AutoPark Management System: Database Design and Implementation Report

                                                             Prepared by:
Student Name: Hanzala Irshad
Student ID: 2508961
Module: Introduction to Web and Database Concepts (ACCA4023)
                                                          Date: 09 July 2026















Table of Contents
1. Introduction and Scenario Explanation	2
2. Implementation Guide	2
2.1 Scenario Analysis: Entities, Attributes, and Relationships	2
2.2 Entity-Relationship Diagram (ERD)	4
2.3 Data Structure Development and Normalization	6
2.4 Sample Data Population	7
2.5 Query Development	9
2.6 Validation and Testing	12
3. Reflective Report	13
3.1 Design Decisions	13
3.2 Challenges Faced	13
3.3 Future Improvements	13
4. Conclusion	14
5. References	14




















[bookmark: _Toc233858049]1. Introduction and Scenario Explanation
The goal is to create, design and implement an integrated relational database solution for the AutoPark Management System. AutoPark Management System is a part of the largest city-based parking services provider. Currently, the company uses manual, paper-based records and basic spreadsheets to track the daily movements of vehicles including arrivals, parking allocations, customer details, payments, and more. All of these services are spread out across a number of locations.
As observed in recent studies on the advancements in database management systems, the use of manual or flat-file systems leads to tremendous process inefficiencies and restrict the growth of the organization [ 1 ] . Data anomalies stem primarily from the aforementioned problems. Typical examples are insertion, deletion, and update anomalies. If for example, the customer’s contact number is changed, the staff will have to go through all the records to find the number and update it. This will lead to a lot of inconsistency in the data [ 2 ]. Also, systems with a manual approach have serious problems, including data loss, a lack of security, and no information processing. This makes it impossible for two staff members to manage the same data of a parking lot without the risk of double bookings.
To resolve these important business issues, management has proposed automating the parking process using a centralized RDBMS [3]. The proposed database will support the automation of key business processes by providing the real-time control of parking slots, tracking the movement of vehicles, monitoring the parking process, and storing structured and secured business transactions. Management will use a formally defined data structure to support the database and will be able to answer complex queries to generate ad-hoc reports. Such reports will support in the analysis of revenue patterns in the different locations of the city, the evaluation of the current level of occupancy, the estimation of the needed workforce, the assessment of the process control, and the improvement of the overall business process and customer satisfaction.
[bookmark: _Toc233858050]2. Implementation Guide
[bookmark: _Toc233858051]2.1 Scenario Analysis: Entities, Attributes, and Relationships

The first step in the design of a database is the transformation of business needs into a logical data model by using the formal techniques of data relationships [4]. A comprehensive scenario analysis of AutoPark has been conducted in order to determine the principal entities, their attributes, and the business rules that govern their relationships.
· Customer: This entity stores the personal and contact details of the vehicle owners utilizing the parking service.
· Attributes: CustomerID (Primary Key, Short Text/Alphanumeric), FirstName (Text), LastName (Text), PhoneNumber (Text), Email (Text). The CustomerID acts as a unique identifier to prevent confusion between customers with identical names.
· Vehicle: This entity stores the mechanical and registration details of the vehicles.
· Attributes: LicensePlate (Primary Key, Short Text), Make (Text), Model (Text), CustomerID (Foreign Key). LicensePlate is chosen as a natural primary key as it is universally unique per vehicle.
· Location: Represents the physical infrastructure of the various parking garages and lots managed by the company across the city.
· Attributes: LocationID (Primary Key, Short Text), LocationName (Text), Address (Text), TotalCapacity (Number).
· ParkingSlot: Represents the individual, physical parking spaces located within a specific Location.
· Attributes: SlotID (Primary Key, Short Text), LocationID (Foreign Key), SlotNumber (Text, e.g., 'A-01'), IsAvailable (Boolean/Yes-No).
· Booking: This is the core transactional entity of the system. It records the specific instance of a vehicle occupying a parking slot over a period of time.
· Attributes: BookingID (Primary Key, Short Text), LicensePlate (Foreign Key), SlotID (Foreign Key), EntryTime (Date/Time), ExitTime (Date/Time), TotalFee (Currency).
· Payment: Records the financial settlement for a specific completed booking.
· Attributes: PaymentID (Primary Key, Short Text), BookingID (Foreign Key), AmountPaid (Currency), PaymentDate (Date/Time), PaymentMethod (Text).
Business Rules and Relationships:
The operational constraints of the AutoPark system define the logical relations amongst these entities.
1. Customer to Vehicle (1:N): Each Customer can register and own multiple Vehicles (e.g., a family account), but a Vehicle in the system is registered to only one primary Customer.
2. Location to ParkingSlot (1:N): Each Location (e.g., a multistory garage) is built of many ParkingSlots, but a ParkingSlot can only exist in one Location.
3. Vehicle to Booking (1:N): One Vehicle can create many Bookings over time, as it can leave and re-enter the facilities on different days, but a Booking only refers to one Vehicle.
4. ParkingSlot to Booking (1:N): Within a month, one ParkingSlot can have many different Bookings, but one Booking can only refer to one ParkingSlot.
5. Booking to Payment (1:1): To ensure financial integrity and to preserve the alignment of accounts, one Booking can only correspond to one Payment. A Payment cannot exist in the system without a Booking.
[bookmark: _Toc233858052]2.2 Entity-Relationship Diagram (ERD)
The Entity-Relationship Diagram (ERD) serves as the database's design structure. The ERD illustrates the conceptual schema discussed earlier. The diagram employs conventional notation to identify the entities, list the primary keys (shown as a key symbol or bold text) and draw the connections with lines that describe the cardinality (one-to-one or one-to-many).
[image: ]
Figure 1: Entity Relationship Diagram of AutoPark Management System
[bookmark: _Toc233858053]2.3 Data Structure Development and Normalization
To eliminate data redundancy and ensure data accuracy, the database schema was adjusted through the process of normalization to the third level of the Normalization process (3NF) [2]. Generally, without normalization, the database experiences a structural problem. As time progresses, the reliability of the system is threatened with the continuous experiences of insert, update, and delete anomalies.
· First Normalization Form (1NF):  The schema is in 1NF as all of the tables are structured with a primary key. Each of the fields contains atomic, singular values. For example, instead of having a field for CustomerName, there are separate fields for FirstName and LastName. There are no repeating fields in the tables.
· Second Normalization Form (2NF): The schema is in 2NF as it is in 1NF, and all the non-key attributes are fully functionally dependent on the primary key. In the booking schema, it would be incorrect to have the fields for Make and Model of the Vehicle in the booking schema, as they are dependent fields to the booking schema. In order to comply with 2NF, the Vehicle data was stored in a separate table.
· Third Normal Form (3NF): This design is in 3NF, having met the requirements of 2NF and being free from any transitive dependencies. Transitive dependency occurs when a non-key attribute depends on another non-key attribute via a third non-key attribute. For example, suppose we add LocationName to the ParkingSlot table. In that table, LocationName would depend on LocationID (which in this case is a foreign key and not the primary key of ParkingSlot). Having a separate Location table guarantees that LocationName depends on the sole LocationID of that table. It also eliminates the update anomaly that would cost resources to update several thousands of records of parking slots if we want to update the physical name of a location.
Constraints applied:
· Entity Integrity: There is a constraint of NOT NULL on all primary keys, and these keys are indexed uniquely.

· Referential Integrity: Foreign keys are strictly checked using the relationship builder in Microsoft Access. Cascade Update Related Fields was checked. This means if a CustomerID was to change, all related vehicles would also change to the new CustomerID. Cascade Delete was considered and is generally unchecked to avoid losing the records of the financial history of a customer if the customer record is deleted.
Figure 2: Relationship Window Showing Referential Integrity
[bookmark: _Toc233858054]2.4 Sample Data Population
To rigorously assess the database structure and analyze the logic of the queries built, the database tables were filled with artificial, albeit reasonably realistic, sample data. This data was engineered purposely to include several operational edge-cases, such as vehicles that are currently parked (active bookings with a NULL exit time), bookings that have been completed, and different payment methods. The condition of having a minimum of five populated rows per entity in an academic setting has been satisfied in order to effectively replicate a working operational environment.
Customer Table
	CustomerID
	FirstName
	LastName
	PhoneNumber
	Email

	C001
	John
	Doe
	555-0101
	jdoe@email.com

	C002
	Sarah
	Smith
	555-0102
	ssmith@email.com

	C003
	Michael
	Johnson
	555-0103
	mjohnson@email.com

	C004
	Emily
	Davis
	555-0104
	edavis@email.com

	C005
	David
	Wilson
	555-0105
	dwilson@email.com


Vehicle Table
	LicensePlate
	Make
	Model
	CustomerID

	ABC-123
	Toyota
	Camry
	C001

	XYZ-789
	Honda
	Civic
	C002

	LMN-456
	Ford
	Focus
	C003

	QRS-321
	Tesla
	Model 3
	C004

	JKL-654
	Nissan
	Altima
	C005


Location Table
	LocationID
	LocationName
	Address
	TotalCapacity

	L01
	City Center Garage
	100 Main St
	250

	L02
	Northside Station
	250 North Ave
	150

	L03
	East End Open Lot
	300 East Blvd
	100

	L04
	Westgate Mall Parking
	450 West Dr
	500

	L05
	South Park Deck
	500 South St
	200


ParkingSlot Table
	SlotID
	LocationID
	SlotNumber
	IsAvailable

	S01
	L01
	A-01
	No

	S02
	L01
	A-02
	No

	S03
	L02
	B-01
	Yes

	S04
	L03
	C-01
	No

	S05
	L04
	D-01
	Yes


Booking Table
	BookingID
	LicensePlate
	SlotID
	EntryTime
	ExitTime
	TotalFee

	B1001
	ABC-123
	S01
	2026-07-02 08:00
	2026-07-02 10:00
	$10.00

	B1002
	XYZ-789
	S02
	2026-07-02 09:15
	NULL
	NULL

	B1003
	LMN-456
	S03
	2026-07-01 14:00
	2026-07-01 18:00
	$20.00

	B1004
	QRS-321
	S04
	2026-07-02 10:30
	NULL
	NULL

	B1005
	JKL-654
	S05
	2026-07-01 09:00
	2026-07-01 11:30
	$12.50


Payment Table
	PaymentID
	BookingID
	AmountPaid
	PaymentDate
	PaymentMethod

	P001
	B1001
	$10.00
	2026-07-02
	Credit Card

	P002
	B1002
	$0.00
	NULL
	Pending

	P003
	B1003
	$20.00
	2026-07-01
	Mobile App

	P004
	B1004
	$0.00
	NULL
	Pending

	P005
	B1005
	$12.50
	2026-07-01
	Cash



Figure 3: Sample Data Population in Microsoft Access
[bookmark: _Toc233858055]2.5 Query Development
The real strength of a relational database is the ability to use Structured Query Language (SQL) to ask questions of the database and convert the results into business intelligence. To show the operational features of the AutoPark system, five functional SQL queries were created. These queries demonstrate the use of INNER JOIN to combine data from multiple tables, GROUP BY to perform aggregation, and the application of WHERE to formulate the data needed to aid management.
Query 1: Parking Slots Currently in Use Purpose: This query gives management and attendants the ability to see real-time data. This is accomplished by looking at the Booking table and filtering for records in which the vehicle has arrived and ExitTime is still NULL.
SELECT Location.LocationName, ParkingSlot.SlotNumber, Vehicle.LicensePlate, Booking.EntryTime
FROM ((Location 
INNER JOIN ParkingSlot ON Location.LocationID = ParkingSlot.LocationID) 
INNER JOIN Booking ON ParkingSlot.SlotID = Booking.SlotID) 
INNER JOIN Vehicle ON Booking.LicensePlate = Vehicle.LicensePlate
WHERE Booking.ExitTime IS NULL;

Figure 4: Query 1 – Parking Slots Currently in Use
Query 2: Revenue by Location Purpose: Vital for financial auditing, this query aggregates the total income generated at each individual parking facility. It utilizes the SUM() aggregate function on the AmountPaid field and groups the results by LocationName.
SELECT Location.LocationName, Sum(Payment.AmountPaid) AS TotalRevenue
FROM ((Location 
INNER JOIN ParkingSlot ON Location.LocationID = ParkingSlot.LocationID) 
INNER JOIN Booking ON ParkingSlot.SlotID = Booking.SlotID) 
INNER JOIN Payment ON Booking.BookingID = Payment.BookingID
GROUP BY Location.LocationName;

Figure 5: Query 2 – Revenue by Location
Query 3: Vehicles Parked at a Particular Time Purpose: This query serves as a critical security and historical auditing tool. By inputting a specific date and time parameter, management can retrieve a list of exactly which vehicles were physically present in the garage at that exact moment.
SELECT Booking.LicensePlate, Location.LocationName, ParkingSlot.SlotNumber
FROM (Location 
INNER JOIN ParkingSlot ON Location.LocationID = ParkingSlot.LocationID) 
INNER JOIN Booking ON ParkingSlot.SlotID = Booking.SlotID
WHERE Booking.EntryTime <= #07/01/2026 15:00:00# 
AND (Booking.ExitTime >= #07/01/2026 15:00:00# OR Booking.ExitTime IS NULL);

Figure 6: Query 3 – Vehicles Parked at a Particular Time
Query 4: Most In-Demand Parking Location Purpose: This query assists operational strategists in identifying the busiest locations by counting the total volume of discrete bookings handled. It uses the COUNT() function and orders the result in descending format to surface the most utilized garage.
SELECT TOP 1 Location.LocationName, COUNT(Booking.BookingID) AS TotalBookings
FROM Location 
INNER JOIN ParkingSlot ON Location.LocationID = ParkingSlot.LocationID 
INNER JOIN Booking ON ParkingSlot.SlotID = Booking.SlotID
GROUP BY Location.LocationName
ORDER BY COUNT(Booking.BookingID) DESC;

Figure 7: Query 4 – Most In-Demand Parking Location
Query 5: Vehicle Details in a Specific Slot Purpose: If a vehicle is illegally parked, or if a slot requires emergency maintenance, this query allows an administrator to input a specific SlotNumber (e.g., 'A-02') and immediately retrieve the make, model, and owner's contact information.
SELECT ParkingSlot.SlotNumber, Vehicle.LicensePlate, Vehicle.Make, Vehicle.Model, Customer.PhoneNumber
FROM ((Customer 
INNER JOIN Vehicle ON Customer.CustomerID = Vehicle.CustomerID) 
INNER JOIN Booking ON Vehicle.LicensePlate = Booking.LicensePlate) 
INNER JOIN ParkingSlot ON Booking.SlotID = ParkingSlot.SlotID
WHERE ParkingSlot.SlotNumber = 'A-02' AND Booking.ExitTime IS NULL;

Figure 8: Query 5 – Vehicle Details in a Specific Slot
[bookmark: _Toc233858056]2.6 Validation and Testing
In order to confirm the system is resilient and dependable and adheres to the defined business logic, extensive testing was performed. Testing confirms the system protects the integrity and security of the information by properly rejecting invalid entries to the database [5]. The results of these tests are documented formally below:
	Test ID
	Test Description
	Expected Result
	Actual Result
	Status

	T1
	Add duplicate customer (Attempting to use an existing CustomerID).
	Database rejects input due to Primary Key violation.
	Rejected with Access error prompt.
	Pass

	T2
	Invalid vehicle booking (Entering a LicensePlate not present in the Vehicle table).
	Database rejects input due to Foreign Key (Referential Integrity) violation.
	Rejected with Access error prompt.
	Pass

	T3
	Revenue query calculation check.
	Query 2 output must exactly match the manual sum of sample data payments.
	Correct total generated ($42.50).
	Pass

	T4
	Strict 1:1 Payment record creation linked to Booking.
	Attempt to create a second payment for B1001 should be restricted.
	Secondary payment rejected.
	Pass

	T5
	Slot occupancy logic check.
	Query 1 should only display vehicles with NULL exit times.
	Displays active slots accurately.
	Pass



Figure 9: Validation and Error Testing Results
[bookmark: _Toc233858057]3. Reflective Report
[bookmark: _Toc233858058]3.1 Design Decisions
To select a database model, I considered the need to minimize redundancy, maximize the integrity of stored data, and facilitate reliable transaction processing. The simplest option for me was Microsoft Access, as it allows the design and testing of a database with a support for relationships and Referential Integrity.
Separation of the Location and ParkingSlot tables was intentional to support the scalability of the design. It allows addition of new Parking Locations with no impact on the database design. Moreover, I employed LicensePlate for the primary key of the Vehicle table, as it is a naturally unique value and avoids the use of a surrogate key.
[bookmark: _Toc233858059]3.2 Challenges Faced
One of the issues I encountered was how to establish a relationship between the Booking and Payment tables. It was the case that the Booking table contained payment information. This meant that there were a lot of NULL values in the Booking table, as there were bookings that were not completed. I resolved this by separating the Payment table and linking it to the Booking table.
Another challenge was constructing SQL statements that would enable the tracking of a vehicle that was in the system at some point within the history. This involved writing a statement that would get all the vehicles that were in the system during that time considering that the ExitTime was NULL for some vehicles.
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The enhancements I envision for this system are as follows:
1. Upgrading to PostgreSQL or SQL Server would provide the ability to manage greater data loads and provide support for additional concurrent users.

2. Integration of IoT Sensors would be a means to update the status of parking slots as occupied or available automatically.
3. Implementation of database triggers that would calculate the parking fees when a vehicle leaves the parking slot is another improvement I envision.
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The design and execution of the AutoPark Management System on Microsoft Access was a success. The database offers better organization of parking data and improved management of parking operations. The AutoPark database was designed using normalization techniques to eliminate redundancy. The developed tables and relationships as well as the developed SQL queries have the ability to capture parking activity and revenue generated from parking. The system demonstrates the ability to provide a basic solution of parking management that can be built upon to support greater parking management systems and applications using the sophisticated technologies and larger database systems of the future.
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