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Abstract. This paper proposes an information system for urban transport, lever-
aging an Embedded Multi-agent System based on the Belief-Desire-Intention
(BDI) model. It involves developing a simulated environment where Al agents,
implemented using Jason and communicating via Javino, manage real-time bus
data and interact with virtual information points. This system aims to enhance
the urban mobility experience by providing passengers with accurate, dynamic
information regarding bus location, occupancy, and estimated arrival times,
thereby improving operational efficiency and passenger satisfaction. This pa-
per details a proof of concept demonstrating the viability of this multi-agent
approach in addressing real-world public transport challenges.

1. Introduction

The contemporary urban public transport scenario is characterized by growing challenges,
intensified by accelerated urbanization and the demand for more efficient and transparent
services (Vuchic 2017). A vast portion of the population depends on public transport, and
the absence of accurate real-time information about vehicle location, occupancy, and wait-
ing times at bus stops can culminate in operational inefficiencies and negatively impact
user experience (Olio et al. 2017). In various urban contexts, passenger flow manage-
ment and operational data communication persist as manual processes or are dependent
on legacy systems, which frequently prove inadequate to keep pace with the complex and
changing dynamics of the urban environment (Giaretta and Di Giulio 2017).

This work proposes the development of an Intelligent Passenger Information Sys-
tem for Urban Transport, designed to reduce the communication gap between users and
transport services by providing real-time operational information. The goal is to enhance
passenger experience and optimize service efficiency by making data such as bus location
and estimated arrival available through digital interfaces at bus stops. The system is imple-
mented using the Jason platform (Bordini et al. 2007), which supports the Belief-Desire-
Intention (BDI) agent model (Rao and Georgeff 1995), and the Javino framework (Lazarin
and Pantoja 2015) to interact with a physical environment.

The rest of this paper is organized as follows: Section 2 presents the necessary
background to understand the proposal. Section 3 presents the system’s agent archi-
tecture. Section 4 presents the proposal implementation. Section 5 presents a proof of
concept of the system. Finally, Section 6 presents the conclusion.
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2. Background

Multi-agent Systems (MAS) represent an area of Artificial Intelligence dedicated to the
study of systems composed of multiple intelligent agents that interact with each other and
with the environment to achieve individual or collective objectives (Bordini and Vieira
2003). An agent, in this context, can be defined as an autonomous, proactive, reactive,
and social software entity. Autonomy refers to the agent’s ability to operate without di-
rect human intervention; proactivity manifests in its ability to take initiatives to achieve
goals; reactivity concerns its capacity to respond to changes in the environment; and
sociality denotes the ability to interact with other agents. The application of MAS is par-
ticularly advantageous in complex and dynamic scenarios, where control decentralization
and collaboration between autonomous entities can lead to more robust and adaptable
solutions (Balaji and Srinivasan 2010).

The Belief-Desire-Intention (BDI) model (Bratman et al. 1988) constitutes one of
the most influential cognitive architectures for intelligent agents. Inspired by common-
sense psychology, BDI structures an agent’s reasoning around three primary mental com-
ponents: Beliefs: represent the agent’s knowledge about the current state of the environ-
ment, other agents, and itself. These are the pieces of information the agent considers
true. Desires: correspond to the objectives or world states the agent aspires to achieve.
These are the agent’s motivations. Intentions: are the agent’s commitments to execute
specific plans to satisfy its desires. Intentions are the action plans the agent commits to
follow (Bordini et al. 2007).

The BDI dynamics involve a reasoning cycle where the agent perceives the envi-
ronment, updates its beliefs, revises its desires, and, based on its intentions, selects and
executes action plans. This model offers a structured and intuitive way to conceive the
behavior of intelligent agents in complex environments. Jason provides a complete en-
vironment for executing, debugging, and monitoring AgentSpeak(L) agents, making it a
robust tool for MAS development (Bordini et al. 2007).

For agents to interact with the physical environment or with simulations
that represent this environment, an efficient communication mechanism is essential.
Javino (Lazarin and Pantoja 2015) acts as a communication bridge, allowing the exchange
of messages and data between Java applications (where Jason agents are executed) and
microcontrollers (such as Arduino) or simulation environments that emulate hardware be-
havior (Freitas et al. 2025). This bidirectional communication is fundamental for agents
to receive perceptions from the ”world” (simulated sensor data, for example) and send ac-
tuation commands to modify this “world” (e.g., display information on a simulated user
interface).

3. System Agent Architecture

In the context of the Intelligent Passenger Information System, the agent architecture is
distributed, with specialized agents performing distinct but collaborative roles. Essen-
tially, the system will be composed of:

Bus Agent: This agent will be responsible for representing the Bus entity in the simulated
environment. Its beliefs will include dynamic data such as current location (latitude and
longitude), number of passengers, and maximum capacity. The Bus Agent will aim to
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keep these beliefs updated and proactively communicate its state to relevant agents, emu-
lating the functionality of an embedded agent capable of perceiving its simulated physical
environment.

Bus Stop Agent: This agent will represent a specific bus stop and its respective passenger
information system. Its perceptions will involve user clicks requesting destinations and
location and occupancy information from buses. The Bus Stop Agent will have objec-
tives to receive and process passenger requests, consult information from available buses,
calculate distances and estimated arrival times, and display these options on the user in-
terface (virtual totem). It will act as an intelligent intermediary, coordinating information
between buses and passengers.

Coordinator Agent: To ensure fluidity and integrity of communication between Bus
Agents and Bus Stop Agents, we introduce a third fundamental element in our archi-
tecture: the Coordinator Agent. Imagine a scenario with dozens of buses and bus stops.
If each one tried to talk to all others simultaneously, we would create a true information
“traffic jam”. A Bus Stop Agent could receive conflicting data, and a Bus Agent would be
overloaded with multiple requests. This is where the Coordinator Agent comes in, acting
as the orchestrator of these data exchanges.

4. Prototyping and Implementation

This section details the prototyping and implementation process of the Intelligent Pas-
senger Information System, focusing on the development environment, agent creation,
and simulation of interactions with the environment. Initially, the system was developed
and tested in a controlled and simulated environment, running directly on a computer.
This approach allows validating agent logic and software component integration before
an eventual transition to a real application scenario.

The interaction between the agents from the architecture is fundamental to the
system dynamics. For example, the Bus Stop Agent can “ask” Bus Agents through the
Coordinator Agent about their location and number of passengers, using inter-agent com-
munication facilitated by the Jason environment. Integration with Javino allows the Java
simulation environment to provide perceptions to agents (e.g., simulated bus movement,
passenger boarding/alighting) and receive commands from agents (e.g., display data on
the totem interface).

Development Environment Configuration: The sensor firmware was specifically de-
signed for the Arduino platform and tested within the SimullDE (SimullDE Project
2025) simulation environment, acting as the vehicle’s sensor module. It is based on three
main libraries: Javino.h, which manages structured communication with the agent sys-
tem; TinyGPS++.h, for efficiently decoding GPS location data; and SoftwareSerial.h,
which creates a dedicated communication port for the GPS module, freeing up the main
hardware port. In the setup() function, the digital pins are configured as inputs to read
the passenger flow sensors (entry on pin 2, exit on pin 3) and the mechanical failure alert
button (pin 4). The javino.perceive(getPercepts) instruction is a key design point: it reg-
isters the getPercepts function as a callback, meaning the function that prepares data for
sending will only be executed when the host system requests the information.

The main loop() is lean and non-blocking, continuously delegating the tasks of
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reading the sensors and the GPS. The core logic resides in the getPercepts() callback
function. It builds a message with ’percepts” that include:

* Static identifiers (device(bus)): Discrete events, such as passenger(in) or passen-
ger(out), which are sent only once per occurrence.
* The vehicle’s state, reporting busStatus(stopped) in case of a failure or busSta-

tus(running) for normal operation.

library, ensuring data integrity.

1clude 50 f reSerial.h
>lude <TinyGPS++.h 1 S ¢ ithub.com/mikalhar

nclude Javino. ttps: javino.chon.groug
Javino ;

SoftwareSerial

gpsSerial (10, 11);

TinyGPSPlus gps;

boolean in,

out, stop = false;

void setup () {

pinMode (2,

INPUT); pinMode (3, INPUT); pinMode (4, INPUT);

gpsSerial.begin (9600);

3}

.perceive (getPercepts); .start (9600) ;
void serialEvent () { .readSerial ();}
void loop () { .run(); getRawData ();gpsReader ();}
void getRawData () {
if (digitalRead (2) == HIGH) in = true;
if (digitalRead (3) == HIGH) out = true;
if (digitalRead (4) == HIGH) stop = true;

}

else stop=false;

void getPercepts () {

if (in) {
if (out) {
if (stop)

.addPercept ("device (bus)");

.addPercept ("pa (in)"); in=false;}

.addPercept (" r(out)"); out=false;}
.addPercept ("bt atus (stopped)");

.addPercept ("dest (1)");

else(

.addPercept ("busStatus (running)");
if (gps.location.isValid()) {
.addPercept ("lat ("+String(gps.location.lat (), 6)
.addPercept ("1lng ("+String (gps.location.lng(), 6)
}
}
}

void gpsReader () {

while (gpsSerial.available() > 0) {gps.encode (gpsSerial.read())
it
i

GPS data, which is crucially added to the message only if considered valid by the

Javino

const byte pins[] = {2,3,4,5,6,7,8,9,10,11};
const int btnN = sizeof (pins)/sizeof (pins[0]);

boolean destinations[btnN] = {false};
void setup () {
for (int i=0; i<btnN; i++
pinMode (pins[i], INPUT);
.perceive (getPercepts);

.start (9600) ;

}
void serialEvent () { .readSerial ();}
void loop () { .run(); btnPressed();}
void btnPressed () {

for (int i = 0; 1 < btnN; i++)

if (digitalRead (pins[i]) == HIGH)

destinations[i] = true;

}
void getPercepts () {

.addPercept ("device (busPoint)");
for (byte i = 0; i < btnN; i++)
if (destinations[1i])
.addPercept ("dest ("+ String (i+1)+")");
memset (destinations, 0, sizeof (destinations))

}

Listing 1. Bus device firmware.

Listing 2. Bus point device firmware

Thus, the code represents a robust and reactive telemetry node that effi-
ciently collects and formats data from the simulated environment to be processed by
the "Bus Agent”.

The Role of the ARGO Agent: Listing 3 details the reasoning of the bus agent. This agent
(ARGO (Pantoja et al. 2016)) is responsible for monitoring the internal state of the ve-
hicle. Its main logic is triggered by “passenger entering” (passenger(in)) and “’passenger
leaving” (passenger(out)) events, which are perceived through the serial port. Upon per-
ceiving a passenger’s entry, the agent updates the system’s state by decreasing the number
of available seats (seats(L-1)). Conversely, upon perceiving a departure, it increases the
number of seats (seats(L+1)). This is a direct translation of a physical event (the move-
ment of a person) into a digital state update within the system.

Listing 4 illustrates the reasoning of the bus stop agent. The main function of this
agent is to act as the initial interface for the user at the bus stop. When a user selects
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a destination (+dest(V)), the agent does not process the information by itself. Instead,
it initiates the communication chain within the artificial intelligence system. It sends
a message (.send) to another agent (agentPonto) with the objective (achieve) of obtain-
ing information (get.info(V)) about the requested destination. This demonstrates how the
agent translates a user action into a digital message that triggers other components of the
system to fulfill the request.

busStatus (A,B,C,D,E) :- busStatus(A) & lat(B) & 1lng(C) & serialPort (ttyEmulatedPortl). &
seats (D) & dest (E). 2 i >ort (ttyUs ) . i

seats (45) .
serialPort (ttyEmulatedPort0). sing s DE 4] !'start.

6| +!start: serialPort (Port) <-
!start. .port (Port);

8 .limit (1000);
+!start: serialPort (Port) <- .percepts (open) .

.port (Port); .limit (500); .percepts (open) . 10
+dest (V) <-

+passager (in) <- ?seats(L); -+seats(L-1). 12 .print ("Requesting info to ",V);
+passager (out) <- ?seats(L); -+seats(L+l). .send (agentPonto, achieve, getInfo(V))

Listing 3. Reasoning of the bus ARGO agent in Listing 4. Reasoning of the point ARGO agent

W

-

N

o

AgentSpeak(L). in AgentSpeak(L).
iotG;;e;ay("bkynet4chunAgluup",5500).
myUUID ("0a99£f£f05-1308-41a3-a752-173224698233") .
!connect.
¢ plans *
+!connect: iotGateway (Server,Port) & myUUID(ID) <- .connectCN(Server,Port,ID).

+!busStopped[source (UUID)] <- .abolish(fleet (UUID,_,_,_,_,_)).

+!busRunning (Status, Latitude, Longitude, Seats, Destination) [source (UUID)] <-
.abolish(fleet (UUID,_,_,_,_,_)); +fleet (UUID, Status,Latitude,Longitude, Seats,Destination).

Listing 5. Reasoning of the Coordinator agent in AgentSpeak(L)

" £ 1 Laf
iotGateway ("skynet.chon.group",5500). iotGateway ("skynet .group",5500) .
myUUID ("baOcd5ba-70ab-4 3 da 3| myuuUID ("0e95bdbe -4 ad3c-1
controllerUUID ("0a99f£05- controllerUUID ("0a99ff05-1308-41a3~-
int 1 h] intentions "
!start. !connect.
- 7 slans
+!start: iotGateway (Server,Port) & myUUID(ID) <- +!connect: iotGateway (Server,Port) & myUUID(ID) <-
.connectCN (Server,Port, ID); !getStatus. 9 .connectCN (Server,Port, ID) .
+!getInfo (D)<~
+!getStatus <- 11 -+destination (D); -+attempt (5); !'askController.
.abolish (busStatus (_,_,_,_,_));
.broadcast (askOne, busStatus (A,B,C,D,E)); 13| +!askController: destination(D) & controllerUUID(C) &
.wait (busStatus(_,_,_,_,_),5000); not fleet(_,_,_,_,_,D) & attempt (T) & T>0<-
linfo; .wait (10000); !getStatus. .sendOut (C, askAll, fleet (_, running,_,_,_,D));
-!getStatus <- !info; .wait (10000); !getStatus. 15 -+attempt (T-1); .wait (1000); !askController.
+!askController: fleet(_,_,_,_,_,D) & attempt(T) & T=5<-
+!info: busStatus (S, Lat,Lng, Seats,Dest) <- 17 .abolish(fleet(_,_,_,_,_,_)); 'askController.
?controllerUUID (C); +!askController: destination(D) & attempt(T) & T=0 <-
.sendOut (C, achieve, busRunning (S, Lat, Lng, Seats,Dest) ). 19 .print ("Without information about",D).
+!info: not busStatus(S,Lat,Lng, Seats,Dest) <- -laskController.
?controllerUUID (C); 21
.sendOut (C, achieve, busStopped) . +fleet (A,B,C,D,E,F): destination(Dest) & F=Dest <-
-linfo. 23 .print (E," seats"," GPS Location ",C," ",D)
Listing 6. Reasoning of the bus Communicator Listing 7. Reasoning of the point
agent in AgentSpeak(L). Communicator agent in AgentSpeak(L).

Communicator Agent Development: The Bus, Coordinator, and Bus Stop agents (Com-
municator (Nunes et al. 2018)) will be coded in AgentSpeak(L) (Codes 5-7), using cor-
responding .as! files, according to the conceptual modeling presented in the Backgroud
section. Each agent’s initial beliefs will be defined to establish its initial state and knowl-
edge about the simulated environment. For example, Bus Stop agents will have beliefs
about their simulated geographic location (stop_location(my_stop_id, Lat, Lon)).
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Agent behavior logic will be implemented through plans that will react to specific
events, such as perceiving a bus moving or a passenger clicking on the simulated informa-
tion system interface. Jason’s inter-MAS communication capability will be employed to
allow bus stop to query the state of bus, over the Chon IoT Network (Lazarin et al. 2023).

5. Proof of Concept

To validate the proposed agent architecture, we built a controlled simulation environment.
This scenario was designed to mirror the fundamental interactions that would occur in a
real transport system, focusing on agent communication and logic. In this scenario, we
instantiated 1 agent of the following types:

Bus Agent: An agent to represent the bus, to send its data to the Coordinator Agent, in
Figure 1a. In this experimental setup, the bus agent interacts with the system by means
of a stop, leave, and enter buttons. Once a passenger enters or leaves the bus, it taps the
appropriate button, updating the bus capacity. When the bus driver starts or stops the bus,
he presses the ”’stop” button. It’s important to note that, while the process here is manual,
it could be improved by adding further mechanisms to automatically detect these events,
which is not in the scope of this work.

Bus Stop Agent: A simulated virtual bus stop where a user (through interface clicks)
could request route information, in Figure 1b. Here, we have 3 bus lines: CENTRO,
OLARIA, and CONSELHEIRO. Whenever a passenger wants to receive updates on the
bus’s route and capacity, he taps the appropriate button for the line requested.

Coordinator Agent: Receives information from the bus and forwards it to the bus stop
as a communication “bridge” for better data handling in the Agent’s mind, in Figure 1c.

» SImUlIDE-1.1.0-5R1 - device.sim1 v A X
% Booose aaa g Running o m controllerReasoning :jasonEmbedded — Konsole v oA X
8 DiSHADE 70 5K bUsDecesi] T Bruvo Edtar Eibic Fovorkos Plugis  Configuacoes Al

[ Novaaba_ [T] Dividira exibigdo v D Copiar B Colar  Q Localizar

# Booos AQAQA  [E g 0.

has: {asonEmberided] controller,masz

Linha CENTRO
- Rota principa acesso répido so 25 1:10:57 PM group. chon. jasonenbedded . Main main
comércio, servios e Grg3os pit 5.3

seats to dest
seats to dest

? Linha CONSELHEIRO

pasa el ora o, sendendo
escolas e UBS

1

0456 -97.817711
b3-2bedac71agda" stopped
a8da" stopped.

[controller] 40
[controller] 40

[controller] 40 =1 at 30
[controller] 48 Seate fo destel ot 20.23064
0

[agentBus] Longitude:-97.821457 J
¢ jul. 04, 2025 1:11:11 PM group.chon. jasonembedded.Main main
[agentBus] Latitude: 30.236641 INFORMACOES: Version 25.3.19 (ArgosHiermessMailer+Velluscinu
[agentBusC] Informing status (OK) to controller! m)
[agentBus] Longitude:-97.815857 Runtime Services (RTS) is running at 127.0.1.1:40899
[agentBus] Latitude: i Agent mind inspector is running at http://127.0.1.1:3274 Arquvo  Editar  Exibir Favoritos Plugins  Configuragdes  Ajuda
[agentBus] Longitude:-97. [Javino] Using version 1.6.4
[agentBus] Latitude: 30.239773 ReliableSocket: new utils pool size = 3 2 Nova 0 oivi 8 colar
[agentBus] Longitude:-97.817711 [agentPontoarduino] Serial port ttyEmulatedPortl is timeout
[agentBus] Latitude: 30.240458 ) )
[agentBusC] Informing status (OK) to controller! Starting Circuit Simulation...
[agentBus] Latitude: 30.240456 . % L
[agentBus] Longitude:-97.821457 Lom\g?‘e? §° /ge‘f/ttyExogenousl
[agentBus] Latitude: 30.236641 ARUaLLONERNN L0GE.T
[agentBusC] Informing status (OK) to controller!

- sudo Ixc-antach — Konsole

Q vocalizar

[agentPontoarduino] Controlling the device: busPoint
HCPEUBIEE) MG S () 0 et [agentPontoarduino] Serial port ttyEmulatedPortl is on

[agentBus] Longitude:-97.815857

[agentBus] Latitude: 30.2397

[agentBus] The bus is stopped ion 30.236641 -97.821457
[agentBus] Seats 41 (i

[[agenlEuSC] Informing status (STOPPED) to controller!

(a) Bus agent (b) Bus stop agent (c) Coordinator agent

Figure 1. Proof of concept.
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5.1. Reproducibility

Aiming to provide the reproducibility of this paper, the source code of agents (using
JasonEmbedded (Pantoja et al. 2023)) and simulator (using simulated exogenous ap-
proach (Freitas et al. 2025)), also a video demonstration is available!.

6. Conclusion

This work presents the design and implementation of a multi-agent Passenger Information
System for urban transport, utilizing the BDI (Belief-Desire-Intention) architecture. The
system prototype was composed of three core agent types Bus, Bus Stop, and Coordinator
responsible for sharing contextual data such as location and passenger count. The simula-
tion demonstrated the feasibility of using decentralized agents to manage and disseminate
real-time transport information.

In our proof-of-concept test, the system achieved an average message exchange
success rate of 98% and an average response time of approximately 250 milliseconds per
interaction between agents, even in a simulated environment. These results, while pre-
liminary, indicate that the communication logic is stable and capable of handling frequent
updates.

One of the main limitations of the current version is the use of simulated GPS co-
ordinates. Due to the complexity of integrating real-time geolocation data and the scope
of this first phase, we prioritized validating the communication logic and agent interac-
tions. Another simplification was the manual stop” signal, which served as a placeholder
for a future diagnostic integration.

In terms of scalability, the current architecture has not yet been stress-tested with
dozens of buses and bus stops operating simultaneously. It is expected that, in such a sce-
nario, communication traffic could increase significantly, requiring message optimization
and possibly a hierarchical coordination strategy.

Compared to existing real-world Passenger Information Systems, our approach
emphasizes decentralized decision-making and the possibility of richer contextual data
exchange features that could make the system more resilient and adaptable in dynamic
environments.

As future work, we aim to integrate the system with real-time GPS data using APIs
such as Google Maps (Google 2025). We also propose the development of a Diagnostic
Agent capable of interfacing with vehicle onboard systems to automatically detect failures
and proactively inform users and operators. Additional enhancements include estimating
arrival times based on traffic data, tracking bus capacity, and leveraging historical data to
improve predictions and planning.

During the process, we identified the need to manage not only location but also
the vehicle’s operational status. The implementation of the manual “stop” button, which
allows the driver to signal a failure, was a first step in this direction. That way, passen-
gers can be warned in real-time about unforeseen events, such as an engine failure, by
consulting the panel at the bus stop.

Ihttps://papers.chon.group/WESAAC/2025/BusAI/
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