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Introduction

Knowledge of a traffic demand at a
junction is represented by an
origin-destination (OD) matrix.

OD Matrix (Definition)

by bz ... biny
by b ... bop
bn1 bn2 000 bnm

where by is an OD flow rate, the
proportion of the flow of vehicles that
come from entrance i during some
period of time and go to exit j
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junction is represented by an = | Maenetic loons
origin-destination (OD) matrix. - anetic foops
””” Conventional line of vehicle
OD Matl’iX (Def|n|t|on) counting by video cameras
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1 2 . 2m =
bp b ... bmm
where b’/ is an OD flow rate,l the Example of junction structure
proportion of the flow of vehicles that
come from entrance i during some
period of time and go to exit j B is deduced from vehicle counts made on each

income and outcome link of the junction during a
given time interval.
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OD matrix estimated for a junction is a fundamental component for most of transport systems.
It is used for :

o traffic planning purposes
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OD matrix estimated for a junction is a fundamental component for most of transport systems.
It is used for :

o traffic planning purposes

o estimation of traffic demand at a whole road network

o traffic control strategies

o traveller information systems and validation of different traffic models
°

diagnostic system for signalised junctions, developed at INRETS/GRETIA (Midenet et al.,
2004) which compares the impacts of different traffic control strategies formulated, for
instance, in terms of CO, and pollutant emissions.
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OD matrix estimated for a junction is a fundamental component for most of transport systems.
It is used for :

o traffic planning purposes

o estimation of traffic demand at a whole road network

o traffic control strategies

o traveller information systems and validation of different traffic models
°

diagnostic system for signalised junctions, developed at INRETS/GRETIA (Midenet et al.,
2004) which compares the impacts of different traffic control strategies formulated, for
instance, in terms of CO, and pollutant emissions.

NB : Because of temporal variability of the traffic demand,
most of these systems require real-time knowledge about OD matrix.
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o Consider a signalised junction with n entrances, m exits and g inner zones
o Entrances and/or inner zones are controlled with traffic lights
@ Junction is fitted out with video cameras that provide every second :

o vehicle counts Xj(7) atentrance i (i =1,...,n)
o vehicle counts Yj(7) atexitj(j=1,...,m)
o Z(7) number of stopped vehicles at inner zone k (k =1,...,Q)
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Introduction

o Consider a signalised junction with n entrances, m exits and g inner zones
o Entrances and/or inner zones are controlled with traffic lights
@ Junction is fitted out with video cameras that provide every second :

o vehicle counts Xj(7) atentrance i (i =1,...,n)
o vehicle counts Yj(7) atexitj(j=1,...,m)
o Z(7) number of stopped vehicles at inner zone k (k =1,...,Q)

o Estimate an OD matrix B at each traffic light cycle (duration of green-amber-red sequence)
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OD matrix estimation problem
el f

For a given traffic light cycle c, let
o x;j(c) be the flow volume at entrance i during ¢ (Vi = 1,...,n)
@ yj(c) be the flow volume entered the junction during ¢ and left it by exit j (vj = 1,...,m)

@ Zzy;(c) be the number of vehicles which cross the junction from / to j and stop at inner zone k
duringc (Vk =1,...,q)

@ bj be the OD flow rate
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Introduction
OD matrix estimation problem

For a given traffic light cycle c, let
o x;j(c) be the flow volume at entrance i during ¢ (Vi = 1,...,n)
@ yj(c) be the flow volume entered the junction during ¢ and left it by exit j (vj = 1,...,m)

@ Zzy;(c) be the number of vehicles which cross the junction from / to j and stop at inner zone k
duringc (Vk =1,...,q)

@ bj be the OD flow rate
The problem is to estimate OD flow rates b at the end of each traffic light cycle ¢, such that

yi(e) = Z bj(c)xi(c),
Xi(C)’;:;(C) > zj(€)  Vkst g =1,

i bj(c) =1,

i bj(¢) = 0,

where é; = 1 if OD flow from / to j can pass through inner zone k and is 0 otherwise.
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Traffic measurements
Xi(7), Yi(r) and Z(7)

are available every second

The quality measurement of traffic
parameters is influenced by

o traffic and meteorological
conditions

o characteristics of vehicles



Introduction
OD matrix estimation problem
Traffic flow modelling using high-level Petri ne

Fuzzy line:

Traffic lights

l Marking M(7) l
1a) High Level Petri Net 1 |—>| 1b) High Level Petri Net 2

Beginnings of flows Ends of flows

in zones in zones

(7). () l

1c¢) Measurement collecting

Traffic count:

Vehicle stop rates Z(1) Vehicle conservation law (generally, under-determined system of equations)

2) Statement and solving

of a fuzzy optimisation problem

for a given cyc
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o A High-Level Petri Net (HLPN) is a graphical and mathematical tool used to model
discrete-event systems (Murata 1989)
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o A High-Level Petri Net (HLPN) is a graphical and mathematical tool used to model
discrete-event systems (Murata 1989)

@ In graphic representation, an HLPN is a directed graph composed of two kinds of nodes :
places p and transitions t

(p2,5,7(72))

P2 to

(p3,s,7(2))

O Place H Transition |] Enabled transition

e Token s - colour set w(7) - fuzzy timestamp
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Traffic flow modelling using high-level Petri nets

o A High-Level Petri Net (HLPN) is a graphical and mathematical tool used to model
discrete-event systems (Murata 1989)

@ In graphic representation, an HLPN is a directed graph composed of two kinds of nodes :
places p and transitions t

(p2,5,7(72))

O Place H Transition |] Enabled transition

P2 2]

(p3,s,7(2))

e Token s - colour set w(7) - fuzzy timestamp

o A place may be marked by coloured tokens endowed with fuzzy timestamps and
characterises the system state

@ A transition represents an event that can change the system state

@ When the event occurs at time 7 the transition is enabled and the marking M(p, 7) of input
and output places changes

Short-time estimation of OD matrix at a signalised junction K. BILETSKA



Traffic flow modelling using high-level Petri nets

o A High-Level Petri Net (HLPN) is a graphical and mathematical tool used to model
discrete-event systems (Murata 1989)

@ In graphic representation, an HLPN is a directed graph composed of two kinds of nodes :
places p and transitions t

(p2,5,7(72))

P2 2]

O Place H Transition |] Enabled transition
(p3,s.7(7))

e Token s - colour set w(7) - fuzzy timestamp

o A place may be marked by coloured tokens endowed with fuzzy timestamps and
characterises the system state

@ A transition represents an event that can change the system state

@ When the event occurs at time 7 the transition is enabled and the marking M(p, 7) of input
and output places changes

@ Dynamic behaviour of the system is expressed by means of time-varying marking
A formal representation of HLPN is described in (Jensen et al., 1998 ; Biletska et al., 2009)
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o Place stands for a zone of the junction
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o Place stands for a zone of the junction

@ Transitions connected to enter and inner

places represent traffic lights
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Traffic flow modelling usi

o Place stands for a zone of the junction

@ Transitions connected to enter and inner
places represent traffic lights

@ Token in place p, represented by a triple

(P, s,7(0)),

means a possible presence of an OD flow at
the corresponding junction zone :
o colour set s = (s1, sz, S3) contains name of
flow origin s; € {A, B, C, D}, cycle number
S» € N and set of inner zones s3
o fuzzy timestamp = (0) € [0, 1] is the degree of
possibility that the token arrives in p at time 6
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OD matrix estimation p e
Traffic flow modelling using high-level Petri nets
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Traffic flow modelling using high-level Petri nets
Fuzzy lin n

O O | O O
L o1 |0 i* O
>

—— ——

ort-time estimation of OD matrix at a signalised junction K. BILETSKA



-time estimation of OD matrix at a signalised junction K. BILETSKA




Traffic flow modelling using high-level Petri nets
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Traffic flow modelling using high-level Petri nets
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Traffic flow modelling using high-level Petri nets
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Traffic flow modelling using high-level Petri nets
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Traffic flow modelling using high-level Petri nets
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Traffic flow modelling using high-level Petri nets
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Traffic flow modelling using high-level Petri nets
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Traffic flow modelling using high-level Petri nets
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Traffic flow modelling using high-level Petri nets
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Traffic flow modelling using high-level Petri nets
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Traffic flow modelling using high-level Petri nets
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Traffic flow modelling using high-level Petri nets
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Traffic flow modelling using high-level Petri nets
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Traffic flow modelling using high-level Petri nets
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Traffic flow modelling using high-level Petri nets
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Traffic flow modelling using high-level Petri nets
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Traffic flow modelling using high-level Petri nets
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Traffic flow modelling using high-level Petri nets

Fuzz:

Estimate OD flow rates bj (Vi =1, ..., n) at the end of each
traffic light cycle ¢, such that
n
yi(e) = > bj(e)xi(c),
i=1

X/(C)b/j(C) > Zk,‘j(C) Vk s.t. 5;4/ =1,

m
> bj(e) =1,
=

bj(c) > 0,
where

o xj(c) = Zfi? Xj(7) is an entrance flow volume
@ yj(c) is segmented into L;(c) platoons yl-’(c) = ZTeAn(c) Yi(7)

© z;(c) = maX-er,(c) Zk(T)dkj

here G;(c) and R x(c) - green and red light duration of cycle ¢ at i and k
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Traffic flow modelling using high-level Petri nets

Estimate OD flow rates bj (Vi =1, ..., n) at the end of each
traffic light cycle ¢, such that OD estimation problem
n (Matrix form)
yi(e) =Y bj(e)xi(c), Find b such that
i=1
xi(c)bj(c) > zij(c) Vst o =1, y = X1b
m X2b >z
> bj(e) =1, Ib =1
= b>0
bji(c) > 0,
where

o xj(c) = Zfi? Xj(7) is an entrance flow volume
@ yj(c) is segmented into L;(c) platoons y/’(c) = reaneYi(r)

© z;(c) = Max-er, (o) Zk(7)dkj

here G;(c) and R x(c) - green and red light duration of cycle ¢ at i and k
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Fuzzy linear programming for OD matrix estimation

Triangular fuzzy number (Definition)

Triangular fuzzy number & is represented by pair

(A, pa(x)),
where A = [a—, a"] is a support and

(1 ifxeA
Ha(x) = { 0 otherwise

is @ membership function. In this paper A C R

When pa(x) =1, x = a" is said to be the mode
(peak) of the fuzzy number

“A = {X|pa(x) > a} means the a-cut of the
fuzzy number a
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Fuzzy linear programming for OD matrix estimation

Conclusion

o Let Xy, X5, ¥ and 2 be triangular fuzzy numbers
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Fuzzy linear programming for OD matrix estimation

Conclusion

o Let Xq, X5,V and 2 be triangular fuzzy numbers
o The form of fuzzy numbers X, is derived from empirical distributions of the error counts

Entrance "A" Entrance "B"
40 pia
& pil
18
20
10
10 5
0 0
4 2 [i] 2 1 Ed ] 5 noo1E
Entrance "C" Entrance D"
30 0
20 20
10 10
0 0
3 0 5 10 5 0 5 10
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Fuzzy linear programming

o Let Xq, X5,V and 2 be triangular fuzzy numbers
o The form of fuzzy numbers X, is derived from empirical distributions of the error counts

Entrance "A" Entrance "B"
40 pia
& pil
18
20
10
10 5
0 0
4 2 [i] 2 1 Ed ] 5 noo1E
Entrance "C" Entrance D"
30 0
20 20
10 10
0 0
3 0 5 10 5 0 5 10

@ Since there is no available histograms of error counts for y and z, the fuzzy numbers y and z
are supposed to be symmetrical with the spreads chosen experimentally
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Traffic flow modelli sing high-lev

Fuzzy linear programming for OD matrix estimati

o Let Xq, X5,V and 2 be triangular fuzzy numbers
o The form of fuzzy numbers X, is derived from empirical distributions of the error counts

Entrance "A" Entrance "B"
40 pia
& pil
18
20
10
10 5
0 0
4 2 [i] 2 1 Ed ] 5 noo1E
Entrance "C" Entrance D"
30 0
20 20
10 10
0 0
3 0 5 10 5 0 5 10

@ Since there is no available histograms of error counts for y and z, the fuzzy numbers y and z
are supposed to be symmetrical with the spreads chosen experimentally

o X7, X;,y",z~ € R because of the nature of the data
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Fuzzy linear programming for OD matrix estimation

Supposing the unknown OD flow rates b to be triangular fuzzy numbers of the form (b=, b™ b™),
we write the following fuzzy linear programming problem :

N |

L 3237 (b by )+ ; et 2 2}: €2+ 73 Zk: €3 k

a=1 j=1

subject to

Generalised form of
aX;%b™ < %y + ey, constraints

X7 bt +ep > 2yt
ax;—ab+ +e3 >,

¥=X
0< @b~ <bm<eibt <1, Vi=1,... N b > 3
@b~ < %b~ < %bt < @ibt, i< jVij=1,...,N, =
Ib™ =1, 0<b<1
e1>0,e2>0,e3 >0, Ib™ =1

€ 207e2 207e3 207
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Traffic flow modellir

Fuzzy linear programming for OD matrix estimation
Conclusion
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Estimation error vs a-cuts for peak hour (black) and off-peak hour (blue) traffic conditions
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@ A new short-time estimation method of the OD matrix for a signalised junction is proposed. It
proceeds in two steps :

o An HLPN model provides a vehicle conservation law at each traffic light cycle
o A fuzzy linear programming approach provides a point estimation endowed with a confidence interval

Short-time estimation of OD matrix at a signalised junction K. BILETSKA



@ A new short-time estimation method of the OD matrix for a signalised junction is proposed. It
proceeds in two steps :

o An HLPN model provides a vehicle conservation law at each traffic light cycle
o A fuzzy linear programming approach provides a point estimation endowed with a confidence interval

o Data, used to estimate the OD flow rates, are collected at an experimental junction
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Conclusion

@ A new short-time estimation method of the OD matrix for a signalised junction is proposed. It
proceeds in two steps :
o An HLPN model provides a vehicle conservation law at each traffic light cycle
o A fuzzy linear programming approach provides a point estimation endowed with a confidence interval
o Data, used to estimate the OD flow rates, are collected at an experimental junction
@ The best results, obtained for o = 3, are accurate and not significantly different from those
obtained in our previous work (Biletska et al.). However, the confidence interval ensures a set
of plausible solutions.
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Conclusion

@ A new short-time estimation method of the OD matrix for a signalised junction is proposed. It
proceeds in two steps :

o An HLPN model provides a vehicle conservation law at each traffic light cycle
o A fuzzy linear programming approach provides a point estimation endowed with a confidence interval

o Data, used to estimate the OD flow rates, are collected at an experimental junction
@ The best results, obtained for o = 3, are accurate and not significantly different from those
obtained in our previous work (Biletska et al.). However, the confidence interval ensures a set
of plausible solutions.
Future lines of research
@ Modelling of the temporal uncertainty of the HLPN model using the notion of fuzzy timestamps
o Extension of the proposed method to a sequence of junctions
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Fuzz X €s on
Conclusion

Signalized intersection with realtime adaptive control : on-field assessment of CO, and pollutant emission
reduction

Coloured Petri nets and CPN tools for modelling and validation of concurrent systems

Fuzzy modelling of the sensor data for the estimation of an origin-destination matrix.

Petri nets : properties, analysis and applications

B

Fuzzy sets and Systems : Theory and Applications
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Conclusion

Thank you for your attention !
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