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Introduction
 Intelligent intersection management is a very representative 

application of connected and autonomous vehicles
 Many existing works address the problem from different perspectives

• Centralized approaches
• Distributed approaches
• Connected, non-connected, and mixed-type vehicles
• Autonomous, non-autonomous, and mixed type vehicles

 However, motorcycles have not yet been considered in 
intelligent intersection management
 Do motorcycles really matter? Can we regard motorcycles as vehicles, as 

many countries' policies?
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Waterfall of Motorcycles
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https://www.taiwannews.com.tw/en/news/3501986



A Left-Turn Accident
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https://www.youtube.com/watch?v=7jGPtAEd9yY



Key Features
 Designated rightmost lane
 The rightmost lane is for motorcycles only, and the other lanes are for 

vehicles
 Besides going straight and turning right, a motorcycle on the rightmost 

lane may intend to turn left
• This is very different from existing intelligent intersection management, as the 

left-turn motorcycles will block more traffic than left-turn vehicles

 Non-autonomy and non-connectivity
 Connected and autonomous vehicles are more likely to mature before 

connected and autonomous motorcycles
• Due to the existing technology, customer willingness, and relative cost

 High density
 Regarding the number of motorcycles and vehicles per unit area, 

motorcycles can move with a higher density
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Related Work
 Centralized intelligent intersection management
 Distributed intelligent intersection management
 Intelligent intersection management with mixed traffic
 Motorcycles in transportation
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Contributions
 Model and study the intelligent intersection management with 

motorcycles
 Use grouping and two-phase left turns with waiting zones for 

motorcycles to improve the traffic efficiency of an intersection
 Vehicles are connected and autonomous
 Motorcycles are non-connected and non-autonomous

 Demonstrate essential trade-offs and insights for designing 
intelligent intersection management with motorcycles
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Outline
 System Modeling
 System Design
 Case Study
 Summary
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Intersection and Trajectory
 Four-way intersection
 Motorcycle lane (λX,3)
 Main vehicle lane
 Left-turn

vehicle lane
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Vehicles, Motorcycles, and Manager
 Vehicles: connected and autonomous
 Send information to the intersection manager
 Receive instructions from the intersection manager

 Motorcycles: non-connected and non-autonomous
 Be tracked by road-side units
 Follow traffic lights

 Intersection manager
 Receive information of vehicles and provide instructions to vehicles via 

communication
 Collect motorcycles' information from road-side units and use traffic 

lights to control motorcycles
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Objective
 Travel time
 The time length

• From the time that a vehicle or a motorcycle enters the range of the 
intersection

• To the time that it leaves the range of the intersection

 Non-delay travel time
 Assume that there is no interference by any vehicle, motorcycle, or 

traffic light

 Delay = travel time – non-delay travel time
 Objective
 Minimize the average delay of all vehicles and motorcycles
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Outline
 System Modeling
 System Design
 Case Study
 Summary
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Basic Setting
 Separated phases for vehicles and motorcycles
 Vehicle phase (control of vehicles)
 First-come-first-go policy

• All vehicles share the vehicle phase

 Motorcycle phase (control of motorcycles)
 Control by time-length
 Control by grouping motorcycles
 Two-phase left turns with waiting zones
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Control by Time-Length
 One phase for vehicles
 Vehicles from all directions and all lanes can share the phase as they are 

connected, autonomous, and following the first-come-first-go policy

 One phase for motorcycles on each motorcycle lane
 Motorcycles on other lanes and all vehicles cannot enter the 

intersection

 Five design parameters
 Time-lengths of the vehicle phase and the four motorcycle phases
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Control by Grouping Motorcycles
 Motorcycles on one lane can enter the intersection if
 The number of waiting motorcycles on the lane reaches the pre-defined 

grouping size

 Vehicles can enter the
intersection if
 The numbers of waiting motorcycles

on all motorcycle lanes do not reach
the pre-defined grouping sizes

 Four design parameters
 Grouping sizes of the four

motorcycle lanes
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Two-Phase Left Turns with Waiting Zones

 Waiting zones
 Traditional design vs. our design

16

Destination
Lanes

Source
Lanes

λ3,5

λ3,4

λ3,1

λ3,2

λ3,3

λ0,3 λ0,2 λ0,1 λ0,4 λ0,5

λ2,5 λ2,4 λ2,1 λ2,2 λ2,3

λ1,3

λ1,2

λ1,1

λ1,4

λ1,5Destination
Lanes

Source
Lanes

λ3,5

λ3,4

λ3,1

λ3,2

λ3,3

λ0,3 λ0,2 λ0,1 λ0,4 λ0,5

λ2,5 λ2,4 λ2,1 λ2,2 λ2,3

λ1,3

λ1,2

λ1,1

λ1,4

λ1,5

Waiting Zone

Vehicle 
Trajectory

Motorcycle 
Trajectory

First-Phase
Motorcycle 
Trajectory

Second-Phase
Motorcycle 
Trajectory



Two-Phase Left Turns with Waiting Zones

 One phase for vehicles
 Vehicles from all directions and

all lanes can share the phase

 One phase for motorcycles on
each pair of opposite motorcycle
lanes (+ their waiting zones)
 Motorcycles on λ0,3 and λ2,3 can

enter the intersection together
 Motorcycles on λ1,3 and λ3,3 can

enter the intersection together

 Three design parameters
 Time-lengths of the vehicle phase

and the two motorcycle phases
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Outline
 System Modeling
 System Design
 Case Study
 Summary
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Simulator
 SUMO-0.19.0
 Low-level control
 Delay calculation
 Visualization

19



Default Setting
 Arrivals and directions
 Poisson distribution with 2 arrivals per second (highly congested traffic)
 Probabilities of a motorcycle & a vehicle = PM & 1 – PM

• PM is set to 0.1, 0.3, 0.5, 0.7, and 0.9

 Uniform distribution for source direction
 Probabilities of turning left & going straight & turning right

• 0.25 & 0.5 & 0.25 for vehicles
• PL & 2*(1 – PL) / 3 & (1 – PL) / 3 for motorcycles
• PL is set to 0.1, 0.3, 0.5, 0.7, and 0.9

 Will report
 The average delay of all vehicles and motorcycles: ΔA

 The average delay of all vehicles: ΔV

 The average delay of all motorcycles: ΔM
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[EXP1] Connectivity: Settings
 Purpose
 Show the impacts of motorcycles

 Setting 1-1
 All vehicles and motorcycles are connected and autonomous
 All follow first-come-first-go policy

 Setting 1-2
 Mixed-autonomy traffic
 Control by time-length
 Total period is set to 90, 120, 160, 250, and 800 seconds

• Motorcycle phase: 80 seconds
• Vehicle phase: 10, 40, 80, 170, and 720 seconds --- roughly match the ratio of 

the number of vehicles to the number of motorcycles (PM = 0.9, 0.7, 0.5, 0.3, 
and 0.1)
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[EXP1] Connectivity: Results 1-1
 When PM is fixed, PL increases  ΔA increases
 A left-turn motorcycle has more trajectory conflicts

 When PL is fixed, PM = 0.5  ΔA is largest
 There are more trajectory conflicts between a vehicle and a motorcycle

 The impacts of motorcycles, especially left-turn motorcycles, 
on the traffic efficiency are significant
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[EXP1] Connectivity: Results 1-2
 ΔV is always smaller than ΔM
 The vehicle phase uses first-come-first-go policy 

 When PM = 0.1, ΔM is large and ΔA is small for each PL
 Motorcycles averagely need to wait longer until the next green light
 ΔA benefits from a longer vehicle phase and higher ratio of vehicles
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[EXP2] Grouping: Settings
 Control by grouping motorcycles
 Setting 2-1
 Grouping size is set to 1, 5, 10, and 15

 Setting 2-2
 All vehicles are from top or bottom, and all go straight
 All motorcycles are from bottom, and all turn left

 Setting 2-3
 All vehicles are from bottom, and all go straight
 All motorcycles are from bottom, and all turn left
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[EXP2] Grouping: Results 2-1
 When PM is 0.3, 0.5, 0.7,and 0.9, the grouping size increases 

ΔA decreases
 Vehicles and motorcycles are affected frequently without grouping

 When PM is 0.1, this trend
is not clear
 There are too few going

through the intersection
or forming a group
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[EXP2] Grouping: Results 2-2
 When PM is fixed, grouping size increases  ΔV decreases in 

most cases, but ΔM increases
 Larger grouping size prevents motorcycles from blocking vehicles but 

increases queuing time of motorcycles

 When grouping size is fixed, PM increases  ΔV increases, but 
ΔM decreases

 When grouping size is fixed, PM = 0.5  ΔA is largest
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[EXP2] Grouping: Results 2-3
 Most are the same as setting 2-2
 The grouping size 15 is not necessarily better than the group 

size 10 for ΔV
 Motorcycle blocks vehicles from two lanes in setting 2-2, but one lane in 

setting 2-3, making grouping less effective
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[EXP3] Waiting Zone: Settings
 Control by two-phase left turns with waiting zones
 Setting 3-1

 Setting 3-2

 Setting 3-3
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[EXP3] Waiting Zone: Results
 Settings 3-1, 3-2, and 3-3
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[EXP3] Waiting Zone: Results
 Comparison among Setting 1-2, 3-1, 3-2, and 3-3
When PM = 0.1 and PL ranges from 0.1 to 0.5  Setting 3-1 has the 

smallest ΔA

• Theory in scheduling

When PM ranges from 0.3 to 0.9 and PL ranges from 0.1 to 0.7  Setting 
3-2 has the smallest ΔA

• More transitions between phases, forcing approaching motorcycles to 
decelerate (similar to yellow lights)

 In the remaining scenarios (PL is even larger)  Setting 1-2 has the 
smallest ΔA

• Waiting zones benefit straight and right-turn motorcycles
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Design Insights
 When there are about the same number of vehicles and 

motorcycles, ΔA has the largest value
 Trade-off between ΔV and ΔM

 Left-turn motorcycles which have more trajectory conflicts with other 
vehicles or motorcycles need to be taken care of

 In general, ΔA benefits from grouping motorcycles
 Still, trade-off between ΔV and ΔM

 In general, ΔA also benefits from two-phase left turns with 
waiting zones
 Good separations for vehicles and motorcycles

 The design can also be applied to system with non-connected 
and non-autonomous vehicles
 A potential solution to mixed-traffic scenarios
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Summary
 Modeled and studied the intelligent intersection management 

with motorcycles
 Used grouping and two-phase left turns with waiting zones

for motorcycles to improve the traffic efficiency of an 
intersection

 Demonstrated essential trade-offs and insights for designing 
intelligent intersection management with motorcycles
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Q&A

Thank You!
Email: cwlin@csie.ntu.edu.tw
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