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Introduction
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Source: University of Michigan Source: Waymo

• Automated Vehicles (AV)



Motivation

2 Source: NHTSA

• AV Test in the US



Objectives
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1.How does user trust in AVs evolve?

2.How do AVs interact with vulnerable road users?



The Badger
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Route 1 (3x)

Experimental Design
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The map of routes in Racine, WI

• Four testing routes

• Four days of experiments

• March 17, October 22, 

November 10, and 

November 15 in 2023 

• Four drivers

• Valid US driver's 

license

• Normal or corrected-

to-normal vision

• Two riders



Data Collection
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• Vehicle log

• Unstructured text data

•  Front and inside view cameras

• Video data



Data Collection
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• Rider responses collected:

• two weeks before riding

• immediately before riding

• one week after riding

• Rider attitude about:

• familiarity with AV technology

• expectation of comfort, AV ability, and 

drivers’ ability

• general observations



Data Preparation
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• A Python-based script 

for automated log data 

preparation

• The unstructured log 

data are converted into 

structured data
• Location

• Speed

• Detection



Data Preparation
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Type Name Description 

General 

Cycle The number of the cycle 

Mode 
The driving mode of the vehicle, which is either automated 
or manual 

Time The timestamp of the cycle 

Vehicle 

Latitude & 
Longitude 

The latitude and longitude of the vehicle in world geodetic 
system 1984 coordinate 

Speed The speed of the vehicle in mph 

Heading 
The angle from the true north to the forward heading of the 
vehicle in degrees 

Detection 

Width The detected width of the object in meters 

Distance 
The distance between the closest point of the object and 
the associated sensor in meters 

 

Data Description



Data Preparation
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Parking Lot Public Street



Data Preparation
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• Object detection in an image



Data Preparation
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…

• Object detection in a video



Data Preparation
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T1
T2T1 - 5 seconds

T2 + 5 seconds

Before During After

• AV-VRU Interactions



Results
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Locations of interactions

• Five AV-VRU interactions

An example of an interaction



Results
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Event 1 2 3 4 5 

Date 10/23/23 11/10/23 10/23/23 10/23/23 10/23/23 

Duration (seconds) 5.81 15.82 9.81 37.74 20.82 

Speed_before 
(mph) 

Mean 9.33 9.31 0.09 14.45 18.24 

STD 0.58 4.25 0.24 0.07 0.46 

Min 7.05 2.66 0.01 14.13 17.31 

Max 9.61 14.51 1.19 14.57 18.97 

Speed_during 
(mph) 

Mean 0.96 2.06 0.16 0.95 3.62 

STD 1.76 3.02 0.27 2.64 5.72 

Min 0.01 0.00 0.01 0.00 0.00 

Max 6.29 9.69 0.99 13.88 18.97 

Speed_after 
(mph) 

Mean 0.05 8.67 4.45 4.18 0.01 

STD 0.09 1.01 2.92 2.51 0.00 

Min 0.01 6.13 0.83 0.00 0.00 

Max 0.46 9.81 9.41 8.07 0.01 

 

Descriptive Statistics

• The average duration is 18 

seconds

• The AV has a higher speed 

before the interaction than 

during and after the 

interaction

• The AV has a relatively high 

volatility of speed while 

interacting with VRUs 



Results
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• The AV stopped and the bicyclist 

drove on the street

• The AV stopped for additional time 

to check the surrounding 

environments to make a right turn



Results
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1

2

3

4

5

2 weeks before Right Before 1 week after

Comfort recommending riding in 
the AV to a friend

Rider 1 Rider 2

1

2

3

4

5

2 weeks before Right Before 1 week after

Yield to pedestrians at midblock
 

Rider 1 Rider 2

1

2

3

4

5

2 weeks before Right Before 1 week after

Yield to pedestrians when turning

Rider 1 Rider 2

1

2

3

4

5

2 weeks before Right Before 1 week after

Yield to oncoming traffic at an 
intersection 

Rider 1 Rider 2

Observations

• Pedestrians

• I was scared by the way the AV was interacting 

with pedestrians.

• I was not comfortable with how close it was getting 

to pedestrians.

• Oncoming Traffic at an Intersection

• When making the turn to Main St, it could not 

handle the vehicle that came from behind the trash 

truck.



Results
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1

2

3

4

5

2 weeks before Before 1 week after

Disengage appropriately 

Rider 1 Rider 2

1

2

3

4

5

2 weeks before Before 1 week after

Understand features of AV

Rider 1 Rider 2

1

2

3

4

5

2 weeks before Before 1 week after

Detect potential conflicts

Rider 1 Rider 2

Perceived differences between riders



Conclusions
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• AV is cautious while interacting with VRUs, but riders may not perceive it as 

safe

• Rider attitude toward AVs varies based on factors such as safety 

experiences and exposure to the technology

• AV has a relatively high speed before interacting with VRUs, its speed 

drops rapidly after interacting with VRUs and gradually increases after 

finishing the interaction

• AV has a relatively higher volatility of speed while interacting with VRUs



Limitations and Future Research
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• Limitations:

• Riders and drivers were limited to UW employees due to policy

• Field test has natural variations in traffic conditions, lighting, GPS 

quality, etc. that introduces uncontrollable variance

• Future Research:

• Collect data in more scenarios with more riders and drivers

• Better ways of detecting road users

• Additional metrics for evaluating AV’s performance
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