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ABSTRACT

We present an agent-based model of traffic at twmdabout. The model was implemented in agent
based programming language NetLogo. Agents in tbdeincorrespond to cars. Each car has got its
parameters and behavior. The behavior is expresgsied) multi-criteria decision making schema and
analytic hierarchy process. Application of analgtibierarchy process in multi agent system is desdr
Driver's decision depends on his own characteibaties as well as on driver’s current situationisit
possible to experiment with different traffic sitioms and to observe the impact of each settinghen
fluency of the traffic.

Keywords: traffic model, NetLogo, multi-criteria @dsion making

1. Introduction

Our research is motivated by a real traffic problienour city (Hradec Kralove, Czech Republic). The
road system of the city consists of two main homtie circles and radial roads. The object of our
interest is situated in the outer circular roadg(Fi). This heavily used intersection is planned¢o
replaced with a system of two roundabouts (Figta2make traffic more fluent and eliminate traffic
congestions.

Current intersection is managed by traffic lightke average number of vehicles per day is nearl§0g0
on the west side and about 20 000 on the easbéite intersection. Moreover there is a large fabkp
situated next to the intersection, with ambulanoesving out frequently and having to cross the
intersection with the highest priority. There aifedences in number of vehicles coming from ea€h o
four directions. West-east (and east-west) roatiésmost frequent because of the transit traffiestw/
north and south-north directions are typically ubgdocal drivers going to the city center. Westtho
traffic is higher than east-north because of tligataoad at the adjacent intersections.

To compare the effectiveness of both solutione(g#ction versus roundabouts), we designed an-agent
based simulation model. The model is implementedetLogo (Wilensky, 1999) which can be used for
simulating different situations such as (Cimler120) The objective of our agent-based model is to
enable experiments to test two hypotheses:

* the roundabout makes the traffic more fluent,

» the system of two roundabouts enables faster thrpagsage of ambulances.

The model is based on the data gathered from thms,nwbservations and measurement of the traffic
lights switching intervals. Agents correspond tiovelrs (and their cars). Each driver has got its own
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parameters and behavior. The behavior is expressied) multi-criteria decision making schema and
analytic-hierarchy process. Several types of dsiae defined and the ratio of each driver's tyge loe
changed. It is possible to experiment with fracierof cars, lorries, buses or ambulances togetitiera
mixture of more or less patient, rude, experierarechutious drivers.

The traffic density is the main parameter of thedeiolt can be managed using control elementsén th
model interface. Each setting of model parametensesponds to a particular traffic situation. Siatidn
experiments help to observe the impact of eacimgditrossing, roundabout) on the total fluencyhaf
traffic in the location.

Fig. 2. Visualization of the planned system of twandabouts

2. Model description

Each agent-car has its own characteristic. Basaradhteristics of the car are maximum speed,
acceleration, view distance, current speed, antindgisn. Cars are of three types: normal vehijcles
trucks and ambulances. The difference between rovetsicles and trucks is maximum speed and
acceleration parameters. Ambulances are cars Wwihhighest priority- other cars have to stop if the
ambulance is passing around.
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There are 3 types of road: normal way, entranceranddabout. Entrance is part of the way near ¢o th
roundabout. Driver has to prepare there for ergettie roundabout. Drivers have different drivinéesu
due to the type of the road.

Drivers are following marks in the simulation anmging to reach their destination. Navigation in the
simulation is provided by marks which are of sipdg: (1) start point of entrance, (2) start poinht o
roundabout, (3) end point of entrance, (4) exi) @&stination and (6) start of tunnel. Part of the
simulation is on the fig.3.

- Start point of entranceis mark telling driver to prepare for entering ttoeindabout — decrease
speed.

- Start of roundabout is most important mark. All decisions are madedbyers who reach this
mark. Decision process will be described in théofeing part of the paper.

- End point of entrance is place on the roundabout which drivers head sathey entering
roundabout. At the moment driver reach this markchange type of his movement due to
algorithms created for moving on the roundabout.

- Exit is the mark near the exit of the roundabout amdains information about destinations in the
direction of this exit. If there is information altodrivers’ destination, driver leaves the
roundabout on this exit.

- Destination is mark showing driver that he reaches his destinaas he reaches this mark.
Statistics about this driver are saved and thereddeleted.

- If the driver reachestart of tunnel mark the car starts to be invisible for other drézas well as
for user. Car became visible as it reaches foother mark start of the tunnel.

‘Start of
roundabout

Start point of
entrance

Fig. 3. NetLogo model of the roundabout

3. Driver’s decision making

Many factors affect driver’s decision. In the basiodel of the traffic only proximity to the othearcon

the roundabout arbitrates driver’s actions. Allestfactors which in a real life influence drivedscision
were neglected. Driver, as he reaches start ofdatuwut mark, has to decide if he wants to enter the
roundabout or wait. There was a simple rule: if th&tance to the other car (which is already on the
roundabout and can cross driver’s trajectory) iallmthan a safe distance (set as a parametbe istart

of the simulation) then driver waits and do nottamre in his driving. This rule is too much sim@led

that is why agent based model was extended by-gritiria decision making.

3
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Each driver has its own criteria matrix dependinghes character. In the moment when driver is degid
about his next action, situation vector (descrildniger’'s current situation) is created. Using tieeision
making method - AHP, described below, driver chea$e action which should be best for him. Our
model is presented on the following example. Nundfagriteria can increase as well as situation arect
can be more comprehensive.

3.1 AHP

Principles of AHP were formulated by Saaty in 1a870s (Saaty, 1980). This method helps to create
structured models of multi-criteria decision prabte Problem is divided into the sub problems aruh ea
sub problem is analyzed separately. There can log préeria connected to the decision making preces
To create ranking of these criteria pair-wise conspa is used. Every two criteria are compared and
relative importance of each is set. Result valuesrathe comparison matrix A.

In AHP approach an n x n pair-wise comparison méairi(criteria matrix) with positive elements &
considered (Mls, 2013)

1 a, - a,
as|® T B
Ay &y 1 ' (1)

This matrix is reciprocal, sq & 1/g for each i, j<n.
Normalised principal eigenvector of the matrix Ac@mputed to get priorities of respective altenresti

We say that A is consistent, if ag = a for each i, j, k< n.. If g - g # ax for some i, |, k, than A is
said to be inconsistent. In AHP, it is assumedlif®at a; < 9., for all 1<i, j <n. The inconsistency of A
is measured by the consistency indexd#fined as
CI = /‘max - n
n
n-1 2)
whereknax is the principle eigenvalue of A. If A is an n paositive reciprocal matrix, then A is consistent
if Cl,= 0. Inconsistency index is discussed also in (Rand Korviny, 2009).

By computing an eigenvector X of the matrix A relatrankings of variables can be obtained.
AX =X (3)

Final ranking of particular alternatives is complutes matrix multiplication of eigenvector &f and
matrix describing possible alternatives.

4. Example

Simulation created in NetLogo allows us to obtaifotaof information about driver's status and its
surroundings. Some of the information which is faesto obtain is humber and speed of other cars,
proximity to crossing, proximity to other car eRased on this information driver can decide abasit h
next action.
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4.1 Criteria matrix

Criteria matrix (pair-wise comparison matrix A) limsed on the attributes of drivers. Criteria matrix
consists of the 3 criteria — number of the criteaa increase while the model will be extendedvé&is
attributes are divided into two parts. Driver cangdatient or impatient and experienced or inexpegd.

Criteria matrix consists of:

- Proximity — In this criterion, reaction on the eehnich is already on the roundabout and can cross
driver's trajectory is described. Cautious driveesd to stop if the other car is approaching. In
contrast to rude drivers who will in the same gitiracontinue driving or increase their speed.
Proximity is very important for inexperienced drise

- Rush - This criterion shows if the driver is in arrty. This criterion is important for impatient
drivers.

- Environment — Expresses caution of the driversdhtier conditions and conditions of the road
are not good. For inexperienced drivers is thieddn important.

Impatient
Rush
. Proximity .
Inexperienced +——— Experienced
Environment
Patient

Fig. 4. Driver's attributes

4.2 Situation vectors

Situation vector is written as [stop; go normal;fgst]. It represents current situation of the @rivihere
are three types of situation vectors in our exanmgrironment vector, rush vector and proximityteec
Vector doesn't describe driver's character; it odéscribes his current situation and is recommétat
how to behave.

4.3 Environment

At the begging of the simulation random environmstatus is generated. In our example environment
status is static for the entire simulation. Theifatenhancements will include the possibility ofdifiging

the environment status, which is going to enableroscenarios such as alternation of day and wight
changing of the weather.
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4.4 Proximity

Based on the proximity of the other car on the dalnout this vector is created. If the other caars
driver can continue driving and enter the roundabldwther car is near, driver should increasedpised
and enter the roundabout fast or can also stopvaitd

4.5 Final decisions

While driver approaching to the roundabout he laghoose from three possible actions. Decision
depends on driver's character (criteria - comparisoatrix) and on the current situation on the
roundabout. In previous section driver’s criteriatrix and situation vector has been introducedsiBies
actions are to continuing driving normally, stoppir increasing speed and enter quickly the rounatab

Driver doesn’'t make mistakes in his decision. Resiflthe computation is final, driver will do
recommended action.

4.6 Computation

Driver is entering to the simulated area and hiterga (comparison) matrix A(n x n) and eigen-vectp
where the x_i respresents the input of i-th rowthis matrix is created. While is driver decidirtgpat his
next action, situation column vectors v(i), whdre t is a number of type of the situation, i = Intaare
created. The column inputs of result matrix B aeated as: for every j from 1 to n and for evefrpin 1
to n: B_j= v(i)*x_i hold true. Column vector s(jj= 1..n, for final decision f i§ for every i from 1 to n
of b_{ij}.

5. Experiment

One of many possible settings of the model willshewn in this experiment. We have decided to have
two types of drivers. First type is patient andxjperienced drivers and second type is impatient and
experienced drivers. For this example, criteriariveé have been chosen as following. This an exampl
of way how can be model used. Creation of the wedridescribing more realistic values for specific
situation will be work for expert team and will beed in our future research.

Table 1. Patient and inexperienced
Proximity Rush  Environment

Proximity 1 8 2
Rush 1/8 1 1/7
Environment 1/2 7 1

Table 2. Impatient and experienced

Proximity Rush Environment
Proximity 1 2 2
Rush 1/2 1 2
Environment 1/2 1/2 1
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Situation vector is created as follows. Vector riten as [stop] [normal] [fast] (sum is equal tpid the
lines of following matrices. Appropriateness of leaction (stop, go normal, go fast) depends on the
current situation. For example in table 3: If otbar’s proximity is moderate it is appropriate topsand

do not enter the roundabout or increase speedrgrdiefast before other car can cross our trajgctt

is not appropriate to enter the roundabout norpe¢d because there is a bigger chance of crash.

Table 3.Proximity vectors

Stop Normal Fast
Far 0.05 0.8 0.15
Moderate 0.7 0 0.3
Small 1 0 0

Table 4.Rush vectors
Stop Normal Fast

Far 0 0.3 0.7

Moderatg 0.2 0.4 0.4

Small 0.3 0.7 0

Table 5. Environmentectors

Stop Normal Fast

Far 0 0.5 0.5

Moderate 0.3 0.5 0.2

Small 0.5 0.4 0.1

5.1 Results

Each setup has been run for ten times and reseltsvarage values. Impact of the environment stegs
been tested on patient-inexperienced drivers anptient-experienced drivers. Environment status has
been set to bad, moderate and good. Rush statiiebaset to moderate for all of the drivers.

All drivers do not risk getting fast to the roundabif the environment is not good.

If the environment is good, impatient and expergehdrivers made decision go fast in 7% of decision
making situations Patient and inexperienced driyeefer to stop even if the environment is good.
Results of driver’s decisions can be seen in thie ta.

Table 6. Drivers decisions in good environment

Fast Normal Stop
Patient and inexperienced 0% 6% 94%
Impatient and experienced 7% 28% 65%




Proceedings of the International Symposium on the Analytic Hierarchy Process 2013

6. Conclusion

Agent based model of the roundabout containing sgesing multi-criteria decision has been introdlice
Model is prepared for the discussion about settiegy different types of drivers and their criteria
matrices. Lot of information can be gained frora urroundings of the agent. This information can b
used in the decision making process. Some of tfeenration has been shown in the example. In our
future research new features will be added such akanging of day and night or changing of the
weather. These features affect driver’s decisiosuatheir next action. Condition of the vehicle dam
also considered in the decision making process.nAdmsed simulation can also provide useful
information about problematic locations and creatibthe traffic jams on the crossings and roundé&ho
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