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Abstract

This paper deals with a description of an extension of the JUTS traffic simulation system. The
model is run on the basis of cellular automata model and is microscopic in its nature. However,
there is a need for implementing some parts of the simulation map at a lower level of detail and
perform the simulation over them together with the remaining microscopic parts. Moreover,
there is a demand for a possible automatic set up of the simulation map macroscopic segments
according to a previously validated microscopic model and also, as a future improvement, for
switching different segments of the simulation map into a low detail macroscopic level dur-
ing the simulation run. All these demands represent a hard task, but the main question is the
connection between the microscopic cellular automata model of the JUTS system and the new
macroscopic model designed for it. There are other models connecting macroscopic models
and the microscopic ones. But these combinations involve macroscopic models and micro-
scopic car-following model or models combining mesocopic queuing network models with the
macroscopic ones or mesoscopic kinematic wave theories with macroscopic models. On the
other side the hybrid model used in JUTS have to be very similar to JUTS structure to allow
a possible automatic settings of model parameters or possibly switching the details level. The
paper describes the construction of such a model and its incorporation into the JUTS system.

Keywords: simulation, traffic, traffic simulation, model, hybrid model, macroscopic mod-
els, microscopic models, JUTS, object oriented, Java
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1 Introduction there is also a demand to allow the model to autoad-
just which means to set up the macroscopic parameters
om the microscopic run and, possibly as a future im-
rovement, switching from the microscopic model into
acroscopic one during the simulation run.

The analysis of traffic problems is a very important tas
for all economies around the world. The traffic prob-
lems in cities and around or between them influenc
the whole region’s economy since almost all goods are

still transported by vehicles. The computer-aided anal- ) ) i
ysis of such problems is almost 50 years old. The maid Required basis from traffic theory

research efforts (except some specialized implementgpis section describes the basic notions needed from
tions) are related to traffic flow model development. INyaffic flow theory. For a detailed description of such
this branch of science, a good model does not NeCeS-topic see 1, 2, 2, 2, 7]. It starts with the descrip-
sarily mean a better understanding of the traffic flowion, of raffic flow characteristics because these are used

nature (as it is usual in physics), but it often means gy most users and experts in traffic description problem
sufficiently fast and accurate tool for analysis of trafficyre 4 and therefore are quite important.

situation (as usual in computer aided systems).

) i 2.1 Traffic flow characteristics
Nowadays there are plenty of simulation models that

are more or less fast or accurate. Besides that there drée description of traffic came from the description of
also many reasons for traffic simulation like predictionliquid flow kinematic and therefore the characteristics
traffic flow optimization, the road network structure op-are derive;d _from there. The basic set consists of three
timization, control of the traffic lights, ITS (intelligent characteristics:

transport system) support, etc. The user determines the

important requirements such as simulation speed, level ¢ Flow (vehicle per unit time)

of detail, communication with given devices, etc. The _ o

first two requirements (simulation speed and level of ® Mean speed (distance per unit time)

detail) are very important in general because as we en-
large the level of details, the speed of the simulation
decreases. The problem is that these two components

can be neither enlarged together nor enlarged for a loftgsually these variables are callethdamental charac-
time. teristics according to their historical importance. There

) ) are also other used characteristics (occupancy, time
One of the methods to increase speed with the constag$adway, space headway, ...). The first onfioiw g.

level of detail is parallel processing. We usually neegk is defined by simple measurement of vehicles’ num-
think of this in advance during model creation becausger N in one point during the fixed period of tinig.

a good structure of the model can ensure an excellemhis means

speed up. On the other side, there are usually plenty N 1

of methods that somehow lower the level of detail in =7 @)

an acceptable way and speed the simulation up. Con-

struction of a hybrid model belongs to these methodd.he next characteristic imean speed There are two

It is not the same as using the lower detail method bd2ossible definitions of this characteristig.[Similar to
cause one can choose some parts of simulation witha mean values, one can think about the mean values
high detail while the others will have low detail. ThisOver timeuv; or over space; which leads to

freedom of choice is widely accepted by users as they N

are experts and they can omit the parts of no intereststo _ 1 _ D

save tr?eirtime. y P Vi = N Zlvi and T, = It )

e Density (vehicles per unit distance)

In the traffic modelling field, same as in most of the
modelling areas, the models can be classified accordinghereD is the measurement distance anés the time
to the level of used detail into three basic classes (thsf i-th vehicle for crossing that distance. This definition
deeper description of the following classes will be giveris also somehow adopted from measurement, where we
later). measure the values of speed®ver a short sectior?]

(two points of measurements are needed).

e macroscopic The last characteristic @ensity Itis very hard to imag-

ine the equation for that, because in real situation its ac-
curate measurement can be obtain only from aerial pho-
tograph or other complicated method). Nevertheless the
density can be usually estimated from the so-cdiled

: . , damental equation
There already exists the JUTS microscopic cellular au-

q
tomata model and therefore the goal of this paper is to p= Vs ©)
construct a compatible macroscopic one to create the
hybrid model. This will create a new hybrid model con-It was developed by Wardrop, se®] and since that
sisting of the microscopic cellular automata model antime it has been widely used and investigated, §ee [
the new macroscopic one. Besides this combinatior?, ?, ?, ?, ?, ?].

e Mmesoscopic

e Mmicroscopic
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2.2 Relations speed

There has to be also a short part explaining the basic

relations among these characteristics. There is a huge Free flow
effort to derive a theoretical relation among the traffic
variables, see 7 ?, ?] which leads to two traffic state slope = spacing

theories or even to very complex three-state the@}y [ T
OIZESLE oW

The first relation is theflow-density relationwhich

seems to be able to be derived from the fundamental 0 .
equatior??, but this will lead to a linear function which fow
is not a good representation. For that purpose the fun- Fig. 3 The speed-flow diagram
damental equation has to be rewritten into

a(p) =(p) - p, 4)

2.3 Traffic Models

which can represent the evolutiongih a differentway The most important thing for the hybrid model con-
for a differentp. Then usually two traffic states are struction is the description of traffic models. Here
defined, namely théree-flow stateand thecongested is presented just the basic classification according to
state The congested state is very hard to describe ante level of detail. For more detailed description,
it is the place of difficulties in that modelling, for fur- see P, ?, ?]. There are, of course, other classifications
ther description see?[ ?]. The resulting basic shape of according to the representation of time or processes,
this diagram is at Fig? etc. The levels of details classification is following

A flow i
e macroscopic

Gmax
optimal
flow

e mesoscopic

e microscopic

congested

flow
density The details are increasing from macroscopic to micro-
o optial . scopic and of course hand in hand the computational
density difficulty is rising. The first macroscopic model (e.qg.

see P, ?]) is mainly based on enumeration of equations
describing the relations among the traffic characteristics
(i.e. determining the relations described above). For

) . ) such purpose usually a set of differential equations has
The influence of the existence of two states in traffigg pe solved.

flow becomes important within the next density-speed o _ o
diagram. There is a widaysteresis effecwith the The second class, mesocopic, is a wide class with dif-
metastable state§][ The resulting diagram has the so-ferent models. There are some models coming from the

Fig. 1 The density-flow fundamental diagram

called \-form shape. macroscopic ones but they are mostly based on a gas-
kinetic basis P]. There are also models that are based
density on a queuing network theory].

The last class is the microscopic models class. These
models represent individual vehicles, their interactions
and behavior. Together with simulation it gives aggre-
gate variables from the microscopic states. There are
two main models used within these models. First older
models are car-following models. They represent be-
havior of a vehicle as reactions on the preceding vehi-
cle. It means that the preceding vehicle leads the actual

flow one and shows him the way, speed, acceleration, etc
_ _ _ (e.g. [?]). The second group is the cellular automata
Fig. 2 The density-speettshape diagram models that represent the road dynamic with cellular

automation and the vehicle movement by applying the
cellular automation rules. The most famous model from
The last diagram is the speed-flow diagr&i [ts basic  this class is the Nagel-Schreckenberg mo@gl [

i i®?
form is shown at Figp? The JUTS system uses cellular automata model based

This is the basic set of diagrams often used for traffion Nagel-Schreckenberg and it will be combined with
situation description in graphical form. a modified macroscopic model.
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3 JUTS model crossroad can be basically described as “matrix cellu-

lar automata”, see?]. This matrix represents a vari-
This section describes the JUTS microscopic mode ble cellular automaton changing its orientation accord-

As it was megtl(l)rtw)ed %ngg tlhg ‘]hUTSk m(t))del is adml'mg to a direction of the actual vehicle’s movement on
croscopic model base gel-SCNreckenberg modely,is crossroad. It means that all segments dealing with

(NaSch). But it has many modifications. These are movement have cells inside. On the other side the gen-
erators inject the vehicles into the simulation map and

1. Introducing different vehicle length. terminators terminate them after leaving the map.

2. Changing the length represented by one cell. ~ The next important fact is that the segments together
. are connected with a special kind of objects called ac-

3. Introducing a new crossroad model. cessplaces that are used to move the vehicles from one

. . . segment to another.
4. Introducing the Head leading algorithm. g

5. Extended lane change decisions. : ﬁ im"d
. g . . road 1A 67 | road
The meaning of these modifications arises after the ba- ~  ------ | jmmmm -
sic model description. In the cellular automaton model, peral m
the lanes of road are divided into cells with a fixed ! O i O ! e |
length and vehicles are represented by particles mov- ‘ O+ IO !

ing inside these cells. The status of the road is continu- ~ -~-~—- ~——————-

ously updated in defined intervals of time. Inthe JUTS £ 5 Segment connections via accessplaces
model, the length of cell is 2.5m (NaSch has 7.5m), the

vehicle can occupy more cells, the movement for such

vehicle is performed by the Head-Leading algorithm
which also handles the movement through the ne
crossroad model and the lane change decision wor
with more parameters. For all these, seg? 7.

\,//;)II these features will be important for future hybrid
Qéodel development.

From the cellular automata, a set of basic characteristiéls Hybrid madel

can be derived for each lane according to their definifhe hybrid modelling is quite popular nowadays be-

tion. Description of model segments used in the JUT8ause it allows the users to balance their needs and time.

system is important for further hybrid model descrip-As mentioned above, there are several hybrid models

tion. There exist (in basic view) five basic segments using a car-following model together with queuing net-
work model [?], car-following model with macroscopic

e Road model [?] or Kinematic wave theory with macroscopic
’ model [?].
» Crossroad, 4.1 Macroscopic model for JUTS inclusion
e Roundabout, The basis for our model is adopted from METANET
e Generators. model [7]. It starts with the conservation equation
e Terminators. 9q +2° 9p =g(z,t) (5)
dx | ot ’
The structure of a simulation map for simple T-shape
crossroad In order to determine the traffic lane situation this equa-
tion has to be solved for defined conditions. In oder to
R - road do so one usually needs (especially in urban traffic case)
C - crossroad to solve it numerically which results in determination
%** fenmm of flow, density and mean speeg p andv). The road
- terminator is divided into small segment&z for which all these
variables are updated each step whichidong.
(= R =] <~{r (@
C S ! Sy ! S,
©) @ -
Fig. 4 Segment structure of simulation map Fig. 6 Macroscopic discretization

The road segment is used for moving the vehicle itNow it is possible to define the discrete form of the con-
cellular automata. The roundabout segment is reprénuity equation used to cyclic numeric determination of
sented by the road in circle with adjacent ramps anttaffic lane variables. In order to do so the time variable
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7 has to be defined: is the multiple of theAt intervals  and right neighbouring lane according to lane changing

(i.e. real time can be calculatedias ¢y + At): andg; is computed normally. The lane change update
rule that decides about the amount of vehicles perform-
pi(r+1) = l[piJrl(T) + pic1(7)] ing lane change works for two lanes andm — 1 ac-
QAt cording to:
+ 7[9#1(7) +gi-1(7)]  (6) g;n’mfl = WPy m—1(Pm — Pm+1)

- ¢P7'm—1,m(pm+l - pm,) (11)
The variableg; here represents generation or dissipa-
tion of flow as a consequence of adjacent ramps or oth@éhere P, ,,, 1 is probability of changing lane fromn
structural inputs and/or outputs. tom — 1 andw andy) are correction factors. The proba-

bilities are validated according to real state and the cor-

Once the density is determined, the speed should bgction factors have only meaning for further general-
also calculated. This equation is one of the most coms 4tion.

plicated variables and is in its form very dependent on _ '
parameters. The next segment is macrocrossroad. There the situa-

tion is different.

At
vi(T+1) = vi(T) + ?[V(m(f)) — vi(7)]
At
+ E“z‘(T)[Uifl(T) = vi(7)]
nAt [giy1(7) — (1) R E—
ai= 7 | P
T Az { (1) — K % 1 | vph
This equation is constituted by these terms (the term Fig. 7 Macroscopic crossroad
v;(t) is clear and therefore omitted from the following
list):

The crossroad will be presented normally as probabilis-
1. First term represents a relaxation of speed asymgc division segment. There is no simulation of dynamic
totically towards the equilibrium speed which ison the crossroad, just sending the values into corre-
determined by the generalized Greenshield modedponding targets. The further description concerns the
see P. hybrid model construction.

1/ pi(7)\“ 4.2 Hybrid model construction
Vi) = oo (1 (A2) ) @

Pe The macroscopic model has to be included into the
JUTS structure. At the beginning it must be said that
2. The nextterm is the convection factor representing” macro or hybr|d objectg are encapsu|ated in a spe-
influence of entering vehicles speeds. cial macro area holding some common values for the
3. The last density influence represents anticipatio\r/1\lhoIe area represente_d as macro. 'I_'herefore the macro-
factor. submap should be deflr_1ed asa continuously closed su_b-
set of elements of the simulation map. The macroscopic

. . . ) road model is normally presented as a segment which
Now it is possible to simply state the last equation dey sqated not eachtimes as the microscopic one but
rived from the fundamental one which determines th@;cn . ¢ times and similarly the crossroad. The con-

flow value. nections among the macrosegments are performed in
_ _ . the same way as among the microsegments. The only
6(7+ 1) =pilr+ Dui(r + 1) ©) thing we need in the next segment from the previous

one are the values of, v, ¢ from its last section. In

These variables are continuously updated each macsgher words the macroaccessplace only provides these
step. In JUTS model, dlfferently from METANET, this values between successive macrosegments.

discretization is defined for traffic lanes (not the whole

road) andAz is defined as multiple of cell's length. — 2
Therefore they; variable means not only ramps inputs v ( ) e
or outputs, but also the traffic lane change rate. Thus it - ~— ‘
is needed to include the new step for determining these

values for specific lanes. After that theis constituted Fig. 8 Connection by macroaccessplace

by

m,m-+1

gi = gim’m*1 +g9; + 97, (10) The situation is more complicated within the access-

places between different types of segments. The micro-

whereg™™ " and g™ *" are total values determin- macro accessplace is defined as a terminator. It ab-
ing inflow (+) or outflow (-) to/from lane from the left sorbs vehicles from the preceding microsegment and
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store their length, speed (and possibly other) importamharacteristics enumerated from the microscopic mod-
variables into the macro area. These values are storets and stores and aggregates the results from both runs.
only for information about the rate of vehicles enter-At the end (also possibly during the process, but it is
ing macroarea mainly with different lengths (later usedhot as accurate) the information can be compared and
by macro-micro accessplace). Moreover, this accesite parameters of the model can be determined.

place is looking for the corresponding lane (the enter: oreover. the switching can be also easv when the
ing one) in the previous microsegment and calculate'¥I ’ gc Sy
the valuesp, v, ¢ and then uses these values to updat arameters of corresponding macroscopic models are

valuespy, v, go Of the successive macrosegments. pedefined. Then to switch and recalculate correspond-
ng values of characteristies v, p for all sections from

sides that, it stores some important vehicles like urba

mass transportation vehicles into the macro area and iﬁ(—a”S.'s an easy task. The global variables like lengths,
etc. in the macroarea should be updated and values of

vokes the method for handling them performing calcu- ;
lation of the delay time (should be changed later - fof/? generated. All these operations should be easy to do

dynamic handling) and target accessplace derived frofwd therefore the switching seems to be without prob-
inner vehicle path information. em.

R Hacroares 5 Conclusion and future work
micro-roa : _ .
‘ ! opacl macroroad The construction of the new model seems to represent
2 Ean the required demands in a good manner. The autoad-
‘ ‘ vy | justing is achieved through combination of microscopic
Sam— qli ! ! and macroscopic models and the switching just fol-

R N lows automatically. The new multilane macroscopic
Fig. 9 Micro-macro accessplace model was easily included into JUTS cellular micro-
model with the help of correspondence between sec-
tions and cells. Moreover the multilane character of the

acromodel helps the JUTS system users work easily

The next micro-macro accessplace on the o_ther hargﬁth different types of segments in the same way.
works like a generator. It generates the vehicles, no

randomly but according to the previous macro segfhe next step is to test this hybrid model using real
ment density and speed values. For correction of theskata to ensure accuracy of the results and to avoid prob-
values (and to complete them), the information fromems related to increased number of errors. The main
macroarea previously stored by micro-macro accestasks then are implementation of the above mentioned
place is used. According to the rates in macroarea, tleitoadjusting method and verifying its correctness and
model is able to derive the new vehicles and update théilization of the online segment of switching during
rates (the rate represents the kind of vehicles inside ttsmulation run.

segment - in the simplest case the lengths of vehicles‘%

These vehicles are normally injected into microsegme fu_rthelr_fpo\:,_smlef|mproveme_nt IS tgzsltl_ng tze lioere(;s
as it would be from the ordinary generator. or simplification of macroscopic model in order to fin

the optimum for speed and good reality representation
macroatea within the hybrid model.

macroroad micro-road

JE—
| |

| | Unspn

w s

Fig. 10 Macro-micro accessplace

All these segments and accessplaces constitutes the
macro area which is the part of ordinary JUTS micro-
scopic model. This area is updated in stepshich is
multiple of¢.

4.3 Autoadjusting and switching

Now the discussion about autoadjusting should be
started. How can this model be autoadjusted? It is
simple. The macrosegment is defined for macroareas.
However, these areas are not only macroscopic but also
have microscopic segments loaded. Than the simula-
tion can be started. The microscopic run is performed
normally as there is no macroarea. The macro model
computation runs in parallel to it and uses the values of
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