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Introduction Methodology Calibration and Validation Case Study

Motivations Six key modules: Figure 2 shows the calibration and validation pipeline Figure 3 shows the case study network in
Prior studies report conflicting * Module 1: Approach a traffic sign (car-following model). using Waymo® Open dataset and the SUMO™. G4 ﬁlg:;ei}gt,iziected for ADS model

impacts of autonomous vehicles * Module 2: Merge decisionmaking (right-of-way rule).
(AVs). A study by Li et al. suggests
AVs may engage in riskier behaviors

compared with human-driven
vehicles.()) A study by Morando et al. * Module 4: Cross decisionmaking (right-of-way rule).

* Module 3: Follow the leading vehicle in the target lane y
(car-following model). Y/

highlights AV potential to enhance e Modu

e 5: Cross the conflict traffic (car-following model).
safety.(?)

~ 1 mile route

 Module 6: First come, first served.

Six models for five scenarios (figure 1):

A better understanding of AV
Tr:;’:Ztr:zes : SUMO network DIRECT Validation

behaviors 1s crucial for safety. This
—> Optimization )

goal calls for an investigation using * Model 1: Approach a traffic sign = module 1. Real AV data Simulation setup pararneter calilbration RMSE comparison
real-world data.

Speed limit: 25mph

/"’_’_W 2
(33.934818, -83.386498)
Position and speed root mean square errors (RMSEs) were used

* Model 3: Right turn at a stop sign = module 2 + module 3. in the objective function. A: Yield-controlled entry
B: Stop-controlled (no center lane)

* Model 2: Merge at a yield sign = module 2 + module 3.
Existing freeway-based models may

misrepresent AV behaviors at sign-

controlled intersections, resulting in * Model 4: One-step left turn at a stop sign = module 4 + . C: Stop-controlled (with center lane)
unclear impact assessments. module 2 + module 3. .1 iy iy D: All-way stop
'IE#_-“ Jm (RMSE," + RMSE, ;') E: Stop-controlled (no center lane)
To date, no known studies have * Model 5: Two-step left turn at a stop sign = module 4 + =1
systematically modeled AV responses module 5 + module 2 + module 3.
raffic signs, leaving a critical « : Y Figure 4 presents network performance with
to tratiic signs, leaving a critica * Model 6: Operations at an all-way stop = module 6 + mi |1 mi o 2 = P . b . .
research gap. module 3 RMSE, ™ = yma Z'[”n =t (B™)) different automation penetration rates, illustrating
N " the mobility-safety tradeoff trend associated with
[ ADS’s relatively conservative driving style.
Contributions Figure 1 illustrates traffic scenarios: (a) merge at a yield sign, I R P ;
. . . . RMSE, . = : x, M — T (BT +lv,  —, (™
* This study presents the first (b) right turn at a stop sign, (c¢) one-step left turn at a stop sign, T Nmd ;{ " 2 B™) 4 On =5 B™) )
. . . N B t 5 5
comprehensive modeling of (d) two-step left turn at a stop sign, and (¢) all-way stops. 105 g
autonomous driVing SYStemS (AD S)- N™! = total number of time steps of model m’s instance i. % :g ::;;% 3-:
equipped vehicle interactions with i - 08 %
. . . 1.5
trafﬁc S1gns, COvEering ﬁve key Intersection Intersection T 0%  25%  50%  75%  100% 1 0%  25%  50%  75%  100% :
scenarios with six core behavioral Re Su |t S lomaRaTpaetaHOnitae Automation penetration rate
modules. o
s This studvl ! 1d dat @ Table 1 shows model calibration results. ™| Mobility impact: 25-30% speed © Safety improvement: 60% conflict
1S Study Ieverages real-wor ata (b) reduction at high ADS penetration. reduction at high ADS penetration.
. . . . Model ‘
for mf)del cahbratloon and Vahdatlc.)n, ode o |RightTurn| One-Step | Two-Step | ,
ensuring that the simulated behaviors PPTOa”1 2| ata Stop |Left Turn at[Left Turn at y
. . Traffic Slgn . . . StOp h. h d b A
closely align with actual ADS Parameter Sign | a Stop Sign |a Stop Sign This research was supported by FHWA grant
behaviors. Maximum number 693JJ324C000003.
acceleration (m/s?) 0.59 1.58 1.22 2.17 1.08
Comfortable
deceleration (m/SZ) 4.50 2.50 2.75 1.82 4.50
Minimum gap (m) 5.42 2.33 1.11 2.11 4.00
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