Delays in Macroscopic Network
Modeling




Intfroduction

The importance of traffic assignment models
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Intfroduction

Dynamic network loading model
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Source: https://www.esri.com/en-us/arcgis/products/arcgis-pro/resources
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Introduction

Dynamic network loading model — main outcome
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Intersection delay

* Persistent delay
* Non-persistent delay

Source: https://madison.com
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Intersection delay

No delay

No delay
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Intersection delay

Non-persistent delay

— Temporary delay
— Within a cycle
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Intersection delay
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Intersection delay

Persistent delay

— Queuing delay
— Among multiple cycles
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Research purpose

Propose a novel link transmission model (LTM) that embeds non-persistent delay

consistently
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Methodology

Link transmission model extension

— Non-persistent delay

* Embeds delays in LTM on a virtual link

* LTM requires Fundamental Diagram (FD) to determine travel time and delay
Webster’s delay is a well-known type of non-persistent delay
Novel conversion of Webster’s delay function into FD

link performance function
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Methodology

Link transmission model extension

— Link model representation with virtual link link L X
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Methodology

Link transmission model extension

— Link model representation with virtual link link L X
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Methodology

Link transmission model extension

— Solves kinematic wave model
(Lighthill-Whitham-Richards, 1956)
— Lax-Hopf formula on virtual link
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cumulative inflow in earlier time period
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Methodology

Link transmission model extension

— Solves kinematic wave model
(Lighthill-Whitham-Richards, 1956)
— Lax-Hopf formula on virtual link
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number of vehicle that the
observers will be passing
when they move at a

o kinematic wave speed
The University of Sydney

link L !
A —_—
N\
pmmm————- =
> Qs @ | —. - —_—
e /...-.
—
—
\J
L ‘:
: virtual link L” ;
I ( )reoesnnnnnsnnnnnnnnnnnnnnnnnnns » i
S

Webster’s delay:

*

L

c(1—5)2
2(1-6-9)
O C(1-6)
- 2

Page 15



Methodology

Link model formulation

— Non-persistent delay

flow
(veh)
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—— cumulative inflow
— potential cumulative outflow
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Example
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change rate

IS

N
L

|
IS
L

Example

First-in-first-out (FIFO)

FIFO condition fulfilment :
The change rate of webster delay

within a time unit larger than -1
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FIFO violation
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Example

Instant influence - FIFO violation
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Example

Travel time
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Example
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Contributions

Theoretical

— Incorporate non-persistent delays into the LTM, adhering to the FIFO principle.

— This is an unprecedented approach.
— Provide a macroscopic resolution, calculating average flow rates for each time instance
within the entire cycle.
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Contributions

Practical

— Can be embedded in LTM implemented in
= OmniTRANS
= AIMSUN

— For transport planners
= an effective way to describe traffic more realistically

" more accurate travel time and traffic flow forecast

— For decision makers
" infrastructure investment

= cost-benefit analysis
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