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Design and Implementation of a Relational Database System for AutoPark Management System
Abstract
The manual method of recording parking sites, slots, customer, vehicles, parking sessions and payments results in duplication, loss of data and poor reporting and is where AutoPark becomes vital, with the requirement for a relational database. This report discusses the design and implementation of an AutoPark Management System, using the Microsoft Access Application. There are six entities in the database: ParkingSite, ParkingSlot, Customer, Vehicle, ParkingSession and Payment. To ensure data integrity, primary keys, foreign keys, required fields, validation rules and unique indexes were used. Ten saves more Access queries to answer operational questions like available slots, current vehicles, revenue, unpaid bookings and long sessions. There are two reports that summarise revenue and current parking activity. Validation testing showed that totals were not valid, duplicate vehicle registrations and inconsistent foreign keys were rejected. The final system then offers AutoPark with a normalised, tested and supported evidence based database solution.
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I. Introduction
There was a need for a database system for AutoPark as the paper or spreadsheet approach was not capable of linking the vehicles, owners, parking location, session and payment in a reliable manner. The use of relational design fits well because it forces the data to be broken into separate related tables and the uncontrolled repetition is eliminated [1]. Query writing then transforms those stored records into useful information that can be utilized as operational information for managers [2]. This submission is based upon Microsoft Access but the module can be expanded to create later screen designs that are web based for bookings or customer self-service [3]. Duckett's online use of structured information: linking to usable web design provides supportive guidance for linking structured information to usable online interfaces [4]. The implementation is thus a practical example of a relational platform (Access) but with a design that can be expanded beyond the scope of the assignment. 
[bookmark: _Toc234422169]II. Scenario Analysis and User Requirements
AutoPark has several city parking facilities and requires regular data and information on site capacity, the condition of the slot, the entry/exit of vehicles and the status of the payment to be recorded. Manual methods add up the risk of duplicated customers information, loss of session records, and delayed visibility of slot availability. When organisations require a single repository and better reporting, it is recognised that moving from an informal record to a database is a step [6]. The functional requirements included storing customer information, managing sites and slots, logging slot and active sessions, tracking payments and listing available spaces and currently parked vehicles, summarising revenue and identifying the most used site, and detecting bookings that are unpaid. The accuracy, minimization of duplication, referential integrity, clear reporting, ease of use and scalability for other locations were the non-functional requirements. The intended users are reception staff to check availability, attendants to record sessions, and managers to review session income or occupancy trends, so the database will need to be able to be used for income transactions and management. It also must retain historical records as completed sessions and payments are helpful for complaints, audits and revenue comparisons.
[bookmark: _Toc234422170]III. Entity Identification and Database Design
The design describes 6 basic entities that correspond to AutoPark's business process. ParkingSite records parking locations, hours, status and maximum capacity. ParkingSlot stores individual bays, and connects each bay to one site. Vehicle store vehicle-owner information and Vehicle store registration and vehicle information for each customer. The operational event - a vehicle operating a slot from entry to exit time is recorded in a ParkingSession record. Payment is the record of a financial transaction associated with a session. The separation of these entities will mean that customer names are not duplicated in payment records, prevent site addresses being duplicated in sessions and enable the records to be retrieved accurately by joins. Each of the major tables also has a single primary key, AutoNumber, to make it easier to manage the relationships and test them. The attributes assigned to the concepts were limited to the scenario: the slots must have a type and status, the sessions must have an entry time and an exit time, and the payments must have an amount, a method and a status.
Table I. AutoPark Database Entities and Attributes
	Entity
	Purpose
	Primary Key
	Important Attributes
	Foreign Key

	ParkingSite
	Stores car park locations.
	SiteID
	SiteName, AddressLine, CityArea, OpeningHours, TotalSlots, SiteStatus
	None

	ParkingSlot
	Stores individual bays.
	SlotID
	SlotNumber, SlotType, SlotLevel, CurrentStatus, IsDisabledAccessible
	SiteID

	Customer
	Stores vehicle-owner details.
	CustomerID
	FullName, Phone, Email, AddressLine, DateRegistered, CustomerStatus
	None

	Vehicle
	Stores vehicles owned by customers.
	VehicleID
	RegistrationNo, Make, Model, Colour, VehicleType
	CustomerID

	ParkingSession
	Records entry, exit and slot use.
	SessionID
	EntryTime, ExitTime, SessionStatus, BookingReference, Notes
	VehicleID, SlotID

	Payment
	Stores payments for sessions.
	PaymentID
	Amount, PaymentDate, PaymentMethod, PaymentStatus, TransactionReference
	SessionID


[bookmark: _Toc234422171]IV. ERD, Relationships, and Data Integrity
ERD contains the relationship between each operational record and the corresponding parent record. One-to-many: ParkingSite to ParkingSlot (one site has multiple parking slots). Customer to Vehicle is 1 to many as an owner can own several vehicles. Vehicle to ParkingSession is many-to-one because if a vehicle parks multiple times it will be counted multiple times. One-to-many relationship between parking slot and parking session is where the same parking bay could be used during multiple sessions. The relationship between ParkingSession to Payment is one-to-many, so that so the payment record can be corrected or partial. Access relationships and constraints are used to maintain consistency, that is, prevent orphan records and ensure that there are valid parent-child associations [8]. RegistrationNo and SiteID + SlotNumber were also used for unique indexes. Referential integrity would be relevant in this case as some payments would not have a valid session and some vehicles would not have an owner, which would have an impact on financial reporting and customer accountability.
[image: ]
Fig. 1. Microsoft Access relationship diagram showing the AutoPark relational database structure.
[bookmark: _Toc234422172]V. Normalisation to Third Normal Form
The database follows First Normal Form, meaning that every field in the database contains an atomic value, there are no repeating groups of data in the tables, and there is a primary key to identify each record. It conforms to Second Normal Form as each table has only one field that acts as the primary key and non-key attributes are not dependent upon a subset of a compound key. It meets Third Normal Form (3NF): Non-key data does not depend on anything other than the key. For instance, the customer data is only in Customer, the vehicle data is only in Vehicle and the site data is only in ParkingSite. This is in line with the best practice for databases and minimizing update anomalies and data duplication [5]. The totals are not permanently stored in the database: they're computed using queries. This prevents the risk of inconsistencies if a payment, slot status or session record is later adjusted.
Table II. Normalisation Assessment of the AutoPark Database
	Normal Form
	Requirement
	How the AutoPark Design Satisfies It

	1NF
	Atomic values, no repeating groups and a primary key.
	Each table has distinct fields and a single AutoNumber primary key.

	2NF
	Every non-key field depends on the whole primary key.
	Single-field primary keys avoid partial dependency across all six tables.

	3NF
	Non-key fields depend only on the primary key.
	Customer, vehicle, site, slot, session and payment data are stored in separate tables.


[bookmark: _Toc234422173]VI. Microsoft Access Implementation
The practical was implemented using the Microsoft Access table design, validation and saved objects. AutoNumber primary keys and number fields for foreign keys were used to create six core tables. Based on the data being stored, the types of Short Text, Date/Time, Currency, Yes/No and Long Text were chosen. There are required fields that help prevent incomplete records and validation rules that ensure that TotalSlots is entered as a positive number and Amount is entered as a non-negative number. According to the documentation of access sql, the table definition and NOT NULL rules and constraints are two important mechanisms for data and restrictions [7]. Five parking sites, twenty slots, ten customers, twelve vehicles, twelve sessions and twelve payments were entered in a realistic manner. The sample records are chosen with the intent of including active, completed, over stay and cancelled sessions (as well as paid, pending and failed payments) so that the queries and tests have some meaning and content rather than being empty structures.
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Fig. 2. ParkingSite table in Design View showing field names, data types, and validation controls.
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Fig. 3. ParkingSession table in Design View showing links to Vehicle and ParkingSlot.
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Fig. 4. Sample ParkingSite data entered into the AutoPark database.
[bookmark: _Toc234422174]VII. Query Development and Management Reporting
The query set returns management information from the normalised tables. SQL statement processing is based on the conceptual framework of the SQL:2023 standard [9]. SELECT statements in Access return fields, select records, order and aggregate the results without modifying the current data [10]. INNER JOIN operations was used in case the related records match from one table to another, e.g., vehicles to customers, and sessions to slot [11]. The saved queries then allow for operational control, customer service and revenue tracking. The Q01 section displays available bays, Q02 displays active vehicles, and Q03 calculates the paid revenue by site and Q07 identifies unpaid or failed bookings. R01_RevenueBySite_Report and R02_CurrentlyParkedVehicles_Report were also created to produce reports on revenue by site and parked vehicles that are currently on site. These outputs are crucial since the worth of the database isn't simply in saving records, but in the quick, consistent and less manual calculation of regular management inquiries.
Table III. AutoPark Queries and Management Purpose
	Query Name
	Business Purpose
	Management Value

	Q01_AvailableSlotsBySite
	Lists available slots by site.
	Supports allocation and customer enquiries.

	Q02_CurrentlyParkedVehicles
	Shows active/current sessions.
	Supports live operational monitoring.

	Q03_RevenueBySite
	Summarises paid revenue.
	Supports financial review by location.

	Q04_MostUsedParkingSite
	Counts sessions by site.
	Identifies high-demand locations.

	Q05_VehicleInSpecificSlot
	Finds vehicle by slot number.
	Supports security and customer service.

	Q06_CustomerParkingHistory
	Shows customer/session/payment history.
	Supports account enquiries.

	Q07_UnpaidBookings
	Finds pending, failed or missing payments.
	Supports debt follow-up.

	Q08_SlotOccupancyBySite
	Summarises slot status.
	Supports capacity planning.

	Q09_DailyRevenueTrend
	Shows revenue by payment date.
	Supports trend analysis.

	Q10_OverstayOrLongSessions
	Detects long or overstay sessions.
	Supports enforcement decisions.
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Fig. 5. Query result showing available parking slots by site.
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Fig. 6. Query result showing vehicles currently parked.
[image: ]
Fig. 7. Revenue query evidence showing paid revenue grouped by parking site.
[image: ]
Fig. 8. Access report summarising revenue by parking site.
[bookmark: _Toc234422175]VIII. Validation and Testing
The database validates and tests rules before saving data so as to ensure that critical rules were not lost. In each table design there were primary keys checked. A check for foreign key integrity was performed by trying to add a slot where there is not such a site; this was rejected. Table design was used to determine necessary customer fields required. The validation rule for site-capacity has been confirmed with the TotalSlots value being zero. The unique index was unable to accept a duplicate RegistrationNo. The Query tests validated Q02 for returning active or blank-exit sessions and that Q03 only contained Paid payments. These tests assure that the database not only saves information, but also ensures its consistency and generates management results that are reliable. For an Access implementation, where constraints and validation rules need to be tested, the test evidence is particularly significant, as it is documented in design notes, it needs to be demonstrated by attempting invalid data entry. In addition, the testing table connects each control with a visible item of evidence, so it can be used more easily when discussing the testing in the written submission.
Table IV. Validation and Testing Summary
	Test ID
	Test Area
	Test Performed
	Expected Result
	Actual Result
	Status

	T1
	Primary keys
	Checked all table designs.
	Each table has a unique PK.
	All six tables passed.
	Pass

	T2
	Foreign keys
	Entered slot with invalid SiteID.
	Record rejected.
	Access rejected invalid relationship.
	Pass

	T3
	Required fields
	Checked Customer FullName and Phone.
	Fields required.
	Required property present.
	Pass

	T4
	Validation
	Entered TotalSlots = 0.
	Value rejected.
	Access rejected value.
	Pass

	T5
	Uniqueness
	Duplicated RegistrationNo.
	Duplicate rejected.
	Unique index rejected duplicate.
	Pass

	T6
	Q02 accuracy
	Ran current vehicles query.
	Only active/current sessions shown.
	Returned correct current records.
	Pass

	T7
	Q03 accuracy
	Ran revenue query.
	Only Paid payments included.
	Pending/Failed excluded.
	Pass

	T8
	Relationships
	Reviewed ERD.
	Five one-to-many joins visible.
	Relationships shown.
	Pass


[image: ]
Fig. 9. Validation evidence showing Microsoft Access rejecting invalid parking-site data.
[bookmark: _Toc234422176]IX. Reflection and Future Improvements
A small operational issue is enhanced with relational design and the completed database models the central AutoPark workflow. The biggest design problem was simplicity/dataintegrity: too few tables would be causing data duplication and too many would make the assignment more difficult to use. The system became more useful due to the development of query – this made it possible to obtain answers to questions about the availability of available records, and also about revenue and unpaid sessions. The evidence further reveals that an Access solution for a distinction requires more than tables, it requires realistic data, enforced relationships, meaningful queries and visible evidence that invalid data is rejected. Access forms, user roles, dashboards, automated pricing and online booking are possibilities for future enhancements. The importance of real-time parking information and digital parking services are also highlighted by smart-parking research [12]. Parking systems based on Internet of Things (IoT) show how sensor feeds can be used to update the parking system automatically [13]. Further enhancements to this version may incorporate ANPR cameras, slot sensors and real time allocation rules [14].
[bookmark: _Toc234422177]X. Conclusion
This structured relational database, called AutoPark, provides a solution that simplifies data entry by removing the need for manual data recording in favour of connected tables, controlled data entry, normalised design, valuable queries and integrity tests. The implementation fulfills all the assignment specifications by demonstrating tables, relationships, sample data, queries, reports and validation. It also provides AutoPark with a practical basis to use the slots more efficiently, monitor finances, and further expand into the digital realm. In general, the system illustrates the potential that the relational approach offers to transform the collection of ad hoc operational records into a consistent information asset for everyday decision making.
[bookmark: _Toc234422178]
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Fig. A1. ParkingSlot Design View evidence.
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Fig. A2. Customer Design View evidence.
[image: ]
Fig. A3. Vehicle Design View evidence.
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Fig. A4. Payment Design View evidence.
[bookmark: _Toc234422181]Appendix B: Sample Data Screenshots
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Fig. B1. ParkingSlot sample data evidence.
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Fig. B2. Customer sample data evidence.
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Fig. B3. Vehicle sample data evidence.
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Fig. B4. ParkingSession sample data evidence.
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Fig. B5. Payment sample data evidence.
[bookmark: _Toc234422182]Appendix C: Query Screenshots
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Fig. C1. Query Design View evidence for available slot reporting.
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Fig. C2. Query testing evidence for currently parked vehicles.
[bookmark: _Toc234422183]Appendix D: Report and Validation Evidence
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Fig. D1. Currently parked vehicles Access report evidence.
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Fig. D2. Referential integrity rejection evidence.
[image: ]
Fig. D3. Duplicate vehicle registration rejection evidence.
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Figure 14: Validation rule evidence for TotalSlots

Evidence generated from an attempted Access/ACE database operation using dbFailOnError.

Test description

Validation rule test: attempt to insert a ParkingSite with TotalSlots = 0.

Expected result

Access rejects the record because ParkingSite.TotalSlots has a >0 validation rule.

Actual Access result

TotalSlots must be greater than 0.

Pass/Fail: PASS - invalid data was rejected before it could be saved.
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Figure 15: Referential integrity evidence

Evidence generated from an attempted Access/ACE database operation using dbFailOnError.

Test description

Foreign key integrity test: attempt to insert a ParkingSlot with a SitelD that does not exist.

Expected result

Access rejects the record because referential integrity requires SitelD to exist in ParkingSite.

Actual Access result

You cannot add or change a record because a related record is required in table 'ParkingSite’.

Pass/Fail: PASS - invalid data was rejected before it could be saved.
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Figure 16: Duplicate vehicle registration evidence

Evidence generated from an attempted Access/ACE database operation using dbFailOnError.

Test description

Unique registration test: attempt to insert a second vehicle with RegistrationNo = AB12 CDE.

Expected result

Access rejects the duplicate value because Vehicle.RegistrationNo has a unique index.

Actual Access result

The changes you requested to the table were not successful because they would create duplicate values in the index, primary key, or relationship.

Pass/Fail: PASS - invalid data was rejected before it could be saved.
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