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WELCOME FROM THE RECTOR OF UNIVERSITAS INDONESIA

It is both a pleasure and honor for me to welcome you all to the 13"
International Conference on QiR (Quality in Research) 2013. In this
globalization era, mankind’s competitive explorations to find new and better
ways to enhance their life has often resulted in sacrificing the environment
for their convenience. To preserve the environment for our future
generations, steps must be made to ascertain that development and
innovation of mankind must be more sustainable, balancing both mankind’s’
effort in enhancing their quality of life and fulfilling their needs, with its
harmony with nature.

Today, scientists and experts, in particular, people in engineering, architecture and design are looking
to develop new environmentally friendly technologies, or eco-technologies. Innovation in eco-based
multidisciplinary knowledge and skills becomes the important key, and this central issue should be
encouraged for the motivation of current and future development. Eco-technology can help protect,
conserve and even restore our precious shared environment. To develop this technology, we need to
combine engineering, scientific or technological approaches, with ecology, economics and the social
sciences and humanities. The eco-innovation field is now wide open and offers exciting new territories
to explore and develop. Creative thinking by our top technical and scientific researchers is giving us a
more and more treasures of new workable ideas.

However, innovations require more than just brilliant ideas. Innovations require resources, skills,
technology, knowledge, tools, techniques and so much more. But most of all, innovations require
people. People are the driving force behind every need of change, changes that are aimed to improve
mankind’s quality of life, to enhance their living conditions or to simply make life easier and more
comfortable. This conference is about learning of the fundamental aspects which can transform the
world and society, thinking ahead to possible challenges facing the globe, discovering innovations
related to opportunities for industry, and most importantly, this conference is about bringing together
interdisciplinary people to accelerate activities in many areas simultaneously. This is what makes the
conference exceptional this year in terms of potential impact from this networking.

| extend my sincere thanks to the Faculty of Engineering Universitas Indonesia, supporting parties
and institutions for their participation and contributions in QiR 2013. | would also thank the people of
Yogyakarta for their gracious support and hospitality. Additionally, | extend a hearty thank you to the
members of the organizing committees for dedicating their valuable time so that each one of us
enjoys an exceptional conference program over the next several days. May we have a successful,
stimulating, fruitful and rewarding conference.

Prof. Dr. Ir. Muhammad Anis M.Met.
Rector
Universitas Indonesia
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WELCOME FROM THE DEAN OF FACULTY OF ENGINEERING
UNIVERSITAS INDONESIA

Welcome to the 13" International Conference on QiR (Quality in Research)
2013. The Faculty of Engineering Universitas Indonesia is thrilled that,
together with our co-hosts IST-Akprind and Gadjah Mada University, we are
able to present an international conference of this magnitude. This two-day
conference speaks to the importance of fostering relationships among
national and international front liners, thinkers, academics, executives,
government and business officials, practitioners and leaders across the
globe in an effort to share knowledge and best practices as part of a
worldwide network.

The quest for knowledge has been from the beginning of time but knowledge only becomes valuable
when it is disseminated and applied to benefit humankind. It is hoped that QiR 2013 will be a platform
to gather and disseminate the latest knowledge in engineering, architectural design and community
services. Academicians, scientist, researchers and practitioners of these fields will be able to share
and discuss new findings and applications of their expertise. It is envisaged that the intellectual
discourse will result in future collaborations between universities, research institutions and industry
both locally and internationally. In particular it is expected that focus will be given to issues on
innovations for the enhancement of human life and the environment.

In accordance to this year’s theme, this conference will cover a wide range of sustainable design and
technology issues, especially state of the art information and knowledge of new innovations, ideas,
creative methods or applications which can be implemented to enhance the human life and also our
environment. The itinerary of the conference over the two days has been carefully planned to ensure
a lively exchange of ideas and the development of innovative strategies and there will be many
opportunities for everyone in attendance to share their expertise with, and learn from, peers from
around the world.

We urge you to spend the next two days in interesting discussions and exchanging ideas among
yourselves. We foresee more and more challenges in our future. Challenges in how to improve our
life, how can we enhance our society, how can we make our lives and the lives or our society better?
These challenges should be answered together by developing collaborations for future research in
various engineering and design areas. It is our hope and aim that this conference would be able to
provide an international media for exchange of the knowledge, experience and research as well as
the review of progress and discussion on the state of the art and future trend of prospective
collaboration and networking in broad field of eco-based technology development.

My deepest appreciation to our sponsors, supported parties and various contributors for their never
ending supports of this conference. | would also like to convey my humblest thankfulness to all of our
distinguished speakers for making the time to share their knowledge with us. To our fellow
researchers and/or practitioners from Indonesia and overseas, welcome and enjoy your stay in this
amazing historical city, Yogyakarta. | would also like to invite all participants in expressing our
appreciation to all members of the QiR 2013 organizing committee for their hard work in making this
conference another success.

Prof. Dr. Ir. Bambang Sugiarto, M.Eng.

Dean Faculty of Engineering
Universitas Indonesia
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WELCOME FROM THE QiR 2013 ORGANIZING COMMITTEE

Welcome to the 13" International Conference on QiR (Quality in Research)
2013. It is a great pleasure for Faculty of Engineering Universitas Indonesia
to be co-hosting this biennial event with IST-Akprind and Gadjah Mada
University, in the spirit of strengthening of cooperation and mutual growth to
be world class institution. For the first time, the QiR 2013 is held in one of
the most historical city in Indonesia — Yogyakarta. It is with our utmost
pleasure to hold this year's QiR 2013 in conjunction with the 2nd
International Conference on Civic Space (ICCS 2013) and introducing the
International Symposium on Community Development 2013 as a forum to
share experience on engaging community for a better life and environment.

The aim of this International Conference with our selected theme, “Exploring Innovation for
Enhancement of Human Life and Environment”, is to provide an international forum for exchanging
knowledge and research expertise as well as creating a prospective collaboration and networking on
various fields of science, engineering and design. We hope this conference can be a kick-off for the
strengthened action and partnerships on creating a platform for us; national and international thinkers,
academics, government officials, business executives and practitioners, to present and discuss the
pivotal role of engineers in innovative products which will reduce environmental impacts, applications
in sustainable planning, manufacturing, architecture, and many more to grow and ensure the rising
prosperity of our society going into the future. Under this theme, the conference focuses on the
innovative contributions in science, engineering and design as well as their market perspectives to the
existing and future enhancement of human life and environment quality.

Over the period of 15 years, this biennial conference has become an important place of encounter
between scholars and practitioners from different countries, cultures and backgrounds discussing
contemporary engineering and design issues dealt in their hometown, country or even region. Serving
as a platform for an engineering and design dialogue, this conference will have 16 invited speakers
and has gathered more than 500 papers from more than 20 countries all over the world:

92 papers on International Symposium on Civil and Environmental Engineering

51 papers on International Symposium on Mechanical and Maritime Engineering

97 papers on International Symposium on Electrical and Computer Engineering

111 papers on International Symposium on Materials and Metallurgy Engineering

31 papers on International Symposium on Architecture, Interior and Urban Planning

57 papers on International Symposium on Chemical and Bioprocess Engineering

71 papers on International Symposium on Industrial Engineering

25 papers on International Symposium on Community Development

My deepest gratitude to all of our speakers, participants and contributors who have given this
conference their generous support. | would also like to thank all members of the Organizing
Committee and our distinguished International Board of Reviewers for all of their support and advice.
Our thanks to all of our sponsors, supporters, exhibitors, and professional associations for their great
support and encouragement through committed funding and any other form of help and support. We
also owe our success to the full support of the Rector of Universitas Indonesia and the Dean of
Faculty of Engineering. Thank you to IEEE Indonesia Section that has supported QiR 2013 to be
approved as IEEE Conference. Last but not least, a special thanks to our co-hosts, IST-Akprind and
Gadjah Mada University for all of their immense supports in making this conference a success.

Allow me to wish all of you a meaningful and rewarding conference. We wish you a pleasant and
memorable stay in Yogyakarta. Thank you and we hope to see you again at the QiR 2015.

Prof. Dr. Ir. Bondan T. Sofyan, M.Si.
Chairman of QiR 2013 Organizing Committee
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On Robotic/Tactical Behavioral Layer of an Agent in
a Continuous Topography Agent Base Model for
Traffic Stmulation

Ade Jamal

Department of Informatics, Faculty of Science and Technology
University Al Azhar Indonesia
Jakarta, Indonesia
adja@uai.ac.id

Abstract—Development of traffic simulation software has
been being interest of scientist and engineer from different field
since the year ’50. Various approaches have been used to model
the simulation, from the very old one, the macroscopic model to
the relatively new model, namely agent based mode in the
framework of microscopic model where every single vehicle
processes as function of time. Hybrid microscopic approach by
incorporating cellular automata with agent based models has got
many attentions in the last decade. The most recent technique,
namely a continuous topography where agent based model is
combined with finite state automata gain, is discussed here.
Layer architecture for agent model is invoked here to make the
complex system more clearly to understand. One of the layers
will represent the tactical behavioural layer on which the finite
state machine will be applied. The dynamic process of a sample of
complex manoeuvre will be discussed briefly using statechart and
sequence diagram.

Keywords—traffic simulation; agent based model; finite state
machine;

1. Introduction

In the earlier phase of research and development of traffic
simulation software, a macroscopic model based on
continuum hydrodynamic kinematic law was used where
traffic flow is described as continuum. Modern traffic
simulation has been being studied and developed based on
microscopic model where trajectory of every single vehicle is
calculated as function of time. Since the influences of
mathematicians and computer scientist on the traffic
simulation research are getting more significant, two
important techniques, namely the cellular automata (CA) and
the agent based model (ABM) have been incorporated in this
research area. CA was first time used in the microscopic
traffic model by introducing the two lane model with periodic
boundary conditions [1]. The combination of CA and ABM
was later on incorporated to model pedestrian movement using
regular square structured multi-grid topography [2].

Traffic participant movements are directed by topography
model of the traffics environment. In the CA based two- or
multi-lane model, vehicle’s movement can take place in two
ways, first completely unrealistic sideway and forward [1].
On the more complex regular grid structured topography using

CA and ABM combination, traffic participants basically can
move in any direction depending on the grid cell shape and
size. Using hexagonal shaped cell gives more possibilities of
movement direction than using square shaped cell.
Furthermore, the smaller the cell size, the more accurate the
movement trajectory can be modeled. Making more complex
cell shape and smaller cell size requires significantly extra
computational resources in term of power and memory.

The CA based traffic model is received many interests
during 90’s as it can run large and relatively complex traffic
simulations such urban traffic with only comparatively low
computational resources [3]. As the strength of CA model is
efficiently used of computer resources, then the previously
improvement by increasing cell shape complexity and using
smaller cell size should not be followed. Ulf Lotzmann [4] has
proposed a completely other approach by introducing a
continuous topography model. In this model, agent based
system is still retained but cellular automaton principle is
thrown away. The finite state automata takes place the role of
CA to control the agent behavior.

The present research will study this new model of
topography as has been shown in the previously published
paper that the model of lane changing movement in the new
approach needs more complex mathematical model comparing
that the old CA based model [5]. This paper will focus more in
the finite state machine of the tactical agent’s behavioral layer
where all physical layer of agent will be determined
autonomously.

. A Continuos Topography
Agent Based Model Traffic
Simulator

The traditional approach of microscopic model based for
traffic simulation was modelled as single lane, i.e. the system
consists of a one dimensional grid with periodic boundary.
Two basic models are very often used i.e. car-following model
[6, 7, 8, and 9] and lane-changing model [6] in the
microscopic single lane model. Later on a mathematicians and
physician scientist [1] has incorporated cellular automata (CA)
to introduce a two lane model consisting of two parallel single
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lane models with periodic boundary conditions and additional
rules defining the exchange of vehicles between the lanes.
This CA approach lasts not longer than one decade in the year
90’s, until software scientists introduced the so called agent
based model (ABM) to traffic simulation software [10].The
ABM approach has been a successful technique in the recent
traffic simulator software in the last decade [11,12].

Dijkstra [2] has combined CA and ABM to model
pedestrian movement using a regular grid based topography
model. While in the single or multi-lane microscopic model,
traffic participant can only move forward or lateral only in
every (sub)-step, in the regular grid structure CA based
topography, any traffic participant can move in any direction
as long as no obstacles blocking the movement depending on
the grid shape and size. In contrary to CA model where its
topography is characterized by regular grids in various forms
e.g. square or hexagonal shape, the current approach takes a
continuous topography hence the agent is able to move more
freely and independent from any restriction such as grid shape
or grid size.

An agent is an autonomous entity that cannot be controlled
by external interference but and it perceives events from its
environment and then react accordingly. How agent perceives
and reacts to this perception must be governed by a logical
system. In the case CA and ABM combination, a simple CA
algorithm is invoked since the perception area covers only the
neighbouring grid cell of the agent. In the continuous
topography model, a communication system likes a sensor
system is used to receive any event’s data only in the
perception area as shown in Fig. 1 two agents are out of
communication areas. In this case the simple algorithm
incorporated by CA must be replaced by more complex finite
state automata or finite state machine (FSM) as explained in
[13].

, Sensor’s  “~~_
erception’” ™~ 3y
perception, ~
area B / AN Agent B

\
v ! --7  Sensor’s)

NS T perceptior]
\ - _-
\IJ/ __arerA
; T
Agent A

Fig. 1. Agent’s communication system

Following the footprint of works in [4, 11, 14], the on-
going research [5, 15] distinguishes the agent model in two
abstract layers, i.e. a physical layer and behavioural layers.
The physical layer depicts the real-world attributes of an agent
such as location coordinates, velocity, direction and other
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physical parameters attached to the agent’s entity. This
physical layer is the only layer that has interface to outside
world of agent, either for dynamic process or for visualization.

The behavioural layers model how the agent will behave in
response to its environment. This layer is further separated
into two functional layers, namely the operational behavioural
layer and the strategic behavioural layer. The first layer is also
called the robotic operative behavioural layer in [4, 14] or
tactical layer in [11]. This tactical behavioural layer will
interact directly with the physical layer describing the
perception and reaction of the agent in a very short time. The
second layer is the strategic layer which has an intelligent
behaviour for decision making such as route selection. The
strategic layer will perceive the robotics perception and then
will provide an intelligent action to be performed by tactical
layer accordingly. This intelligent layer is called Artificial
Intelligent (Al) layer in [4, 14]. Figure 2 shows the agent
model and the interaction within agent’s layers and the
topography. This article as described in the title will focus

Agent

only in the tactical behavioural layer.

Behavioral layer

Strategic Layer (Al layer)

\ N

Tactical layer (operative / robotical layer)

D ——

Physical Layer

e —

ti RN .
\IAC 1on \ Perception

Topography

Fig. 2. Layer wised agent model and interaction with each layer and
topography

m. Agent’s Tactical Layer

In [4] an agent can be taught as a reactive agent who has
ability to interact with other agent but can only passively
communicate. Hence the name “reactive” means that this type
of agent cannot recognize its environment actively. The
specialization of this reactive agent is a proactive agent that
defined as subclass of reactive agent. The sub-class proactive
agent is the most important agent as the most of traffic
vehicles fall in this agent category. This type extends the
reactive agent with capability to perceive events from the
agent’s environment and then react accordingly. In the present
research, an agent will be distinguished in different manner,
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i.e. passively immobile agent and actively mobile agent. The
difference lies in the structural relationship where these two
type agents are both sub-classes of a common abstract agent.
Some of physical attribute will belong to the abstract class of
agent, such as shape, position and sensors. Their capability
will be different for each type, for sure the passive agents will
not occupy a strategic behavior, but do have a tactical
behavior however much simpler than the actively mobile
agent.

The more complex tactical layer of actively mobile agent
requires Finite State Machine (FSM) approach to model the
autonomous dynamical process as can be represented by
nested state chart diagrams [13].

A. Finite State machine

Finite State machine is an abstract machine that can be in
one of a finite number of states but in only one state at a time,
called current state. By a triggering event or condition, the
state can be changed from one to another state; this process is
called a transition. A particular FSM is defined by a number of
its states and triggering event for each transition. For a
complex machine, a particular state can consist of many sub
states which form complete FSM in a hierarchy level. The
state activity and action in the more complex state (super state
machine), will trigger an event for a transition on the state
machine bellow (sub-state machine) by supplying the state
transition function and its input parameters. However, when
the transition function cannot handle the input information for
instance because of missing or unknown data, a trigger signal
for state change on the automaton at the level above (its super
state machine [13]) might be fired by the sub state machine.

The tactical layer of actively mobile agent is further split
into three sub-layers, namely:

e Level one (the lowest level) represents basic actions
which are usually conducted without thinking by
humans (e.g. turning the steering wheel).

e Level two deals with activities composed of basic
actions (e.g. hold the center of a lane).

e Level three subsumes all required plans for complex
activities a human is aware of when executing (e.g.
lane change operation).

The state activities on the lowest level directly modify the
physical agent attributes during the lapse of time. Due to the
time-discrete simulation model, the activities are adjusted for
the duration of a discrete time step. Furthermore, state activity
and transition function are executed at every time step. The
transition functions for level three are provided by the Al
strategic behaviour layer.

Each layer of robotic behaviour is equipped with a sensor
communication and a perception filter processor. The filter is
used to reduce the input data that are not significant to the
state machine and in order to decide whether the information
from the perception input data is not sufficient for underlying
level.

B. Level One FSM

The first level of tactical layer consists of states that
represent four basic actions which are normally done without
thinking by human driver, namely:

e Idle: the vehicle remains steady in the current state.
Speed v and heading direction ¢ remain constant.

e Accelerated: the driver accelerates or decelerates the
vehicle by accelerating intensity a to the desired speed
V.

e Bent: the driver turns the steering wheel with the
angular radius m in order to gain a new direction o
where linear speed v remains constant and the heading
direction ¢ is modified accordingly.

e Unsteady bent (accelerated and bent): combination of
accelerate and bend where both linear speed v and the
heading direction ¢ are modified.

Fig. 3 shows the state chart diagram of the level one FSM
for the four basic action, where for each underlying movement
action a mathematical model based on Newtonian governing
equation are given in [5, 15].

“>

‘I Unstedy bent(a,v,m,alpha) -
Bent(

Accelerated(a, V.
. m,alpha)

Fig. 3. Statechart diagram FSM Level One

C. Level Two FSM

The state at level two describes various basic driving
manoeuvres, namely:

e Lane-Centered: the driver steers the vehicle in the

center of a lane.

e Lane-Bordered: the driver steers the vehicle in the
direction of the (left or right) lane border with the angle
a.

e Off-Lane: the driver steers the vehicle onto a
topographic region not marked as a road (e.g. crossing,
parking etc.), heading towards a target “#g” decelerated
to desired velocity v.

e Turned: the driver steers the vehicle into a bend.

e Lane-Center & Lane-End-Ahead: the driver steers the
vehicle in the center of a lane and reaches the end of
the lane.
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Fig. 4 shows the state chart diagram of the level two FSM
for the five basic manoeuvres that in turns composed of basic
actions from the level one FSM. Before each activity from
level two will be triggered, a moderate calculation must be
performed to determine some input parameters from the level
one basic action based on the result of perception data from
the environment. For instance Lane-Centred manoeuvres
calculation is presented in [5], and the other manoeuvres will
be presented in [15].

o

OffLane(v, tg) -

LaneCentered(v) -

LaneBordered(v,alpha)
h LaneCenter_LaneEndAhead(v) -

Fig. 4. State chart diagram FSM Level Two

D. Level Three FSM

Level three FSM will cover various complex driving
manoeuvres, such as:

o Go-Ahead: the driver follows the course of the road
with intended velocity v considering traffic rule and
road situation.

e Lane-Changing: the driver performs a lane change to
the left or right side according to parameter “direction”

e Cross: the driver passes an intersection with intended
velocity v, heading towards outbound lane “out”

e Drop-Off: the driver stops the vehicle for short time
along shoulder of the road (border lane), usually to
drop off or pick up passengers.

Fig. 5 shows these four samples of complex manoeuvres in
the state chart diagram of level three FSM. The level three
manoeuvres can consist of one or more level two activities and
will be explained later using sequence diagram.

GoAhead(v)

DropOff(tg) LaneChanged(direction)

Fig. 5. State chart diagram FSM Level Three

iv. Dynamic Process of tactical
Behaviour Layer

In [14], an example of the complex manoeuvres of level
three robotic layer, in this case the crossing capability of an
agent. Here the other manoeuvres will be briefly discussed.
The Fig. 6 shows a picture of a situation for a car traffic where
agent al hindered by slower moving agent a2 (v2 < vl). The
current state of al is {L1: Idle; L2: Lane-Centred; L3: Go-
Ahead}. The agent al have two possible actions i.e. changing
lane to b2-b3 or following car agent a2. Fig. 7 depicts the
dynamic process of lane changing movement as sample
complex manoeuvres.

@BD—

Agen

b1
@D .-~

b2
-+

b3

Fig. 6. Sample traffic situation two agents in one lane

v. Conclusion

A new approach of agent based model traffic simulation
software was discussed in this paper. There are two important
differences in the new technique i.e. continuous topography in
compare with the traditional cellular grid based topography
and utilization of finite state automata in place of cellular
automata. These two issues yield more complex mathematical
model and computational model. A layered architecture is
invoked in the agent model to make the model definition
easier to develop and applying nested finite state machine
gives a successful result.

The layer which describes how the agent will perceive and
react to environment’s event and situation is named a
behavioural layer. This layer is divided into tactically
operative behavioural and intelligent strategic behavioural
layer. The tactical behavioural layer, also called robotical
layer is further split into three level of nested finite state
machine, from the simplest movement, e.g. accelerating, in
level one up to the most complex manoeuvres in the level
three such as lane changing movement. How these three sub
layers of tactical behavioural layer interact in the dynamic
process of simulation are clearly described using sequence
diagram.

Acknowledgment

Page 1011



Proceeding of the 13th International Conference on QIR (Quality in Research)
J Yogyakarta, Indonesia, 25-28 June 2013
ISSN 1411-1284

D

This work is funded by research grant from LP2M UAL [71 M. Brackstone, M. McDonald, Car-following: a historical

References

[8]

review, Transportation Research Part F 2, Elsevier Science Ltd.,
pp- 181-196. 1999

J. J. Olstam, A. Tapani, Comparison of car-following models,
VTI medelande 960A, Swedish National Road and Transport

[1] M R]iclferta, K Nagj}, [M Schreckenbﬁrlfl,\]ﬁ. }I{atour, I\TI" Wo LlaAncIej f{a]g‘;"c Institute, 2004
S i 1 1 t . - - .
iz;rg; a1n909nss using cellular automata, eport No [91 K. Nagel, M. Schreckenberg, A cellular automaton model for freeway
7 . traffic, In Journal de Physique I, France, 2, pp. 2221-2229, 1992
[2] J. Dijkstra, A. J. Jessurun, H. J. P. Timmermans, A multi-agent cellular 101 B. B . A Haddadi. G. Matvlis. Applicati ”
automata mode of pedestrian movement, in Pedestrian and Evacuation (10] vy'vtel:zrr;ilsg; ﬁic- anZ’ tfarlz,vpor.tati::zy lisr; Sé’g‘;‘;gogngi}; ergl:g_ “%gg
lz)g(;llamlcs (Eds: M. Schrekenberg and S. D. Sharman), Springer-Verlag, Proceedings, Vol. 144 (1, pp.51-60, 1997
[3] J. Esser, M. Schreckenberg, Microscopic simulation of urban traffic (] F. K!ugl, H. W?h]e’, A L C Bazgan, M Schreck‘enberg, 7?0warcfs
based on cellular automata, in International Journal of Modern Physics anticipatory traffic forecast- modelling of route choice behaviour, in
C, Vol. 8 No. 5, pp 1025-1636 1997 Proceeding of Workshop ‘Agents in Traffic Modelling’ , 2000
[4] U. Lotzman, Design and Implementation of a framework for the (12] ';: L. C. Bazzgm, . F. Klugll, fMulti, Aggnf Sy st;m; Jor ng(z)];)ﬁgc and
integrated simulation of traffic participants of all types, In Proceeding of ransportation Engineering, Information Seience Reference, )
the 2nd European Modelling and Simulation Symposium, 2006 [13] D. Harel, Statecharts: A Visual Formalism for Complex System, in
[5]1 A.Jamal, A Continuous Topography Approach for Agent Based Traffic Science of Computer Progran'qmlng 8, North-Hollad pp.23 1'27'4’ 1987.
Simulation, Lane Changing Model, in Proceeding of the 1* International [14] U. Lotzman, A  Multi-Purpose VAgem‘.—Based _Slmu/athn
Conference Science, Electronic and Instrumentation, ICCSE2012, Framework for Complex Traffic Simulation Applications, in
University of Gajahmada, Yogyakarta, 2012. Multi Agent Systems for Traffic and Transportation Engineering,
[6] H. T. Fritzsche, 4 model for traffic simulation, Traffic Engineering & %E(filtor AIZIESQL‘C‘ Bazzan, Franziska Klugl) Information Science
Control 35(5), pp. 317-321, May 1994 clerence,
[15] A. Jamal, Model Matematis Topografi Kontinu Dari Simulasi Lalu
Lintas Berbasiskan Agen, in Jurnal Al-Azhar Indonesia Seri Sains dan
Teknologi (in Indonesian) (to be published) 2013
Physicallayer Timer RoboticsLyrl e~ RoboticsLyr2 SensorProcl2 Roboticlyr3 SensorProcl3

1 : new TimeStepi
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Fig. 7. Sequence diagram interaction three levels FSM in lanechanging manoecuvres
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