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Abstract

Emerging automated driving environments will lead to a mixed traffic flow depending on the
interaction between automated vehicles (AVs) and manually driven vehicles (MVs) because
the market penetration rate (MPR) of AVs will gradually increase over time. Understanding the
characteristics of mixed traffic conditions, and developing a method to control both AV and
MYV maneuverings smoothly is a backbone of the traffic management in the era of automated
driving. To facilitate smooth vehicle interactions, the maneuvering of AVs should be properly
determined by various traffic and road conditions, which motivates this study. This study
investigated whether the aggressiveness of AV maneuvering, defined as automated driving
aggressiveness (ADA), affect the performance of mixed traffic flow. VISSIM microscopic
simulation experiments were conducted to derive proper ADAs for satisfying both the traffic
safety and the operational efficiency. Traffic conflict rates and average travel speeds were used
as indicators for the performance of safety and operations. While conducting simulations, level
of service(LOS) and market penetration rate(MPR) of AVs were also taken into considerations.
Results implies that an effective guideline to manage the ADA under various traffic and road
conditions needs to be developed from the perspective of traffic operations to optimize traffic
performances.

Keywords: automated driving aggressiveness, automated vehicle, conflict rate, micro traffic
simulation, traffic operation and management
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Figure 1. Comparison of driving behavior by different ADAs
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[STEP 1] Determination of optimal ADA
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sectionA | ADA5 | ADA 5
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[STEP 2] Provision of ADA information to AVs
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x 5 V21
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Mixed traffic condition
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[STEP 3] Change in AV maneuvering

[ Control ADA ]
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Figure 2. lllustrative example of service scenario for traffic management strategy by controlling ADAs
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1. AlE2flo]d &3 3 AlLiZle
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ACC (Adaptive Cruise Control)
CACC (Cooperative ACC)
. . AEBS (Automatic Emergency Braking System)
Analyze mixed traffic ESC (Electronic Stability Control)
LKAS (Lane Keeping Assistance System)

LDWS (Lane Departure Warning System)
BSD (Blind Spot Detection System)
LCC (Lane Change Control System)

Figure 4. Simulation framework for AV maneuvering abstraction
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Transportation, 2016). VISSIMof|4] ¥173F ADAY Driving Behaviors ot2ta| €] 352 Table 101 AlA5F.2H,
VISSIM w4 Esfl 2 mtetn|ef o] ol 2ele 4= QIHHPTV Group, 2016).

Table 1. VISSIM parameter setting for ADA implementation

L ADA
Division Code I 5 3 7] s ¢ 7 5 9
Spacing CCO (m) 2.5 2.5 2 2 1.5 1 1 0.5 0.5
CC1 () 2.1 1.8 1.5 1.2 0.9 0.8 0.7 0.6 0.5
CC2 (m) 0 0 0 0 0 0 0 0 0
Speed CC3 (s) 0 0 0 0 0 0 0 0 0
CC4 (m/s) 0 0 0 0 0 0 0 0 0
CC5 (m/s) 0 0 0 0 0 0 0 0 0
Acceleration  CC6 0 0 0 0 0 0 0 0 0
CC7 (m/s) 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45
CC8 (m/s”) 3.1 3.2 3.3 3.4 3.5 3.6 3.7 3.8 3.9
Lane change Min headway (m) 0.8 0.8 0.7 0.6 0.5 0.4 0.3 0.2 0.2
Safety distance reduction factor 0.9 0.9 0.8 0.7 0.6 0.5 0.4 0.3 0.3
Priority rule Min time gap (s) 3.8 3.6 3.4 3.2 3 2.8 2.6 2.4 22
Min headway (m) 7 6.5 6 5.5 5 4.5 4 3.5 3
Others CC9 (m/s?) 1.1 1.2 1.3 1.4 1.5 1.6 1.7 1.8 1.9

Lookahead distance observed 10 10 10 10 10 10 10 10 10
vehicles (# of vehicles)

Smooth closeup behavior Yes Yes Yes Yes Yes Yes Yes Yes Yes
= a 7
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Table 2. Change in performance by LOS, ADA and accident

Efficiency Safety
120 1.8
= 16
% 100 514
< 80 T 12
= S
- 40 06
g 20 @ 04
S| TR ([ 02 I .l
ADA 1 ADA 9 ADA 1 ADA 9 ADA 1 ADA 9 ADA 1 ADA 9
With accident Without accident With accident Without accident
AEB EC ED BRE A mB EC mD BE
Table 3. Change in performance by MPR, ADA and accident
Efficiency Safety
120 1.8
= 1.6
% 100 § 14
< 80 g 12
o T 1
2 60 < 08
2 T 04
g 20 II @ I
= 0.2
0 : [ | [ [}
ADA 1 ADA 9 ADA 1 ADA 9 ADA 1 ADA 9 ADA 1 ADA 9
With accident Without accident With accident Without accident
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