
Model-Driven Configuration of Automated 

Parking Facilities 
Abstract  Purpose  

                                  Methodology  

This project represents an investigation into the 

customization of an environment that supports a fleet 

of autonomous vehicles cooperating to solve a 

common task. Specifically, the project is scoped 

within the context of an automated parking facility, 

whereby a driver may drop a car off at the entrance 

to a garage, receive a reservation code, and leave the 

car behind. The vehicle will then be instructed on 

how to drive itself to an open parking space. The 

owner of the car may return to the facility to retrieve 

their vehicle, which will be autonomously returned 

to the owner amid a set of other vehicles that may be 

entering and leaving the facility concurrently. 

Determination of parking location and maneuvering 

to and from the space is coordinated between each 

vehicle and a host controller at the facility, which 

can be configured for specific parking lots using a 

high-level modeling language. The controller 

handles all communication between vehicles and 

provides instructions to each car regarding the 

directions to the assigned parking space. For the 

purposes of this project, small robots were used to 

simulate cars and Bluetooth was the wireless 

communications medium between the cars and host 

controller. 

Our research focuses on the development of a smart garage that contains information about 

parking space availability and that is able to transmit that information to vehicles. The 

project provides an investigation that addresses this problem through a software-driven 

solution that supports customization through visual, domain-specific models.  

Å The creation of the modeling tool can be broken down into two steps: creating the metamodel, which defines the 

domain-specific modeling language, and programming the interpreter.  

Å A Garage contains ParkingLots, and a ParkingLot contains ParkingSpaces. ParkingLots mimic the different floors of 

a garage. We developed a metamodel that conformed to the rules above, using the GEMS (Generic Eclipse Modeling 

System) plugin for the Eclipse IDE (Integrated Development Environment).  

Å Interpreters can be used to generate actual code in any programming language at the click of a button. In our case, we 

decided to use the interpreter to generate the attributes for each parking space in the garage in a text file.  

Å Another program was written that would read in this ñspace informationò using file streams, and use this data to help 

a vehicle navigate through the parking facility.  

 

Å We used Java as the programming language for this project..  

Å A parking garage and a car, represented by the NXT robot, are the main objects.  

Å A garage can be divided into different floors, or parking lots. These lots can be further subdivided into a basic 

unit, the parking space.  

Å The project was modularized into two parts, a component dealing with the robotics and communication between 

the robot and the garage, and the composition of the garage itself.  

Å From this, four classes (Garage, ParkingSpace, ParkingLot, and Car) were implemented. 

Å The host computer sends commands through Bluetooth to the robot using a string of characters. 

Å Each robot runs the same basic application. This client software contains:  

Å collision avoidance algorithms 

Å a line tracer algorithm for following the guideline  

Å communication capabilities to retrieve the parking direction string from the host controller. 

 

As vehicles enter the parking facility, they wait for a connection from the host controller in the garage, and then 

accept instructions from the host that represent navigation control and directions to a parking space. The flowchart  

depicts the flow of the autonomous navigation. 

 

Å We constructed the representative garage out of foam board. We delineated parking spaces using tape.  

Å We also used tape as the guideline. 

Å Initially, the robots would only use their tachocounts to find parking spaces, but parking was not always accurate. 

Å We revised our method to use a color sensor to detect parking spaces. This did not work as well as planned, due 

to the sensitivity of the color sensor. 

Å We then used the light sensor in place of the color sensor, and replaced the colored markers with black markers, 

as they were of a different light sensor reading than the foam board. 

Å This modification was more effective than using the color sensor, with the robots parking more accurately. 

 
Visual representation of parking process 

Objectives  

Specific goals for this project were as follows: 

 

Å Investigating issues related to autonomous control of vehicles using the Lego 

Mindstorms NXT as an experimental platform. 

Å Designing an efficient method of traversal in a parking garage. 

Å Designing and implementing a communications protocol for the garage vehicle system. 

Å Implementing collision avoidance for vehicles moving in the garage. 

Å Developing a flexible, domain-specific modeling language for  the customization of 

different parking garages, to allow for wider use in garage construction or improvement. 

Foam board garage construction, initial and revised 
These are  the types of garages we simulated and made automated. 

Screenshot of actual modeling 

tool, and demonstration of how to 

invoke the interpreter in order to 

generate the space information. 

Text files generated by the interpreter for two separate garage 

configurations. Each line in the text file represents a unique 

space and lists each of that spaceôs attributes. 
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