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• Microscopic simulation with VSL and RM 

Progress from last PSG meeting
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• Optimization of freeway traffic flow via VSL control

• Control of congestion under normal and incident conditions through Ramp 

Metering via optimization and data analysis 



3

Road Map  (from Farrington Road to Narrows Bridge)
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The Road Network Structure 
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VDS DATA
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Measured Data - Speed
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Measured Data – Flow rate
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Measured Data – Density 
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CNN – LSTM Predicted Data 

(every 12 minutes)

18



Estimated Incoming flow
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Estimated Off-ramp outgoing flow
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LP Control of congestion through RM

Aim: To obtain optimal on-ramp flows while minimizing flow disruptions on the

mainline and preventing spillback from affecting the surrounding arterial roads.

𝛼𝑗 : mean trip length (km)

𝛽𝑖,𝑗(𝑡) : ratio of traffic volume on each 

section 𝑖 with the inflow from each 

ramp 𝑗

𝐶𝑖 : flow capacity of section 𝑖

𝑑𝑗 𝑡 : estimated on-ramp demand

𝑚𝑗 : queue length of ramp 𝑗

𝑟𝑗,𝑡 : decision variables representing 

inflow to freeway from on-ramp 

𝑗 at time 𝑡

𝜸𝒊 ∈ (𝟎, 𝟏] service level of section 𝒊

𝑞0(𝑡) : estimated traffic volume from Roe 

Hwy

max 

𝑗=1

𝑁𝑅

𝛼𝑗𝑟𝑗 ,𝑡

subject to,

• σ𝑖=2
𝑁𝑅+1𝛽𝑖,𝑗 𝑟𝑗,𝑡

• 0 ≤ 𝑟𝑗,𝑡 ≤ 𝑑𝑗,𝑡 +
1

𝑇
𝑚𝑗,𝑡 ,

≤ min{0; 𝜸𝒊𝑪𝒊 − ∆𝑸𝒊,𝒕−𝟏 − 𝜷𝟏,𝒋𝑸𝟏,𝒕}

𝑚𝑗,𝑡 = 𝑚𝑗,𝑡−1 + 𝑇 𝑑𝑗,𝑡−1 − 𝑟𝑗,𝑡−1

0 ≤ 𝑚𝑗,𝑡 ≤ 𝑚𝑚𝑎𝑥 𝛼𝑗 =
1

𝑁𝑆


𝑘=0

𝑁𝑆−1

𝐿𝑗,𝑘and
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subject to

min 

𝑘=1

𝑁𝑆+1



𝑗=1

𝑁𝑅+1

𝐶𝑗,𝑘𝑋𝑗,𝑘(𝑡),



𝑘=1

𝑁𝑆+1

𝑋𝑗,𝑘(𝑡) = 𝑑𝑗(𝑡), 𝑗 = 1,… ,𝑁𝑅 + 1

Ratio of traffic on each section 𝒊 with the inflow from each source 𝒋

𝛽𝑖,𝑗 𝑡 = 

𝑘=0

𝑁𝑆

𝑤𝑖,𝑘

𝑋𝑗,𝑘(𝑡)

𝑑𝑗(𝑡)
,

where 𝑋𝑗,𝑘 𝑡 are calculated by the linear constrained optimization problem 



𝑗=1

𝑁𝑅+1

𝑋𝑗,𝑘(𝑡) = 𝑠𝑘(𝑡), 𝑘 = 0, … , 𝑁𝑆 + 1

𝑋𝑗𝑘 𝑡 ≥ 0



Service level  𝛾 = 1.0
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Emergency control phase 

• Upstream on-ramps are closed successively in accordance with the severity of 

the congestion. 

• Off-line analyses and simulations are used to determine when and where 

sequential control should be used, including which ramps should be restricted or 

closed. 

Using Variable Message Signs (VMS). 

Aim: To dissolve congestion quickly to avoid capacity reductions and flow

breakdown due to incidents.
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Service level 10.5 – 0.6
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