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Congestion

• Self-expanding Monster: Mega Cities

1

• Insufficient Infrastructure

2

• Formation of Roadway Bottlenecks

3

• Inadequate Attention by Policy Makers

5

• Insufficient Response to Non-recurrent Congestions

4

• Institutional Barriers

6
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Can we do?

Traffic Engineers

Policy Makers

Trip 

Makers

Urban Planners/

Developers



REDUCE THE CONGESTION LEVEL

Demand-side Strategies Control Strategies

Decrease the Travel Demand

Reduced trip generation 

Reduced peak-period trip 

demand

Convert auto trips to 

transit trips

Multi-modal coordination 

systems

Freeway recurrent/non-

recurrent control

Corridor recurrent/non-

recurrent control

Urban network control

Best Use the Capacity of 

Available Infrastructure Systems



Decrease the Travel Demand

Reduced Trip Generation

• Reshape urban  structure

Reduced Peak-hour Trip 

Demand



9

Is it time for a mega city, (functioning like an old IBM mainframe), to be transformed into a 

structure like “microcomputer networks?” or even a “cloud-computing” architecture.



Decrease the Travel Demand

Reduced Trip Generation

• Reshape urban  structure

• Promote mixed-land use

Reduced Peak-hour Trip 

Demand



Transportation

Residence

Retail

Office

Leisure 

Education



Decrease the Travel Demand

Reduced Trip Generation

• Reshape urban  structure

• Promote mixed-land use

• Information  highway/satellite 

office complex 

Reduced Peak-hour Trip 

Demand



Information Highway/ Satellite Office Complex 

HEAD OFFICE

Manager

Working 

at Home



Decrease the Travel Demand

Reduced Trip Generation

• Reshape urban  structure

• Promote mixed-land use

• Information  highway/satellite 

office complex 

• Promoting new culture

Reduced Peak-hour Trip 

Demand

• Dynamic working hours(8hr/day)

• Individual-based departure 

time/route/mode advisory system



Personal-based departure time/route/mode advisory system

 Type in: 

 Origin & Destination

 Departure time

 Output:

Mode/ Route /Time

mode

Origin & Destination

Suggested Routes

(time & distance)



Decrease the Travel Demand

Reduced Trip Generation

• Reshape urban  structure

• Promote mixed-land use

• Information  highway/satellite 

office complex 

• Promoting new culture

Reduced Peak-hour Trip 

Demand

• Dynamic working hours(8hr/day)

• Individual-based departure 

time/route/mode advisory system

• Dynamic working loads

(bi-weekly 80hr )



Convert to non-auto trips

Bus-based signal progression

Bus-service reliability system

Bus-based signal progression

Dynamic car-pool system

Responsive transit system

Integrated multimodal community 

system (bus/car; subway/bus/bike)



Distance

Time



Distance

Time

Bus progression is 

designed to maximize 

the probability that a bus 

is not stopped by signals 

or bus queues.Different 

dwell times



Convert to non-auto trips

Bus-based signal progression

Bus-service reliability system

Dynamic car-pool system

Responsive transit system

Integrated multimodal community 

system (bus/car; subway/bus/bike)

Bus-service reliability system



In-bus display

Wheat Flint Mall 

in 3 min
Wheat Flint Mall 

in 3 min

IKEA in 20 min

Univ. of Maryland

in 30 min

Display at the station

A5 Appr.

C3  1min

C7  5min

B1  9min

Bus arrival information

Personal Device



Stop 0

Stop 3

B
u

s 
2

Stop 1

Stop 2

Preceding bus’s actual arrival time Scheduled Arrival time

Without control

(V=30mph)

Speed control

(V=10mph)

Large headway variance

Small headway variance

speed control 

(v=15 mph)

Stopped delay without 

control

No stopped delay

B
u

s 
1 Bus schedule reliability system 



Convert to non-auto trips

Bus-based signal progression

Bus-service reliability system

Dynamic car-pool system

Responsive transit system

Integrated multimodal community 

system (bus/car; subway/bus/bike)

Dynamic car-pool system



Split is Smarter Shared Rides – “a whole new way to 
get around town”—A dynamic car-pooling system

● A proprietary routing algorithm instantly 

combines overlapping rides into a single 

vehicle

● Passengers request and pay for ride on our 

mobile app

● independent contractors use their personal 

vehicles to deliver our service

How does it work?

• Convenient

• Affordable

• Sustainable

● Split uses open data to ID thousands of safe, 

legal and non-disruptive pickup/drop-off 

points in a service area



A real shared ride example

8/6/2015 9:24 AM



University 

of 

Maryland



Convert to non-auto trips

Bus-based signal progression

Bus-service reliability system

Dynamic car-pool system

Responsive transit system

Integrated multimodal community 

system (bus/car; subway/bus/bike)

Responsive transit system

Integrated multimodal community 

system (bus/car; subway/bus/bike)

CONGESTION PRICINGCONGESTION PRICING
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University of Maryland College Park

RECURRENT CONGESTION DUE TO WEAVINGS

60mph

PROJECT LOCATION

N

Location Map



Significantly reduce the 

freeway mainline capacity



• May even block the 

neighboring 

intersection







http://roadsafety.co.za/2010-05/accidents-cause-severe-traffic-congestion/







Control on-ramp vehicles

-To reduce impact to the vehicles on the freeway



Control on-ramp vehicles

-To reduce impact to the vehicles on the freeway 



Potential 

spillback detected

Allocate a progression band for 

off-ramp vehicles 





Avoid the off-ramp 

queue spillback to 

the freeway mainline 



Potential spillback 

detected



Allocate more green 

time to the off-ramp 

vehicles 

Facilitate the 

progression for the 

large off-ramp volumes



prevent the arterial 

spillback



Potential 

spillback detected

Mainline congestion



Reduce the off-

ramp queue length



Control the on-ramp 

volume, maintain the 

freeway capacity



Incident

Via

x Blvd & 

y on-ramp



Incident

Off-ramp 

dynamic control

On-ramp 

Metering

Progression for 

the detoured 

vehicles

Via

x Blvd & 

y on-ramp

To x:

Via freeway: y mins

Via xx Blvd: z mins



 Early merge (or Convent.) under free 

and moderate traffic conditions

Late merge 

under the congested traffic conditions 

  

Right lane closure

TAKE YOUR
TURN

MERGE
HERE

RIGHT LANE
CLOSED

MERGE
HERE

    TAKE YOUR
TURN

Right lane closure

MERGE
HERE

USE BOTH
LANES

TO MERGE
POINT



Early Merge 

Merge Here

Take your turn



Late Merge 

Merge Here

Take your turn



Signal Control

Stop Here

Merge in this segment



PART Ⅰ. What and Why VSL? 

University of Maryland College Park

Netherland

M25 Motorway (UK)

OTHER VSL APPLICATIONS (TIME-OF-DAY CONTROL)

Germany

Spain



SAS

 Variable speed limit (VSL) control
 To effectively respond to traffic conditions and to increase the compliance rate of drivers

 Most systems have been applied in highway segments plagued by the bad weathers and recurrent 
congestion.



PART Ⅰ. What and Why VSL? 

University of Maryland College Park
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MD 170 MD 713 MD 295 Coca Cola Dr.

VSL CONTROL SPEED PROFILE

1. Reduce Accidents

2. Increase Speeds

3. Reduce Fuel Consumption

Advantages

VSL Control









With proper progression design, through vehicles on the 

arterial can pass adjacent intersections without stop.



Through vehicles 

may be blocked by 

the left-turn queue 

spillback.





Progression for through 

vehicles could be interrupted 

by initial queues from the 

upstream left-turn vehicles .



Vehicles from the upstream cross street are 

able to pass through the intersection during 

the green band, and minimize the likelihood 

of generating residual queues.



Vehicles from the upstream cross street are 

able to pass through the intersection during 

the green band, and minimize the likelihood 

of generating residual queues.



Progression may be designed 

for through, left-turn, or other 

movements of heavy volume

A Progression band 

for upstream left-turn 

vehicles

Freeway

Local arterial














