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1. [bookmark: _Toc234187650]Introduction
The term smart parking system (SPS) can refer to a range of technologies that can be implemented in a car park, or parking lot, to provide more advanced features for its users [1]. These features could include automatic parking fee calculation, automatic recording of users’ parking locations or live tracking or live reporting of parking space availability [1]. This can be achieved through the use of various sensors, such as ultrasonic sensors, to detect parking induction, or cameras to enable license plate recognition (LPR), track the location of vehicles and record entry and exit times [1].
This paper will follow a student who has been given the task of designing a prototype SPS for the multi-zone car park at their university. The student has been provided with an initial design in the form of a flowchart. In order to complete the assignment, they must implement the design in the Python programming language, test it for logical errors and make improvements to the SPS design.
[bookmark: _Toc234187651]Implementing the Initial Design
[bookmark: _Toc234187652]First Implementation
To begin the assignment, the student has been provided with a flowchart depicting an initial design for a smart parking system. Flowcharting is a technique for creating a graphical representation of a logical solution for a problem [2]. Flowcharts use symbols to represent various actions, such as input-output, data processing and decisions [2] [3]. These symbols are connected by directional arrows, sometimes called flowlines, which represent the flow of logic between each step and are able to branch or loop back to previous steps when needed [2] [3]. This allows the creator to present a detailed visual map of each logical step required to complete a task [3].
The first task was for the student to implement the logic of the flowchart into a Python program. Python is an interpreted, high-level computer programming language, designed for rapid application development and scripting [4]. It is designed with a simplified syntax, in order to be easy to learn and to make program maintenance cheaper [4]. The interpreter and standard library are available free of charge, across all major computer platforms [4].

[image: ]Figure 1 ~ Flowchart Provided to Student (Part 1)

[image: ]Figure 2 ~ Flowchart Provided to Student (Part 2)

[image: ]Figure 3 ~ Student's Implementation in Python


The flowchart starts with an input-output node, collecting values for the number of zones in the car park and the number of spaces per zone. This has been implemented in Python using the “input” function, which prompts the user to enter values and then stores them within designated variables. The flowchart then describes 3 more variables; zone_counter, max_free_spaces and zone_with_max_free, each containing a value of “1”.
With the initial values established, the flowchart moves on to a Decision node. Here, it branches into 2 possible paths. If the value of zone_counter is greater than the number of zones in the car park, the path leads down to the end of the flowchart. However, since the zone_counter value is initialised as “1”, and a car park must have at least 1 zone, this should not be possible the first time this node is reached. Instead, the other path leads to a series of Decision and Input nodes that gather data for the zone, before incrementing the zone_counter by “1” and looping back to the first Decision node. This functionality cannot be implemented in Python using a standard “if” statement. Instead, a “while” loop is used to repeat the code inside the loop until it is satisfied.
Inside the loop, 3 more variables are defined. First, space_counter with a value of “1”, then occupied_count with a value of “0” and finally total_spaces, which is made equal to the number of spaces per zone. Next is another looping Decision node. As before, this has been implemented as a “while” loop that checks if the value of the space counter is equal to or lesser than the number of spaces per zone. On each rotation, it will use the “input” function to prompt the user to enter “1” if the space is occupied or “0” if it is not. Another loop then repeatedly prompts the user to re-enter the value until it reads either “1” or “0”, to ensures that the user is not able to enter unusable data. Next, another Decision node checks if the value is “1”. If it is, the occupied_count value is incremented by 1. This is used to track the number of spaces in the zone that are currently occupied. Since the branches of this Decision node do not loop, it has been implemented in Python using a regular “if” statement. Finally, the space_counter value is also incremented by 1 and this process will continue to repeat until the value of space_counter has exceeded the total number of spaces and every space in the zone has been processed.
The next step is to take the total number of spaces and subtract the occupied spaces, in order to calculate the unoccupied spaces. The zone’s occupancy percentage is also calculated by taking the occupied spaces, dividing them by the total number of spaces and multiplying the result by 100. This data is now presented to the user, using the “print” function. This is followed by a Decision node, which checks if the occupancy percentage is 80% or above. If it is, a warning is displayed to the user. If not, the flowchart continues to another Decision node. This one checks if the current zone has more free spaces than any previous zones and, if it does, marks it as such and records the number of available spaces. Since there are no looping branches for these Decision nodes, regular “if” statements have been used in the Python implementation. At this point, zone_counter is incremented by “1” and the loop will continue to repeat until every zone has been processed. Once the value of zone_counter is higher than the total number of zones, the flowchart returns to the original Decision node. It can now move down to the final part of the flowchart, an input-output node. This tells the user which zone is the least occupied, by displaying the value of zone_with_max_free and the number available spaces in that zone with the value of max_free_spaces. Now, the flowchart, and the program, can terminate.
[bookmark: _Toc234187653]Testing the Program
With the initial design having been implemented in Python, the next task was to test the program to see if it performed as expected. Software testing is the process of evaluating the behaviour of a program in order identify differences between the expected output and the output received during execution [5]. This helps to verify that the program properly meets its intended specifications [5]. In the case of commercial software development, customers expect high-quality software that is both free of errors and fully capable of meeting their requirements [5]. Even a skilled developer will sometimes make mistakes [5]. Depending on the nature of the software being developed, these mistakes can cost a lot of money or even endanger people’s lives [5]. For these reasons, software testing is a vital step in the development of good software [5].
Here, the student was provided with a table of 4 basic tests to perform on the program. These tests involved entering the inputs specified in the table and recording the output in order to verify that it was consistent and correct. For example, Test A instructs the user to run the program and, when prompted, enter “2” for the number of zones in the car park and “4” for the number of spaces per zone. The program will then prompt the user to enter a “1” or a “0” for the spaces in each zone, to indicate if the space is occupied or not. Here, the table instructs the user to enter “1,1, 0, 0” for the spaces in zone 1 and “0, 0, 1, 1” for the spaces in zone 2.Figure 4 ~ Software Test Cases Provided to Student

[image: ]Each of the tests and their results can be found in the tables below.
[image: ] Figure 5 ~ Results for Tests Performed on Initial Implementation

[bookmark: _Toc234187654]Implementing Fixes
[bookmark: _Toc234187655]Updating the Program
As can be observed in the results table, the tests revealed two logical errors that negatively impacted the usability of the software.
The first resulted in the user being presented with zone 1 as the being available to park in, despite there actually being no available spaces in any zone. At the end of the zone counter loop, the program compares the number of available spaces in the zone to the previous zone with the most available spaces. If the current zone has more, it is marked as the least occupied zone. However, if all the zones are fully occupied, zone 1 continues to be marked as least occupied, despite being full.
In order to correct this behaviour, an “if else” statement was implemented at the end of the program. When it is reached, it reads the value of the maxFreeSpaces variable. If it reads “0”, the program will print a message to the user, warning that the car park is fully occupied.
The second error resulted in messages sometimes being presented to the user that referred the a number spaces or zones as plural, even when there is only 1. While this did not result in the program making incorrect recommendations, it did result in some messages containing grammatical errors that could negatively impact the presentation and legibility of the program.
In order to fix this issue, two changes had to be made. The first was in the zone counter loop. Here, the status of each zone is presented to the user, including the number of available spaces. In order to ensure that the output refers to the number of spaces with correct grammar, an “if” statement was added to check the value of the occupiedCount variable. If the program reads “1”, it will print a message to the user, referring to that space as singular. If it reads a “0”, or a value greater than 1, it will print a message referring to the spaces as plural.
The second occurrence was during the final output, where the program presents the least occupied zone to the user. Here, the existing “if else” statement was extended to include an “elif”. The program checks the value of the maxFreeSpaces variable, as before. Now, if it reads a “0”, it tells the user that the car park is full. If it reads a “1”, it presents the zone with the available space, referring to it as singular. Finally, if it reads a value greater than 1, it will print a message referring to the spaces as plural.
[image: ]Figure 6 ~ Updated Python Implementation

[bookmark: _Toc234187656]Testing the Updated Program
The newly updated program was then tested again, using the test cases provided in the assignment brief. The results for Tests A and C, which showed expected behaviour in the original implementation, remained the same. However, tests B and D, which previously resulted in erroneous behaviour, now both produced the expected output.
[image: ]See the tables below for the results of each test.Figure 7 ~ Software Test Cases Provided to Student















[image: ]Figure 8 ~ Results for Tests Performed on Updated Implementation



[bookmark: _Toc234187657]Improving the Design
[bookmark: _Toc234187658]Smart Parking Systems and PGIS
The final task for the student was to design and implement an improved Smart Parking System, with the goal of achieving greater efficiency than the initial design provided to them.
 Smart Parking Systems come in many shapes and forms. Depending on their characteristics, specific categories of SPS can be identified, include Parking Reservation Systems (PRS), Centralised Assisted Parking Search (CAPS), Agent-Based Guiding Systems (AGS) and more [6].
One of these is the Parking Guidance and Information System (PGIS) [6]. The purpose of a PGIS is to identify available parking spaces and guide the user towards them, reducing the time required for drivers to find available spaces [6]. In the initial SPS design provided to the student, the program records the occupancy status of each space in order to determine which zone has the most available parking spaces and aid drivers in quickly finding available parking spots. This design could be argued to meet the definition of a PGIS.
While, in the original flowchart, the user is prompted to input a value to determine if a space is occupied, one could imagine that a real-world implementation might instead request that information from a sensor positioned in each parking space. This is sometimes achieved in real-life PGIS, with the use of ultrasonic sensors, which transmit a sound pulse and then use a receiver to detect if an obstacle is present within the detection range [7]. 
However, a PGIS may use many different types of technology in pursuit of its goal [6]. One such method is to use a visual sensor, such as a camera, to detect the presence of a vehicle [7]. In this scenario, a camera might be placed at the entrance and exit of a car park, in order to record the number of cars entering and exiting it and then calculate the number of vehicles inside [7]. This can be achieved, for example, using license plate recognition (LPR) [7].
This second method provided the inspiration for the improved SPS design, demonstrated below.




[bookmark: _Toc234187659][image: ]Improved DesignFigure 9 ~ Flowchart Depicting the Improved Design (Part 1)

[image: ]Figure 10 ~ Flowchart Depicting the Improved Design (Part 2)

[image: ]Figure 11 ~ Python Implementation of Improved SPS Design





The improved program starts by establishing some basic parameters. Like before, the user is prompted to enter the number of zones in the car park and the number of spaces in each zone. 
Variables are declared to track the zone counter, free spaces in each zone, greatest number of free spaces and least occupied zone.
The program now again enters a “while” loop, which will continue to repeat until the zone counter contains a value equal to or lesser than the total number of zones. However, the user is this time prompted to enter the number of cars that have entered and exited the zone. On the second input, a “while” loop is used to validate that the value entered is equal to or lesser than the number of cars that have entered the zone, since the car park can not contain a negative number of cars.
The program performs some calculations on these numbers. The number of cars that have exited the zone is subtracted from the number that have entered it, in order to calculate the number of occupied spaces. This number is then divided by the total number of spaces and the result is multiplied by 100 in order to calculate what percentage of the zone is occupied. Finally, in order to find the number of unoccupied spaces, the number of occupied spaces is subtracted from the total number of spaces.
With these calculations completed, the program can now present the new data to the user. The “print” function is used to display the number of occupied spaces and the occupancy percentage. Like before, an “if else” statement is used to ensure the output has correct grammar for the number of spaces in the zone, depending on the value. Another “if” statement is used to display a warning to the user, if the occupancy percentage is above 80%.
Now, the program uses another “if” statement to check if the number of free spaces in the zone is greater than the previous greatest number of free spaces. If it is, the program marks the current zone as the least occupied and records the number of available spaces it contains.
The zone counter is now incremented by 1 and the “while” loop will continue to repeat until the value of the zone counter is greater than the total number of zones and every zone has been processed.
Finally, the program is able to recommend a parking zone for the user. Here, an “if else” statement is deployed to determine the correct output. If the greatest number of free spaces is 0, a message is displayed to the user, informing them that the car park is full. Otherwise, it will display the least occupied zone and the number of available spaces, ensuring the correct grammar is used, depending on the number. With that data displayed, the program can now terminate.
This version of the program was fashioned with a couple of key improvements in mind, compared with the original. Firstly, the car park no longer needs to have a sensor installed into every space, saving on the cost of installation and maintenance. Instead, the number of cars can be monitored using only two sensors per zone. Secondly, the improved design should result in a lower computational cost, since it no longer has the nested “while” loop that has to request data and make calculations for every space, instead dealing with just two values for each zone. This might not make an appreciable difference in a smaller car park but could become more significant if the system were applied to a larger car park with hundreds of spaces in each zone. The program is also slightly more compact than the original design, with almost 15% fewer lines of code.
[bookmark: _Toc234187660]Conclusion
Over the course of the module, the student was introduced to many of the fundamental concepts and functions of programming. While the student was already familiar with variables and if statements, the introduction of for loops and while loops greatly expanded the possible programs they could create. While loops in particular proved essential to the functionality of both the original and improved programs for this assignment, such as allowing them both to store and increment counters, process data for multiple parking zones and validate user input.
The test cases served to highlight glaring flaws in the original design, such as the output displaying completely occupied parking zones for the user to park in. The results of these tests greatly influenced the logic of the improved program, highlighting just how important it is to test a full range of possible inputs for a program and especially edge-cases.
The lessons learned during the module and this assignment will surely prove invaluable in future projects.
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# Setting up variables

number0fZones = int(input("Enter the number of zones: "))
spacesPerZone = int(input("Enter the spaces per zone: "))
zoneCounter = 1

maxFreeSpaces = 1

zoneWithMaxFree

n
[

# Looping through each zone and calculating occupancy status until all zones are completed
while zoneCounter <= numberOfZones:

# Setting up variables
spaceCounter = 1
occupiedCount = 0
totalSpaces = spacesPerZone

# Prompt for user input
print(f"Enter data for zone {zoneCounter}")

# Looping through each space and calculating occupancy status until all spaces are completed
while spaceCounter <= spacesPerZone:
occupancyStatus = input(f"Is space {spaceCounter} occupied? (1/0): ")
while occupancyStatus != "1" and occupancyStatus != "@":
occupancyStatus = input(f"Invalid status. Please enter 1 or 0: ")

# Incrementing the occupied space count, if space is occupied
if occupancyStatus == "1":
occupiedCount += 1

# Incrementing space counter
spaceCounter += 1

# Calculating the number of free spaces and the percentage of spaces occupied
freeSpaces = totalSpaces - occupiedCount
occupiedPercent = int((occupiedCount / totalSpaces) x 100)

# Presents the zone status to the user

if occupiedCount == 1:
print(f"Zone {zoneCounter} has {occupiedCount} occupied space and is {occupiedPercent}%
occupied.")

else:
print(f"Zzone {zoneCounter} has {occupiedCount} occupied spaces and is {occupiedPercent}%
occupied.")

# Displays a warning if the percentage of occupied spaces is above 80%

if occupiedPercent >= 80:
print(f"Warning: zone {zoneCounter} is {occupiedPercent}% occupied. You should use a
different zone.")

# Storing the current zone as the zone with max free spaces, if more free spaces than previously
stored number
if freeSpaces > maxFreeSpaces:
maxFreeSpaces = freeSpaces
zoneWithMaxFree = zoneCounter

# Incrementing zone counter before looping back to address the next zone
zoneCounter += 1

# Presents the car park status to the user
if maxFreeSpaces == 0:
print(f"Sorry, this car park is full and has no available spaces.")
elif maxFreeSpaces == 1:
print(f"Zone {zoneWithMaxFree} has the most available space, with {maxFreeSpaces} available
space.")
else:
print(f"Zone {zoneWithMaxFree} has the most available space, with {maxFreeSpaces} available
spaces.")
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status, using correct
grammar.
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# Setting up variables v
num0fZones = int(input("Enter the number of zones: "))

spacesPerZone = int(input("Enter the number of spaces per zone: "))

zoneCounter = 1

freeSpaces = 0

mostFreeSpaces = 0

mostFreeZone = 1

# Looping through each zone and calculating occupancy status until all zones are completed
while zoneCounter <= num0fZones:

# Collecting number of cars entered and exited
carsEntered = int(input(f"Enter the number of cars that have entered the zone {zoneCounter}: "))

carsExited = int(input(f"Enter the number of cars that have exited the zone {zoneCounter}: "))
while carsExited > carsEntered:
carsExited = int(input(f"Invalid input: Number of exited cars cannot exceed number of entered c:

# Calculating number of occupied spaces and occupancy percentage
occupiedSpaces = carsEntered - carsExited

occupiedPercent = int((occupiedSpaces / spacesPerZone) * 100)
freeSpaces = spacesPerZone - occupiedSpaces

# Displaying occupancy status to user
if occupiedSpaces == 1:

print(f"Zone {zoneCounter} has {occupiedSpaces} occupied space and is {occupiedPercent}% occupi
elLse:

print(f"Zone {zoneCounter} has {occupiedSpaces} occupied spaces and is {occupiedPercent}% occup

# Displaying warning, if occupancy above 80%
if occupiedPercent >= 80:
print(f"Warning: Zone {zoneCounter} is {occupiedPercent}% occupied. You should use a different :

# Mark as least occupied zone, if zone has most free spaces
if freeSpaces > mostFreeSpaces:

mostFreeSpaces = freeSpaces

mostFreeZone = zoneCounter

# Incrementing zone counter before looping to next zone
zoneCounter += 1

# Presents the car park status to the user
if mostFreeSpaces == 0:
print(f"Sorry, this car park is full and has no available spaces.")
elif mostFreeSpaces == 1:
print(f"Zone {mostFreeZone} has the most available space, with {mostFreeSpaces} available space.")
elLse:
print(f"Zone {mostFreeZone} has the most available space, with {mostFreeSpaces} available spaces.")
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# Setting up variables a2 ~ ~
number0fZones = int(input("Enter the number of zones: "))

spacesPerZone = int(input("Enter the spaces per zone: "))

zoneCounter = 1

maxFreeSpaces = 1

zoneWithMaxFree = 1

# Looping through each zone and calculating occupancy status until all zones are completed
while zoneCounter <= numberOfZones:

# Setting up variables
spaceCounter = 1
occupiedCount = 0
totalSpaces = spacesPerZone

# Prompt for user input
print(f"Enter the data for zone {zoneCounter}")

# Looping through each space and calculating occupancy status until all spaces are completed
while spaceCounter <= spacesPerZone:
occupancyStatus = input(f"Is space {spaceCounter} occupied? (1/0): ")
while occupancyStatus ! 1" and occupancyStatus != "0":
occupancyStatus = input(f"Invalid status. Please enter 1 or 0: ")

# Incrementing the occupied space count, if space is occupied
if occupancyStatus == "1":
occupiedCount += 1

# Incrementing space counter
spaceCounter += 1

# Calculating the number of free spaces and the percentage of spaces occupied
freeSpaces = totalSpaces - occupiedCount
occupiedPercent = int((occupiedCount / totalSpaces) x 100)

# Presents the zone status to the user
print(f"Zzone {zoneCounter} has {occupiedCount} occupied spaces and is {occupiedPercent}%
occupied.")

# Displays a warning if the percentage of occupied spaces is above 80%

if occupiedPercent >= 80:
print(f"Warning: zone {zoneCounter} is {occupiedPercent}% occupied. You should use a
different zone.")

# Storing the current zone as the zone with max free spaces, if more free spaces than previously
stored number
if freeSpaces > maxFreeSpaces:
maxFreeSpaces = freeSpaces
zoneWithMaxFree = zoneCounter

# Incrementing zone counter before looping back to address the next zone
zoneCounter += 1 b

# Presents the car park status to the user
print(f"Zone {zoneWithMaxFree} has the most available space, with {freeSpaces} available spaces.")




