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The Classical Paradigms

 Euler's method

* X,y,z, and t, Euler variables

p=p(X,¥,Z,1);V=V(XY,Z1);

op :
— +div(p-Vv)=0
= (p-V)

VX :VX (X’y’z’t)’vy :Vy(X!yizit);Vz :Vz (X;y,Z,t);

Leonhard Euler
(1707-1783)
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The Classical Paradigms

. Greenshields (1935), Greenberg (1959)
. Traffic flow: Lighthill and Whitham (1955) and Ashton (1966). fundamental

equation: q(X,t) v p(X,t)V(X,t)

. Papageorgiou model

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

A

Papageorgiou

Fig. 1.
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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

o 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

Blaise Pascal (1623-1662)

. 5. The traffic flow (flux) is not an exact state parameter
Traffic flow
3_
q=s v(s)

2.5
1.51

1_
051

0 ‘;1_'2 04 3 n_'a" 1

S1 vehicle density, s So
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

Fig. 3.

7. Conceptual problem: ,the network is a static contact graph”
8. | miss the co-operation of parallel lanes

9. Car Parks problem: "foreign elements”
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New Paradigms & New Definitions

1. State parameter : x, (t) vehicle density (exact). V x,€[0,1].

oo =0 oo
_________ — =6
= Dﬁj 0
rhn hsy h, hk
: i =i
S | X (t) = | 1)

Fig. 4.
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New Paradigms & New Definitions

2. A dynamic graph construct

Fig. 5. new pulse graph
3. Virtual closed curve application (G)

Fig. 6. Domain and virtual closed curve

11
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New Paradigms & New Definitions

4. Dynamic relationships and contact hyper-matrix

(Hg) Internal & (H ) External Networks

K1 1 Input: j K'|2

Qutput:i

12
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New Systems

5. Joint Analysis: Internal and External Network Operation

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

6. Universal model
{X}: <L>—1 1 |:K11(st) KlZ(X!S):”:X} 3)
$ (P) | Kau(x8) Ky(x,8)|s
Vi = S(Xi (t)) 'V(Xi (t), Xj (t)@i a@j)' E(Xj (t)) “Ujj (t)'ﬂij (X(t)’t) " O (X(t)’t) " Yij (X(t)’t) (4)

([ Zngw])

7. Reduced model y -<t> (k,(xs) x + k(x5 5]

(5)
xeR",,seRM, L=diagill, ... ,In},, (VIi>0, i=1,2,..,n), K;; € R™", K;, € R™M,
8. Global model
517 Xn+1re07 Sm™ Xpam
=
x=(L) Ky(x)x (6)

14
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New model families

-
K

12—‘ Ku

Surface
network

nno

Fig. 9. No Eulerian production model

mobilitas
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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!

16
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New software & 3D emulation

Modellidd:

00:00:00

> 1l B

Késleltetés: U

PannonTraffic

nno
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Modeling

Macroscopic simulation

3D traffic
visualization

(microscopic)

PannonTraffic

Modeling

Stand-alone development
for visualization

Macroscopic simulation

Unique measurements,

Jérmuszam mérése: [id=87] (22-es vissza (Halészi)) 200

calculations

45,170 /\_,-\ /// S \
/ \/ ~/ \

22860

1430 essot SR
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\\
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22.00:00
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Transportation network analysis

* Variable network model: Ull§ street in Budapest (Corvin-negyed)

Morning peak design Afternoon development, (current state)

Fig.10. Two traffic flow directions and the connection matrix

i)
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Control (MPC)

* Nodes: MPC-based management

Performance:

uk(t): ﬁE(Nk _Ni)

i=1;(i=k)

(k=1,2,...,n)
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Input s5 .. o Outputse Input s5 o 5| OutPUtss
A T
(5), xs (4), X4 (5), xs (4), xs
Output s; Input s Output s¢ Input s3
(6), %6 ) @ % LRV ;)% (3%
gt 5 <
S, - A S3 Sg d - Sa
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i=l i=3

s z 80
X(t) = A(x,8)x+B,(x,5)s + B, (x,s)ulf) I~
x(1) -
1+7,, 1+, 404

u
=k z(r)dr - |z,(1)d ]
u(r) l J (z,(7)dt :[2(1') r} 201

Ex)=1lifx>0and E(x) =0if x< 0,

Fig.11.
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Control (Lyapunov)

* V(xy, Xy, ..

y Xo)= 1%+ L%+ 4 | Fx =L*X; (x20,V(x)=0 <= x=0, x>0pV(x)>0)

e Lyapunov function: The total length of the vehicles

* The derivation of the Lyapunov function:

N _ | .x

ot
oV

X =<L>"[K,;(X)Xx+K_,,(X,5)s]

—=L-< L >_:L [K]_]_(X) X + I‘<12 (X’ S) S]

ot

Controlsy Finpu S 3 Foutput

Fig.12.
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(8)

(9)

2l



— ey
JARMUIPARI KUTATOKOZPONT
H=BEA30H 22MIE G- VEHIGLE INDUSTRY

mobilitas

Control (optimal trajectories)

- > Calculus of variations problem:

A >.~-"‘i'rajectories between A and B

o, Fig.13.
: ",ru,ﬁwlqlf‘llﬂﬂmﬂ,{,.,#3:;"1#!.'4 A
\.\ﬂ’"?‘m i x(t) = f V(T x(t))dt  q
0 l' M t t
DD;Z?E“:D’EQ Equivalent non-linear differential equation X(t,)=X:
X 15E|Di 8
1000 5‘: X(t) == V(t, X(t)) (1]_)

22
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Gydr: road traffic model

wecetcs | 00:00:00

[ 20 000 vehicles
on approximately

ﬁ: 3 ;
S B BE ' 77 650 spots
P;’Ppprp P‘-P'\P‘ :,‘ -

e TP
[3 ppJFP?;

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

This 175 km? 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.

Fig. 16. A two-level domain control for the city of Gyér
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Gydr: road traffic model

Gyor: Szent Istvan 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 Gyér including Szent Istvan 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. sav

3 Béke hid,

4. Ujlak u.,

5. Munkdcsi M. u.

6 Jokai u. 2. db. sav

7 Baross Gabor Hid,

8 Teleki Laszl6 u. 3 db. sav

9. Gardonyi G.,

10. Tihanyi Arpad u.,

11. Mészaros Lérinc u.,

12. Korforgalombdl bevezet6 ut.
13. Bissinger J6zsef Hid 2 db. sav

Outputs:13 points 15 lanes

1. Benczur u.,

2. 821.u.,

3. Béke hid,

4, Ujlak u.,

5. Munkacsi M u.,

6. Aradi Vértanuk u.,

7. Baross Gabor Hid,

8. Teleki Laszlo u.,

9. Gardonyi G.

10. Tihanyi Arpad u.,

11. Meészaros Lérinc u.,

12. Kivezetd jobbra 2 db. sav
13. Bissinger Jozsef Hid 2 db. sav

RieZ

. Inputs & Outputs

24
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Gydr: 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 Istvan Street represents the trunk of the network

S
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Gyér: road traffic model and validation
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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 GyOr in project Smarter Transport

Query interface for

PannonTrafiic application User interface > 1. Getting network parameters & measured data
PannonTraffic Databank
»
\ Service facade | 2. Uploading simulation results
‘ Business services ‘ —
‘ € © ©gomntcnae EEECE
CH— ti modell

‘ Data access ‘

Database

\
r - ~ 4
‘_"“»‘ ocel S—— Falvatt haldzat) modell vizigala . -
____ __ = i \za 7 __.__ "“:MMM”-‘mu i
Y " Q’/% —prfe—
D// e oo a% R | :
‘\ﬂ l :V@ : A - —
Cogl = ' .
e - == ’ 4
\‘ \\ \ / CIRECEGL) / \‘-./’/ -
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Motor Vehicle Analysis and validation
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Fig.20.
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Motor Vehicle Analysis and validation

Non-parametric statistical tests (homogeneity test)

Level: 95% 5
te
I
N M
Equ=g°=NM| D -

AR Vk + Uk
Velocity distribution(r=11), GPS & simulation: Y1 table
v° =14,2747 < sz =18,3

Engine power distribution (r=18), GPS & simulation:

¥° =6,0976 < Yar = 27,6

Both are considered to be homogenous, level of: 95%!

25
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Examination of complex traffic dynamic systems

20004

15800
®

10001

5004

000 400
2600 500

Figure of: =1)

200

400

2]

800

fi(x,)

V() = f(x(©) = ”X) (13)
fn (Xn )
V.0 - w»@”ym O=1-% (14)

mo:ugxz<g

>'[K11(X, S)X + Ky, (X, 5)s]

Fig.21.
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Examination of complex traffic dynamic systems

Ty

3

BT

M, -Z+F +Fs + Fegan + Frogan T Fsisan + Fsogan T FA+FA =0 (15)

. 0
- 0
. 0
: 0

hy 1

FAGE | a(OMH | 14— FA =l a() MH [_1 +TJ (16)
h hy
; a () MH Iy

a,() MHhy i

_ll—h 0
Fig.22.
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Further work planned: HORIZON 2020
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The team

Thank you for your contribution

Bede Zsuzsanna Fazekas Sandor Kalincsak Istvan Strobl Andras
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