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ABSTRACT

This study was undertaken to strategize the mixed traffic operation of autonomous vehicles in the
pilot zone. This was achieved by analyzing the changes expected when autonomous vehicles are
mixed in the autonomous vehicle pilot zone. Although finding a safe and efficient traffic operation
strategy is required for the pilot zone to serve as a test bed for autonomous vehicles, there is no
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available operation strategy based on the mixture of autonomous vehicles. In order to presents a
traffic operation strategies for each period of autonomous vehicle introduction, traffic efficiency and
safety analysis was performed according to the autonomous vehicle market percentage rate. Based
on the analysis results, the introduction stage was divided into introductory stage, transition period,
and stable period based on the autonomous vehicle market share of 30% and 70%. This study
presents the following traffic operation strategies. Considering the traffic flow operation strategy, we
suggest the advancement of the existing road infrastructure at the introductory stage, and operating
an autonomous driving lane and the mileage system during the transition period. We also propose
expanding the operation of autonomous driving lanes and easing the speed limit during the stable
period. In the traffic safety strategy, we present a manual and legal system for responding to
autonomous vehicle accidents in the introductory stage, an analysis of the causes of autonomous
vehicle accidents and the implementation of preventive policies in the transition period, and the
advancement of the autonomous system and the reinforcement of the security system during the stable
period. Through the traffic operation strategy presented in this study, we foresee the possibility of
preemptively responding to the changes of traffic flow and traffic safety expected due to the mixture
of autonomous vehicles in the autonomous vehicle pilot zone in the future.

Key words : Autonomous vehicle, Pilot zone, Traffic operation strategy, Traffic flow, Traffic safety
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Gyeonggi Research Institute(2016)> A&7t AHl 2 £S5 93] A7|=9] A3} el A
of A-EFPAe 7|/ A FFS TSt B AT 2y A @] g
£ FYst 1 23 eus AEAT 24, FAFAE AA 5 Fa4 e =9, #d W
AS AAsHATh

Korea Transport Institute(2022) A&} AP A ol A o] FoJ AL Q= A&F3 7]k AR 2~
e AE 24 B FHEHOIHE B4tk AeFdA 83 1S Hd v 2 2P
SFATE A&Fd A2 o] &bl ti HE A Bl o] AHH R FaH oo shv, AH g2 W
7t flel= F8 HolB S 283 AFA A B dade AANSIT £, 7]E Aul 28k AA -
THe T ALFY Al FF Ao AEFd Az i o] 844 ALE A TE WL T

o edREe AAGAT.

<Table 1> Introduction service by autonomous vehicle pilot zone

No. Local government Autonomous service
Demand response-type autonomous taxi service
1 Pangyo -
Route-type passenger transport service
2 Siheung Demand response-type passenger transport service
Village bus passenger transport service
3 Sangam Regional-type passenger transport service
Truck transport service
Car transport service for a fee
4 Gangnam Route-type passenger transport service
Demand response-type passenger transport service
5 Cheonggyecheon Route-type passenger transport service
Demand response-type passenger transport service
6 Gangneung o - -
City circulation shuttle bus service
7 Wonju Demand response-type circulation shuttle bus service
8 Chungbuk - Sejong Autonomous bus service
. Circular route-type service
9 Sejong o . . .
Internal circulation-type public transportation service
10 Gwangju Autonomous special vehicle demonstration service
Village bus passenger transport service
11 Daegu . .
Demand response-type robot taxi service
12 Jeju Demand response-type autonomous shuttle service
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Demand response-type shuttle service

13 Gunsan Robot taxi service

Mobility service for the handicapped

Demand response-type shuttle service

14 Suncheon

Autonomous shuttle movement support service

2. ASFUK BN UEF P BI} TY 28 18
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AEHOIA WENZE <Fig. 1>¢ 53 HAT & ek VEAD THS 95 Ba AEeAAT FHL
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(a) Pangyo autonomous vehicle pilot zone
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<Fig. 1> Pangyo simulation network

<Table 2> Factors used to build the simulation network

“’P H{/

(b) Simulation network

Factors

Explanations

. Road geometry
Static factors

* Set the road geometry such as signal intersections, number of lanes, lane width,

and slope to be the same as Pangyo Zero City

Route bus

* Set 7 bus stops and 82 route buses passing through the route

Signal system

* Set TOD(Time of Day) signal by intersection

Desired Speed

* Normal roads are set to 50km/h and alleys are set to 30km/h.

Dynamic factors
Traffic volume

* Set using traffic volume data by direction and vehicle type

Driving behavior parameter

* Set as level 4 autonomous vehicles parameters of atkins

<Table 3> Driving behavior parameters

Parameter Explanations Human-driven vehicles Autonomous vehicles
CCo Stand still distance (m) 1.5 0.5
CC1 Time headway (sec) 09 0.6
cC2 Following Variation(‘following’ distance oscillation) (m) 4 0
CC3 Threshold for entering ‘following’ -8 0
CC4 Negative ‘following’ threshold -0.35 0
CC5 Positive ‘following’ threshold 0.35 0
CC6 Speed dependency of oscillation 11.44 0
cC7 Oscillation acceleration (m/s?) 0.25 0.40
CC8 Standstill acceleration (my/s”) 35 3.8
CcC9 Acceleration with 80km/h (m/s*) L5 1.8
LC4 Safety distance reduction factor (%) 60 30
LCs Min. headway (m) 0.5 0.2
MGl Minimum time gap (sec) 3 2.4
MGI1 Minimum headway (m) 5 35
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2ol MPR &, EQ1Ed M2 B4E S5t AEFdAe] EUES 74 AU LEE 0~100%(Unit:
10%)= AR5t Algdold 4 ARFe wEF Aol £28%= %7] Warm up time 1,800%25 A &Jst
3, 1,800~5400%7k4] F 3,600 5+ 3 ATE £ ATl A A AUE] & <Table 4>9F 2t} H3F
How FZH AEHIAY AR T A5 HAFS A3l GEH(Geoffrey E Havers) A7 <= &85}
Calibrations 333 Th GEHAFS L& Lofoll A vA] AlEd ol BA &8 B4 8te T8 &85+
577] % o] th(Kabashkin and Prentkvskis, 2017). GEH 2] ()3} 2t} £ Ao M= AlE ol 3 3 97)
HRlwatZ o] A WEFd nFFSs TN, A BES AEHoAGS &85t GEHASS
3kt UWHH O 2 GEH ghol 5 o]kl A Mol A AL 85% ol Aol AAl #Z 73} YAt
AE-37] o Ebdittal HSl=H| (Transportation Technology and Policy., 2009), ¥ Ao A = 3714 AlyE] L
oA =% GEH7} 50]3+2] mxtz o] Hlgo] HA 2] 9428%F UERY} Al EFolHo] AA YEYIAS I3
AR FEoE FEEATS FRASAT B A7 GEHHS A= <Table 5> 53 1T 4 Ut
ETYA EA WFFY wE T4 NS BAE] A% BUHARE
AAQsATh HA, BE G844 AREE HFEPEE (k) BFAA A 7K sec)S A AsI WEY I AA

°of A& BAsAT =3, 1F ¢S Wrish] AR AxRE AT =Y weh wEFolA

=y

<Table 4> Simulation scenario

Classification Scenario 1 Scenario 2 Scenario 3
Time Morning peak hour Non-peak hour Evening peak hour
(08:00~09:00) (12:00~13:00) (18:00~19:00)
Autonomous vehicle MPR 0 ~ 100%(unit: 10%)
Running time 5,400 sec (warm up: 1,800sec)

<Table 5> GEH analysis results

Scenario 1 Scenario 2 Scenario 3
| o | M| T | 5| M| e | O
ON 1256 1263 0.21 853 889 121 1222 1263 1.15
DOw 2082 2294 452 1117 954 5.06 1402 1453 1.36
@S 811 902 3.10 630 640 041 651 703 2.00
DE 1568 1657 222 1038 1125 2.66 1068 1210 422
@N 696 715 0.72 180 185 0.39 106 142 327

180 PA=ITSYR|=EN| 227, M12(2023H 28)
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@ W 1559 1687 3.17 1030 1054 0.74 1183 1253 2.00
@S 657 580 3.11 436 458 1.04 514 548 1.49
@E 1236 1001 7.03 1003 1220 6.52 1221 1258 1.05
@ N 662 652 0.39 711 758 1.75 1071 904 5.32
B W 1993 2149 3.44 1018 1055 1.16 1149 1157 0.25
O 1032 1115 2.54 539 557 0.78 739 786 1.70
@ E 1386 1184 5.64 1030 1028 0.07 1215 1258 1.21
@ N 1453 1406 1.25 692 723 1.17 719 750 1.13
@ w 1135 1011 3.78 249 286 2.26 180 186 0.47
@ S 776 816 1.42 797 815 0.62 764 904 4.84
@ E 646 698 2.02 259 278 1.18 564 596 1.33
® N 960 951 0.28 325 351 1.40 408 475 3.19
®w 751 663 332 252 278 1.58 268 268 0.02
® S 520 470 2.26 380 389 0.44 674 742 2.57
®E 312 237 4.55 203 207 0.30 417 458 1.98
® N 794 703 3.34 619 625 0.25 833 975 4.73
® W 1043 1185 4.26 212 235 1.56 227 235 0.50
S 574 558 0.67 527 552 1.08 759 774 0.54
® E 192 138 423 94 98 0.44 279 286 0.40
@ N 2115 2214 2.13 767 853 3.01 608 635 1.07
@S 969 1030 1.92 977 1078 3.16 884 989 3.42
@ E 968 1070 3.20 605 685 3.14 990 1240 7.48
® N 841 941 3.36 428 478 2.37 624 652 1.11
®w 554 636 3.38 404 489 4.04 436 457 0.99
® S 768 673 3.54 472 512 1.80 766 785 0.69
®E 530 630 4.17 474 585 4.84 827 856 0.99
O®N 888 961 2.39 652 675 0.88 1050 1210 4.76
Ow 525 547 0.96 352 384 1.69 402 405 0.13
(O 842 725 4.17 766 798 1.13 925 986 1.96
©E 256 229 1.75 358 368 0.52 544 574 1.28
Total 35 35 35
gg}cler;flgo;og 94.28% 94.28% 94.28%
* @ ~ ©: Intersection number
GEH= 2 >(<](th—|[-7(')@2 o:] 7] H M= Modelled flow, C= Countedflow +--swsereeessssssesemensnenines (1)
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()

<Table 6> Evaluation index

Index Description
Average speed (km/h) Average speed of all vehicles driving on the network
Efficiency - —
Average delay (sec) Average delay of all vehicles driving on the network
Safety Hard braking rate (%) Percentage of hard braking on typical vehicles driving on the network
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