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https://www.mainroads.wa.gov.au/about-main-roads/news-media/smart-freeway-technology-upgrades/

Background 



Traffic monitoring and Control systems

❖ Traffic congestion has a significant impact on economic 

activity throughout much of the world. 

❖ An essential step towards active congestion control is the 

creation of accurate, reliable traffic monitoring and control 

systems. 

❖ These systems usually run algorithms which rely on 

mathematical models of traffic used to power estimation and 

control schemes.
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Road Network 

Road Network 



Kwinana Fwy Network from Farrington RD. to Narrows Bridge 7



http://overpass-turbo.eu/ 
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Estimated demand using  CNN deep learning every 15 minutes

153 cells



𝑇𝑇𝑆 = min 

𝑡=𝜏

𝑇



𝑖∈𝐶

𝑇𝐿𝑖𝑘𝑖(𝛼, 𝛽, 𝑡)

The DE-CTM optimisation model:  



𝑡=𝜏

𝜏+𝐻𝑐−1

𝑇 

𝑖∈𝐶𝑉𝑆𝐿

𝑛𝑖𝑘𝑖(𝑡) (𝜷(𝒊, 𝒕) 𝑣𝑓) − 𝑛𝑖𝑄𝑖 ≤ 0
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0 ≤ 𝑘𝑖(𝑡) ≤ 𝑘𝑗𝑎𝑚

𝑛𝑖𝜕𝑘𝑖
𝜕𝑡

+
𝜕(𝑛𝑖𝑞𝑖)

𝜕𝑥
= 𝑔(𝛼, 𝛽, 𝑡)



𝑡=𝜏

𝜏+𝐻𝑐−1

𝑇 

𝑖∈𝐶𝑀

𝑟𝑖,𝑗(𝑡) + 𝑛𝑖(𝑞𝑖(𝑡) − 𝑄𝑖) ≤ 0, 𝑗 = 1, … , 8

𝜶 ∈ 𝜶𝒎𝒊𝒏, 𝜶𝒎𝒂𝒙 :  probability from upstream 
normal cell;

𝟏 − 𝜶: probability from upstream merge cell 

𝛃 ∈ 𝜷𝒎𝒊𝒏, 𝜷𝒎𝒂𝒙 : VSL rate 

upstream 
normal cell

upstream merge
cell 

PDE:

Constraints:

𝒓 𝒊 ,𝒋(𝒕) = 𝐦𝐢𝐧 𝟏 − 𝜶 𝒒 𝒊−𝟏 𝒕 ; 𝑸𝒓 ; 𝒎 𝒊 𝒕 − 𝟏 +
𝑻

𝑳𝒋
𝒅 𝒊 ,𝒋 + 𝒓 𝒊 ,𝒋 𝒕 − 𝟏 ,  𝒋 = 𝟏, … , 𝟖



Some results  𝜶𝒎 ∈ −𝟎. 𝟐𝟓, 𝟎. 𝟐𝟓 , 𝜷𝑽𝑺𝑳 ∈ [𝟎. 𝟐𝟓, 𝟏. 𝟎]
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Let 𝑞𝑚𝑎𝑥 = 1800 vph on freeway   𝑞𝑚𝑎𝑥= 1300 vph on on/off-ramp  

s: 26

Case study Segment Free speed 

(km/hr)

Capacity(veh/hr)

I a All segments 100 1800

b All segments 70 1800

II a 17 100 450

b 26 100 450

III a 17 70 450

b 26 70 450
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Case I(b): Heatmap plot of density and flow rate

Traffic density (veh/km) Traffic flow rate (veh/hr)

Free speed 100
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Case I(a): RM control  and Variable speed limit 



Ramp metering
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Case I (a): Heatmap plot of density and flow rate

Traffic density (veh/km) Traffic flow rate (veh/hr)

Free speed 70
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Case I (b): RM control  and Variable speed limit 
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Case II(a): Heatmap plot of density and flow rate

Traffic density (veh/km) Traffic flow rate (veh/hr)

Segment 17  



Case II(a): RM control  and Variable speed limit 
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Case II(b): Heatmap plot of density and flow rate

Traffic density (veh/km) Traffic flow rate (veh/hr)

Segment 26



Case II(b): RM control  and Variable speed limit 
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Case III(a): Heatmap plot of density and flow rate

Traffic density (veh/km) Traffic flow rate (veh/hr)

Segment 17



Case III(a): RM control  and Variable speed limit 
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Case III(b): Heatmap plot of density and flow rate

Traffic density (veh/km) Traffic flow rate (veh/hr)

Segment 26



Case III(b): RM control  and Variable speed limit 
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2. Control of ramp metering based on reinforcement learning

PhD Student: C. Gu;  Supervisors: YH Wu  & B Wiwatanapataphee 
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Control of ramp metering based on reinforcement learning
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state：queue length, mean 

waiting time, mean 

speed....

action：switching signal 

phase, }1,0{a

policy: )|( sa

2.0)|0(

8.0)|1(

=

=

s

s
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state transition: old state     new state

reward: mean waiting time, mean time, total time spent....
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Test: 
= = =

T

t

J

j

I

i

ijtw
1 1 1

min

: the waiting time of vehicle i on ramp j           

for time t

ijtw

77200 == JT ，
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Result:
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