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Literature review 

– Categorization of traffic flow models

Level of 
detail

• Sub-microscopic model

• Microscopic model

• Mesoscopic model

• Macroscopic model

Continuity of 
independent 

variables

• Continuous model

• Discrete model

Nature of 
independent 

variables

• Deterministic model

• Stochastic model

Categorization 

criteria
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Literature review 

-- macroscopic traffic flow models

 Core assumption

Traffic flows as a whole and is compared to fluid streams.

 Two basic equations

 Conservation equation --
𝜕𝜌

𝜕𝑡
+

𝜕𝑞

𝜕𝑥
= 𝑔(𝑥, 𝑡)

--
𝜕

𝜕𝑡
 𝑥1
𝑥2 𝜌 𝑥, 𝑡 𝑑𝑥 = 𝑞 𝑥1, 𝑡 − 𝑞 𝑥2, 𝑡 + 𝑔(𝑥, 𝑡)

 Traffic flow equation -- 𝑞 = 𝑣 × 𝜌
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Literature review 

-- macroscopic traffic flow models

 Two categories 

First-order 
macroscopic 

traffic flow model

LWR model*

The cell 
transmission 
model (CTM)

Second-order 
macroscopic 

traffic flow model

Payne model 
(1971)

METANET
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METANET

-- Evolutional history

 Features: Macroscopic; Deterministic; Second-order.
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Metanet -DTA

AMOC – Advanced Motorway 
Optimal Conrol

RENAISSANCE – REal-time
motorway Network trAffIc State 

SurveillANCE

VMS information and guidance 
system in the interurban Scottish 
highway network - European 
DRIVE II project QUO VADIS

A coordinated ramp metering pilot 
project on six on-ramps of the 
Monash Freeway (Melbourne, 
Australia) - VicRoads

Optimal control strategy for the 
counter-clockwise direction of the 
Amsterdam A10 ring road
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METANET

 Conservation equation:

𝜌𝑖 𝑘 + 1 = 𝜌𝑖(𝑘) +
𝑇

𝐿𝑖𝜆𝑖
(𝜆𝑖−1𝑞𝑖−1 𝑘 − 𝜆𝑖𝑞𝑖 𝑘 + 𝑟𝑖 − 𝑠𝑖)

 Traffic flow equation:   𝑞𝑖 𝑘 = 𝜌𝑖 𝑘 𝑣𝑖 𝑘

 Mean speed dynamics on the basis of static speed-density relationship:

𝑣𝑖 𝑘 + 1 = 𝑣𝑖 𝑘 +
𝑇

𝜏
𝑉 𝜌𝑖(𝑘) − 𝑣𝑖(𝑘) +

𝑇

𝐿𝑖
𝑣𝑖 𝑘 𝑣𝑖−1 𝑘 − 𝑣𝑖 𝑘 +

𝜈𝑇

𝜏𝐿𝑖

𝜌𝑖+1 𝑘 − 𝜌𝑖(𝑘)

𝜌𝑖 𝑘 + 𝜅

Relaxation                    Convection                      Anticipation

𝑉 𝜌𝑖(𝑘) = 𝑣𝑓𝑟𝑒𝑒𝑒𝑥𝑝 −
1

𝛼

𝜌𝑖 𝑘

𝜌𝑐𝑟

𝛼

 On- and off-ramps:

𝑟𝑖 𝑘 = 𝑚𝑖𝑛 𝑑𝑟𝑎𝑚𝑝 𝑘 +
𝜔𝑟𝑎𝑚𝑝(𝑘)

𝑇
, 𝑄𝑚𝑎𝑥,𝑟𝑎𝑚𝑝, 𝑄𝑚𝑎𝑥,𝑟𝑎𝑚𝑝

𝜌𝑗𝑎𝑚,𝑖 − 𝜌𝑖(𝑘)

𝜌𝑗𝑎𝑚,𝑖 − 𝜌𝑐𝑟(𝑘)

𝜔𝑟𝑎𝑚𝑝 𝑘 + 1 = 𝜔𝑟𝑎𝑚𝑝 𝑘 + 𝑇 𝑑𝑟𝑎𝑚𝑝 𝑘 − 𝑟𝑖(𝑘)
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METANET

During the time interval [kT, (k+1)T)

 Incorporation of Variable Speed Limit (VSL)

𝑣𝑓𝑟𝑒𝑒
∗ = 𝑣𝑓𝑟𝑒𝑒 ⋅ 𝑏𝑖 𝑘

𝜌𝑐𝑟
∗ = 𝜌𝑐𝑟 ⋅ 𝐴𝑖 1 − 𝑏𝑖(𝑘)

𝛼∗ = 𝛼 ⋅ 𝐸𝑖 − 𝐸𝑖 − 1 ⋅ 𝑏𝑖 (𝑘)

 Incorporation of Ramp Metering (RM)

𝑟𝑖
∗ 𝑘 = 𝑐 𝑘 ⋅ 𝑟𝑖 𝑘

= 𝑐(𝑘) ⋅ 𝑚𝑖𝑛 𝑑𝑟𝑎𝑚𝑝 𝑘 +
𝜔𝑟𝑎𝑚𝑝(𝑘)

𝑇
, 𝑄𝑚𝑎𝑥,𝑟𝑎𝑚𝑝, 𝑄𝑚𝑎𝑥,𝑟𝑎𝑚𝑝

𝜌𝑗𝑎𝑚,𝑖 − 𝜌𝑖(𝑘)

𝜌𝑗𝑎𝑚,𝑖 − 𝜌𝑐𝑟(𝑘)
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Future plan

 Regression analysis → structure of FD

 Model calibration

 Validation

Link-specific parameters Global parameters

Free flow speed - 𝑣𝑓𝑟𝑒𝑒 Reaction time parameter 

- 𝜏 (hr)

Critical/ jam density - 𝜌𝑐𝑟 Anticipation parameter -

𝜈 (𝑘𝑚2/ℎ𝑟) 

Shape parameter of 

fundamental diagram (FD) - 𝛼
The positive constant - 𝜅
(vpkpl)

Mean 𝜇 and standard deviation 

𝜎 of a stochastic flow 

influencing term 𝜉𝑖
𝑞
∼ 𝑁 𝜇, 𝜎

Mean 𝜇 and standard deviation 

𝜎 of a stochastic speed 

influencing term 𝜉𝑖
𝑣 ∼ 𝑁 𝜇, 𝜎
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Shuyuan Xu
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