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Common Locations for Localized Bottlenecks



Common Locations for Localized Bottlenecks



Fundamental diagram of traffic flow (flow vs. density)

F
lo

w
 (
q
)

Density (k)

Optimal 

flow or 

capacity,qmax

Optimal 

density, ko

Jam 

density,  kj

Mean free speed, uf

Optimal speed, uo

Speed is the 

slope. u = q/k

Uncongested 

flow Congested 

flow

10



Fundamental diagram of traffic flow and shock wave
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Impact of ITS on the Transport System

• Converts the Static Control Systems into Dynamic Control 
Systems
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When to think about ITS 

• Solve an existing traffic problem: congestion, reliability, … etc

• Improve traffic services

• Operate the traffic system more reliably and more effectively

• Store and evaluate archived data collected from the operating 
system
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Active Traffic Management (ATM) Strategies 

• Active Traffic Management (ATM) strategies focus on influencing travel behavior 
during a trip with respect to operations and lane and facility choices.

• ATM is the ability to dynamically manage recurrent and non-recurrent congestion 
based on prevailing and predicted traffic conditions.

• Focusing on trip reliability, ATM maximizes the effectiveness and efficiency of the 
facility, while also increasing safety and throughput by using integrated systems 
with new and automated technologies.

• Adaptive Ramp Metering (ARM)
• Adaptive Traffic Signal Control (ATSC)
• Dynamic Junction Control (DJC)
• Dynamic Lane Assignment (DLA)
• Dynamic Lane Reversal (DLR)
• Dynamic Merge Control (DMC)

• Dynamic Shoulder Lanes (DShL)
• Dynamic Speed Limits (DSpL)
• Queue Warning (QW)
• Transit Signal Priority (TSP)



Active Traffic Management (ATM)

• Active traffic management (ATM) is the ability to dynamically 
manage recurrent and non-recurrent congestion based on prevailing 
and predicted traffic conditions. Focusing on trip reliability, it 
maximizes the effectiveness and efficiency of the facility.

• ATM approaches seek to increase throughput and safety through the 
use of integrated systems with new technology, including the 
automation of dynamic deployment to optimize performance 
quickly and without delay that occurs when operators must deploy 
operational strategies manually.

• ATM includes dynamic routing, dynamic junction control, adaptive 
signal control, and transit signal priority. 



Active Traffic Management (ATM)
• Dynamic lane use/shoulder control: the dynamic opening of a shoulder lane to traffic or 

dynamic closure of travel lanes on a temporary basis in response to increasing 
congestion or incidents.

• Dynamic speed limits: the dynamic change in speed limits based on road, traffic, and 
weather conditions.

• Queue warning: the dynamic display of warning signs to alert drivers that congestion 
and queues are ahead.

• Adaptive ramp metering: the dynamic adjustment of traffic signals at ramp entrances to 
proactively manage vehicle flow from local-access roads.

• Dynamic rerouting: the dynamic provision of alternate route information in response to 
increasing congestion at bottlenecks/incidents.

• Dynamic junction control: the provision of lane access based on highway traffic present 
and merging/diverging traffic to give priority to the facility higher volume to minimize 
the impact of the merging/diverging movement.

• Adaptive traffic signal control: the optimization of signal timing plans based on 
prevailing conditions to increase throughput along an arterial.



Benefits of ATM

• A decrease in primary incidents by alerting drivers to congested conditions 
and promoting more uniform speeds;

• A decrease in secondary incidents by alerting drivers to the presence of 
queues or incidents and proactively managing traffic in and around incidents;

• Increased throughput by reducing the delay associated with the number of 
primary and secondary incidents reducing speed differential in traffic flow, 
and reducing the shockwave effects of excessive breaking.

• Increased overall capacity by adding shoulder use during congested periods 
when it is needed most;

• Overall improvement in speed uniformity during congested periods; and
• Increased trip reliability by increasing capacity and throughput and reducing 

incident delay and improving vehicle throughput.



Identifiers to use ATM Strategies

• High traffic volumes;
• Changes in prevailing conditions;
• A high prevalence of crashes;
• Capacity bottlenecks;
• Adverse weather;
• Adverse environmental impacts;
• Variability in trip reliability;
• Construction impacts;
• Financial constraints and priorities; and,
• Limitation in capacity expansion.



Potential measures to evaluate system 
performance and ATDM deployments



Information

Data Collection ---> Processing ---> Analysis ---> Information
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Before Implementing ITS

• Nation-wide Vision

• ITS Architecture

• Feasibility Studies … Cost – Benefit Analysis

• ITS Applications should be:

1. Integrated: major elements of the ITS Taxonomy are linked

2. Compatible:
3. Expandable:
4. Standardized:
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Integration in ITS
• Sharing of information between agencies

– when arterial traffic data are shared with transit agencies so they can improve service

• Equipment interoperability
– when emergency vehicles communicate with traffic signals to preempt signal timing 

to improve incident response

• Coordinate control actions between different agencies
– when arterial management agencies coordinate signal timing on a corridor
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Standardization in ITS
Regional standards or utilized from other regions. Standards lead to 
faster and more reliable systems development according to the 
governmental goals.
• To have a consistent & expectable product behavior
• To improve the interfaces between parts of complex systems
• Help users to expect at least minimum product performance
• Help public agencies and other organizations to cooperate and 

interact successfully.
• Offer manufacturers and vendors easier entry to markets
• Offer buyers a greater choice of suppliers, at lower risk and lower 

cost.
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Application in ITS
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Architecture
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4 Types of ITS Architecture:

1

4

3

2



Architecture Reference

• The Architecture Reference for Cooperative and Intelligent 
Transportation (ARC-IT) provides a common framework 
for planning, defining, and integrating intelligent 
transportation systems.

• ARC-IT is a reference architecture: it provides common 
basis for planners and engineers with differing concerns 
to conceive, design and implement systems using a 
common language as a basis for delivering ITS, but does 
not mandate any particular implementation.

• ARC-IT includes artifacts that answer concerns relevant to 
a large variety of stakeholders, and 
provides tools intended for transportation planners, 
regional architects and systems engineers to conceive of 
and develop regional architectures, and scope and 
develop projects.
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Enterprise View

• The Enterprise View addresses the 
relationships between organizations 
and users, and the roles those entities 
play in the delivery and consumption 
of ITS services. Relationships between 
entities are dependent on the roles 
those entities take in the delivery of 
user services.
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Functional View

• The Functional View addresses the analysis of abstract 
functional elements and their logical interactions.

• Processes are organized hierarchically, each in a set.

• These Processes (activities and functions) trace to a set 
of Requirements derived from source documents.

• The data flows that move between processes and the data 
stores where data may reside for longer periods are all 
defined in a Data Dictionary.
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4. The data flows in the ITS Architecture in 
…….. view

a. Physical view

b. Data view

c. Functional view

d. Communication view

e. Enterprise view

Questions



Data Flows
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Physical Architecture

• The physical view describes the transportation systems and the information 
exchanges that support ITS
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Communication View
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5. Vehicles exist in the ITS Architecture in …….. 
view

a. Physical view

b. Data view

c. Functional view

d. Communication view

e. Enterprise view

Questions



ITS Examples



Examples of ITS Solutions
Urban Streets Freeways

1- Coordinated & Adaptive Traffic 
Signals

2- Variable Speed Limits (VSL)



Highways Bottleneck

lane drop

incident lane blockage

merge point

44

Physical Bottleneck

Physical Bottleneck

Physical Bottleneck
+ Work Zones



VSL Example



Example: I-40 Interstate (between states)

• I-40 @Coors

• I-40 @Rio Grande
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Solution: Variable Speed Limit (VSL)
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• VSL Types:

– Advisory

– Mandatory 



Project Layout
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Smooth Mean Speed



• Observe the following 
case ….

System 
Performance



Questions?



VSL Concept



Bottleneck
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Normal Section Discharging Section Bottleneck Section

Lane Changing ---

A bottleneck is the point with lowest flow capacity along the road.

Cb : capacity of bottleneck
nb : number of lanes in bottleneck section
qb : flow of bottleneck
Lb : length of bottleneck

C or Cn : capacity of normal section
nn : number of lanes in normal section
qn : flow of normal section
Vn : velocity of normal section
n : density of normal section

qd : flow of discharging section
Vd : velocity of discharging section
d : density of discharging section



• disordered behaviour

• density increases at bottleneck (more than critical value)

• queue forms upstream of bottleneck

• capacity decreases at bottle neck (capacity drop phenomenon)

• the maximum achievable traffic flow rate decreases when queues 
are formed

• Unstable flow

• Vehicles in queue force the speed of vehicles in open lanes to 
reduce
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Bottleneck



Model of Highway Bottleneck
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Fig. 2: Triangular Fundamental Diagram

• Cb : capacity of the bottleneck

• Ideal capacity of the bottleneck after the incident should be Cb = nb : nn C
4/5 = nb : nn

• Lb : length of the bottleneck

• Assume Triangular Fundamental Diagram

Drop in capacity



Model of Highway Bottleneck
• 1 : q1 < (1-)Cb ,  < c

• 2 : q2 = Cb ,  < c

• 3 : q3 = C ,  = c

• 4 : q4 = (1-)Cb ,  > c

• 5 : q5 = (1-)Cb ,  > c

• 6 : q6 = 0 ,  = d

• As flow is under capacity, traffic stream is 
expected to operate normally
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b: breakpoint
c: capacity

V<Vf

V<Vf

V=Vf

d,c: critical density at section d (discharge section)



Model of Highway Bottleneck
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Fig. 2: Triangular Fundamental Diagram

• Cb : capacity of the bottleneck

• Ideal capacity of the bottleneck after the incident should be:

• Cb = (nb : nn) x C

• Lb : length of the bottleneck

• Assume Triangular Fundamental Diagram



Model of Highway Bottleneck
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Assume Triangular Fundamental Diagram

Drop in capacity

C’ = (1-)Cb

d,c: critical density at section d (discharge section)



Bottleneck
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Normal Section Discharging Section Bottleneck Section

Lane Changing ---

A bottleneck is the point with lowest flow capacity along the road.

Cb : capacity of bottleneck
nb : number of lanes in bottleneck section
qb : flow of bottleneck
Lb : length of bottleneck

C or Cn : capacity of normal section
nn : number of lanes in normal section
qn : flow of normal section
Vn : velocity of normal section
n : density of normal section

qd : flow of discharging section
Vd : velocity of discharging section
d : density of discharging section



Model of Highway Bottleneck

• Cb = 6000 x 4/5 = 4800 vph & Q = 60 x 
100 = 6000 vph > Cb

• Can we control/manage flow to be less 
than the capacity at the bottleneck

• For Q < Cb   -----> Q = V x K

• To decrease Q, either decrease V or K 
or both ----> K can’t be controlled

• If V is decreased from 60 kph to 40 kph

• Q = 40 x 100 = 4000 vph < Cb , (Cb = 4800 
vph)

60

Fundamental diagram 
after traffic Control
In red

Assumed Fundamental 
diagram without 
control
Dotted



Model of Highway Bottleneck

• As flow is under capacity, traffic stream is expected to operate normally 

• Reducing speed along highways during travel is possible through an 
Intelligent Transportation System (ITS) named Variable Speed Limits 
(VSL)

• V = 60, K=100, Q=60 x 100 = 6000 vph
• N = 5, nb= 4 (n-nclosed)
• Qb= 4/5 x 6000 = 4800 vph
• V = 40 kph
• Q = 40 x 100 = 4000 vph



The fundamental diagram can be simplified to 
a … diagram

a. linear

b. triangular

c. parabolic

d. microscopic

e. Any of the above

Questions



If C = 6000 vph, V = 60 vph, K = 100 vpkm, no. of lanes = 5, only 
one lane is closed

Solution:

• Cb = C x (nb : nn)

• One lane is blocked ----> nb = nn -1 = 5 -1 = 4

• Cb = 6000 x 4/5 = 4800 vph

• Q = V x K -----> k = 

• Then Q = 60 x 100 = 6000 vph > Cb  (However in normal conditions, flow is at capacity)

• Queues will form at this section due to over capacity (flow is greater than available road 
capacity)
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Questions



If the total road capacity is 12,000 vph. The bottleneck caused a drop 
in capacity to 8,000 vph (critical capacity)

• In normal conditions:

• k = 100  vpkm & v=100 kph

• q = 100 x 100 = 10,000 vph > 8,000, which is over capacity 
(shortage)

• If speed is lowered from 100 kph to 60 kph:

• k = 100  vpkm & v=60 kph

• q = 100 x 60 = 6,000 vph < 8,000, which is less than capacity
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Questions



Do we need VSL in Country?



Thank You!
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