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Abstract— Control in urban traffic networks constitutes an  intersections in a urban traffic network, allowing to captur

important and challenging research topic nowadays. In the the key information about incoming flow from neighboring
literature, a lot of work can be found devoted to improving intersections (in an abstracted way).

the performance of the traffic flow in such systems, by means - N .
of controlling the red-to-green switching times of traffic gnals. A lot of heuristic optimization algorithms have been used

Different techniques have been proposed and Commercia”y in Ol’der to generate effiCient COI’]tI’Ol Stl’ategies fOI’ traf‘fiC
implemented, ranging from heuristic methods to model-base light control. Neural networks, box optimization methods,
optimization. However, given the complexity of the dynamis  ant colony optimization, and others have been used. Some
and the scale of urban traffic networks, there is still a lot of  ,54e| hased optimization tools were actually implemented
scope fpr improvement. I.n this W(.)rk,.a.new hybrid model for commercially, such as the CRONOS tool [3] from INRETS
the traffic behavior at an intersection is introduced. It captures Ys -
important aspects of the flow dynamics in urban networks. It Over the last few years a number of authors have considered
is shown how this model can be used in order to obtain control various formal model based optimization approaches to this
strategies that improve the flow of traffic at intersections, problem. Interesting works are those of Porche and Lafertun
leading to the future possibility of controlling several conected [4]. The main difficulty is the size of the optimization
intersections in a distributed way. : . .
problem, which forces the use of macroscopic models and
. INTRODUCTION of distributed control and optimization techniques [5]¢clsu

. . . as distributed model predictive control [6].

Coordinated control of t_rafﬂc I|ght§ in an urban area offers The basic modeling tool used in this work is timed Petri
good prospects for reducing travel time and pollution due ats. A paper that is closely related to ours is [7] where the

traffic, especially under rush hour conditions. The contr feavily populated discrete timed Petri net is aggregatee in

action that can be used in order to improve the behavior g : o ) : I
Sets of piecewise linear equations. This paper is different

the system consists in selecting the red-to-green SV\"‘I’Ch.'ri'n that we try to relax the heavily populated discrete event

g;n;?nt?gltrlzmg fsc; ?r;aliér:(zrlottﬁlsesaep?rg)f?gf}?Shtf r;[:leedbe:é%‘)del' while keeping the Petri net structure intact as much
Ws Tor switching atic 19 v s possible. Given that the purpose of the control actions
proposed, and in many cases also implemented, from t

e, . X
. . . IS to improve the performance of the system under heauvil
1950s onwards. Nevertheless, given the combinatoriat@at P P y y
of the coordination problem for a network, and given the

Yoaded conditions it is natural that we use a fluidification
. . of some of the transitions in these timed Petri net models.
complicated dynamics of the system due to the huge numblg

dr this example, this means that we do not look at each
of vehicles that inhabit a network under rush hour condgjon . e,

there is still a lot of scone for improving the controller a individual vehicle movement at an intersection, nor do we
. IS st pe Torimproving : g2 model the detailed trajectory of each vehicle along theslink
in such a network of traffic lights. A lot of work is currently

oina on in the field (see e.q. [11 for a recent contribution connecting intersections. The model only describes thesflow
going o . ) ( - [1] . )of vehicles through the intersections and links. The overal
The issue is to find a good compromise between locall

minimizing the delays of vehicle streams at each intersacti Phodel proposed here is hybrid, including both fluidified

hil intaini lobal stability of th work. Th o transitions and discrete transitions, since behavior ef th
while maintaining global stabiiity of the NEwork. TheSeOW lights themselves, and some queueing networks at
goals may be contradictory since a local optimization m

wally st the infl firaffic i d ¢ . tayraffic sensors, are represented by timed, discrete Pd#i ne
actuatly starve the inflow ot traflic In Some Jownstream Miere, o i jations of this model have been implemented. This

?ﬁcnons o!urmg son:je I|rt1:]ertvallis of tlme [Zf]f: GO(:d coord;r;mt_ simulation tool has been used to search for optimal red-
fut? rtiqfr:rezal mo et . ta a O;’.VS € ed|ct|rs]anﬂrepresf i aﬁ'. reen switching policies at intersections of 2 one-wayeste
of bo € delays at intersections, an € Tlows ot rallig;lation has shown that implementation of this policy

between intersections. In this Sense, this paper dISCU'?Ssegignificantly reduces the overall average delay of vehicles
new methodology for representing the dynamic behavior %& the controlled intersections
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of traffic lights, and explains how the model developed i P, T, Pre, Post), where P is a finite set of placesT is
this paper can help in improving the performance of a traffia finite set of transitions witlP N T' = (), Pre and Post
signal coordinator. Section 3 introduces continuous Pets are|P| x |T'| sized, natural valuedyre- and post- incidence
and a simple intersection model. Section 4 introduces anatrices We assume thatV is connected and that every
improved 1-intersection model, while section 5 uses this tplace has a successor, i.g?| > 1 (the set of the input
develop an optimal control law. Section 6 shows via simulafoutput) nodes ofv € P U T is denoted asv (v°®)). A
tions how the proposed control law leads to improvement®N system is defined aé\', M) with M, € NI”l. The
Section 7 provides some conclusions, and suggests sommlution of theP N system is determined by the firing of its
future work. transitions. A transitiort; is saidenabledat M iff for every
pi €° t;, M(p;) > Pre(p;,t;), and itsenabling degreds
[I. RELATION TO CLASSICAL TRAFFIC ENGINEERING defined asEnab(t;, M) = min,,ce;, |M(p:)/Pre(p;,t,)].
MODELS The firing of ¢ in a certain positive integer amount <
Switching strategies for traffic lights [8] can be classifiedEnab(t, M) leads to a new markind1I’ = M + « - C(t),
according to how fast they respond to on-line traffic meawhere C = Post — Pre is the token-flow matrix.
surementsPre-timedcontrollers select a fixed period, called Time delays can be associated to the firing of transitions,
the cycle time, for all traffic lights in a given area, and sele obtaining thus a Timed Petri net In this paper, only two
the fraction of green for each direction in each intersectio different kind of delays are usedeterministictime delays
Moreover the relative time offsets - the phase shifts betweand exponentially distributedandom time delays. In the
the switching times at consecutive intersections - is setec first case, transitions fire after a fixed delay during which
so as to guarantee as much as possible a green waveitofemains enabled. In the second case, the delay is no
vehicles that do not have to stop. These pre-timed contsollelonger fixed, but it is characterized as a random variablg (r.
may be adjusted during the day to adapt to different traffiwith exponential p.d.f,, i.e., if a server of an exponemyial
patterns, but they only use the average traffic flow data, ndtstributed transitior; is enabled at timey, then itmustfire
the on-line measurements of queue sizes or of current traffi¢ time ; + 6; (if it remains enabled duringry, 7o + 6;)),
flows. whered; is a r.v. having an exponential p.d.f. with constant
Actuated ftraffic signals react to local measurements qfarameter\; (the average service rate of each servet;pf
queues of waiting vehicles (or detected oncoming traffic) In order to overcome the state explosion problem and
by switching to green, if at all possible. This may reducéo simplify the analysis,PN models can beelaxed by
the local average delays significantly, but it is clear thameans of fluidification ([12], [13]). According to this, gine
this strategy can destroy any advantage of a green wawePN system, it is transformed into a new model by keeping
Traffic responsive systems therefore must try to adapt the same structure and initial marking, but defining a new
instantaneous information on the local traffic intensity byiring rule for some transitions, which are now callédid
a coordinated action for the different traffic lights in agjiv or continuous At these fluid transitions, the firing is no
area. Examples of such strategies have been developed silwreer restricted to be integer valued but can occur in
the 1980s (for example the SCATS [9] and the SCOOTonnegative real amounts, leading to a real valued marking
systems [10]). These systems adjust from time to time th& < RLPO‘. In detail, the enabling of a fluid transition
green fraction at each intersection, and/or the phasesshifis defined asenab(t;, m) = miny, ce;, m(p;)/Pre(p;, t;)
according to some heuristically developed rules. (without rounding to the nearest lower integer value). Adlui
Recently the availability of on-line measured traffic datatransition¢; can be fired in anynonnegative real amount
and the enhanced capabilities of road side control agentsc [0, enab(t;, m)] leading tom’ = m + « - C(t).
have improved so much that it makes sense to try to developThere are different ways for introducing time in contin-
model based on-line optimization algorithms for coordiaat uous PNs, the two most important beinmfinite server
traffic responsive control systems. This paper provides semanticsor variable speedandfinite server semanticer
model that can serve this purpose. The model uses hybddnstant speedHereinfinite server semantiod S'S) will be
Petri nets in order to represent the queueing behavior obnsidered for relaxing discrete transitions with expdia¢n
vehicles at intersections. It allows to optimize the greedi- random delays, since for high populated systems (places
periods of the corresponding traffic lights. Furthermong, bcontaining large amount of tokens), the flow of a continuous
adding models that represent the traffic flow along the linksansition undef S.S approximates well the throughput of an
connecting intersections, the behavior of a complete urbaxponentially timed discrete transition [14]. UndE$.S the
traffic network can be described. This idea is advanced iitow (the instantaneous firing speed) through a timed contin-
the last section of this paper but the details are left for mous transitiort; is the product of the ratg; (equivalent to
forthcoming paper. The next section explains one such Hybrthe parameter of the exponential p.d.f. of transitipin the
Petri net model for a traffic intersection in an urban area. original discrete PN) anehab(t;, m). For the flow to be well
defined, every fluid transition must have at least one input
place. If all the transitions in & N model are fluidified, then
We assume that the reader is familiar withl's (see, for the resulting model is calledontinuousPN. On the other
instance, [11]). A (discretelpetri net PN is a tuple A" = hand, if only some transitions are fluidified then the model

IIl. CONTINUOUSPETRINETS
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Fig. 1. PN model of an intersection of two one-way streets.

obtained is called d&ybrid PN. The evolution of ahybrid 15} .
PN can be described, in discrete time with a sampling time 1o} _ 1
o7, by the following difference equation: 5 FHNRT I TN AT N ¥ R 1

my1 =m;+C-Acp,+C-A- enab(mk) ot (1) ° 100 200 300 e 700 500 600
where Aoy, is the firing count vector of the discrete tran- (0)

sitions that ﬁ.re duri_ng the time imer\@d’O + k- 677_7.0 +  Fig. 2. Marking trajectories of th@N system of fig. 1. Dashed curves
(k+1)-d7) (its entries related to continuous transitions areorrespond to the average trajectory of the stocha#tiy, while the

null), enab(my) is a vector whose elements are the enabling‘f’”“'”“ous ones correspond to the hybRdV. a) Curves ofpy, b) curves
degrees of the continuous transitions (its entries rel&ved b2
discrete transitions are null) and is a diagonal matrix

whose elements are the corresponding firing rates (i.e., thus obtained is deterministic, since all the stochastinsi
parameters of the exponential p.d.f’s in the original B8 tjons have been fluidified. The marking trajectories of ptace
PN). p1 andp, are shown in fig. 2 (continuous curves). On the
For instance, consider th& N system of fig. 1. This other hand, afteR0 simulations of the original stochastic
model represents the intersection of two one-way streej§screte model, the average trajectories for the same place
controlled by a traffic light, under free-flow condition (i.e \were computed, and are also shown in fig. 2 (dashed curves).
without congestion, the traffic flux is proportional to thengtice that the trajectories of both the hybdV and the
traffic density). The subnefps, p2,ps,pa} corresponds to zyerage of the discref@ N models coincide almost perfectly.
thephysical intersectiortokens in placep, andp, represent Hence, the hybrid® NV can be used for a quantitative analysis
the cars at the queues waiting to enter the intersectiorewhigt the original discrete system, with the advantage that thi

tokens atp; andp, are the servers at the input transitionsmodel is deterministic and that the state explosion problem
(lanes upstream of the queueginandp;, respectively). The goes not appear in this.

subnet{ps, ps, p7, ps} represents theaffic light. According

to this model, the first queug) is served {, is enabled) IV. THE 1-INTERSECTIONMODEL

only if in the model of the traffic light there is a token at Lefeber & Rooda [15] studied a mathematical model

ps. In a similar way, the second queug,) is served only similar to the hybrid version of fig. 1. They analyze a system

if in the model of the traffic light there is a token gt. consisting of two queues served by a single server. The

A token at either places or ps represents a yellow period arrival and services rates are constant but different fohea

(yellow for one queue but red for the other), so, no queue sueue Setup delayare considered, i.e., switching the server

being served when there is a tokengig or ps. Transitions from serving one queue to serving the other queue takes some

{ts,ts, t7, ts} modeling the green (green for one queue whildixed time delay, during which no queue is being served. In

it is red for the other) and yellow periods of the traffic lightthis way, queues correspond to markingsat, p2} in fig.

are defined as having deterministic time delays. On the oth&y while the server plays the role of the traffic light.

hand, transition$t1, ¢, t3, 4}, corresponding to car arrivals  The results of [15] characterize the optimal steady state

and departures (services) at the intersection, are defimedperiodic orbit that minimizes

having exponentially distributed random time delays. 1 T
The PN system of fig. 1 is relaxed into dybrid J = / [21(7) + x2(T)] - dT @)

PN model, in which transitiongt;, t2, t3, t4}, correspond- Tss Jo

ing to car arrivals and departures (services), are definetherex; andz, denote the queues (markings{ak, p2} in

as fluid, while other transitions remain discrete (traffig. 1) and7Z,, denotes the period of the orbit. Furthermore,

fic light). Average delays of transitions are defined ashey also provide a feedback control law that guarantees

(1,1/3,1,1/3,20,5,20,5). Notice that thehybrid model the convergence of the system to that orbit. That work was




— Platoons trajectory or sequence that occurs in the timed model depend
model on the delays of; andt;, i.e., the parameters to optimize.

] For this reason, the optimal periodic orbit for this new mode

'ty 14 s o]  Powsical is difficult to characterize, because it is not possible tawb

‘ intersection a description of the cost functio (2) in parametric form.

V. OPTIMIZATION FOR 1-INTERSECTION

In this section, a parameter optimization problem is in-
troduced and solved for th&-intersection model of fig. 3,
obtaining thus the optimal green periods for the traffictigh
! Notice that, since the yellow periods are fixed a priori for
Fig. 3. PN model of an intersection of two one-way streets, the asgival safety reasons, defining the green periods for each queue
to the first queue occur as platoons. the red ones are completely determined, obtaining thus the

complete timing for the traffic light.

Given minimum and maximum possible integer values for
the inspiration for considering, in a first step, the model othe time delays oft; and¢; (the green periods), denoted
fig. 1 for optimization in traffic intersections. However, anas 62", 9", g and 67'** respectively, a finite set of
important assumption is made: the arrival ratescamgstant  possible control values is defined:

In an urban traffic network, the cars departing one in- g
tersection are the arrivals to the neighboring ones. Sinc% - , ,
each intersection is being controlled gy a trgffic light, the (05,07) € Nx N|g5™™" < 65 < 6577, 07" < 07 < %na(g
departures do not have constant flow rate, and so the arrivaIsNext iven the initial queue lengthssg(p1) and )
to downstream intersections do not occur with a constant d f,'gd time hori ﬂq, f E . éplo rg%(ptzh
flow rate but asplatoons(batchesof cars moving closely ?n a fixed time horizoll , for eac F_)a”( 5 07) € OS5, the

. X -2 following cost function is computed:
together). In order to consider those platoon-like arsyal
the PN of fig. 1 is modified, obtaining thus the system of 1 7 m(p;)
fig. 3 J(T,95,97>:—/ [ n ]-dT )
9. o . . . T Jo m(p2)

In this new model, the arrivals to the first queue occur
as platoons. A token in place. enablest;, meaning cars Wherew is a positive row vector representing some opti-
arriving with a rate);. After some given delay,, transi- Mmization weights. Finally, the cost values thus obtainesl ar
tion to fires (which is discrete and deterministically timed)compared, and so, the minimum of them determines the
removing the token at. and putting it inp,., in this way, optimal control policy(f**, 65*') to be applied.
¢ is no longer enabled meaning that no cars can arrive. Notice that(9”*,2"") may not be the optimal values at
After a given delayd,q, transitiont,o fires and the token the steady state. Nevertheless, given the current esgnohte
returns top., enabling agairt; . In this way, the time during the state fao(p1) and mg(p2)), (627, 057") minimizes the
which a platoon is arriving at queueis 6y, the number of average vehicle delay over an interval of time starting at th
cars that arrive during that time & - \;, the time between present time and looking time units into the future (like
the arrival of two consecutive platoons (between the can model predictive controllejs
leading a platoon and the car leading the next platoon) is The main drawback of the previous approach is the high
0y + 019. Therefore, transitions,, 19 and place. andp,. computational cost. However, the computationjof4) can
characterize the platoons that arrive to the first queuéhitn t be achieved very efficiently by computing in parametric form
model, the arrivals to the second queue still occur with ébut off-line) the incremental cost(r+A7)—J(7), during a
constant rate. Those arrivals can also be generalized ar ordime intervalA7 that the system remains in the same discrete
to consider platoons. However, for the sake of simplicitystate, for each possible discrete state.
they will be maintained as constant in this paper. For instance, consider the system as in fig. 3. Given

The results obtained in [15] do not provide the optimafiring rates for{t, ¢, ts,ta} as{A1, A2, A3, A1}, time delays
behavior for the system of fig. 3, since the arrivals to théor {¢s,ts,t7,ts} as (0s,6s,07,0s) = (20,5,40,5) and
first queue do not occur with a constant rate. Furthermortime delays for{¢g,t10} equal to (6y,610) = (10,30),
in the case studied in this paper, the discrete subnet (thge system will remain at the same discrete state during
subnet described by transitiodss, tg, t7, ts, to, t10}) does AT = min(fs,6) = 10 time units (i.e., the minimum time
not describe a sequential process but a concurrent origlay of those discrete transitions that are enabled at the
i.e., there are many possible trajectories in the untimeclrrent discrete state). During such tife, the queues will
subnet. For instance, in theN model of fig. 1, the discrete change, i.e., the marking at andp,, but this evolution is
subnet always evolves with the sequenggs, t7,ts,t5,...; deterministic and can be computed in parametric form.
but in the model of fig. 3 the discrete subnet can evolve In particular, it is easy to prove that, given initial values
as ts, to, tg, tr, ts, t10,.. OF ts,t9,te,t10,t7,ts,.. €tC.; the my(p;) andmg(p2), after A7 time units during which the

Traffic light



discrete state remains ah(p.) = 1 and m(ps) = 1, the =

variables are: -

()\1 — /\2) AT + mo(pl) if At S Te 18

mAT(pl) = i_] + |:1 _ %jl e—>\2(T—Tc) if A7 > Te 16

2 2 J“,

mar(p2) = Az - AT + mo(p2) (5)

wherer. = (1 — my(p1))/(A1 — A2) is the time needed
for the first queue to reach the value bfaccording to the *] JEEE T —— L
ISS, if the first queuen(p;) is larger thanl then transition e T e

to is constrained bys, so this queue decreases according
to a constant speed, but if the queue is lower thatihen oot ot

. . . . . Fig. 4. Computation of optimal green periodd@l:”",077") = (4,27)
to is constrained by, and so, in this case, it decreases,g, ; — 7 1s.
with a speed that depends on the queue’s current value).
Furthermore, the increment of the cost function defined as — U

_par | men) |,
7=l { e |- ©
wq fo m(p1)dT + wa fo m(ps)dr

can be easily computed by using, for this discrete state, the
following expressions:

AT
A1 — A
/ m(p)dr = (1722&72 +mo(p))AT  (7)
0
if AT < .. For the case in whiclAT > 7. then
foAT m(py)dr = (’\];—M)ATZ + mo(p1) AT+

Fig. 5. PN model of 2 intersections connected by a link.

A1 A1 1 Ao (Te—AT (8)
(AT —7e) + {/\_3 - 72} [ '—1] fig. 3 with rates[1, 3, 1, 3] for {t,,ts,t3,t4}, delays[10, 30]
and in both cases for {t9, %10} and[5, 5] for {ts, s}, weightsw = [1,1] and a
Ar \ time horizon7 = 1200. Notice that the minimum value for
/ m(ps)dr = ?3A72 + mo(p2) AT (9) this, i.e., the optimal green period, is well defined (theheis
0

square:(Ag¥*, 99"") = (4,27) with J = 7.18). Furthermore,

By following a similar reasoning, expressions forthe computation time spent for one cost evaluation is fast
ma-(p1), ma-(p2) and AJ can be obtained for all the enough to allow use it in an on-line MPC-like control law (a
different discrete states. Therefore, the computation @PU with a Intel Core 2 Duo at 2GHz spends 84 seconds for
the cost function for a given paifs, #7) can be quickly computing the optimal control, which is considerably lower
achieved by following a discrete-event simulation aldorit  than the time horizor?™ = 1200).

Initialize 7 =0,J,.=0 VI. CONTROLLING 1-INTERSECTION IN A TRAFFIC
While 7 <7 (time horizon) do NETWORK
Compute the remaining time at the current
discrete stateAr.
Compute the queues at+ AT, i.e.,
m(T+A7—)(p1) and m(-r+A7—)(p2)
by using the expressions obtained off-line (5).
Compute the incremental coskJ, by using
the expressions obtained off-line (6).
Add the incremental costi,,. = J,. + AJ.
Update the timer = 7 + Ar.
Fire the enabled discrete transition.

This section is devoted to advance some ideas leading to
a control strategy for urban traffic networks by using the
optimization algorithm introduced in the previous section

The proposed example is shown in fig. 5. This system
consists of2 intersections connected by a link (one-way
street). The first intersection is modeled as in fig. 1, i.e.,
the incoming flows occur with constant rates. The output
flow of one direction is connected to a second intersec-
tion by a link, which introduces a pure delay. The subnet
{Pp9, P10, P11, P12, P13, P14, Lo, t10, t11, t12} defines such link,
in which transitions{¢11,t:2} are discrete andtg,t10}
are continuous. This link model works as follows: when
a platoon is departing from intersectidn whose output
transition ist, tokens flow topy and then throughy into

In this way, the optimization can be achieved efficientlyplacep;,, where they are accumulated, enabling at the same
by enumerating the small number of discrete states. Ftime ¢;;. After 6, time units,t;; is fired @, is the time
instance, fig. 4 shows the results obtained for the system oéeded by the leading vehicle of the platoon leavjrg

end
The total cost function is given by:
J(1) = % -~ Jae
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before reaching the downstream intersection), marking
and enablingtio, so that the platoon is free to follow its
way towards the intersectio (i.e., fromp;; to placepis -,
and then tg?, which is the queue at the second intersection) 2 ;|
When the last token is gone from; (the last car has left 2,
the link), t1o is enabled and then fired, resetting the initial -
condition of this part of the model. il
The dynamic behavior of the second intersection cai g'| :
be represent by means of the model of fig. 3, since th “% S
incoming flow throught? occurs as platoons, while the
incoming flow throught? occurs with a constant rate. In Fig. 6. Marking of queues at the second intersection (fig. Bileu
this way, transitions{t%, t%, t%, ti} and p|aCGS{p%,p§,pi} control, and signals of the green period (dashed line) acahiing platoons
of fig. 5 correspond td¢y, ta, t3, t4} and{py, po, ps} of fig. ~ (continuous fine).
3, respectively (in the same order). In a similar way, the

_nod_es modGQzlanQ t?thranmeInght 2of the second mtersectlog]c fig. 5. Delays for the first traffic ligh{tl, ¢, i1, ¢1} are
in fig. 5 {p?, s, 5, s, v7, t7, 0§, ta} correspond to nodes

(95, £, 06 Lo pr. 7. ps. £} in fig. 3. The information about (20, 5,20,4) (in the same order). Delays for the intersection

) . . 1 {t],t5,¢L,¢L} are (1,1/3,1/3,1/5), for the second in-
arriving platoons (i.e., delays ofto, f10} and marking of tersécti%nft%ft%,t%,ti} are(1/3,1/5,1,1/3), while delays
{pe,pnc} in fig. 3) is not directly available from the- o yuo jink 10 110 111,110} are (1/10,1/3.30,1/3) (the
intersections model, thus it must be obtained by 0ff—||ncﬁnk delay is 6, = 30). The initial queues are given by
computation or on-line estimation. . (10, 20) for {p},pi} and {p?, p3}, respectively. During the
It is assumed that the periods of the traffic light for theexperiment the control law was applied to intersectipn
first intersection are fixed. The goal in this example is t '

- ) . ' Quhile the periods for the traffic light of intersectianare
optimize the periods of the second traffic light, ShOWInS*ixed. The optimal control law was computed and applied

that the model for 1-intersection of fig. 3 can capture th(gach5 time units (the computation of the control law takes

interactions with nelg_hpor Intersections in a urban _nehNor3_62 seconds on a CPU with Intel Core 2 Duo at 2.00GHz
An MPC controll_er IS !mplementeq for this, b_y using t_heeach time it is computed), with an horizon oif0 time units.
optimization algorithm introduced in the previous secilon.l.he parameters of arriving platoons are obtained from an

Iietl_lrj]s descnb? th'S:f th - lat ¢ int . estimation procedure (not described in this work, but these
- '€ parameters of the arriving platoons trom intersectios, , easily computed off-line for this example). The tssul

1 are estimated. These parameters are incorporated into o .
1-intersection model of fig. 3. The other rates and markin Ti‘r% shown in fig. 6. The marking a4 corresponds to the

. . . ) gtfueue whose incoming flow occurs in platoons. The square
are given by the corresponding ones of intersection 2.

> Th tmizati lqorithm introduced in_ th . signals in the lower part of fig. 6 correspond to the green
- 'Ne optimization algoritnm Introduced in the prevlousperiod (dashed line) of the traffic light for that queue and

section is. u;ed for gomputing _optim.all green periods for thf%e incoming platoons (continuous line, cars are addedeo th
I;c_?:]trafﬂc light, us_lng some f'xidg'?'t?hhonzof' gueue when this signal i§. As it can be seen, the controller

- 'NOSe green periods are applied to the system. synchronizes the green period with the incoming platoons in
4. After a fixed timeZ,pq (updatmg tlme)., lower tha.m the order to induce a green wave, reducing thus the quepé at
horizon 7, return to the stepl, i.e., estimate again the%s much as possible. The value obtained for the cost function

12

parameters of incoming platoons and compute and app, Mefined as in (4) withw — [1, 1] and T = 600) was 11.59
again the corresponding optimal green periods. While t ' !

time horizon7 can be large enough to consider a few traffic- .hiCh. Is considerab_ly lower thgn the value for the system
. . : with fixed green period$6.59 (without control).

light cycles, the updating timé&,,q; must be small enough

in order to update the estimation of the incoming platoons, VIl. CONCLUSION AND FUTURE WORK

and thus, to compute again the optimal periods with the most

accurate available information. urban traffic network. It was shown that this model leads

Since the rates of the transitions of intersectibrare L . : :

. to significant improvement in the traffic performance at
assumed to be fixed and known, the parameters of the . . . . )
- : ) a signalized intersection, by using control laws for the

platoons arriving to intersectiod are constant, and can be ; - : .
: . corresponding traffic light signals. In the future, the islea
computed off-line. Nevertheless, in a general urban traffic CS . . .
ihtroduced in this paper will be extended in order to simul-

network where the periods of several traffic lights are bein% eously control, in alistributedway, several traffic lights

adjusted, those parameters are variable and it is requiref!]. : : .
) . i ) Of intersections connected in a urban traffic network.
to estimate them in real time. For such case, stem

This paper introduces N model for intersections in a

the previous control procedure states that the estimation, REFERENCES
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