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[bookmark: _Toc232081821]Scenario Analysis
Manual traffic control in parking areas is plagued with a lot of problems, particularly in city parking. To record Vehicle details, availability of slots and record the customers' details and payment-related transactions is currently done manually in the AutoPark Management system. This will lead to lost data, human error and many factors of wasted parking space.
This is a database project with the aim of removing the manual system and creating a centralised database in MS Access [1]. It comprises and handles data with various dimensions such as customers, vehicles, parking areas, parking spaces, bookings and payments. It provides real-time tracking of the slots, Vehicle movement management system and payment transaction management system and also generates the operation report for management decisions. The challenge the database and its management node seek to solve is three-fold: to reduce manual processing mistakes, to build a clear picture of the availability of parking slots, and to make it transparent to track parking slot payments. It will enable these functions to help run parking centres more smoothly and effectively.
[bookmark: _Toc232081822][bookmark: _Hlk170769605]Entity Relationship Diagram (ERD)
1. [bookmark: _Toc232081823]List of attributes and their descriptions
Table 1: Entity 1: Customer
	Attribute
	Data Type
	Key Type
	Description

	CustomerID
	AutoNumber
	Primary Key
	Unique identifier for each customer

	CustomerName
	Text(100)
	—
	vehicle owner.

	PhoneNumber
	Text(20)
	—
	The telephone number of the customer who is in contact

	Email
	Text(100)
	—
	writing an email

	Address
	Text(255)
	—
	Customer's home address



Table 2: Entity 2: Vehicle
	Attribute
	Data Type
	Key Type
	Description

	VehicleID
	AutoNumber
	Primary Key
	Unique identifier for each vehicle

	CustomerID
	Long Integer
	Foreign Key
	Informs and links the vehicles with the owners

	RegistrationNumber
	Text(20)
	—
	Official number of the vehicle registered on the plates.

	VehicleType
	Text(50)
	—
	Car type (for example: Sedan, SUV)

	VehicleColor
	Text(50)
	—
	Identification (colour of car)


Table 3: Entity 3: Parking_Site
	Attribute
	Data Type
	Key Type
	Description

	SiteID
	AutoNumber
	Primary Key
	Unique Id's of Parker per parking spot

	SiteName
	Text(100)
	—
	The name that is assigned to the parking area

	SiteLocation
	Text(255)
	—
	Physical address/Location of the site.

	TotalSlots
	Integer
	—
	Total parking space at the place.



Table 4: Entity 4: Parking_Slot
	Attribute
	Data Type
	Key Type
	Description

	SlotID
	AutoNumber
	Primary Key
	Every parking space has a unique code, which is different from the others.

	SiteID
	Long Integer
	Foreign Key
	Establishes a connection between a parking slot and its parking site

	SlotNumber
	Text(20)
	—
	Label A numeric value to indicate the slot to use for the alphanumeric label.

	SlotType
	Text(50)
	—
	The category of the slot (standard, premium or EV).

	AvailabilityStatus
	Text(20)
	—
	Currently, it is either available or occupied.



Table 5: Entity 5: Booking
	Attribute
	Data Type
	Key Type
	Description

	BookingID
	AutoNumber
	Primary Key
	Alias for the booking record identifier.Alias for the identifier of a booking record.

	VehicleID
	Long Integer
	Foreign Key
	Ties the booking to the car or the car being parked.

	SlotID
	Long Integer
	Foreign Key
	Connects the Booking record with a selected Parking record.

	BookingDate
	Date
	—
	Booking date (Outward or ASAP date for a calendar year).

	EntryTime
	Date/Time
	—
	Log driving in time on board the vehicle.

	ExitTime
	Date/Time
	—
	This should be noted down with a time stamp on the departure of the vehicle.

	BookingStatus
	Text(20)
	—
	The status of the bookings is currently either Active or Completed.



Table 6: Entity 6: Payment
	Attribute
	Data Type
	Key Type
	Description

	PaymentID
	AutoNumber
	Primary Key
	ID number of a payment transaction, every time a payment transaction occurs, it has its very own identifier.

	BookingID
	Long Integer
	Foreign Key
	Finds money and matches its book

	PaymentDate
	Date
	—
	The date the payment was made is shown</ Payment Date

	Amount
	Currency
	—
	Parking session charges (including relevant taxes)

	PaymentMethod
	Text(50)
	—
	For instance, Card, Cash or MobilePay (payment method).

	PaymentStatus
	Text(20)
	—
	Indicates if the payment is Paid or Pending



2. [bookmark: _Toc232081824]List of relationships and their meaning. 
These six are in 5 relationships with each other:
· Customer → Vehicle: Customers can have one or more vehicles, and the vehicle can have exactly one customer. Submitting a one-to-many relationship. Vehicle Participation is mandatory, Customer Participation is optional.
· Parking_Site → Parking_Slot: Each parking site contains many parking slots, but slots can only be part of a single parking site. One-to-many. Both sides mandatory.
· Vehicle → Booking: A vehicle can be booked more than once in a row, and each booking is for one vehicle. One-to-many.
· Parking_Slot → Booking: Any slot can be played more than once over time. One-to-many.
· Booking → Payment: One payment record is generated for every booking. One-to-one.
3. [bookmark: _Toc232081825]ER diagram:  
Below given Entity Relationship Diagram represents the complete data model of the AutoPark Management System. It depicts each entity and its attributes, primary keys and the relationships between each entity. Cardinality is indicated using crow's foot notation as seen in the relationship between Customer and Vehicle (Customer to many Vehicles) and the relationships between Booking and Payment, and between Parking_Site and Parking_Slot [2].
[image: ]
Figure 1: ER diagram
A list of all the foreign keys in the database and their FK-PK relation is present in this table:
	Foreign Key
	Table It Exists In
	References

	CustomerID
	Vehicle
	Customer(CustomerID)

	SiteID
	Parking_Slot
	Parking_Site(SiteID)

	VehicleID
	Booking
	Vehicle(VehicleID)

	SlotID
	Booking
	Parking_Slot(SlotID)

	BookingID
	Payment
	Booking(BookingID)



These foreign key constraints can prevent these inconsistencies, providing referential integrity in the system.

[bookmark: _Toc232081826]Normalization 
Relational Schema 
· Customer (CustomerID, CustomerName, PhoneNumber, Email, Address)
· Vehicle (VehicleID, RegistrationNumber, VehicleType, VehicleColor, CustomerID → Customer)
· Parking_Site (SiteID, SiteName, SiteLocation, TotalSlots)
· Parking_Slot (SlotID, SlotNumber, SlotType, AvailabilityStatus, SiteID → Parking_Site)
· Booking (BookingID, BookingDate, EntryTime, ExitTime, BookingStatus, VehicleID → Vehicle, SlotID →Parking_Slot)
· Payment (PaymentID, PaymentDate, Amount, PaymentMethod, PaymentStatus, BookingID → Booking)
First Normal Form (1NF)
Rule: No repetition of groups. Each cell can contain only one atomic value [3].
Table 7: Before 1NF — Unnormalised
	CustomerID
	CustomerName
	VehicleRegistrations
	VehicleTypes

	1
	Oliver Smith
	NSW123, VIC456
	Sedan, SUV

	2
	Charlotte Wilson
	QLD234
	Sedan



Multiple values are stored in the VehicleRegistrations column, which is a violation of 1NF.
After 1NF — Vehicles moved to a separate table:
Table 8: Customer Table
	CustomerID
	CustomerName
	PhoneNumber
	Email
	Address

	1
	Oliver Smith
	0412345678
	oliver@email.com
	15 George St, Sydney

	2
	Charlotte Wilson
	0412345679
	charlotte@email.com
	28 Collins St, Melbourne


Table 9: Vehicle Table
	VehicleID
	CustomerID
	RegistrationNumber
	VehicleType
	VehicleColor

	1
	1 (→Customer)
	NSW123
	Sedan
	White

	2
	2 (→Customer)
	VIC456
	SUV
	Black



All tables now in First Normal Form.
Second Normal Form (2NF)
Must be in 1NF (first normal form). No partial dependencies – all of the non-key attributes must depend on the whole primary key [4].
Single-column primary keys are used in all AutoPark tables: there is no possibility of partial dependency. Please ask the Booking table:
Table 10: Booking Table — Dependency Check
	Attribute
	Depends On

	BookingDate
	BookingID (full dependency)

	EntryTime
	BookingID (full dependency)

	ExitTime
	BookingID (full dependency)

	BookingStatus
	BookingID (full dependency)

	VehicleID
	BookingID (full dependency)

	SlotID
	BookingID (full dependency)



  All three of these tables are in second normal form.
Third Normal Form (3NF)
Rule: Must be in 2NF. No transitive dependencies - non-key attributes are not allowed to depend on other non-key attributes [5].
Transitive dependency identified:
In this case, if the SiteName and SiteLocation were simply stored in the Parking_Slot table:


Table 11: Before 3NF — Parking_Slot with transitive dependency
	SlotID
	SlotNumber
	SlotType
	SiteID
	SiteName
	SiteLocation

	1
	S101
	Standard
	1
	Central Sydney Parking
	Sydney CBD

	2
	S102
	Premium
	1
	Central Sydney Parking
	Sydney CBD

	3
	M201
	Standard
	2
	Melbourne City Parking
	Melbourne CBD



· SiteName is dependent on SiteID, NOT SlotID
· SiteLocation is dependent on SiteID, not SlotID
· Both are transitive dependencies, and they should be eliminated.
After 3NF — Transitive dependency removed:
Table 12: Parking_Slot Table
	SlotID
	SlotNumber
	SlotType
	AvailabilityStatus
	SiteID

	1
	S101
	Standard
	Occupied
	1 (Parking_Site)

	2
	S102
	Premium
	Available
	1 (Parking_Site)

	3
	M201
	Standard
	Occupied
	2 (Parking_Site)



Table 13: Parking_Site Table
	SiteID
	SiteName
	SiteLocation
	TotalSlots

	1
	Central Sydney Parking
	Sydney CBD
	120

	2
	Melbourne City Parking
	Melbourne CBD
	100



· In addition, the SiteName in the Restaurant_Location table was eliminated and is now only included in the Parking_Site table. Now, SiteName is only stored in Parking_Site.
· Each parking slot is a reference to the site data of the parking slot (primary key of SiteID).
· Only one row in one table changes for an update to a site name – no redundancy.
Six tables are NOW all in third normal form.

[bookmark: _Toc232081827]Sample Data Population 
There were 5 lines of sample data generated for each table, and the data was populated with realistic data to simulate real parking operations. Companies provide the actual addresses of the cities where they do business. The format for vehicle registration is based on the vehicle's state. Booking records contain in/out times - these are complete parking sessions. Made bookings with various payment methods will clearly correspond with the payment records.
[image: ]
Figure 2: Sample data for booking table
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Figure 3: Sample data for customer table
[image: ]
Figure 4: Sample data for vehicle table

[image: ]
Figure 5: Sample data for parking_site table

[image: ]
Figure 6: Sample data for parking_slot table

[image: ]
Figure 7: Sample data for payment table
[bookmark: _Toc232081828]Query Development
A set of six queries has been created to meet the differentiated operational needs of the AutoPark system.
Query 1 - Available Parking Slots: This query will get all the slots which are not have a status of Available. Management can use this to immediately route the incoming vehicles to the vacant place, thus minimising the queues at entry points.
[image: ]
Figure 8: Query 1 - Available Parking Slots (SQL QUERY)
[image: ]
Figure 9: Query 1 - Available Parking Slots (RESULT)
Query 2 - Currently Occupied Slots: Currently Occupied Slots Filters will display the slots in Occupied Status. This is possible because of real-time monitoring of slots used by all the sites, which helps employees to be aware of the approaching full load conditions in the slots.
[image: ]
Figure 10: Query 2 - Currently Occupied Slots (SQL QUERY)
[image: ]
Figure 11: Query 2 - Currently Occupied Slots (RESULT)


Query 3 - Vehicle Details with Customer Information: Vehicle Details with Customer Information is an INNER JOIN between Customer and Vehicle, where the registration number appears with the customer name. Helpful for dispute or enforcement purposes to determine vehicle ownership [6].
[image: ]
Figure 12: Query 3 - Vehicle Details with Customer Information (SQL QUERY)

[image: ]
Figure 13: Query 3 - Vehicle Details with Customer Information (RESULT)
Query 4 - Vehicle Parked in a Specific Slot: Vehicle Parked in a Specific Slot returns the registration number and booking date of a car parked in a specific vehicle park. This aids in audits and queries on past usage of a slot.
[image: ]
Figure 14: Query 4 - Vehicle Parked in a Specific Slot (SQL QUERY)
[image: ]
Figure 15: Query 4 - Vehicle Parked in a Specific Slot (RESULT)
Query 5 - Customer Payment History: It is the most complicated of all, joining a total of four tables (Customer, Vehicle, Booking and Payment) to obtain a complete list of a Customer's transaction record. This is especially important when resolving billing.

[image: ]
Figure 16: Query 5 - Customer Payment History (SQL QUERY)
[image: ]
Figure 17: Query 5 - Customer Payment History (RESULT)
Query 6 - Most In-Demand Parking Location: Most In-Demand Parking Location Groups returns a list of the bookings ordered by site_name, along with the number of bookings in each site, from most to least. This can then be fed back to management to inform the decision-making process on resource allocation and prioritise the need for expansion sites.
[image: ]
Figure 18: Query 6 - Most In-Demand Parking Location (SQL QUERY)
[image: ]
Figure 19: Query 6 - Most In-Demand Parking Location (RESULT)

[bookmark: _Toc232081829]Testing and Validation
The functional requirement scenario was tested to check the accuracy and the integrity of a database.
Referential integrity testing: An attempt was made to insert booking records having VehicleID and SlotID values that do not exist in the database. Those were rejected by the system, and foreign key constraints are working as expected [7].
Data type validations: Text data was entered in the numeric and date fields. Accesses and changes to invalid entries – Validates the data type restrictions at the field level.
Query accuracy testing: Queries were verified for correct results based on raw table data, and checks were performed to ensure proper join results. Query 6 was verified by computing the total number of bookings by site and comparing it to the number produced by the query [8].
Testing of null constraint: Attributes that are NOT NULL (CustomerName and RegistrationNumber) were tested by trying to enter blanks. A record was either not filled out or could not be saved in the system.
There are 6 functional requirements (slot availability tracking, vehicle identification, booking management and payment recording, multi-site reporting, customer history) which have been tested and validated to be working.
[bookmark: _Toc232081830]Design Decisions and Future Work
1. [bookmark: _Toc232081831]Design Decisions: It has been decided to normalise parking sites & parking slots into two tables instead of combining the two. While there's one site with a slot, there are many slots in one site. The combination of these would result in a great deal of data redundancy. The separation will enable another level of detail at the slot, allowing omitting site information in each row.
The Booking table is the centre point of the system, linking together vehicles and slots, as well as containing time-related information. In the above design, a single slot could be used for several bookings on different dates without collisions.
Payment has been split off – not added to Booking. Such a separation allows for future changes (e.g. split payments, refunds) without having to change the basic book code.

2. [bookmark: _Toc232081832]Future Work: There is a need for enhancement in future developments in the system. Firstly, if the slots could have an automated Update status, then we wouldn't be stuck with Update Status for AvailabilityStatus after every booking occurs. Second, it should be possible to add an hourly rate to the parking slot/parking site table so that spending can be automatically calculated based on the duration of parking and entered instead of being entered manually. Thirdly, a table management for staff could be added so that whatever a staff member does to make a booking, that staff member can be responsible for that booking, which makes it easier to track bookings across sites.
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