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The Classical Paradigms

• Euler's method

• x,y,z, and t, Euler variables
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The Classical Paradigms
• Greenshields (1935), Greenberg (1959)

• Traffic flow: Lighthill and Whitham (1955) and Ashton (1966). fundamental 
equation:

• Papageorgiou model 

• Segment lengths: 500 m, [kT, (k+1)T] time intervals (k=0,1,…,n;T= 10 s), 
vehicle density is constant

     txvtxtxq ,,, 

  

 
Fig. 1.

Papageorgiou
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The Classical Paradigms

1. Application Sectors: Very positive! Partial Differential Equations are not necessary

2. Researchers are familiar with the classical methods

3. Vehicle unit/ Passenger Car Equivalent, is not an exact mathematical definition

Passenger Car Equivalent (PCE), is a metric used in Transportation Engineering. For example, 
typical values of PCE (or PCU) are:

• private car (including taxis or pick-up) 1

• motorcycle 0.5

• bicycle 0.2

• bus, tractor, truck 3.5

Highway capacity is measured in PCE/hour daily
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The Classical Paradigms

• 4. Mathematical models are not general

• 5. The traffic flow (flux) is not an exact state parameter
Blaise Pascal (1623-1662)

 

 s1 s2 

q=s v(s) 
 

Traffic flow 

vehicle density, s 

Fig. 2.

http://hu.wikipedia.org/wiki/hu:1623
http://hu.wikipedia.org/wiki/hu:1662
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The Classical Paradigms

6. Input - Output: "Gates" problem

7. Conceptual problem: „the network is a static contact graph”

8. I miss the co-operation of parallel lanes

9. Car Parks problem: "foreign elements”

 Fig. 3.
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New Paradigms & New Definitions

1. State parameter : xi (t) vehicle density (exact).  xi[0,1].

Parking also sectors:
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New Paradigms & New Definitions

2. A dynamic graph construct

3. Virtual closed curve application (G)

Fig. 5. new pulse graph

Fig. 6. Domain and virtual closed curve
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New Paradigms & New Definitions
4. Dynamic relationships and contact hyper-matrix

K22K11

K21

HB HK

(HB) Internal & (HK ) External Networks

K12

K11 K12 

K21 K22 
 

Fig. 7.
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New Systems

5. Joint Analysis: Internal and External Network Operation

 
10. ábra: i-ik belső szektor kapcsolatai mátrixos formában 

 
12. ábra: i-ik külső szektor kapcsolatai mátrixos formában 

Fig. 8. i th Sectors: Internal and External Relations
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New model families

6. Universal model

7. Reduced model =<L>-1 [K11(x,s) x + K12(x,s) s]

• xn, , sm,  L = diag{l1, ... ,ln},, (li>0, i=1,2,…,n), K11
nxn, K12

nxm.

8. Global model

• s1= xn+1,…, sm= xn+m
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New model families
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Járműgyárak folyamatos rászállítása történik, elvben bármely 
szektorra a teljes Föld-felszíni hálózaton 

 

 
 

Amortizáció és karambolos járművek folyamatos kiszállítása, 
elvben bármely szektorról a teljes Föld-felszíni hálózaton 
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New model families, new possibilities and new dimensions

The total length of the network, (measured in both directions) approximately the Earth-Sun distance!
The total vehicle length is 9 Earth-Moon distance!
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New software & 3D emulation

PannonTraffic
Modellezés

Makroszkopikus szimuláció

3D 

forgalomvizualizáció

(mikroszkopikus)

PannonTraffic
Modellezés

Makroszkopikus szimuláció

Egyedi fejlesztésű 

vizualizáció

Egyedi mérések, 

számítások

PannonTraffic
Modeling

Macroscopic simulation

3D traffic
visualization

(microscopic)

PannonTraffic
Modeling

Macroscopic simulation

Stand-alone development
for visualization

Unique measurements, 
calculations



18

3D visualization video
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Transportation network analysis

• Variable network model: Üllő street in Budapest (Corvin-negyed)

Morning peak design Afternoon development, (current state)

Two traffic flow directions and the connection matrixFig.10.
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Control (MPC)

• Nodes: MPC-based management
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Control (Lyapunov)

• V(x1, x2, …, xn)= l1*x1+ l2*x2+ …+ ln*xn=L*x; (x≥0,V(x)=0 ↔ x=0, x>0ÞV(x)>0)

• Lyapunov function: The total length of the vehicles

• The derivation of the Lyapunov function:
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Control (optimal trajectories)

Calculus of variations problem:

J:  x(t) →T

Trajectories between A and B

ábra: V(t,x)
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Győr: road traffic model

Fig. 14. Modelled network of Győr in our software

Fig. 15. Parking places and traffic lights in the example model

20 000 vehicles 
on approximately 

650 spots

Fig. 16. A two-level domain control for the city of Győr

This 175 km2 sized network is
executed in only some minutes,
which would be possible without
our development in weeks. This
network consists 4600 road
sections (this is only the skeleton
network) approaching 500 km of
total length. This basic network has
to be expanded by several lanes,
bicycle roads (about 36 km) and
parking places.
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Győr: road traffic model
• Győr: Szent István Street represents the trunk of the network

• PannonTraffic software was used for modeling and simulation. The introduced model is an important 
sub-domain of the traffic network of Győr including Szent István Street. The validation of the model is 
carried out with the measured cross-sectional traffic data and the result of velocity measurements by 
GPS equipped cars.

• The characteristics of the network

• 228 roads

• 9 intersections controlled by traffic lights

• 38 other intersections

• 18 input sections

• 15 output sections

Inputs:13 points 18 lanes
1. Benczur u.,
2. 821. u. 2 db. sáv
3. Béke híd,
4. Újlak u.,
5. Munkácsi M. u.
6. Jókai u. 2. db. sáv
7. Baross Gábor Híd,
8. Teleki László u. 3 db. sáv
9. Gárdonyi G.,
10. Tihanyi Árpád u.,
11. Mészáros Lőrinc u.,
12. Körforgalomból bevezető út.
13. Bissinger József Híd 2 db. sáv

Outputs:13 points 15 lanes

1. Benczur u.,
2. 821. u.,
3. Béke híd,
4. Újlak u.,
5. Munkácsi M u.,
6. Aradi Vértanuk u.,
7. Baross Gábor Híd,
8. Teleki László u.,
9. Gárdonyi G.
10. Tihanyi Árpád u.,
11. Mészáros Lőrinc u.,
12. Kivezető jobbra 2 db. sáv
13. Bissinger József Híd 2 db. sáv

Fig.17.  Inputs & Outputs
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Győr: road traffic model
 

 

After the evaluation, the correlation coefficient is:
rx,y=0.9925070033
Which can be regarded as 100% correlation practically.

•The simulation for the given interval (7:15 - 8:15) was executed in 6 
sec.
•The simulation regarding to the 24 hour time interval was executed 

in 2 minutes 14 seconds

Fig. 18. Szent István Street represents the trunk of the network
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Győr: road traffic model and validation
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 19. The measured and simulated traffic correlate very well
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The road traffic modelling and design of the traffic 
database of Győr in project Smarter Transport

Database

Data access

Business services

Query interface for 

PannonTraffic application User interface

Service facade

PannonTraffic Databank

1. Getting network parameters & measured data

2. Uploading simulation results
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Motor Vehicle Analysis and validation

Fig.20. 
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Motor Vehicle Analysis and validation
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Examination of complex traffic dynamic systems 





















)(

....

(

)(

))(()(
)22

11

nn xf

xf

xf

txftv

]),(),([)( 1211 ssxKxsxK
l

f
xfta

i

i
i 


 

]),(),([ 1211

1

ssxKxsxKLx 




iii

i

ii
i xftx

dx

txdf
tatv   )(

))((
)()(

Fig.21. 

(13)

(14)



31

Examination of complex traffic dynamic systems 
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Further work planned: HORIZON 2020 

Győr City Management
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