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[bookmark: _Toc231669632]Introduction
The design and implementation of an AutoPark Management System database using Microsoft Access is presented here [1]. The idea of the system is to take the manual booking and record of parking away from the process and create a structured database to keep accurate records of parking information, vehicles, slots, customer information, and bookings & payments. The scenario illustrates how the organisation has multiple parking sites throughout the city, with the manual process leading to inaccuracies, loss of information, slow searching, and poor space utilisation. The database was therefore intended to aid in the control of operations, in maintaining an effective record system, and in guiding management decisions. The implementation's been built according to the relational database model, as the information in the scenario is related by clear business relationships. Vehicles can be owned by customers, and there are many possible bookings for a vehicle. A vehicle can be assigned to a parking site, and each completed booking may have a payment record. Microsoft Access worked well for this purpose because it allows for tables, keys, relationships, referential integrity, queries, and reports to be stored in one database file.
[bookmark: _Toc231669633]Scenario Analysis and System Purpose
AutoPark needs an integrated solution with which to track the complete parking procedure from vehicle entry to final payment. The existing manual method is not effective, as it relies on often-repeated writing, manual checking, and individual records [2]. This adds further risk for replicating customer information or for the status of the slot to be mistaken or data on payment to be lost. To solve these problems, the new database design puts each type of information in a different table and relates the information together using primary and foreign keys. The primary function of the system will be to enable the staff to locate the sites, availability/parking of the sites, presence of vehicles in the sites, and booking periods and payments at the sites. This also helps in management by providing useful query results, e.g., what is the revenue per parking site, what number of vehicles are parked at a given site, and what is the most used park site. The database is not just a repository; it is, above all an operational information system that helps to improve the control and monitoring of parking [3].
[bookmark: _Toc231669634][bookmark: _Toc1787742071]Implementation Alignments
The implementation directly correlates with Task 1, as the following elements are represented: scenario analysis, entity identification, ERD structure, development of the tables, relationship constraints, sample data, queries and testing evidence. The practical component is contained in the database file that is created in Access, and the explanations in this report are about the logic of the design. Data structure development is shown in the tables; ERD and cardinality are shown in the Relationships window, and the queries show how data can be used to extract and provide meaningful operational information [4]. This also explains what is meant by 'normalisation' and 'validation', both crucial elements of proving the database are built right. This is significant since a submission that includes a distinction level will not be just a series of screenshots; it will also contain the explanation of why each of the design choices was appropriate for the AutoPark scenario and how the implementation will address the business need.
[bookmark: _Toc231669635][bookmark: _Toc635114920]Entities and Relationships
The following are the 6 main entities found: parking site, parking slot, customer, vehicle, booking, and payment. Location-level information stored in a parking site includes the park name, location, and level. Each individual space stored in a parking slot has associated with it the number of the slot, its type, and its status. Vehicle owner information (name, phone, and email are recorded by the customer). Vehicle stores: Registration number, vehicle type, and colour, and associates each vehicle with its owner. Records that are the vehicle that used a slot and when it was entered, exited, and booked. Payment records the itemised amount, how, and when it is paid for a booking. Most relationships are one to many [5]. The single parking site may contain multiple slots, and each of the slots is associated with a single site. One can own several vehicles; all the vehicles belong to one. There are numerous bookings for one vehicle over time, and a single booking relates to one vehicle. Each booking uses one slot at different times.
A slot can be used in many bookings. This simplified system will allow for one booking to be tied to one payment. These relationships enable the database to be traceable, i.e., a payment could be traced back to the booking, vehicle, customer, slot and site.
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Figure 1: Booking table design showing vehicle, slot, entry time, exit time and booking status
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Figure 2 Relationship diagram showing primary key and foreign key links between all tables
[bookmark: _Toc231669636][bookmark: _Toc1475868569]Data Structure Development
The database was created using Microsoft Access, with the use of various tables and appropriate data types. Primary keys like SiteID, SlotID, CustomerID, VehicleID, BookingID and PaymentID were added using AutoNumber so that they are automatically generated. For foreign keys (SiteID in ParkingSlot, CustomerID in Vehicle, VehicleID and SlotID in Booking, and BookingID in Payment), 'Number' was used. Name, phone number, email, registration number, vehicle type, vehicle slot type and vehicle slot status were entered using short text. Entry time, exit time and payment date were further used on that date/time, the amount of payment was recorded using currency. The relationships were defined in the Relationships window, and enforced referential integrity was used [6]. This was an important control, as it prevents child records from being created without having valid parent records. For instance, once an existing vehicle is booked, if it is not registered in the system, the booking cannot be created, and if the customer doesn't exist, no vehicle can be associated with the booking. This enhances data integrity and increases the reliability of the database for use in operations.
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Figure 3 Vehicle table design showing vehicle registration details and customer foreign key
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Figure 4: Customer table design showing customer identification and contact details
[bookmark: _Toc231669637][bookmark: _Toc990917192]Normalisation Compliance
The database design is designed in third normal form to minimise redundancy and dependency issues. Every field contains only a single value, and every record is identified by the primary key. For instance, customer name and phone and email are in separate fields, as are vehicle registration and vehicle type. This simplifies the search, update and validation of records. The second normal form is considered because every non-key attribute is dependent on the primary key of its own table. The Vehicle table provides details about vehicles, the Customer table provides details about customers, and the Payment table provides details about payment transactions. Transitive dependency is the avoidance of which creates the third normal form. To some of the other examples given above, one notices that in this case, the name of the site is stored in ParkingSite instead of in Booking and so is accessible via ParkingSlot. The customer name is not present in the booking but can be accessed through the vehicle [7]. This design minimises duplication and maintains consistency if there is a change in data.
[bookmark: _Toc231669638][bookmark: _Toc1458232645]Sample Data Population
[bookmark: _Int_ZPhdSq3K]The structure of the tables was designed, and then sample data was loaded into each table to run the system using realistic records. City-based parking locations were added to the parking site. The individual slot numbers, slot types and slot statuses (available, reserved and occupied) were placed in parking slots. Customer records included real names, telephone numbers, etc., and vehicle records included registration numbers and types with the correct customer. The record of actual parking activity was included. To see vehicles that are actively parked, some bookings were active; some bookings were completed to see finished bookings. Payment details for the bookings made were then captured, such as amount paid, method and date. This sample data will be required since it is only when records are linked across all the related tables that queries can yield useful results. This also confirmed that referential integrity had been working as it should, as Access would not allow for the saving of related records if the customers, vehicles, slots and bookings were not valid.
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Figure 5 ParkingSite table populated with sample parking location records
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Figure 6: Vehicle table populated with sample vehicle registration records
[bookmark: _Toc231669639][bookmark: _Toc345967820]Query Development
Some functional questions were developed to illustrate the use of the database. Occupied Slots will return records that have the slot status of occupied or booking status of active [8]. This enables staff to easily recognise spaces that are not available. The vehicles of a specific site query the vehicle, booking, ParkingSlot and ParkingSite. This shows information like the site name, slot number, registration number, the type of vehicle entering and if it has been booked or not. The parameter can be entered in 'Site Name' for the user to input when the query is run. The revenue by site query joins Payment, Booking, ParkingSlot and ParkingSite, and groups together records by site and adds up the sum of the payments. This helps management, as they know which sites are earning more. Vehicle details by slot number is another search that enables the staff to find out what is taking up a particular slot in the vehicle. The most-used parking site query returns a list of bookings at a site, sorted in descending order based on the number of bookings. The relational design can yield valuable information without redundant data being duplicated in these queries.
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Figure 7 Query design for currently occupied parking slots
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Figure 8 Query result showing currently occupied parking slots
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Figure 9  Query design for vehicles parked at a selected parking site
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Figure 10 Query design for revenue generated by each parking site
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Figure 11: Query design for most frequently used parking site
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Figure 12 AutoPark booking report generated using Microsoft Access Report Wizard
[bookmark: _Toc231669640][bookmark: _Toc518188441]Validation and Testing
Validation and testing were carried out to ensure that the implemented solution fulfilled the functional requirements [9]. The first test was to determine if records can be successfully placed in each table. The correct record of customer, vehicle, site and slot, booking and payment was kept. The second test looked to see if referential integrity caught invalid data. For instance, it should not be possible to book a vehicle that is not in the database or to book a slot for a vehicle that does not have one. This verified that they were in relation as desired. The third test was for the accuracy of the query. The "occupied slots" query only returned results that were relevant to the query, the "vehicles by site" query returned vehicles in the building selected in the query, and the "revenue" query sums the totals by location. The vehicle returned the proper information for the vehicle slot query, and the most used site returned the most popular site at the top of the list in the site query. The tests revealed the ability of the database to enter data, maintain relationships, and provide valuable operational results.
[bookmark: _Toc234214926]Table 1 Validation and Testing Results for the AutoPark Management System
	Test Action
	Expected Result
	Actual Result
	Status

	Create all required tables in Microsoft Access.
	All six tables should be created successfully.
	ParkingSite, ParkingSlot, Customer, Vehicle, Booking and Payment tables were created.
	Pass

	Assign primary keys to each table.
	Each table should have a unique primary key.
	Primary keys were assigned correctly to all tables.
	Pass

	Create foreign key relationships between related tables.
	Tables should link correctly through matching ID fields.
	Relationships were created between sites, slots, customers, vehicles, bookings and payments.
	Pass

	Enable referential integrity.
	Invalid records should not be accepted without related parent records.
	Referential integrity was applied successfully.
	Pass

	Enter sample data into all tables.
	The database should accept realistic sample records.
	Sample data was entered successfully without errors.
	Pass

	Run occupied parking slots query.
	The query should display only occupied slots.
	Occupied slots were displayed correctly.
	Pass

	Run vehicles at selected site query.
	The query should display vehicles parked at the selected parking site.
	Vehicles linked to the selected site were shown correctly.
	Pass

	Run revenue by site query.
	The query should calculate total revenue for each site.
	Revenue totals were generated correctly.
	Pass

	Run vehicle by slot query.
	The query should show vehicle details for a selected slot.
	Correct vehicle and slot details were displayed.
	Pass

	Run the most-used parking site query.
	The query should identify the site with the highest number of bookings.
	The most frequently used parking site was displayed correctly.
	Pass

	Generate an access report.
	The report should present booking or revenue information clearly.
	The report was generated successfully.
	Pass

	Check database against assignment requirements.
	The system should manage sites, slots, customers, vehicles, bookings and payments.
	The database met the main functional requirements.
	Pass


[bookmark: _Toc231669641][bookmark: _Toc911630402]Design Decisions and Reflection
The major design issue was whether to opt for one flat table or a relational database structure. If there were many customers, then the names would be duplicated in many rows in a flat table, along with site name, vehicle information, etc., and payment details. This will make the updates hard to make and lead to more inconsistencies. Each major concept is presented in its own table, reflecting a more professional, database design-orientated presentation [10]. One of the major challenges was to maintain 'Booking' as the core transaction table. This is to reflect the business process. A booking is the event that uses a vehicle to use a parking slot. Payment was tied to Booking so that financial data is directly tied to parking. One of the issues during implementation was the ability to understand joins among multiple tables, particularly for the 'vehicles at a specific site' query. The vehicle is not directly connected to the site but by way of booking and parking slot. This demonstrated the need for a relationship design that is clearly understood before developing a query.
n fields where appropriate, like payment method, booking status and slot type. Secondly, automatic updates of the slot status could be added to the system. When a booking is made, Future Improvements
The current system fulfils assignment requirements, but there are several things that could be improved. User-friendly forms could be developed for the customers, vehicles, bookings and payments [11]. The forms would make the system easier for staff and minimise the chance of data being typed straight into tables. Other consistency improvements might be achieved with a dropdown menu; when made, the booking might fill the slot automatically, and once the vehicle is picked up, the payment is made and the slot is set to available. Third, dashboard reports can be included with data for revenue, occupancy rate, "unpaid bookings" and busiest locations. The validation could also be tightened to catch payment amounts of less than zero and registration numbers that are already registered with other customers before they can be registered again, as well as other exit times before entry times.
[bookmark: _Toc231669643][bookmark: _Toc1900728175]Conclusion
The AutoPark Management System database offers a structured approach to manage parking spaces, positioning, customers, vehicles, bookings and payments through a Microsoft Access database. The design incorporates primary key, foreign key and referential integrity, ensuring the connections between the records are appropriate and that no data is missing. This also adheres to normalisation principles, which means that there is no duplication and each table holds only information about one main subject. The queries that are created in the system illustrate the actual use of it. Staff can find slots that are occupied, check for vehicles on a specific site and find a vehicle in a set slot. Management can analyse revenue and determine the most popular parking lot. Testing showed the system works correctly as it allows for accurate data entry, keeps relationships and generates meaningful query results. The implementation is a straightforward and effective database solution that directly corresponds to the scenario in the assignment and the business requirements of AutoPark.
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Figure 13 Booking table populated with sample parking transaction records
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Figure 14 Query result showing vehicles parked at a selected parking site
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Figure 15 Query design for currently occupied parking slots
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Figure 16 Payment table populated with sample payment transaction records
image2.PNG
Tools

|® | Bookingip]
VehiclelD
Slotid
EntryTime
ExitTime
BookingStatus

General Lookup.
Field Size

New Values
Format

Caption
Indexed

Text Align

Show/Hide | Field, Record & Table

73 Vehicle table structure X T3 Booking table structure %

_ FeldName DataType

AutoNumber
Number
Number
Date/Time
Date/Time
Short Text

Long Integer
Increment

Ves (No Duplicates]
General




image3.PNG
ST B Al REaHCTETES

All Access Obj..© < =i Add Tables x
Sem. [SS——— [ —— p— aingo bl g
p o ngsit ngs Tables. Links Queries All
Tables ~ ¥ Sookingid Iz ¥ Customerd L ¥ sitep T siotp =
I Booking tabe structure Venicp Fullame Sitetiame Siteid
SlotiD j—- Phone. Location SlotNumber
2 Cosome e e grone el oy sorme Corremn |
& Paringsite oame st Customertablestructure
3 paringsit tble dsign ot patngste
2 boymenttable e [E—— [re—— pangsiotabiecesion
Pomerttabe e
Sl T e T Veide e stuetre
2] rooman Z| " lotomero
romenote





image4.PNG
> o ~

General Lookup.
Field Size

New Values
Format

Caption
Indexed

Text Align

T Vehicle table structure X

_ FeldName DataType

|® vehiclen| AutoNumber
CustomeriD Short Text
RegistrationNumber Short Text
VehicleType Short Text
Color Short Text

Long Integer
Increment

Ves (No Duplicates]
General




image5.PNG
Tools Show/Hide  Field, Record & Table Events Relationships
£ ParkingSite X | £ ParkingSlot table design X T3 Customer table stracture X

_ FeldName DataType

|® customerin| AutoNumber
FullName Short Text
Phone Short Text
Email Short Text

Fiel
General Lookup.

Field Size Long Integer

New Values Increment

Format

Caption

Indexed Ves (No Duplicates]

Text Align General





image6.PNG
View
- ~ < Format Painter
Views Clipboard

::)

L s s )

Booking table structure
Customertabe sructure
Paringsite

ParingSit table design

Payment table structure

Vehicletable structure

Ad Uescending & Advanced ™ LG save v 2pelling

Filter Refresh
50 RemoveSort 7 Toggle Filter Al X Delete ~ FHMore~

E Sort & Fier Records
| sitelD | SiteName | Location - Clickto Add -

1 Central Plaza Birmingham C 120

2 Riverside Park Manchester %0

3 Victoria Statio London . 150

4 Westgate Mall Oxford 80

(New) 0

Find




image7.PNG
Views Clipboard
All Access Obj... <
Search... 2l
Tables ~

1 Booking table structure

Customertabe structure
ParkingSite

ParkingSit table design
Payment able structure

B3| B E E B3

Vehicle table structure

5

&7 TETEEEEEE U T

Sort & Fitter

e = B T

Records Find

1 Vehicle table structure X

*

| VehiclelD - | CustomeriC - |Registratior - |VehicleType - | Color - |ClicktoAdd

11 AB12 CDE Car Black
22 XY21ZRT suv ‘White
3 3 LM19 KHN Van Silver
PQ67 LND Car Blue
(New)




image8.PNG
= EERZEE @ Union S sertRows | UF Insert Columns S [ Breevse
View Run  |Select| Moke Append Update Crostab Delete @ PassThiough | pgq | 5 Deleeons Totals Parameters (23 Table Names
P Toble M Data Defnition | Tobles | % Buider
Resutts auery Type Query setup ShowHide
" OecupieaSiot X
All Access Obj...® < | Quent ot
Search. pel ParkingSlot table desi... 0
Tables S
2 Booking table structure ¥ st
Step
= Customertable structure b
= parkingsite Siotype
3 ParingSiot table design sttus
1 Payment table structure
1 Vehicl table structure
Queries ~
51 Query 1 — Occupied Sots o
« —
el Sted Siothumber Siotype Stotus
Table: ParkingSiot tabi des| ParkingSIot table des| Parkingsiot table des | arkingSiot able des
Sort
show: u] u]
Crteria: “Occupiea
«-





image9.PNG
o oo Moy e ELDesendng Fasanceds (o @ o

View | Paste Filter Refresh [0 7 Spelling - ing

- < < Format painter 50 Removesort ' ToggleFiter | Al pelee (B More-
views Cipbourd 5 Sort & Fier

All Access Obj...® ¢ | Query1—Ocapiedsiots X
) _ SlotlD - SitelD SlotNumbei - | SlotType Status
Search... Al g

Tables ~

Records

4 3co1 EVCharging  Occupied
(New) 0

1 Booking table structure

Customertabe structure
ParkingSite

ParkingSit table design

Payment table structure

[ e

Vehicle table structure

f

5 Query 1— Occupied S





image10.PNG
N i X cut Y 2] Ascending %7 Selection v [ Bt 2 Totals. % Replace
Ve oo [copy e ElDmcning Bhdamceas o Sl BSme  Yopang G dGlr
- ~ < Format Painter 59 RemoveSort 7 ToggleFilter | Al X Delete  ~ | More~ ¥ Select~ n
Views Clippoard Sort & Fiter Records Find
All Access Obj...© < ZveracAtS S s
T TP | [ siteName - | Location - [SlotNumber - | SlotType - |Registration - |VehicleType Color EntryTime
serch. Pl
Tables ~ || central Plaza C Birmingham Ci A0 Standard  LM19KHN  Van Silver s SRS Completed
£ Booking table structure
2 Customer table structure
B Parkingsite
£ ParkingSiot table design
£ Payment table structure
£ Vehicletable structure
T ~
Q2 VehiclesAtparticularSite
5 Query 1 — Occupied Sots





image11.PNG
File.  Home Create External Data Database Tools

Help  }2 Tell me what you want to d

N b S Hwenng P sdesins [ S
View

B copy it Bl Descending R Advanced o o e
- < < Format painter 50 Removesort 7 Toggleiter | Al X Deete -
views Cipbourd 5 sort & Fier Records

i © < |3 Queyt X
Al A ccess Ob O o=t

. Ol o =
Tables ~ Riverside Parki Manchester

3 Booking table structure Victoria Statior London sm
B Customer table structure. Westgate Mall Oxford $0.00
£ Parkingsite

3 ParingSiot table design
1 Payment table structure
1 Vehicl table structure

5 2 vendesapiculrite

5 Query 1— Occupied Sl





image12.PNG
X cut P tbsening P seeion-

&
a9

3 copy it Bl Descending R Advanced~ o =
~ ~ < Format Painter 59 RemoveSort Y ToggleFilter | All > i
Views Clpboara E Sort & Fiter
: MostUsedParkingSite X
All Access Obj...© < | .
Seard )
Tables ~ Westgate Mall Oxford 1
B Booking tablestructure Victoria Statior London 1
EE Customer table structure Riverside Parki Manchester 1
3 Parkingsite

3 ParingSiot table design
1 Payment table structure
1 Vehicl table structure

3 Q2 VehiclesAtParticularSite
Q3 RevenueReport

2 Q4 vehicenspeciicsiot
3 Q5 MostUsedParkingsite
B Query 1— Occupied Sits





image13.PNG
Page Size Page Layout Zoom Data Close preview
55 Obj...© < | @Revenueheport T @ RevenueReport X |

9

 table structure

ertable structure

ite

Slot table design SiteName SumOfAmount Location

t table structure Central Plaza Car Park $11.00 Birmingham City Centre
mrzEmEi Riverside Parking. : $7.25 Manchester
esAtParticuls Sn: Victoria Station Parking $8.50 London

ucReport | Westgate Mall Parking. $0.00 Oxford

clelnspecificsiot

tUsedParkingSite

— Occupied Slots

nueReport





image14.PNG
& Format Painter ¥ RemoveSort Y Toggle Filter | All¥ > Delete v g5 More v

Iy Select~

Views Clipboard El Sort & Fier Records Find
All Access Obj...® ¢ | venekeuticsnaue  x [T Booking ubestrucure X

| BookingD - | VehiclelD -| SlotD | EntryTime +| ExitTime - |BookingStat - |ClicktoAdd ~
Search... P 1 1 P T ——— e R
Tables ~ 2 2 L tERR RS EEEIRRREE Active
3 Booking table structure 3 3 1 R AR EREE#HE Completed
AR (AR

[ Customertable structure El El k& essiiery

= parkingste

_____ Cancelled [
* (New)
£ ParkingSiot table design

1 Payment table strcture
1 Vehicetable stucture




image15.PNG
All Access Obj... @

Search...

Tables
3 Parkingsite

<
9

T ParkingSite X

 siteiD
SiteName
Location

| capacity

General Lookup.

Field Size Long Integer
Format

Decimal Places Auto

Input Mask.

Caption

Default Value o

Validation Rule

\Validation Text

Required. No

Indexed No

Text Align General

AutoNumber
Short Text
Short Text

Field Name [ patatype |




image16.PNG
Tools Show/Hide _Field, Record & Table
3 ParkingSite X |1 ParkingSlot table design X
Field Name [ petamype

T siotiD AutoNumber

| siten foumber 5
SlotNumber Short Text
SlotType Short Text
Status Short Text

General Lookup.

Field Size Long Integer
Format

Decimal Places Auto

Input Mask.

Caption

Default Value o

Validation Rule

\Validation Text

Required. No

Indexed Ves Duplicates OK]

Text Align General




image17.PNG
Key fules EAl Modify Lookups  Sheet Macros > Delete
; Tools Show/Hide | Field, Record & Tab

ype

O] [t pagmentin AutoNumber
~ BookingID Number
soking table structure. Amount Currency
PaymentMethod Short Text
SETTISLIINAE PaymentDate Date/Time
rkingsite
rkingSlot table design
yment table structure
hicle tabe sructure

General Lookup.

Field Size Long Integer
New Values Increment

Format

Caption

Indexed Ves (No Duplicates]

Text Align General





image1.png
Prifysgol Cymru
Y Drindod Dewi Sant

University of Wales
Trinity Saint David




