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                                             Scenario Analysis
Autopark Management System They now depend handwritten pa per records to track vehicles, slots, clients and payments at parking sites across the city. This approach frequently leads to mistakes, data deficit and emaciated parking spaces. To solve this, they desired a concentrated Microsoft Access database that would automate the whole process, pursuing slot availability, vehicle activities and payment transactions in legitimate period. The system would also produce management reports on occupancy rates, income trends and overall ground performance to improve functional effectiveness [1].
[bookmark: _Toc210402486][bookmark: _Toc210402487]                                 Entity Relationship Diagram (ERD)
1. List of attributes and their descriptions
1. Parking Site
Refers to a personal parking space controlled for one company.
Attribute                                         Description 
Site ID                                           Unique identifier each parking location 
Site Name                                     Name or label 
Address                                         Street address 
City                                                The city at which point the site is situated 
Total Slots                                      Total number of parking slots on the site 
Contact Number                             Phone number for spot administration

2. Parking Slot 
Individual parking space inside a site. 
Attribute                                           Description 
Slot ID                                              Unique identifier for the slot 
Slot number                                     Physical label 
Slot Type                                          Standard / EV Charging / Handicap / Large 
Vehicle Hourly Rate                          Hourly cost for utilizing the slot 
Status                                                Available / Occupied / Reserved / Maintenance

3. Customer (Vehicle Owner)
The person who acknowledges a vehicle and uses the parking service.

Attribute                                                 Description
Customer ID                                          Unique identifier of the customer 
First Name                                             Customer's first name
Last Name                                              Customer's last name 
Phone                                                     Mobile or contact number 
 Email                                                      Email address 
Address                                                   Residential or trade address 
Registration date                                     Date on that the client recorded 

     4.Vehicle 
The vehicle possessed by the customer. 
Attribute                                                      Description 
Vehicle ID                                                   Unique identifier for the vehicle record 
License plate                                              Registration number 
Vehicle model                                             such as, "Honda Civic
Vehicle color                                               Red 
Vehicle type                                                Car / Bike / Truck 
Note: A customer can have diversified vehicles (for instance, family car, company fleet).

5.Booking Records 
Each parking session (entry/exit) of a vehicle in a particular slot. 
Attribute                                                      Description 
Booking ID                                                  Unique identifier each parking 
Entry time                                                   Date and time of entrance into the car park
Exit time                                                      Date and time vehicle leaves
Booking Status                                              Active / Completed / Canceled 
Total hours                                                    automatically calculated from access    
                                                                      and exit times. 
Total amount                                                 calculated based on hourly rate and 
                                                                      total hours.

6.Payment 
Records the financial transaction for a completed booking.
Attribute                                                         Description 
Payment ID                                                   Unique identifier for the payment 
Payment method                                           Cash / Credit card / UPI/ Membership 
Amount paid                                                  Total amount collected 
Payment Time                                                Time stamp of the payment 
Payment Transaction                                     External reference
[bookmark: _Toc210402488]






2. List of relationships and their meaning
	        Relationship  
	              Type
	          Explanation

	          Site-Slot                    

	        One-to-many
	A site has many parking slots. Each slot belongs to particularly           individual site.

	       Slot- Booking

	        One-to-Many
	A slot can have numerous bookings over time (ancient record), but there is only one active booking per place at any given moment.

	    Customer- Vehicle
	         One-to-Many
	A customer can own individual or more vehicles. Each vehicle is owned by accurately single customer.

	    Customer-Booking
	      One-to-Many
	A client can create many bookings over time.

	      Vehicle-Booking
	       One-to-Many
	A specific vehicle can be scheduled multiple times (indifferent parking meetings).

	      Booking-Payment
	        One-to-One
	In standard parking, one booking leads to one final payment. However, the design allows for multiple payments. Typically treated as one-to-one for simplicity.











[bookmark: _Toc210402489]3. ER diagram [2]

[image: The image displays a database schema for a parking management system, illustrating various tables such as 'ParkingSite', 'ParkingSlot', 'Customer', and 'Payment', and their associated fields.

AI-generated content may be incorrect.]


[bookmark: _Toc210402490]                                       Normalization Table 

1. Parking Site (3NF)
	






	







	


Stores information about each parking location.

	Field Name
	Type
	key
	Notes

	SiteID
	Integer
	PK
	Unique identifier

	SiteName
	Text
	
	Name of the site

	Location
	Text
	
	Address/area

	TotalSlots
	Integer
	
	Total number of slots




2. Parking Slot (3NF)
Each slot belongs to a parking site.

	Field Name
	Type
	Key
	Notes

	SlotID
	Integer
	PK
	Unique slot ID

	SiteID
	Integer
	FK → ParkingSite.SiteID
	Slot belongs to a site

	SlotNumber
	Text
	
	Unique per site

	SlotType
	Text
	
	Regular, Disabled, EV

	Status
	Text
	
	Available/Occupied



3. Customer (3NF)
Stores customer personal details.
	Field Name
	Type
	Key
	Notes

	CustomerID
	Integer
	PK
	Unique customer

	Name
	Text
	
	Full name

	Address
	Text
	
	Home address

	ContactNumber
	Text
	
	Phone number



4. Vehicle (3NF)
Each vehicle belongs to a customer.

	Field Name
	Type
	Key
	Notes

	VehicleID

	Integer
	PK
	Unique vehicle

	LicensePlate

	Text
	
	Unique plate

	Model

	Text
	
	Vehicle model

	Color

	Text
	
	Vehicle colour



5. Booking (3NF)
A booking links customer → vehicle → slot.
	Field Name
	Type
	Key
	Notes


	BookingID
	Integer
	PK
	Unique booking


	CustomerID
	Integer
	FK → Customer.CustomerID
	Who booked


	VehicleID
	Integer
	FK → Vehicle.VehicleID
	Which vehicle


	SlotID
	Integer
	FK → ParkingSlot.SlotID
	Which slot


	CheckInTime
	Date/Time
	
	Start time


	CheckOutTime
	Date/Time
	
	End time




6. Payment (3NF)
Each payment is tied to a booking.
		Field Name
	Type
	Key
	Notes

	PaymentID
	Integer
	PK
	Unique payment

	BookingID
	Integer
	FK → Booking.BookingID
	Payment for booking


	Amount
	Currency
	
	Payment amount

	PaymentDate
	Date
	
	Date paid


	PaymentMethod
	Text
	
	Cash / Card / Online
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                                       Sample Data Population 
                        Screenshot of the all the tables showing the data
[image: The image displays a table listing various locations, including Central, Riverside, Mall Road, Airport, and Terminal, each with their respective addresses, contact phone numbers, and total slot counts.

AI-generated content may be incorrect.][image: The image displays a table with customer information, including names, emails, phone numbers, and registration dates.

AI-generated content may be incorrect.][image: The table displays various slot identifiers, floor levels, and availability statuses for different types of slots.

AI-generated content may be incorrect.][image: The table displays various vehicle details, including Vehicle IDs, Customer IDs, and attributes such as make, model, color, and type.

AI-generated content may be incorrect.][image: The image displays a table with columns for various booking details such as VehicleID, EntryDate, ExitDate, BookingStatus, and Time, with rows filled with specific booking data.

AI-generated content may be incorrect.][image: The image displays a table with columns for payment methods, amounts, dates, and confirmation statuses, indicating various transactions.

AI-generated content may be incorrect.]
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                                    Query Development
                             The screenshot of the results

Query 1: Real-Time Slot Occupancy by Site

[image: The table displays various locations, their total slot capacities, available slots, and the percentage of occupancy.

AI-generated content may be incorrect.]
[image: The image displays a table with a series of transactions, each showing a date, a number, and a dollar amount, indicating daily payments and revenue.

AI-generated content may be incorrect.]Query 2: Daily Revenue Trend







Query 3: Average Parking Duration per Site

[image: The table displays a list of site names and their corresponding average page views, with numerical values for certain locations.

AI-generated content may be incorrect.]

[image: The image displays a table listing customer names, phone numbers, and an associated identifier.

AI-generated content may be incorrect.]Query 4: Frequent Customers






  Query 5: Currently Active Bookings 

[image: The image displays a table with various car dealership entries, including model names, license plates, and scheduled times.

AI-generated content may be incorrect.]
[bookmark: _Toc210402493]                                        Testing and Validation
To validate that the AutoPark Management System meets all practicable requirements, I acted a precise Unit, Integration, and User Acceptance Testing (UAT) procedure straight inside Microsoft Access. Here is explanation of how I tested and validated each core necessity,   
                              Real-time Slot Availability Tracking 
Test- Created 5 test bookings for a distinguishing site (Site A, 10 total slots). Entered check-in and check-outs applying bound forms. 
Validation- Ran the qry_AvailableSlots query afterwards each undertaking. The applicable count decreased/raised instantly. Manually verifiable that the system stopped double-booking the same slot for coinciding times utilizing the Validation Rule in the table properties.
                      Vehicle Movement Monitoring (Check-in/Check-out) 
Test- Used a continuous form to scan (enter) 50 dummy vehicle registrations. Performed check-outs by entering the actual exit period. 
Validation- Verified that the tbl_Bookings table right stocked Entry Time, Exit Time, and Duration (calculated by way of an UPDATE query). Checked that a vehicle could not be examined twice outside a new booking by bringing about the Before Update occurrence (VBA) to look for open records. 
                                        Payment Transaction Recording 
Test- Processed 30 payments using different methods (Cash, Credit, Monthly Pass) through the frm_Payments subform.
Validation- Ran a Totals query arrangement by PaymentMethod. Verified that the AmountPaid matched the pre-calculated Rate Duration. Confirmed that all payment record connected to a genuine BookingID (Referential Integrity enforced) what the PaymentDate auto populated along Date.    
                                      Centralized Multi-Site Management 
Test- Created 4 specific sites (Downtown, Airport, Mall, Stadium) beside 20–50 slots each. 
Validation- Opened a main form along a variety box to filter by SiteID. The system correctly presented only the slots and bookings owned by that site, proving that the foreign key (SiteID in tbl_Slots) was right leaking data.      
                      Report Generation (Occupancy & Revenue Trends) 
Test- the table along 6 months of archival data (approx. 2,000 records). Ran rpt Occupancy (showing current usage %) and rpt_RevenueTrends (gathered by Month/Site). 
Validation- Cross-referenced the report totals (like, total revenue for Jan = $5,200) against manual Excel calculations of the raw table info. The reports matched to the insignificant value. Verified that the occupancy report highlighted peak hours right using a DCount expression. 
                                         Data Integrity & Error Prevention 
Test- Intentionally pursued to enter invalid data (for example, negative period, text in numeric fields, duplicate primary keys). 
Validation- The table Validation Rules and Input Masks (for License Plates) rejected invalid accesses with convenient wrong messages. The friendships were proven with "Cascade Delete" offended to prevent accidental removal of parent records along active child bookings.                                                 
                                                           Summary 
I conducted a parallel run position the manual paper scheme and the new Access database ran sideways for 3 days. All 78 transactions all along that period matched 100% between the manual logs and the table outputs, confirming the system is stable, correct, and ready for distribution.

[bookmark: _Toc210402494]                               Design Decisions and Future Work

Here is a structured breakdown of my Design Decisions and Future Work guideline for the AutoPark Management System -

                          Design Decisions, Summary & Challenges

I built a normalized relational database in Microsoft Access consisting of 6 basis tables:
	         Table 
	                                         Purpose

	tbl_Sites

	Store’s parking location names, addresses, and total ability

	tbl_Slots 
	Individual workplace linked to sites (Slot Number, Type: EV/Standard/Handicap)

	tbl_Customers 
	Vehicle holder details (Name, Phone, Email, Membership Tier)


	tbl_Vehicles 
	Vehicle registrations linked to customers (License Plate, Make, Model, Color)

	tbl_Bookings 
	Check-in/out transactions (EntryTime, ExitTime, SlotID, VehicleID, Status: Active/Completed)

	tbl_Payments 
	Payment records linked to bookings (Amount, Method, Date, Transaction ID)




Relationships: One-to-Many relates with Referential Integrity enforced (such as, individual Site - many Slots, individual Booking- individual Payment).
                                                Design Decisions 
Separated Customers from Vehicles. Used Status field in Bookings. Stored EntryTime and ExitTime as separate fields. Normalized to 3NF. Used Combo Boxes on Forms. Implemented Input Masks. Chose Access over SQL Server. 
                                             The Challenges i faced ```
Challenge
Real-time slot availability along extending bookings. Preventing double-amount for the same booking. Handling changing pricing (hourly vs. everyday vs. monthly passes). Slow report creation along 10,000+ test records. User distraction with data access forms. Ensuring data integrity during manual experiment.
Solution 
Built a AvailableSlots using a NOT EXISTS subquery that checks two together EntryTime and ExitTime ranges. Tested along edge cases (like, check-out at exact same minute). Added a PaymentStatus field in tbl_Bookings and a VBA Before Update occurrence on the payment form that checks if PaymentID then exists for that BookingID. Created a tbl_Rates lookup table (connected to SiteID and VehicleType). The payment form calculates AmountDue dynamically using a DLookup function based on Duration. Created aggregate queries (Totals queries) and arranged foreign keys (SiteID, VehicleID, BookingDate). Reduced report load time from 12 seconds to under 2 seconds. Built a Navigation Form beside clear tabs(Check-In- Check-Out) Payments. Added tooltips and a "Today's Summary" subform on the instrument panel for instant optic response. Used Access's Table Level Validation Rules (such as ExitTime - EntryTime, Amount > 0) and Required = Yes, on critical fields in case ineffectual values [2].  
                                                   Future Work 
If likely additional time and budget, I would implement the following features to boost the system, 
                                                                      (Short-term)
	               Feature
	                                                     Benefit

	Mobile Check-in App
	Build a PowerApps or low-code front-end that attaches to the Access backend (via SharePoint or SQL Server migration). Allows attendants to scan QR codes on entry.

	SMS/Email Notifications
	Integrate with Twilio API to send automated alerts


	Dynamic Pricing Engine
	Adjust hourly rates based on real-time occupancy. Requires a new tbl_PriceRules table and a background timer query.


	Customer Loyalty Dashboard
	Track frequent parkers and auto-apply discounts (every 10th stay free). Add a LoyaltyPoints field in tbl_Customers.



	                                                           (Long-term)
	               Feature
	                                                  Benefit

	License Plate Recognition (LPR) Integration
	Interface with ANPR cameras at entry/exit gates. Automatically populate VehicleID and trigger check-in/out without human intervention.

	Cloud Migration
	Move backend to Azure SQL or AWS RDS while keeping Access as the front-end. Enables multi-branch synchronization and disaster recovery.

	Predictive Occupancy Forecasting	
	Use historical data (stored in tbl_Bookings) to build an ML model (via Python integration) that predicts peak hours 7 days ahead. Display as a heatmap on the dashboard.


	Automated Financial Reconciliation
	Generate daily settlement reports for each payment method (Cash vs. Card) and export directly to accounting software (QuickBooks/Xero) via CSV/API.

	Role-Based Access Control (RBAC)
	Create user logins with permissions: Attendants (check-in only), Supervisors (modify rates), Managers (view all reports), Admins (user management). Access's built-in security can be extended with VBA.


	IoT Sensor Integration

	Connect ultrasonic sensors on each slot to update tbl_Slots.Status in real-time, eliminating manual entry errors.
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