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Abstruct : This paper designs and implements a parking lot system with functional 

modules such as vehicle information recognition with bar code recognition and license 

plate number recognition, vehicle entry and exit management, and signal light 

management, demonstrating the effectiveness of object-oriented design principles and 

patterns in practical applications. The system provides a reliable foundation. 
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1.Introduction 

Parking lot management is a critical aspect of urban life, especially in densely populated 

areas where the availability of parking spaces is limited. To address the challenges 

associated with parking lot management, an object-oriented approach can be employed 

to design and develop an efficient parking lot management system. This project aims to 

create a simulation system using C++ that mimics the operations of a real-world parking 

lot, focusing on vehicle entry and exit management, parking space allocation, and security 

measures. 

Vehicle Entry and Exit Management:The parking lot simulation system will facilitate the 

seamless entry and exit of vehicles. Upon entry, the system will record the time and 

parking position of the vehicle. Similarly, when a vehicle exits the parking lot, the system 

will update the vehicle's exit time and release the occupied parking space for future use. 

This functionality ensures accurate tracking of vehicle movements within the parking lot. 

Parking Space Management:Parking Space Management: Effective management of 

parking spaces is essential to optimize the utilization of available resources. The parking 

lot management system will dynamically allocate parking spaces based on availability. It 

will maintain a record of occupied and vacant parking spaces, allowing for efficient 

parking space allocation. Additionally, the system will implement strategies to handle 

situations such as full parking lots, prioritizing access for different types of vehicles based 

on predefined criteria. 

Security and Surveillance:Security and Surveillance: Ensuring the security of the parking lot 

is paramount to prevent unauthorized access and mitigate potential risks. The parking lot 

simulation system will incorporate security features such as surveillance cameras and 

alarm systems. These measures will help monitor the parking lot environment in real-time, 

detect any suspicious activities, and alert authorities in case of security breaches. By 

enhancing security measures, the system aims to create a safe and secure parking 

environment for vehicle owners. 

The project will utilize an object-oriented design methodology to model the parking lot 

system. Various classes will represent entities such as vehicles, parking spaces, and the 

parking lot itself. These classes will encapsulate data and behavior related to their 

respective entities, promoting modularity and code reusability. Additionally, interactions 

between classes will simulate the dynamic operations of the parking lot, allowing for a 

comprehensive representation of its functionalities. 

In conclusion, the development of an object-oriented parking lot management system 

offers a practical solution to the complex challenges associated with urban parking. By 

simulating vehicle entry and exit processes, managing parking space allocation, and 

implementing security measures, the system aims to streamline parking lot operations 

and enhance overall efficiency. Through this project, valuable insights into object-oriented 

programming concepts will be gained, and innovative solutions for parking lot 

management will be explored, contributing to the improvement of urban infrastructure 

and services. 
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2.System Design and Implementation 

2.1 System Framework 

This paper utilizes C++ and Visual Studio 2022 to construct a parking lot system. The 

system primarily facilitates the entire process of vehicles entering and exiting the parking 

lot, which involves identifying vehicle identity information, managing vehicle entry and 

exit, and tracking the number of parking spaces in the parking lot. The flow for users 

entering and exiting the parking lot is as follows: 

1.Check if the indicator light is red, indicating available parking spaces. 

2.Vehicle approaches the barrier. 

3.Vehicle information is recognized using an ID barcode reader or license plate input. 

4.If the information is correct, the barrier opens; if incorrect, the barrier remains closed to 

prevent entry. 

5.Upon correct information, the vehicle enters the parking lot and parks. 

6.Vehicle approaches the barrier at the parking lot exit. 

7.Barrier opens, allowing the vehicle to exit the parking lot. 

 

In the parking lot system, the flow for parking management is outlined as follows: 

1.Detection of vehicle approaching the barrier. 

2.Check if the indicator light is green, indicating available parking spaces. If available, 

continue; otherwise, close the barrier. 

3.Verify input vehicle information against the database. 

4.If vehicle data is correct, open the barrier; otherwise, keep the barrier closed. 

5.Once the vehicle passes through the barrier, close it. 

6.Update parking lot occupancy and update the indicator light. 

7.Detection of vehicle approaching the exit. 

8.Open the barrier. 

9.Verify vehicle has left the parking lot. 

10.Close the barrier. 

11.Update parking lot occupancy and update the indicator light. 

 

2.2 Functional Requirements  

Vehicle Information Recognition and Management: Prior recognition of vehicle 

information is necessary for vehicles entering the parking lot. The management system 

should feature license plate recognition and ID barcode reading capabilities. This 

functionality enhances the efficiency and security of vehicle entry and exit, effectively 

preventing unauthorized access. 

Signal Light Management: Signal light management is a crucial aspect of parking lot 

management systems. It indicates the availability of parking spaces, providing convenient 

parking information to drivers. By implementing signal light management, the parking lot 

management system becomes more intelligent and user-friendly, offering a better parking 

experience for drivers and providing more effective tools for parking lot management. 
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2.3 Class design 

 

Fig.1 Class design 

Barrier: This class manages barriers in the parking lot system, primarily controlling the 

opening and closing of barriers at entrances and exits to allow vehicle passage. It has 

three methods: raise() to raise the barrier, lower() to lower the barrier, and update() to 

update the status of the barrier. 

 

CarPark: The core class of the parking lot system, responsible for managing the entire 

operation of the parking lot. It handles vehicle entry and exit, management of available 

parking spaces, control of barriers, and updating of the full sign. It has three methods: 

enterVehicle() to determine if a vehicle can enter the parking lot, exitVehicle() to process a 

vehicle leaving, and update() to update the status of the parking lot. 

 

Sensor: Used to detect whether vehicles have arrived at the entrance or exit. The method 

detectVehicle() checks if a vehicle is detected and returns a boolean indicating the result. 

 

FullSign: Manages the display of the parking lot full sign. It has three methods: switchOn() 

to turn on the full sign, switchOff() to turn off the full sign, and update() to return whether 

the full sign is currently displayed. 

 

VehicleRecord: Records detailed information about each vehicle, such as the license plate 

number and entry time. It has three main methods: getID() to return the vehicle's identifier, 

getEntryTime() to return the vehicle's entry time, and getStayDuration() to calculate and 

return the vehicle's duration of stay. 

 

EntranceBarrier: A concrete implementation of Barrier, used to control the entrance barrier. 
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It inherits the raise() and lower() methods to raise and lower the entrance barrier, 

respectively. 

 

ExitBarrier: A concrete implementation of Barrier, used to control the exit barrier. It inherits 

the raise() and lower() methods to raise and lower the exit barrier, respectively. 

 

IDReader: An abstract class defining the interface for reading identifiers such as barcodes 

or license plate numbers. It has a method readID() to read and return the identifier. 

 

IDBarcodeReader: A concrete implementation of IDReader, used to read barcodes. It 

inherits the readID() method to read and return barcodes. 

 

NumberplateReader: A concrete implementation of IDReader, used to read license plate 

numbers. It inherits the readID() method to read and return license plate numbers. 

 

2.4 Application of OOP Concepts 

In the design of this parking system, the core concepts of object-oriented 

programming—encapsulation, inheritance, polymorphism, and abstraction—are well 

implemented. 

 

1.Encapsulation: Encapsulation is a fundamental concept in object-oriented programming 

that binds data (attributes) and the code that manipulates the data (methods) together 

into classes. The VehicleRecord class encapsulates vehicle identification information and 

entry time. It provides methods to access this data such as getID() and getEntryTime(), and 

it also includes a method to calculate the stay duration, getStayDuration(). This 

encapsulation protects vehicle data, allowing it to be accessed and manipulated only 

through public interfaces. The CarPark class encapsulates all the details of parking 

operations, such as managing vehicles, controlling entrance and exit barriers, and the 

full-capacity signal, hiding the internal implementation details and exposing only the 

necessary interfaces for external use. 

 

2.Inheritance: Inheritance allows new classes to inherit attributes and methods from 

existing classes. This helps in code reuse and extendibility. For example, the Barrier class is 

an abstract base class that defines the methods raise() and lower() that all barrier classes 

must implement. Its existence allows for the extension of various specific types of barriers. 

EntranceBarrier and ExitBarrier are concrete classes derived from the Barrier class. They 

inherit methods from the base class and can provide specific implementations as needed, 

reflecting code reuse and standardized behavior. 

 

3.Polymorphism: Polymorphism allows the use of a base class pointer or reference to call 

methods of derived classes, enabling the same interface to have multiple implementations. 

The raise() and lower() methods in the Barrier class have specific implementations in the 

EntranceBarrier and ExitBarrier. This allows the CarPark class to uniformly call these 
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methods through a reference to the Barrier class, but the actual methods executed are 

from the derived classes. The IDReader class and its derived classes, IDBarcodeReader and 

NumberplateReader, demonstrate the use of polymorphism. The CarPark class can use the 

interface of the IDReader class to call readID(), while the actual execution is carried out by 

the specific derived class. 

 

4.Abstraction: Abstraction involves using interfaces and abstract classes to define a 

template for operations without specifying the details of the implementation. Both Barrier 

and IDReader are abstract base classes that define a set of interfaces (raise, lower, readID) 

without providing specific implementations. This forces the derived classes to provide 

specific implementations of these methods, ensuring design consistency and system 

flexibility. 

 

3.Performance and Memory Management Analysis 

3.1 Memory Usage Analysis  

Memory allocation methods can be broadly categorized into static and dynamic memory 

allocation, each with distinct purposes and characteristics. Static memory allocation refers 

to memory that is allocated at compile time, and its lifespan typically spans the entire 

runtime of the program. In C++, static memory allocation is common for global variables, 

static variables, and local variables on the stack. The advantages include fast access speeds, 

as memory addresses are determined at compile time, and simple memory management, 

as there is no need for programmers to manually manage the creation and destruction of 

memory. The disadvantages are the lack of flexibility, as the size and lifecycle of the 

memory are fixed at compile time, which can lead to inefficient memory usage, especially 

when the usage duration of variables is significantly shorter than the runtime of the 

program. 

Dynamic memory allocation involves requesting and releasing memory during program 

execution. In C++, this is typically achieved using the new and delete operators, or 

through smart pointers such as std::unique_ptr and std::shared_ptr for automatic memory 

management. The advantage of this method is its high flexibility, allowing memory size to 

be determined at runtime based on actual needs. The disadvantage is that access speeds 

are relatively slower, as it involves pointer usage. In the parking system, the use of 

memory is crucial, especially when dealing with real-time data processing and system 

responses. The code employs smart pointers, specifically std::shared_ptr, to manage 

IDReader and Barrier objects. The primary advantage of these smart pointers is their 

automatic memory management, which prevents memory leaks and simplifies resource 

sharing. They enable automatic memory release, prevent memory leaks, and allow 

multiple pointers to point to the same resource, facilitating easy resource sharing. 

Additionally, the system uses std::vector to store VehicleRecord instances, leveraging the 

convenience of dynamic arrays for easy expansion and contraction. This dynamic memory 

management capability allows for adjustments in capacity as needed and the continuous 

memory layout optimizes access speeds. 
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3.2 Performance Advantage Analysis  

Within the system, methods like CarPark::enterVehicle and CarPark::exitVehicle involve 

multiple conditional checks and frequent calls to virtual functions. The method calls are 

designed to be easily expandable and modifiable, adhering to the open/closed principle. 

It is important to avoid excessive use of virtual function calls in functions that are called 

frequently, especially in performance-critical sections. Additionally, data access and 

processing involve traversing a std::vector to locate specific VehicleRecord instances, 

which is performed efficiently. The current system design already has a solid infrastructure 

and memory management strategy, but there is still room to enhance performance and 

optimize memory usage. By adjusting data structures and reducing the complexity of 

resource management, the system's response speed and efficiency can be further 

improved. 

 

4.System Implementation and Unit Testing 

This section details the implementation of the entire operation process of the parking 

system, along with unit testing of its main modules. The test results and simulated 

operation outcomes are as follows: 

 

Fig.2 TestVehicleRecord.cpp 

 

As shown in Figure 2, the code for TestVehicleRecord.cpp tests the instantiation and data 

retrieval capabilities of the VehicleRecord class. It creates a VehicleRecord object and 

verifies if it can correctly return the vehicle ID assigned at initialization.  

Figure 3 illustrates that the test passed successfully; the VehicleRecord class can correctly 

store and retrieve vehicle IDs, indicating that its constructor and getID method work as 

expected. 

 

Fig.3 The test results for TestVehicleRecord 
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Fig.4 testEntranceBarrier and testExitBarrier.cpp 

 

Figure 4 contains the code for testEntranceBarrier and testExitBarrier, which test the raise 

method of the EntranceBarrier and ExitBarrier classes, respectively. The tests only invoke 

the raise method and assume it functions as expected.  

Figure 5 shows that the test passed successfully; the raise method of both EntranceBarrier 

and ExitBarrier can be successfully called, suggesting that the derived classes correctly 

implement the method of the abstract base class Barrier. 

 

Fig.5 The test results for testEntranceBarrier and testExitBarrier 
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Fig.6 testFullSign.cpp 

 

Figure 6 displays the code for testFullSign, which tests the switchOn and switchOff 

methods of the FullSign class, as well as the state check of the isOn method. Assertions are 

used to verify whether the light status switches correctly.  

Figure 7 shows that the test passed; the state control methods of the FullSign class 

function properly, correctly altering the internal state and accurately reporting the current 

state via the isOn method. 

 

Fig.7 The test results for testFullSign 

 

 

Fig.8 testIDBarcodeReader and testNumberplateReader.cpp 

 

Figure 8 presents the test code for testIDBarcodeReader and testNumberplateReader, 

testing the readID method of the IDBarcodeReader and NumberplateReader classes. 

These tests assume that the readID method returns a fixed string in the test environment, 

verifying the method's invocation.  

Figure 9 indicates that inputting test codes or license plates from the test files resulted in 

the test passing; the IDBarcodeReader and NumberplateReader can return the expected 

string, demonstrating that their readID methods perform correctly and inherit the correct 

structure from the IDReader. 
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Fig.9 The test results for testIDBarcodeReader and testNumberplateReader 

 

 

Fig.10 CarPark.cpp 

 

Figure 10 features the test code for testing key functions of the CarPark class, including 

setting up readers and barriers, and vehicle entry and exit. This test verifies whether 

vehicles can enter and exit the parking lot based on set conditions (vehicle detection, 

space checking, ID verification).  

Figure 11 illustrates that, with input test barcodes and license plates, the CarPark class's 

methods and logic are integrated correctly, capable of handling vehicle entries and exits 

and managing vehicles based on their IDs. Moreover, interactions with the Barrier and 

IDReader classes perform normally, able to call the raise method of barriers under the 

correct conditions. 

 

Fig.11 The test results for CarPark 
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Depicts the simulated process of vehicles entering and exiting the parking system. The 

simulation test inputs valid barcodes and license plates early, testing the entry of 5 

vehicles into the parking lot, with one vehicle exiting as the third vehicle enters. The results 

are shown in Figure 12， A total of five vehicles attempt to enter a parking lot that has a 

maximum capacity of three cars. Initially, the first vehicle enters by scanning a valid 

barcode, causing the barrier to lift and allowing the car to pass through normally. The 

second and third vehicles enter by providing valid license plate numbers, and the barrier 

lifts for each, allowing them to pass through normally as well. At this point, one vehicle 

exits the parking lot, and it is reported that it stayed in the parking lot for 16 seconds. The 

fourth vehicle enters by scanning a valid barcode; the barrier lifts, and the vehicle enters 

the parking lot normally. By then, the parking lot is filled to its capacity with three cars. As 

a result, the indicator light changes, and further vehicles are prevented from entering. The 

last vehicle attempts to enter with an invalid code, and the parking lot denies entry to this 

vehicle. 

 

Fig.10 Carpark Simulation Results 

 

5.User Guide 

System Overview：This parking system is a simulation program designed to mimic the 

entry and exit of vehicles in a parking lot with a limited number of spaces. The system uses 

barcodes and license plate recognition to manage vehicle movements. 
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System Requirements: 

Operating System: Windows, macOS, Linux 

Compiler Environment: Supports C++17, such as GCC, Clang, or Microsoft Visual Studio 

Required Libraries: No additional library dependencies 

 

Instructions for Use: 

Start the Program: After launching, the program automatically enters vehicle simulation 

mode. 

Input Barcode and License Plate Number: The program prompts the user to enter a 

barcode and license plate number. Follow the prompts to enter a predefined valid 

barcode or license plate number, then press Enter to confirm. 

Observe Results: The program responds according to the input barcode and license plate 

number, as well as the parking lot’s status (whether it is full), such as allowing entry or 

denying entry. 

Parking Lot Status Update: The program displays the current status of the parking spaces 

and updates it as vehicles leave. 

End Simulation: Once the simulation is complete, the program will output the final status 

and end automatically. 

 

Frequently Asked Questions: 

Barcode or License Plate Number Input Errors: If the input information is not on the valid 

list, the system will deny entry to the vehicle. 

Parking Lot Full: When the parking lot is full, no vehicles can enter, and the system will 

display a "Parking Lot Full" message. 

 

6.Conclusion 

This project has successfully implemented a simulated parking lot system based on 

barcode and license plate recognition. The system allows the simulation of vehicle entries 

and exits, managing the status of parking spaces through interactions with simulated 

entrance and exit barriers, as well as a full-capacity indicator. The system accepts user 

inputs via a simple command-line interface and can respond based on the availability of 

parking spaces and vehicle identification information. The system design adheres to the 

principles of object-oriented programming, ensuring the modularity and maintainability 

of the code, utilizing concepts like encapsulation, inheritance, polymorphism, and 

abstraction. 

Although the system meets basic requirements, there is potential for future improvements. 

For example, the current system uses a command-line interface, which may not be very 

intuitive or user-friendly. Future developments could include creating a graphical user 

interface to enhance user interaction experiences. Adding networking capabilities would 

allow for remote monitoring and management of the system, support centralized 

management of multiple parking facilities, and enhance data input validation to ensure 

the system effectively prevents invalid or malicious inputs. 
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Appendix 1:Pseudo-code for simulated parking system 

 

 

 

Video link：https://youtu.be/tMiJX5ZRb1M 

Project OneDrive：

https://uowtsd-my.sharepoint.com/:u:/g/personal

/2304727_student_uwtsd_ac_uk/ERiOzvDHljNMhj

EduWwIGrABTyDcQJKrv0ZJMyaISIHupQ 

https://youtu.be/tMiJX5ZRb1M
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