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Introduction

“ Motivation
= |n order for an autonomous vehicle to drive to its final
destination, the decision of the lane change timing should
be given to perform the mandatory lane change.
= When driving on the highway, where including numbers
of ramps and interchanges, the information about the

ramp Is given, but not the distance required for changing
lanes.

“* Objectives
= |n this study, we propose the lane change decision model
based on given real time road information.
= The model predicts the minimum safe distance for a lane
change from the current lane to the target lane.

= We validate the predicted measurements through
simulation.

Lane change point prediction (US Highway101 Dataset)

With the lane change input
distance prediction model, we

5lane : road tion level 5 (Avg. velocity 50.84km/h)
can generate lane change §5¥arvexrond conguntion leval 6 [Avg, velocley S8 T7ani
decision timing on the road. Output

. Minimum acceptance gap : 49.17m
The model is tested under

Gap occurrence probability : 80.47%
Expected gap exploration distance =111.24m
Expected lane changing distance = 51.64m
Expected lane change distance = 162.88m
Description
: Prepare to change lane before 162.88m from turn-off

: 5t lane -> 6'"lane(off ramp) lane change
Given (previous 5 minutes of traffic information)

recorded traffic in the dataset.

*» Direction : Left—Right
¢ Black line: Lane keeping path
** Red line : Lane changing path

Test result
Lane change : success
Measured distance = 119.52m
Prediction margin = 26.62%
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Figure 3. Lane change starting point generation process

Result

2 Simulation result

low speed
[15~50km/h]

middle speed
[50~100km/h]
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Firstly, we compared
the required distance
for the lane change of
proposed model to
observed distance from
the dataset.

The heat map on
Figure 4 Is showing the

distances according to

v Congestion Level the congestion level of
Road congestion level retlecting the number and average current lane to target

speed of vehicles passing through the target lane for a unit lane.

time (5 minutes) The predicted lane change distance is tested with the dataset.
All vehicles are driving along the trajectory recorded in the
dataset, and the controlled vehicle i1s changing lanes from the
distance behind the model prediction at the intersection. We
ran a total of 1800 simulations using 600 cases each of low,
medium, and high speeds. For medium and high speed, more
than 95% of cases, controlled vehicle succeeded to reach to the
target lane before the intersection. In low speed setting, we got
only 48.67%. We analyze these results in the following
discussion.
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“ Dataset & Key Word

= Highway Drone Dataset (levelxdata)
= US Highway 101 Dataset (U.S Department of transportation)
» |nterstate 80 Freeway Dataset (U.S Department of transportation)
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Figure 4. Model prediction and validation from the dataset.
Congestion level : column -> target lane, row -> current lane.

Validation data Prediction data

§E 65588886868

Traffic of it"lane
Avg.speed of it"lane
Traffic of it"lane = total number of vehicles at i**lane /recording time

Cith =

Level 6
[0.50, 2.66] | [2.66, 3.07] | [3.07, 3.41] |[3.41, 4.14] |[4.14, 4.87]|[4.87, 28.20]

Level 1 Level 2 Level 3 Level 4 Level 5

v Acceptance Gap
Acceptance gap Is the minimum distance between vehicles
In the target lane required for lane change. The acceptance
gap Is calculated under UN regulation No. 79 and No.157.
“* Discussion

<+ Dataset Analysis We categorize the lane change
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iInevitable with the trajectory planner we '«
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have used Iin the experiment, as it does 70

not have an accelerate/decelerate §§ /
techniques for the lane change. The 20

success rate(SR) of case 2 can be o
improved by mitigating the acceptance e

gap. We re-analyze the SR and prediction

Figure 1. Distribution of inter-vehicle spacing by
congestion level

the log-logistic distribution.

“* Model Description
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Figure 5. Lane change success

distance rates and prediction margin
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Figure 2. Lane change distance prediction model flowchart.

error by varying the acceptance gap In
low speed setting (SR-I :case 1+case2 / SR-II :Case2 only). The

SR are shown In Figure 5 and maximum SR-II scores 98.67% by
Increasing the acceptance gap to 120%.



