
On Simulation and Optimization of Freeway Network Operations

B. Wiwatanapataphee, Yong Hong Wu, C Gu

Curtin University of Technology

Attachment E

1

A C D

E_Progress_October 2021.pptx
A_ARC LP170100241_Project Overview.pdf
C_ARC LP170100241_Project Timeline.docx
D_ARC LP170100241_QRep4_2021.docx


Progress from last PSG meeting
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1 Optimization of Traffic Flow under non-recurrent events using reinforcement learning-based VSL and RM

2. Control of ramp metering Using Deep Koopman model
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1. Optimization of Traffic Flow under non-recurrent events using 
reinforcement learning-based VSL and RM controls

B. Wiwatanapataphee, Yong Hong Wu 



Outline
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(1) Road Network model

(2) Optimisation model for RM and VSL parameters

(3) Computational experiments



(1) Road Network 

Model

Kwinana Fwy Network from 

Farrington RD. to Narrows Bridge
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Network 
information
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Road incidents on the Kwinana Freeway 
Northbound 1 January 2018 – 25 October 2018
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14 Links of the Kwinana Freeway Northbound
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Duration of 
road incidents 
occurring on 
the Kwinana 

Freeway 
northbound 

from NPI link 1 
to 14
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Fundamental diagrams
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Observed traffic flow under road incidents

Time horizon is between 8:30 and 13:30



Traffic prediction under 

non-recurrent events 

using 1-D CNN LSTM model
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Long-term predictions



Short-term predictions
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Source         Ordinary        Diverging         Merging             Sink               Ordinary            Merging          Diverging     Legend

cells Links

Kwinana Freeway Northbound Network

(2) Optimisation model for RM and VSL parameters



min ෍

𝑡=𝜏

𝑡𝑒𝑛𝑑

𝑇 ෍

𝑖=1

𝑟𝑠

𝐿𝑖𝑘𝑖 (𝑡) +

The optimisation model:  
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0 ≤ 𝑘𝑖 𝑡 ≤ 𝑘𝑗𝑎𝑚,𝑖▪
𝑛𝑖𝜕𝑘𝑖

𝜕𝑡
+

𝜕

𝜕𝑥
∆𝑞𝑖 𝑡 = 0,

∆𝑞𝑖 𝑡 = 𝑞𝑖
𝑖𝑛 𝑡 − 1 − 𝑞𝑖

𝑜𝑢𝑡 𝑡 − 1 + 𝑟𝑖 t − 1 − 𝑠𝑖 𝑡 − 1

𝑟𝑖 t = min
𝑛𝑖,𝑟𝑞𝑐,𝑟; 𝛽𝑖,𝑟𝑣𝑓,𝑟𝑘𝑖,𝑟(𝑡 − 1);

max 𝑟𝑖
𝛼 𝑡 ; 𝑞𝑢𝑒𝑢𝑒𝑖,𝑟 𝑡 )

• 𝑞𝑢𝑒𝑢𝑒𝑖,𝑟 𝑡 = 𝑎𝑟𝑟𝑖,𝑟 𝑡 − 1 −
1

𝑇
ෝ𝑚𝑖,𝑟 −𝑚𝑖,𝑟(𝑡 − 1) ;

• 𝑟𝑖
𝛼 t = 𝑟𝑖

𝛼 t − 1 + 𝜶𝒊(𝒕)
𝐿𝑖

𝑇
(𝑛𝑖𝑘𝑐,𝑖 − 𝑘𝑖(𝑡 − 1)) > 0

• 𝑚𝑖,𝑟 𝑡 = 𝑚𝑖,𝑟 𝑡 − 1 + 𝑇(𝑎𝑟𝑟𝑖,𝑟 𝑡 − 1 − 𝑟𝑖 t ) ≤ ෝ𝑚𝑖,𝑟

Metering parameter

෍

𝑡=𝜏

𝑡𝑒𝑛𝑑

𝑇 ෍

𝑖=1

𝑟𝑠

(∆𝑞𝑖 𝑡 − 𝑞𝑐,𝑖) ≤ 0

▪ Capacity constraints

𝑔𝑖 𝑡 =
𝑟𝑖 𝑡

𝑟𝑠 𝑡
𝐶𝑖

Green 
duration

𝑇 = 𝑡𝑟𝑒𝑐𝑜𝑟𝑑/3600

upstream 
normal 
cell

ramp cell

𝑞𝑐,𝑖

𝑞𝑐,𝑟

𝑟𝑚 ෍

𝑡=𝜏+1

𝑡𝑒𝑛𝑑−1

෍

𝑖=1

𝑟𝑠𝑟𝑚

𝛼𝑖 𝑡 − 𝛼𝑖(𝑡 − 1) 2 + 𝑣𝑠𝑙 ෍

𝑡=𝜏+1

𝑡𝑒𝑛𝑑−1

෍

𝑖=1

𝑟𝑠𝑣𝑠𝑙

𝛽𝑖 𝑡 − 𝛽𝑖(𝑡 − 1) 2



17

( 3 ) C o m p u t a t i o n a l  E x p e r i m e n t s
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Link.csv,  node.csv

Case I: With no incidents

3 September 2018

Bottleneck
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Synchronized
flow (S)Free flow (F)

Wide moving jam (J)

Case I: Traffic speed (km / hr)

Free flow (F)
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Case I: Traffic flow rate (veh/min)

Bottleneck
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Case I: VSL



23

Density (veh/km) Flow rate (veh/min)

Case I: Density and Flow rate



Link.csv,  node.csv

South EXIT

Far On Ramp

Manning On Ramp
Leach On Ramp

Cranford On Ramp

Leach EXIT

South On Ramp
MPs On Ramp

Canning ExitFwy Exit

Canning On Ramp
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27 August 2018

Case II: With road incidents



Synchronized
flow (S)

Free flow (F)

Wide moving jam (J)

Case II: Traffic speed (km / hr)

Free flow (F)

Wide moving jam (J)
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Case II: Traffic density (veh / km)

Bottleneck



Case II: Traffic flow rate (veh/min)
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Bottleneck



R
a
m
p
 
m
e
t
e
r
i
n
g
 
𝛼
𝑖

Case II: RM
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Density (veh/km) Flow rate (veh/min)

Case II: Density and Flow rate



2. Control of ramp metering Using Deep Koopman model

PhD Student: C. Gu;  Supervisors: YH Wu  & B Wiwatanapataphee 
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Model design

Dynamic system: 

Optimization model:
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Deep Koopman model
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Result
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