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ABSTRACT

Various studies have been conducted using microtraffic simulation (VISSIM) to analyze the safety
of traffic flow when introducing autonomous vehicles. However, no studies have analyzed traffic
safety in mixed traffic while considering the driving behavior of general vehicles as a parameter in
Received 28 July 2023 VISSIM. Therefore, the aim of this study was to optimize the input variables of VISSIM for
Revisetl 1 gt 2028 non-autonomous vehicles through genetic algorithms to obtain realistic behavior. A traffic safety
Accepted 23 August 2023 . . . .

analysis was then performed according to the penetration rate of autonomous vehicles. In a 640 meter
© 2023. The Korea Institute of section of US highway I-101, the number of conflicts was analyzed when the trailing vehicle was
Intelligent Transport Systems. Al @ non-autonomous vehicle. The total number of conflicts increased until the proportion of autonomous
tights reserved. vehicles exceeded 20%, and the number of conflicts decreased continuously after exceeding 20%. The
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number of conflicts between non-autonomous vehicles and autonomous vehicles increased with
proportions of autonomous vehicles of up to 60%. However, there was a limitation in that the driving
behavior of autonomous vehicles was based on the results of the literature and did not represent
actual driving behavior. Therefore, for a more accurate analysis, future studies should reflect the
actual driving behavior of autonomous vehicles.
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<Fig. 1> Spatial scope
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Optimal Velocity Model(OVM) 5°] ith.
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<Table 1> Driving behavior parameter range for VISSIM calibration

Variation Park et Oh et al. | Lee et al. | Seelam et M. Sc. This Study
al.(2006) (2018) (2023) al.(2017) (2022)
CCO, Standstill distance(m) 1.0~2.0 2.23~6.07 0.0~3.0 0.5~1.5 0.0~20.0 0.0~3.0
CCl1, Headway time(s) 0.5~3.0 0.0~16.9 0.0~2.0 0.5~1.5 0.0~5.0 0.0~5.0
CC2, car-following distance(m) 0.0~150 | 2.23~2094 | 0.0~40.0 2.0~10.0 0.0~10.0 0.0~40.0
CC3, Threshold for entering following(s) -30.0~0.0 - - - -20.0~0.0 -
CC4, Negative following threshold(m/s) -1.0~0.0 - - - -5.0~0.0 -
CCs5, Positive following threshold(mys) 0.0~1.0 - - - 0.1~5.0 -
CC6, Speed dependency of oscillation(1/(m/s)) | 0.0~20.0 - - - 0.1~20.0 -
CC7, Oscillation during acceleration(m/ s%) 0.0~1.0 - - - -1.0~1.0 -
CC8, Standstill acceleration(mn/s”) 1.0~8.0 - - - 0.0-8.0 -
CC9, Acceleration at 80km/h(m/s%) 0.5~3.0 - - - 0.0~8.0 -
Look-ahead distance 200~300 - - - 72~108 -
Observed vehicles 1~5 - - - - -
Accepted deceleration(1m/s?) -3.0~0.2 - - - - -
LC4, Minimum headway(m) 0.1~0.9 - - - - -
Maximum deceleration for cooperative
braking(1m/5%) -5.0~-1.0 - -9.0~0.0 - - -5.0~0.0
Safety distance reduction factor - - 0.0~1.0 - - 0.0~1.0

AFFEEY QEis T ITE AU FFE wol F= dHWFEE CCO, CCl, CC2E A3t
CCO(Standstill distance)> *t&Fo] ThE bt Qb G 7 A o FAs okl Ha AdE
SJu| gtk CCl(Headway time)& bl AT} frAstel= AFAREE ofw]ghtt. CC2(Car-following distance)
= Adargate] RAR(CCo + CCL x AFEE)] F7HQ] dfAE 2343 AE v

(Headway time) (Standstill Distance)
CC2(m) CCl1(s) CCO(m)

(Following variation)

Desired Safety Distance

<Fig. 2> Example of parameter set for Wiedemann 99 model

AF AU FES Bo] = Y HSZ+= Maximum deceleration for cooperative braking @} Safety distance
reduction factorS 4173} T}, Maximum deceleration for cooperative braking< A2 Al 25| AU &S
©|u]5}H, Safety distance reduction factors XFZH 7 F Z4shs bR AR Q] WSS oJu]dit} EAS 3T
Al 57he) dEHSE A9 YA JFHSE VISSIM U9 7| BgEe Fgsle] 248 WsIHT

2) REYDEIES BB VISSIM S 53|
12312 Z(Genetic Algorithm)o] ¢ %2350 $gshs Bk A3 WFE] 27 Hob/ks Lae
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E AT fFAgaeEs &85kl VISSIM Qg4 HAghe ot AL <Fig 3>3 2
WA, VISSIM 2023 2.2 NGSIM H| o] ] ¢} E‘Qo}ﬂl N1ESZE #5350 A 5 dgsidnh. + HA=Ee
Python® 2 JHH+E A4S AHsHA 245k VISSIMOl 48 ¥, §32 =2 MAPE(Mean Absolute
Percentage Error), RMSPE(Root Mean Square Percentage Error) % GEHE 4 %5513]- Equation 1,232 37}%] &3}
Aol tidt 42]& Yehd Zolth A A2 aH 5] 8 21 HE i aRH T gho] 7p
g QP 2PE AT andze| 3 21 MAPESF RMSPES] 7% ko] 0.05 ]38, 554 %
Fol| AHEE= GEHE #t°l 5 0|3t gto=, o] £t BAFEe] §edQl A2 Feeth(Lee et
al,, 2023). Yhef SR z0] BelA] dettd A2 23 At F A dAR Fopt FERAS
WS Wj7hA] gt

FALTEZ BANNE HHNE Fobke F D97 0012 WAHES shof TFa B9 7 A
SR 10MT) 2070 AT, 3 EAde] FEL 10%, A Eddo] 82 50%2 AAEAT
P i—t
MAPE= 7( _ + _ ) ...................................................................................................... (1)
v t
1[0 i—t)
RJWSPE\/(UAU) +( _ )} ............................................................................................ )
2 v t
~ 2
GEH= \/2(11 :) ........................................................................................................................ 3)
o714, v : NGSIM HoJE|Z =& HATIEE o AEHOHNA =58 HAF5d&5%
t : NGSIM tlo|E & =25 FJF t o AlEFolAA E2E FTHF
. . Initial Evaluation on
SimulationModelSetup T (A
» Field data collection If __________ % _____________ 'i
= Networkbuilding | Initial Calibration - |
« Vehicleinput : :
| | = Experimentdesign for calibration using python |
: « Setparametervalues :
| | «Multipleruns |
| I £ |
=
I B |
I Fitness Test 3 |
| a |
| R
: MAPE & RMSPE & GEH :
| |
| |
| |
| |
| |
|

<Fig. 3> VISSIM input variable optimization process using Genetic Algorithm
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570¢) dguspel tief AL Fe E8ste] HAS B4 A3k <Tabel 2>9F 201, CCO 2.75,
CC1< 3.28, CC2-2 13.07, Maximum deceleration for cooperative braking< - 3.18, Safety distance reduction factor
& 0460 =ZHUTE Y YHAFE AHESt] AARAHEE £4F 23}, MAPE B RMSPE %42 0.002, GEH

© 013022 A FPPe U NGSIM Hlo|H e} 5l HAFHEE)] v FAR L Aad 4 Qo

<Table 2> Calibration analysis results of VISSIM parameters for non—autonomous vehicles

Variation Value MAPE RMSPE GEH
CCO, Standstill distance(m) 2.75
CCl1, Headway time(s) 3.28
CC2, car-following distance(m) 13.07 0.002 0.002 0.130
Maximum deceleration for cooperative braking(m/s?) -3.18
Safety distance reduction factor 0.46

4. NSFUR A 7

VISSIMO.Z z21-&F3ate] FYPYEE 13T ATES AET 2, Atkins(2016) A7A AT 4=
HEE Tho] =8 (Lee et al,, 2019; Jung et al., 2020; Morando et al., 2018; Ahmed et al., 2021)°| Al A8}
o B AN AEFHAE Lvdolds SR st 7ldl, B ATFAE <Table 3>3 o]
Atkins(2016)9] ATFoll A AAG 2A-&F3af Lvde] YHHESTE AREsHon, AR E 7 B E CC2, CC4,
CC35, CC6L 002 AAsytt

<Table 3> Driving behavior parameter value of autonomous vehicle

Variation Value
CCO, Standstill distance(m) 0.5
CC1, Headway time(s) 0.6
CC2, Car-following distance(m) 0
CC4, Negative following threshold(my/s) 0
CC5, Positive following threshold(m/s) 0
CC6, Speed dependency of oscillation(1/(m/s)) 0
CC7, Oscillation during acceleration(1m/s?) 0.4
CC8, Standstill acceleration(m/s?) 3.8
CC9, Acceleration at 80kmyjh(m/s%) 1.8
LC4, Minimum headway(m) 0.2
LCS, Safety distance reduction factor 0.3
MGI, Minimum time gap(s) 24
MG2, Minimum headway(m) 35
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AL 9% HrNREEE gekddE F skl TTC(Time To Collision) S 8383t
TTCE Equation 49} oW, 5 ateko] #x] A HlA EA) 52 MNP A T8 ek} M) apeke] 2

Sol WABHE H2AROR AP ol 4253 YU} Erh

of —in

Lj(t)ixi e 4
R OR0) @
A, o)) » i o el A3 y) ot) 2D W R S5
z; (t) 29 o AT 7 QS FYAR = AREGSE A2 FYPH AR
HHExY)

B AFolME AR =T Bob wsF A SFe vE 5 dna BREE VEeR 170 #E

09i o] H(Choi et al., 2017)§ ARt on, A5 913 SSAM(Surrogate Safety Assessment Model) Z &1

< ARSI Y, AeFAAE AEES 39S ¢ dvka 7PEsk] EA UM ARt
‘537(]'3“’] 731t 3401'9&3]'

2. nSRF XY B4 2
£ Ao A= MPR 10~90%H ¢l A 10% TR T3] F 9719 Alug] Qo) tisiA B4 HAEH
TTCOl| E}% %%34—?*3— v‘i— 18t710l A, MPREE THuTF T FREES ST AT A9
TFo] BoAIH o7 et BHEFHLET Hadhe ALE UEH. ols, AE
s I

Hsto] QAT AAY Fol Fot o e Aol FASIYY MEoT B

<Table 4> Average speed and traffic volume by MPR

MPR Average speed(km/h) Average traffic volume(veh)
10% 4198 4,633
20% 4148 4,966
30% 40.99 5,326
40% 40.48 5,542
50% 39.98 5,781
60% 39.49 6,125
70% 39.00 6,397
80% 38.50 6,408
90% 38.00 6,411

38  PrRAMSYUL=EN| 227, M52(2023H 109)



SHYDEFS 0|83 FYBe| HN3 U NEFYA TASY YUKSH DEF AHY 24

FARGo] YWAFA B35 MPRO] 10-

Bake] wlgol FNUFE 453571 Z%i%}é 92 B3, 4

$ol MPRO] 374845 43357 A%H 02 gasgon, Aol 487l FSlE MPR

o] 10~60%7+A] 537t & 7

%, A&FYe =9 W go

FaApre] Ansigol %m} werA A
=

PN ekl DA

2939 YRAFA} EAR 25 J%Low

<Table 5> Conflict count analysis result by MPR(Average of 30 times) (unit : times)
NAV-NAV NAV-AV Total

MPR (Preceding vehicle : NAV) (Preceding vehicle : AV)

lane change | rear end total lane change | rear end total lane change | rear end total
10% 520 120.5 172.5 2.1 54 7.5 54.1 1259 180.0
20% 67.0 104.8 1719 54 12.0 174 72.5 116.8 189.3
30% 63.9 88.6 152.5 8.5 22.0 30.6 72.4 110.7 183.1
40% 18.1 452 63.3 2.1 24.4 26.5 202 69.6 89.8
50% 8.1 31.7 39.8 1.5 254 26.9 9.6 57.1 66.7
60% 3.6 20.0 23.6 09 26.0 26.9 44 46.0 50.5
70% 1.5 12.6 14.0 03 23.8 24.1 1.8 36.4 38.1
80% 03 54 5.6 0.1 172 17.3 03 22.6 229
90% 0.0 1.3 13 0.0 9.2 9.2 0.0 10.5 10.5

* NAV : Non-autonomous vehicle, AV : Autonomous vehicle
(Times)
200
150
100
50

0
10% 20% 30% 40% 50% 60% 70% 80% 90%

NAV-NAV NAV-AV  e=g==Total
<Fig. 4> Conflict count analysis result by MPR(Average of 30 times)
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stel 4A FARES GAT FAPHE FRAGOW, ALFAAE A9 A7 AES Bl YRS g
& E&se] FAANE FASAT. ALTAF EQEA MPR Blo] e} F 07e] At ool il 30
4 wrEastel BAsh FAgel YMAEAY W F 4FASE BT A3 MPR 20974
MPRo| Z7hitol w2k WA 4557} Z71EIoU, 30% o[ AHREE MPRO| 271842 434 E A
Moz gash B ATlA ALFYNE APIFE ANT 5 dkn JPgstel BATFIAE Jut

2

AEA7E FAFR] e Asioly] el AEFAA wFFo] TIEFE diATATE SR
A o] Fastel WY Ade ddEnh IiASAL AYPAFL vlo] FF3rE 4T 23, MPR
20%7HA1= MPRo| S7Hetell whet Al E 37t S7FEA o, 30% ol dHEl= MPRO| SUHE S 4
Slore ASHoR sttt Jeu, 3] AE&FAAR] 45 MPR 10~60%°] AluE] 2olX =
MPRO| S7ter% 437t S7ksto] AALRA Hddo] e ASE YElith o3 el dnkabgx
of Bl A&FPas WE 7HE 7| EA WE TSRS §8star o] olE T AeFHAe| wWE
& Wste FYste dutAbEate] AFel S vlA 7] E AR dddnh webA, A-SFY
A =AE0l 10%~60%7H= diAEatet ALFHAE Lelstes ALFH AR =le HES 2
87} lvkal SgEn,

B dTole vt 22 A7 AV AT A WA R, ASFYAte] FAYPHE 7€ THEAHE
RO 2 ato] A FYPYPE HHHA XAt A SAT YRR B F3 B4 R
ATolM e AeFHAte] AA FHYPHE DGkl ATE FIY Tt Ao F WA=, £
b2 17} US 1-101 Highway 2 A|gs o] thefet =23 o] dutabgate] FHPe, wsd 5
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