FRE B4 AlEYolE Y] ettt dew
TR Au Fig 49} 2owl, 5240 Akgelolelol Pelsp
Htr} Paramics AlE#|o]Ele] AJEHo)A A|7EFA(time step)
nit} Al Es R 7PEAEe] 1D, 8 <1 Link ID, 533
2 A28} ot} FAl AEH e = 2=F AlEH[o|E 4]
A v AREE wiet AlgEe AR AR} tiEe] IVCE
FP3l7] Sk NRHRCIETLET )2 2R, FAl AlEYelE
o] AR ARAE 9 AR R E AefsA Erk

IVCE 3gsl7] 918k 13] AR elElA)(latency, ms)=
dikd o 2 z=F AlEYolEe] AIZEFA(sec)Q] 0.54) 1.0 K}
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AT AEA R A

zZkow, 0.1%% Hojok FTHKim et al., 2008). webr] 2=k
AREgo) o] AR nitt FAl AlEElolEl= o] Mo B4l
Ao dS EH "k o]gh IVCAIEH|o| ] Rt
2 Fig. 3904 B2 AlEdo|d BE9 F-3k¢] DA(RFRE
DB-IVC-Z1&2k 7820 ollx] sk

Fig. 39] Ro)23] Z|Qle)on] T AlEeo|de e
TR, T AEHe)Ae] ARKEA 2ol ARE BT dast
t} 13] IVC 38< 918k BAlF7Te 2k AlEdlelee] AR
Ho} 230 2 Ak Aol AREA wih IVCE of2] ¥e]
A S, ARAGS Y3t 7 2ol ARE 57I8F 238
thet 2k AR AlEEolA 15 ARFA(VTS, sec) & IVC
AlEglo)d AREFA(CTS, ms)e NHEVTS/CTS) 33381 =
1, VTS CTSe] A5folch

o

3.2 XIZ2FZE SAM AIE8oM

chee] PAOLE JINO R WERO TS simple 4w
s} ke IVC mol 49718 Z1Esieich IVC me)g]
R i e e B s e B R A
ZES W] 918k RTS/CTS w3z, WAIA] €}, IVC
18] 22 AJ71] latency time (ms)o]th IVC Re]2189] pseudo
codes= T3 Zom, BE T4l AlEH ol AR ths)
5 Akl ARAE Fas o-km ¥ Yol EAlEkE IVC
LIS A Be xpol| thete] ek ARAuke] g
= T o= wEAkl Hue g B a3 weeste]
S RG24 1EF AHE Bk dA 02 BALEl]
QIgk Zolnk Fals, 2 A= IVC] CCA 7ol tigh tizbgl
Aol 1 Ezo] glgo 2 [VC Ao thak AHAsH
A e kst Blum et al., 2004; Martinez et al., 2009).

For all simulation time steps{
For all vehilces equipped with IVC equipment within
the target space (z-km radius){
Stepl: Building a list of vehicles within radio range
Step2: Building hidden and exposed node list and node
list (RTS/CTS rule is only used in the case of
the same frequency band)
Step3: Transferring accident message by RTS/ CTS
handshaking rule
Step4: If sum (latency time) = vehicle simulation time

step then go to the next vehicle simulation step
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aFAtaLe] ek At

3.3 JHEXIZF oA E H|of

Zgol] S WEARIA RS I8 2[Rk B 2|l B3l

Fo] 2| QPests ek AoR TRgeith ke A
9] 12} AEARALE AL QFAR] V“ﬂr J= &3l 23} S
WAE 5 Qe 9] &S Fsitlal gttt oefst
IVC 7] gAjalege] QR&E F9E ule-Re] S8 Aol
=, 4% §lo] CCAE 2AI71A k. AMPd Jung et
al.(2011)o]A] A3+ SAA} ¥kSAI7F 1,529} 7% 8.5m)/s%d]
goh= JAIEl o3t TEHEAIE IVC gH] g4 =gl tiste]
RS g Qlom, o]F & Ape] & WA = Jlok
B A7) A, 2k AAA ] Aol Slo] QJIA-RARES
AASHTOSNA A JgE 2525 A8si9lon, AEAzR= Eq. (1)
7} 2¥0] NCHRP (Report 400, 1997)0l4] AAJ8H 9FA AAA=(d,
m) 23S ALk

2
d=25xu+0.039% (3.6)2x - 0

A7, u: FHEE(m/s), a: FEE(3.4m/s)o]Th

B BAARRE degakge] wAg A el Heks 7
S, A9kAQl 2|k TEMHMWc WAYEIA] ekt 5, dsh
& 12} akEAkaL 5 CCAQ] Rlo] W= HlAVdE] 790l araAkL
& AR S8k Fae] ook B el Hape IVCE o185
AR ukE FE PSR uE Rl s Alofghe.
24 CCAS 7H-aals ¥kt Qlvk Wby arsAlal ARs
FAlgk abde] & b FAAEE ol&3te] that 2ol
A o) Ec)

If speed(t)o] Fd “AA2] > xKEAE] then
speed(t+1) = speed(t) - a

Else
car-following =& o) 77+

4.1 AHaddA|

B o= VO ek 718 IEARAR A9E o83k CCA2)
Peghs Ro|Fs Bl Bk} stk webk B4 aE
S thgh Ave]eE AgskaL, AlvE]e) wE CCA FHAhE
WER &uAe] &7 Tl IVC/ M 718 TEANAL ARAg)
SHAE EATekaat gtk
212 ROJAFS g5k ERe [VCY] e Z86] B
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Py
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Slste] (e 2222 FAEE) P AEER 20km kS
2 AAsin) AE S AYEER)E 500, 1000, 2,0000.3,
)3 IVCAH]E] PR 0.0~0.5(+A=0.1)Z Z}z} AAs15]ch
wEhd F B4 AU s 18(=3x6)/= TAdEk

LA SIS 3,600 2 Agslon, CCAE 2ol
A AR 1,800 5 A =] 10kmA ol AFES 12
Wol] Q191F 0= FeH AR RA 13} ATt EAYst
E5 3tk SellA] oBEeh ulel o] A= s 20~-1002
I HIES BRItk of& efsle] s Aa= ARl CCA
o] FZt #Y 60th (221230t = A3t

Akl A= 100kph2 A8k 0m, IVCHH|E grjs)
I AR ES e ZRER Eq. ()9 K AA7EkE ShEsh)
Slste] A&H 02 7YERS Al Shlk S BRI
oFAS- A] HAEREES] 20~50% 2 FHEE FASL Utk
ol& whegale] QFd AAAE] el AR 918k B BE =
AT 2AHGAEFH &% 100kphe] 50%21 50kph= AA5HIck
BARHEE 0.1 13]9] gzt B41s Fa8kal(Kim et al.,
2008b), ZAMHL 300m, AR Huke] F7H A2)= 10km,
T3 B2 SE(MOLIT, 2008)2 Table 13} o] A5}
o} 2p B 23t IVC RofAighs Afsh e AlEdo)de
Paramics APIS- ©]-8-3}o] &3]0 H, AFg dAxFE2] va4
AL Fig. 59} 2tk

4.2 SMZ0;

Table 29} Fig. 62 1533} [VC ]| PRo| & A=
Zpkire] WskE HolFal Qlotk Fig. 694 PRE] Sl whet
ASE A= 71594 0 2(exponentially) 7HAS)AL
th. &, IVC 7H)e] PRo] 0.27} & w7lR] 5438] 7hash
PR 0.57FA] 4148] Zha=3fal glek PR 0.204 F& Akt~

3o

¢

Table 1. IVC Success Rate According to Distance

Distance (m) 100 200 300
Success rate (%) 99.98 99.93 96.00

= m e e e .

Fig. 5. CCA Simulation

BN

ox
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15tolA] 2507k UL 9lo], Alaulgs 7HA8-S 58~75%2
A VERITE 528 PR 0.1 - F 59%71A] = ARLUE

Table 2. Summary of CCA-reduction Effects (unit: veh)

Penetration rate (PR) Traffic flow (vehicle/lane/hr)
(0.0~1.0) 500 1,000 2,000

0.0 60 60 60

0.1 22 32 35

0.2 17 21 23

0.3 14 14 21

0.4 12 13 18

0.5 12 9 11
Average 22.8 24.8 28.0

N w N w @
=] o o o o
T T

=
S)

Numver of chain collision vehicles

-©-g=500 *q=1000 &-q=2000 —average
. L L

o

0 0.1 0.2 0.3 0.4 0.5
Penetration rate of IVC device

Fig. 6. Relationship Between PR and Collision Vehicles

Distance (m)

1800 1900 2000 2100
Simulation time (sec)

Fig. 7. Time and Space Vehicle Trajectory at PR=0.3

Distance (m)

1800 1850 1900 1950 2000
Simulation time (sec)

Fig. 8. Time and Space Vehicle Trajectory at PR=0.5
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A e Ao FAHIE wb 35 NGITSe| IVC
) 5= IVCY] 71eg Sk AR5 AFsE 10% o
= A, 60%2] AfFEAtaL RIS 7o 7l Eck

Figs. 7~8& IVC #]2] PR 037} 0.5014] B S840
e AR A S S8l Bolral Slok Fig. 79] uswF
1,000, PR 0321 7%, AAAHRE A3 2k Afarx]Fe)
ZFFelx] QP AARP N g ol = {18t AMfralE-
&1c0] oF 2/39] FEO R FslaL glow, AR E £ £
A, & 9949 SAue] FAIE w2t AuhEar glek
Fig. 8& 5% 2,000, PR 0.544 &&A|o] oJ3Fe HojFn
Tk WE 0] LS IVCO| oI5 Sk Faide] ofgke
S7FebH, AR Huke] &&= gk Frkekal lrk

Fig. 9= PR 05914 Ro)2lq] s ARlel] e g7 &
315 BT gtk wEE] 5009 F, ehd&A|o]
WEF ETAoY EE e Flo® veR)ar
1,00091 A%, Ao} A= YA wER) S5
2 AoIEHA] & sk rk whH, 3% 2,00091 75, Alarzst
oF 2002 § AEHF 50kpholale Aloj=lar glom, sk

o

P
R

= AR Q18] A ofs E3H(wide moving jam)F} 2 wlE
o] WS = Qltk 31, IVC7Ik Al Hul= CCAS}
#4d gl N wEF e B T2 2daed 3RS
op7] gkt
120
s q=500
100 PROMAA N At Vv A\
Eso '/V—Lw, \
£
S 60
§4o I §=2000
20
0
1800 1950 2100 2250 2400 2550 2700
Simulation time (sec)
Fig. 9. Temporal variation of Traffic Flow Speed
Table 3. Controlled Traffic Flow Speed (unit: kph)
Traffic vC Penetration rate (0.0~1.0)
volume device 00 | 0.1 | 02| 03 | 04 | 05
500 Equipped |102.2| 98.6 | 96.3 | 96.9 | 96.2 | 96.0
Unequipped |102.2|101.6 [ 101.7|101.1| 99.7 | 97.4
1,000 Equipped |102.2| 95.8 | 93.0 | 86.7 | 78.1 | 71.0
’ Unequipped |100.2| 99.2 | 969 | 87.3 | 793 | 714
5000 Equipped 925 | 752 | 614 | 547 | 502 | 493
’ Unequipped | 92.5 | 75.9 | 60.9 | 54.4 | 49.7 | 48.5

308 Journal of the Korean Society of Civil Engineers

T

==
=

aFAtaLe] ek At

opde] wEF &=Ao] HIE 43 A= Table 37} 2tk
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0301421 A9 WEF &5 50kph 5202 Aoj=]a rk.

Figs. 10~12%= IVC #]¢] PRy} 145} ARbe] w2 gHe
< 9IAE Hofral Slok aEtde] 5005 1,0000]aL PRo] 0.10]8}
9] A%, IVCE Al Riae] AR gl Asisial gick
PR 0.1 oo A9, al'saF 1000 F=Foll Aukdes aE
500 &30 2vl) TE]T WEEF 2000 S522] 15802 A JeR)a
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Fig. 10. Time-Space Information Propagation, g=500
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[—~PR=0.1—PR=0.2—PR=0.3 —PR=0.4 —PR=0.5|
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Fig. 11. Time-Space Information Propagation, g=1000
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Fig. 12. Time-Space Information Propagation, g=2000



o}
P
1’011
Ho
ok
Y
ox
B~
re

Table 4. Speed of Information Propagation (unit: m/s)

Upstream direction Penetration rate
Traffic volume 0.1 0.2 0.3 0.4 0.5
500 - 234 | 234 | 234 | 23.7
1,000 - 37.6 | 48.6 | 48.6 | 48.6
2,000 32.1 | 334 | 345 | 345 | 385
Opposite downstream Penetration rate
Traffic volume 0.1 0.2 0.3 0.4 0.5
500 27.7 | 31.1 | 31.1 | 31.1 | 31.1
1,000 25.0 | 319 | 319 | 319 | 319
2,000 265 | 414 | 414 | 413 | 413

A Al e FrRAdg Asfe] A9l g ofEriE
SHT-Y] R (m/sec)= 25,0010 = FA T 12
I AEEF 50020 AS, Wi A A9 ik AR
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A ok 2P e e =8 73 AR
el £k YR 5 Sl(Park et al., 2016)3} FA°]
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