
A Cheap and Resilient Approach to
Eliminate Bus BunchingEliminate Bus Bunching

Carlos F. Daganzo
U.C. Berkeley Center for Future Urban Transport

www.its.berkeley.edu/volvocenter/

Göteborg, April 2009



The Method’s Attributes

Cheap (wireless technology)

Simple (scalable)

Resilient (Compensates for traffic and major disruptions)
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Widely applicable



Effects of Bus Bunching

Undesirable for patrons

Hard to alleviate
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Hard to alleviate

Widespread



Why it happens: a survey

Why do people think that buses bunch?

Service Side
•Lazy bus drivers

•Flawed bus dispatching
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•Flawed bus dispatching

•Driver coffee breaks

Demand Side
•Unprepared passengers

•People using the wrong door



Why it Happens: Evidence

Critical Factors

• Random disturbances
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• High average demand



Existing Method

Inserting “Slack” into bus schedules
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(worst case assumed)



Limitations of Existing Method

Not useful for demand-sensitive systems.

Not resilient to large disruptions
•Snowstorms
•Malfunctions
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•Malfunctions



Reasons for the Limitations

worst-case 
planning

Drawbacks:

• Schedule-based
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planning
-or-

accept 
bunching

• Schedule-based
• Rigid
• Uncooperative



Technology to the Rescue

Proposed approach
• Adaptive
• Cooperative
• Headway-based
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• Headway-based
• Simple and scalable



Intuition of the Algorithm

• Attractive forces cause 
buses to bunch (magnets)

On a bus route:
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buses to bunch (magnets)

• Introduce a compensating 
force (springs)



Simple Strategy and Implementation

Control Points

Holding 
Delay
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Headway
Expected Headways



Strategy Performance

Factors in formula for required holding times:

• Cumulative effect of boarding delays
• Traffic noise
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• Traffic noise

BRT strategies of designated lanes and 
boarding facilitation reduce the need for 
holding times



Features of the Strategy

Strengths
• Quick and easy to implement
• No capital investment necessary
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• No capital investment necessary
• Dynamic

Weaknesses
• Discrete 
• 1-way looking (non-cooperative)



A Refinement

Cheap on-board devices allow:
• 2-way looking 
• Cooperation 
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• Cooperation 
• Dynamic response
• Continuous monitoring and 

control

Faster

Slower



Performance

4 Buses Controlled
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Performance

4 Buses Controlled 8 Buses Controlled
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Performance

Fast Boarding Regular Boarding
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Comparison

5

4

Minutes of IVTT pax delay
to avoid bunching

Minutes 
of delay
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4

3

2

1

0

Schedule 
Control

Adaptive 
Control

Cooperative 
Control



Resiliency

Schedule Control Cooperative Control
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Resiliency

Schedule Control Cooperative Control
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Recap

Cheap

Scalable

21

Scalable

Effective

Resilient



Further work

Field experiments
• Real lines (test all effects)
• Artificial lines (test traffic and human factors 

effects)
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effects)

Development of IT architecture

Extensions
• resilient schedules
• interacting lines



Related Transit Projects

Smart multi-line bus stops
• Design (Chengdu)
• Operation (Barcelona)

Non-disruptive segregation
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Non-disruptive segregation
• Bus lanes with intelligent priority (Amman, Barcelona)
• Smart intersections (Chengdu)

Big picture
• Demand side: behavioral experiment (SFBA) 
• Supply side: transit network optimization.


