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Astract - The Personal Intelligent Travel Assistant provides the user with a personalised, up-to-date
advice on a handheld device, which takes into account actual delays and user preferences. The
travellers themselves provide information about the delays of trains, using GPS to estimate whether
a user is experiencing a delay. Furthermore a website of the Dufch Railways (NS) provides
information on delays for 83 stations in the Netherlands. This information can be imported into the
profotype. To find optimal routes, considering train changes and the user preferences, the DYNET
algorithm of Eduard Tulp (Tulp?1) was selected and implemented. By exfending the static
information on the train schedule with dynamic information on delays, a prototype of a dynamic
route guidance system was designed and implemented, which runs on the Sharp Zaurus handheld
and a distributed server backend. The system was readlised by agents modelled affer the Beliefs,
Desires and Intentions agent model, using Jade combined with Jadex, forming a FIPA compliant

distributed agent platform.

1. Introduction

In The Netherlands one million people use
public fransportation every working day. There
is no system, helping fravellers to find optimal
routes in public transportation, which includes
information on delays of trains. Within the
research program Seamless Multimodal Mobility
of the Netherlands Research School for
TRAnsport, Infrastructure and Logistics (TRAIL),
research is carried out into the Personal
Infelligent Travel Assistant (PITA). The PITA is an
application running on a handheld device,
providing communication between travellers
and public transportations companies. It guides
the user with an up-to-date personalised
advice on what public fransportation to use,
based on current, available delay information.
Public transportation companies can get a
beftter insight in the fraveller flows, giving them
the possibility to optimise the scheduling of
trains and carriages. A future application is the
reservation of public fransportation through the
PITA system.

2. Tools

To readlise the systemn a combination of JADE
and Jadex was used as the agent platform. The
Java Agent DEvelopment framework (JADE) is
an Open Source implementation of the FIPA
standard (see (BCPROJ)). Specific features are
the possibilities for distribution of an agent
platform over multiple machines and a set of
graphical  (debugging) tools. Jadex s
developed by the Distributed Systems and
Information Systems Group at the University of
Hamburg (see (PBLO3)). It is an extension for the
JADE platform which makes it possible to use
the BDI (Beliefs, Desires and Intentions) model

(see for instance (Wool00)) to model agents.
The BDI model was first used as a philosophical
model for modelling rational (human) agents
and has later been infroduced as a software
development paradigm. The mental aftitudes
belief, desire and intention are used to model
autonomous interacting entities that pursue
their own goals and act rationally. In this case
the rational behaviour of the entities means the
entities try to take the best measure in order to
reach their goals, seen from an ideal concept
of intelligence and not with respect to human
behaviour (see (RN95)).

The BDI model is represented in Jadex by
beliefs, goals and plans. A BDIl-agent has its
own belief base, containing facts about the
agents perception of the world. Furthermore,
each agent has a list of goals (and sub-goals)
which it wants to achieve. In order to reach
these goals, the agent has a library of plans at
its disposal. Triggered by events the agent
decides which plans to execute to achieve the
adopted goals. Plans can also change the
beliefs, generate events and adopt new goals,
which makes it possible for the agent to
function autonomously in order to reach the
goals.

3. System design

As shown in figure 1, the PITA system has two
user inferfaces: a management interface and a
handheld inferface. The  management
interface is used for viewing and modifying the
system configuration. The handheld interface is
used by travellers using a handheld device to
communicate with the system. A central role is
played by the distributed agent platform, which
runs personal agents for each individual
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Figure 1: The PITA system design

tfraveller. In order to give an optimal advice to
the traveller, the personal agents receive
information about the best route to the
destination, given the current delay situation
and occurring delays during the trip. Using the
user position it is possible to determine whether
the wuser is experiencing a delay. This
information about delays is also communicated
back to the system itself, to actualise the stored
delay information. Next to that the NS delay
website (‘actuele vertrektijden’) is used to Afill
the delay system. The route planner uses the
static train schedule combined with the actual
delay information to search an optimal route
for the traveller, based on the preferences of
the individual traveller.

3.1 The handheld interface

Three different configurations for distributing the
application over handhelds and a distributed
server backend were considered. In the first
configuration, the handheld interface, the
complete application runs on the distrbuted
backend and the handheld device provides
the user with only an interface which directly

connects to the backend. A clear
disadvantage of this configuration is that
whenever the connection between the

handheld and the backend is lost, the user
does not get an updated advice anymore and
is lost. In order to solve this problem, more
application functionality should be running on
the handheld device.

3.2 The handheld application with distributed
backend

The configuration as shown in figure 2, running
the synchronisation of the delay information on

a distributed backend and a personal agent on
the handheld device was selected for the
implementation.

As the personal agent runs on the handheld
device, it also becomes possible to exchange
information over an ad-hoc wireless network
between individual handheld devices, without
having fo use a mobile internet connection. This
means the personal agents on different
handheld devices can exchange route
information and information about delays in
order to optimally get to each individual
destination. Figure 2 also shows how a
handheld connected only by an ad-hoc
wireless connection can be connected to the
system.

By sharing information over an ad-hoc network,
it becomes possible to use the system without
having a mobile Internet connection per
device. The following information can be
shared over the ad-hoc network:

Position information

If several travellers are on the same frain,
then only a single user needs to have a
position device, like for instance a GPS
receiver. By sharing this information across
the wireless network, all other users are
updated of their locations as well.

Route information

If travellers (partly) follow the same route to
a destination, routes can be shared and it is
not necessary to set up a mobile Internet
connection with the distributed backend.
Delay information

By sharing information about frain delays,
this information needs to be
communicated only once over the mobile
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Figure 2: The distribution of the application over handhelds and a distributed backend

Internet connection and can then cost
effectively be shared across the wireless
ad-hoc network between different
handhelds.

In order for the ad-hoc networking to function
in an optimal way, it is necessary to have
enough travellers which are equipped with
capable devices, having built-in GPS receivers
and mobile Internet connection (preferably
GPRS or UMTS). This is necessary to have a user
base which forms a minimal coverage for the
PITA system across the stations and trains in The
Netherlands. To readlise such a minimal
coverage, NS could equip all conductors with a
capable PITA device. Another solution would
be to give fravellers who buy an annual railpass
the option to buy such a device for reduced
charges.

Another problem is that nobody wants to use
his mobile Internet connection all the time to
help other users, but also wants to profit from
the system from fime to time. A solution for this
would be fo register credits on each handheld
device. As the mobile Internet connection of
the device is used, the handheld gets credits. If
there are more devices with a mobile Internet
connection available in an ad-hoc network,
the mobile Internet connection of the device
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with the least credits is used to provide the
network with information.

This way the handhelds will negofiate what
connection is used and which information is
shared, leading to ad-hoc created networks
and autonomous personal agents negotiating
and sharing information.

3.3 The distributed handheld application

Another possible configuration, which was not
used for the implementation of the PITA system,
but shows several interesting aspects which can
be of interest for further research, is shown in
figure 3. The route planner is also running on the
mobile device in this configuration. Besides this,
the handheld device also stores all delay
information locally. This means a central server
synchronising the delay information is no longer
needed.

In this configuration the delay and route data is
generated and shared by personal agents in
ad-hoc networks. Each personal agent s
responsible for finding relevant data from
nearby other agents. This leads to autonomous
functioning personal agents, exchanging and
storing information in a non-deterministic way,
based on available information in the nearby
ad-hoc networks. The delay data wil be
distributed in a way that suits the demand for
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Figure 3: The distributed handheld application

information from the users of the system.
Emerging from the autonomous functioning
agents is a distributed application with a very
interesting distribution model for the data.

4. Implementation

The prototype was implemented on a
distributed, fault tfolerant, configuration of a
Jade platform using Main-Container replication
for the server backend.

Besides this, each handheld runs its own
individual Jade platform with the personal
agent and its inferface. These personal agents
communicate with the rest of the system to

generate an optimal advice for the user as
shown in figure 4.

The personal agent uses the route planner to
find the best route to the destination. Next to
that the personal agent stores the preferences
of the user and keeps track of the position of
the user to detect whether the wuser is
experiencing a delay. As soon as a delay is
detected, this is updated in the delay
database and a new route to the destination is
determined. After updating the delay
information, other personal agents which have

planned to take this frain are notified of the
delay and can also determine a new route to
their destination.
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Figure 4: The personal agent, communcating with the rest of the system



For the distribution of the workload on the
server backend, the servers divide the
responsibility for different regions of The
Netherlands. Agents currently fravelling in a
region will contact the server responsible for
that region. The region division is also used by
the synchronisation algorithm of the available
delay information. Regional delays are
distinguished  from  interregional  delays.
Interregional delays are synchronised across all
servers while regional delays are only known on
the server responsible for that region. As a
traveller moves from one region to the next
region, the server responsible for the other
region is contacted to update the advice.

Next to this, the DYNET algorithm (see (Tulp91))
was implemented to search routes. The
algorithm consists of two passes: a forward pass
and a backward pass. The forward pass finds a
route departing as soon as possible and
reaching the destinatfion station at the earliest
possible arrival time. The backward pass
optimises the route found in the forward pass by
finding the route having the last possible
departure time which reaches the destination
station at the same time.

The DYNET algorithm considers a change_value
parameter, which is the extra time a tfraveller is
prepared to travel to avoid one train change.
Furthermore the CON macro, specifying the
amount of time needed for a specific train
change can be implemented user dependend
(i.e. giving a larger value for elderly persons).
This was done in order to search routes which
optimally fit the preferences of the user.

To use the available dynamic information
about frain delays, the implementation of the
DYNET algorithm, as used in the PITA system,
adds the delay of a train on a certain track e to
the end(e) attribute of the edge e and to the
begin(ep) and end(e) attributes of all
consequent edges eg; having id(e) = id(e) and
for which begin(e) 2 end(e). The CON macro
was implemented as a funcfion, taking as
parameters a minimum change time and a
change time per plafform that has to be
crossed to reach the departure platform of the
next frain, as follows:

CONC(ej1, &) = 0if id(ey.1) = id(ep, or
=frain_change_time + (extra_change_time_per_platform x
| getarrivalplatformnumber(e;1) - getdepartureplatformnumber(e) | )

To simplify the parameter configuration of the
search algorithm, we defined four profiles
among which the user can select. The profiles
depend on whether the wuser is currently
travelling or planning to travel in some time.
Traveling users use the single (first) pass
algorithm while planning users use both passes.
The other distinction is made on whether the

user want a comfortable route or the fastest
route. The change_value parameter and the
needed change time (the CON function) are
configured accordingly. Table 1 gives an
overview of the four user profiles and the
search algorithm parameters.

Table 1: the four user profiles

Location: User type: Parameters:

Travelling Comfortable first pass algorithm, change_value = 10

Travelling Performance _first pass algorithm, change_value =0

Planning Comfortable two pass algorithm, change_value = 10

Planning Performance  two pass algorithm, change_value = 0

The prototype was implemented on a Sharp SL-
C860 Zaurus handheld, which runs blackdown
Java 1.3.1 on embedix Linux. In order to use
speech synthesis, Festival Lite with an American
male voice was installed on the device, with a
wrapper developed in C, which opens a
serversocket to which the text that has to be
read out loud can be outputted from Java.

The prototype can be used as a real-time
system, importing actual delays directly from
the NS website, or as a simulation environment.
In order to simulate a real system, random
travellers can be starfed and monitored and
the system time can be altered.

5. Tests

Using the simulation environment different tests
were performed. First of all tests were
performed on the functfioning of the system.
Figure 5 shows a screenshot of the route plan of
a route starting in Delft at 10:15 to Groningen

< EEx

Start parameters | Advise | Plan | Graphics | Preferences

The route plan;

10:18 Delft platform 1, Stoptrein 5126 to Rijswijk arriving at 10:22 platform 3.
10:22 Rijswijk platform 3, Stoptrein 5126 to Den Haag Moerwilk arriving at 10:25 platform 3.
10:25 Den Haay Moerwiik platform 3, Stontrein 5126 to Den Haag HS arriving at 10:20 platform 5.
10:29 Den Haag HS platform 5, Stoptrein 5126 to Den Haag Centraal arriving at 10:33 platform 1.
10:38 Den Haag Centraal platfarm 5, Intercity 537 to Vioorburg arriving at 10:42 platform 2.

10:43 Voorburg platform 2, Intercity 537 to Utrecht Centraal arriving at 11:16 platform 11h.

11:22 Utrecht Centraal platform 11aib, Intercity 537 to Amersfoort arriving at 11:36 latform 1.
11:38 Amersfoort platform 1, Intercity 537 to Zwalle arriving at 12:15 platform 3ah.

12:17 Zwolle platform 3a, Intercity 537 to Assen arriving at 12:57 platform 3.

12:58 Assen platform 3, Intercity 537 to Groningen ariving at 13:15 platform 3h.

13:31 Groningen platform 1a, Stoptrein 30539 to Groningen Noord arriving at 13:35 platform 1.

Figure 5: The route plan to Groningen Noord

Noord. Affer introducing a interregional delay
of Intercity 637 from station Zwolle, using the
server management inferface shown in figure 6,
the route plan is updated as shown in figure 7.
Figure 8 shows a visualisation of the route in
which the cross represents the current position
of the fraveller and the line the route fo the
destination.
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Start parameters | Advise | Plan | Graphics | Preferences

The route plan:

10:18 Delft platform 1, Stoptrein 5126 to Rijswijk arriving at 10:22 platform 3.

10:22 Rijswijk platform 3, Stoptrein 5126 to Den Haap Moerwik arriving at 10:25 platform 3.

10:25 Den Haag Moerwijk platform 3, Stoptrein 5126 to Den Haag HS arriving at 10:29 platform 5.
10:29 Den Haag HS platform 5, Stoptrein 5126 to Den Haag Centraal arriving at 10:33 platform 1.
10:38 Den Haag Centraal platform 5, Intercity 537 to Voorburg arriving at 10:42 platform 2.

10:43 Vorburg platform 2, Intercity 537 to Utrecht Centraal arriving at 11:16 platfarm 11b.

11:22 Utrecht Centraal platform 11ai, Intercity 537 to Amersfoort arriving at 11:36 platform 1.
11:38 Amersfoart platform 1, Intercity 537 ta Zwolle arriving at 12:15 platform Sat.

12:17 Zwolle platfarm 3aib, Intercity 537 to Assen arrhing at 12:57 platform 3 detayed 10 minutes.
12:58 Assen platform 3, Intercity 537 to Groningen arriving at 13:15 platform 3h delayed 10 minutes,
13:31 Groningen platform 1a, Stoptrein 30539 to Groningen Noord arriving at 13:35 platform 1.

Figure 7: The delayed route plan
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Graphical route view:

Figure 8: The route visualisation

Secondly the simulation environment offers the
possibility fo do tests with guidance of travellers
based on incomplete information on delays. As
in the case of the distributed handheld
application, shown in figure 3, it is very
important to guide users based on fragmented,
incomplete information, the simulation
environment can be used to test the effects in
such an environment.

Lastly the performance of the route searching
implementation was evaluated. By tuning the
parameters of the search algorithm, the same

results could be found as the route planner of
the NS website generates. A minor issue is the
performance of the searchalgorithm
implementation, which is non linear, as can be
seen in table 2.

Table 2: searchtimes of the DYNET

implementation

From: To: Stops in Algorithm: ~ Searchtime:
solution:

Uitgeest Haarlem 5 P1 50 msec

Uitgeest Haarlem 8 Cl 60 msec

Maastricht ~ Groningen 31 P1 591 msec

Maastricht ~ Groningen 17 Cl 1432 msec

The P1 and C1 abbreviations stand for the
performance, single (first) pass algorithm and
the comfortable first pass algorithm. As can be
seen, the search fime increases dramatically
with the complexity of the problem instance.

6. Conclusions

As part of this project a prototype and a
simulation environment of the PITA system were
implemented. The simulation environment offers
the possibility to simulate guidance of travellers
on the basis of incomplete information. This can
be used to implement the fully distributed
handheld application, using ad-hoc networking
and by moving the different components
running on the distributed backend to the
handheld devices. However in this project the
functionality of the PITA system was divided
over handhelds and a distributed backend of
servers as shown in figure 2.

The distributed Jade agent platform in
combination with the Jadex extention were a
good choice for implementing the system. The
Jade platform forms a fault tolerant platform,
while Jadex makes it possible to model agents
aofter the BDI agent model. The infegration of
the current application with the COUGAAR
architecture (KLT0O3) looks very promising, since
the partitioned distributed blackboard of the
COUGAAR architecture could be a good
solution to sharing the delay and route
information in  a distributed handheld
application.

The used DYNET algorithm has proven to be a
good choice as the algorithm fits the discrete
nature of the train schedules and also adapts
to different user preferences very wel. A
disavantage of the algorithm is that the
implementation does not use a linear amount
of extra time for a more complex problem.
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