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Let’s start - Idea & Why?

e Motivation: Develop an automated pizza delivery system
using autonomous drones and a Multi-Agent System
(MAS) architecture.

e Efficiency: Autonomous drones can deliver pizzas faster
than traditional methods.

e Cost: Reduces labor costs.

e Scalability: The system can handle multiple orders
simultaneously.

e Adaptability: The system can be extended to other
applications, such as package delivery or medical supply
transportation.




Goals and Requirements
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MAS, BDI Architecture, JASON

MAS (Multi Agent System): A system consisting of BDI Architecture

one or more agents capable of: . .
° Beliefs: Information about the environment and the

Making decisions based on perceptions and beliefs. agent’s internal state (e.g., battery level, location).

Collaborating to achieve common or individual goals.
Adapting to failures to ensure the final goal is
reached.

JASON LANGUAGE
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Agent Programming, [ <

Desires: Goals the agent aims to achieve (e.g., deliver
a pizza, return to the base).

Intentions: Plans adopted to achieve desires (e.g.,
follow a delivery route).

Decision-Making Process: Agents adapt plans and
actions based on new beliefs or unexpected events.



Requirements Analysis

Functional Requirements:

Order Assignment Policy
Drone Delivery

Obstacle Collision Avoidance
Battery Management

Robot Recovery

User Experience

Non Functional-Requirements:

Timing Synchronization
Remediation to Failure
Information flows between agents

Logging

TOP DOWN DESIGN






Define Entities & Environment

Key Agents: Environment:
e Pizzeria: Manages orders and drone assignments. e User Interface: a map shows in real time the actual
e Drones: Perform deliveries, manage battery levels. state of the system
e Robot: Recovers broken drones. e  Simulation of failure: the environment is responsible

of the random failure of the drone.

e  Battery: Battery is related to the environment, it is not
part of drone directly.

e  Obstacles: are part of the environment and are
randomically generated each time the simulation
starts.

Solution: To achieve the goal of this project, a Multi-Agent System (MAS) was created. The agents involved are the Pizzeria, the Drones, and
the Robot. The Pizzeria is the core of drone management, acting as a centralized system. The agents operate autonomously in relation to
their specific responsibilities.



Pizzeria Agent Behavior

Key Concepts:

Queue Ordering

Order Generation after random time

Enqueue Order at front or at end depending on actual
state

Process Order Queue (Internal to the agents beliefs)
Assign order to Available Drone depending on their
state (battery level, broken Status, Actual location)
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Drone Agent Behavior

Key Concepts:

Receive Order from pizzeria

Battery Management (Charge, Switch power mode)
Deliver pizza (Decision depending)

Engine Power Management depending on distance of
destination.

e Communicate with Robot in case of failure
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Robot Agent Behavior

Key Concepts: ¢
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Interaction - Order Assignment and Delivery

e  Pizzeria assigns Order. s assignOrderTo(Drane, X,Y)

e Drone receive the order then left the pizzeria <
communicating the state.

e Drone moves to destination and execute the
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Interaction - Broken Drone Handling

Key Concepts:

Drone send message to Robot when broken brone
: | | |

Robot repair the drone with an action
. . brok (D, g )
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Package Diagram
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Class Diagram (Model)

e Inherited Jason Framework
classes.

e Separate responsibilities
between classes reflecting the
agents.

e Easy to maintain and extend.

NavigationManager

Environment

FlyPizzaEnv

- logger: Logger

- model: FlyPizzaModel
- view: FlyPizzaView

- GSize : int
- obstacles : Set<Location>

- occupiedLocations : Set<Location>
- random : Random

+moveTowards(Location dest, int agentid) :
void

- Gsize : int
- obstacles : Set<Location>

- drones : List<Drone>
- pizzeria : Pizzeria

- robot : Robot

FlyPizzaView

- model : FlyPizzaModel

Drone

-id tint

- location : Location

- batteryLevel : int

- droneName : String

- engineMode : EngineMode

+ getLocation() : Location
+getld() : int

+ getBatteryLevel()  int

+ getDroneName() : String

+ getBroken() : String

+ getEngineMode() : EngineMode

<<enumeration>>
EngineMode

FULL
Low

+ draw(Graphics g, int x, int y, int obkect)
+ drawOl if

- addObjects(int nDrone) : void

- isNearPizzeria(Location loc) : booleas
+ moveTowards(Location dest, int agentld) : void

g
+ drawAgent(Graphics g, int x, inty, Color ¢, int id)

n

Pizzeria

- location : Location

- MAX_PIZZAS : int

- numberOfPizzas : int
-id s int

Robot

-id : int

+ removePizzas(int count) : void
+getLocation() : Location
+getid) : int

+ getMaxPizzas() : int

- location : Location

+getLocation() : Location
+getld() : int

GridWorldModel GridWorldView
+init(String nickname): void
+ updatePercepts(String droneName, int droneld)
void
+ executeAction(String ag, Structure action)
FlyPizzaModel




Test Results

Test class NavigationManagerTest

testMovelfOccupied
testValidateCoords

testMoveAroundObstacle

Navigation Manager Test

testSetEngineMode
testlnitializeDrones
testRepairDrone
testObstaclesAdded
testMoveDrone

testDecreaseBattery

Model Test



Usage Examples

Normal scenario

Robot Deployed Scenario
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Agent responsible for
receiving and
prioritizing orders

-

Assigning each drone
a specific zone on the
map

)

Implement a caller
agent to simulate a
customer providing
order details.

Enable drones to carry
multiple pizzas in a
single delivery







