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Abstract: Parking challenges and problems are prominent worldwide as well as in
Trinidad and Tobago. The capital city of Trinidad, Port Of Spain, is a major area where
these challenges are experienced as there are approximately 30% of the population who
venture into the city on a daily basis during the week. Worldwide trends involve the
utilization of Internet of Things (1oT) platforms expected to alleviate parking challenges
by implementation of contemporary parking models such as a smart parking system (SPS).
This study investigated feasibility for implementation of a SPS in Port Of Spain.

In this study, a Discrete Event Simulation (DES) modelling approach was used to simulate
real-life scenarios of the standard parking and a proposed SPS model for a facility chosen
in Port Of Spain. These simulation models were executed effectively and results were
validated. Verifications were done by comparing how the models worked, to the existing
parking facility. Models were then validated using the Chi-squared statistic to determine if
there were any statistical difference between developed models and actual statistic. The
proposed SPS will reduce driver frustration in finding a vacant parking spot, fuel usage and
also reduce environmental degradation.
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1. Introduction

At present, almost all the large cities in the world are faced with traffic congestion which results in driver
frustration, fuel wastage and environmental degradation [1]. Motorists entering Port Of Spain face the same
challenges of traffic congestion as approximately 30% of the population enter the city per weekday [2] and
there has been a rapid increase in the total number of vehicles registered which increased from 518,831 in
the year 2010 to 1,016265 in the year 2017 [3]. One of the major causes of traffic congestion is parking
problems. Interestingly the number of manufactured vehicles and vehicle owners increased rapidly,
however the number of parks and traditional parking facilities remains unchanged [4]. Therefore, the
process of finding vacant spots has grown into a common problem in most of urban cities throughout the
world [1].

In this new era within the world of technology, there is a major aspect of modern life that is connected via
the Internet of Things (loT). Parking systems and various parking technologies are considered to be one of
the “TIoT” [5]. In Trinidad, IoT is an emerging market where machines are embedded with sensors which
allows them to relay data with little or no human involvement [6]. Some examples of 10T in Trinidad are
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health fitness devices, home automation devices, Wi-Fi security surveillance cameras and voice-controlled
products [7]. Telecommunications companies are currently looking at future development into IoT products
and from the market research it is clear that there is a wider scope for smart phone penetration in Trinidad
and Tobago [8].

Present day parking challenges in cities and towns can be solved with the help of smart parking technologies
and systems [9]. Smart parking is described as being a system which assists drivers in finding a vacant
space and obtain parking information by means of the smart phones or any other digital devices. Smart
parking systems (SPS) and technologies use sensors, Bluetooth, wireless technologies and cloud computing
services to locate vacant parking spots [10].

In this paper, a feasibility study is performed for implementation of a SPS in Port Of Spain by development
of discrete event simulation (DES) models using Arena simulation programme. The DES approach allows
to test real life parking scenarios without incurring high costs of prototyping [11].

2. Trends in Smart Parking Systems

Literature was reviewed over a time span of approximately 2 decades using various books, search engines
such as Google Scholar and many online databases. These databases included IEEE Xplore Digital,
ProQuest Dissertations and Theses Global, Springer Link and many more, also some Gartner Reports were
accessed.

From the literature it was noted the parking problems experienced worldwide as well as in Trinidad and
Tobago. The main observation is in terms of rapid increase in the number of private vehicles in urban areas.
Furthermore, traditional parking facilities and roadways has remained unchanged over the years. These
factors resulted in frustration of drivers, higher fuel usage, high maintenance costs of vehicles and
environmental degradation [1]. Additionally, other parking problems consisted of non-availability of
sufficient information on occupancy of parks, condition of existing parking facilities, parking spaces and
pricing of parking facilities [12].

The Parking Network Report [13] explained the various types of parking systems seen worldwide as well
as in Trinidad and Tobago. Kim et al. [14] mentioned that the parking systems are mainly managed by
parking meters, ticket and card type devices. SPS however have a great advantage as it helps drivers in
obtaining parking spot efficiently via various communication technologies [10]. Zajam and Dholay [15]
categorized smart parking into parking type guidance and information system, park and ride system, E-
parking system and automated systems. Further, with these smart parking technologies, traffic can be
reduced. Thus, there is a need worldwide for cities to implement smart parking technologies and strategies.
Worldwide these smart parking systems are all governed by loT technologies which was explained in [16].
As per the Gartner’s report [17], IoT is a sustainable technology and its inflated expectations will reach its
highest activity of progress in the next 5 to 10 years.

In conclusion, to conduct this research, DES approach is selected as per the steps followed in [18]. Further,
Arena Simulation Software will be used to run the simulations models [19]. In addition, as per the study of
Lu etal. [20], the DES technique will be executed for verification and validation of the proposed SPS. Pham
et al. [21] also explained the use of a cloud-based smart parking system to reduce driver’s wait time. These
pioneers’ findings motivated the authors to implement the loT based SPS in execution of the proposed DES
models.

3. Design of the Study

This study incorporated the eight simulation steps followed by [18] for a successful simulation. The 1% step
of problem formulation was broken down into a research phase and research analysis. The research phase
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included market research that highlighted the number of vehicles registered in Trinidad and Tobago and its
projected growth and product research of existing parking strategies. A car park in Edward Street, Port Of
Spain, was selected for the study, this parking facility hosts 24 parking spots and is located in the
surroundings of approximately 10 large organizations comprising of Government offices, private
Enterprises and shopping plazas. The research analysis included generation and evaluation of customer
needs and data collection. A questionnaire similar to [22] was distributed to commuters in Port Of Spain
and shared via social media which gained the views of the public on smart parking approach and learned
their use of parking facilities.

The 2" and 3" simulation steps, solution methodology, system and simulation specification were compiled
into the concept development. This was done by generating a Quality Function Deployment (QFD) chart
for smart parking technologies. The QFD chart is a combination of the customer needs, customer
requirements which was obtained from the questionnaire distributed and the product and market research
conducted. The customer requirements were rated of importance with 5 being the highest, 3 medium and 1
the lowest importance. The characteristics of a smart parking system was rated of importance with 9 being
the highest, 3 being medium and 1 being the lowest importance. Importance percentage was then calculated
for each customer requirement by means of Eq. (1). This was then used to calculate the importance and
importance % of each characteristic mapped to the customer needs by using Eq. (2). From this importance
%, the highest ranked characteristics were selected and used to develop the smart parking system concept.

Customer requirements importance

Importance % = ( p p p
Total customer requirements importance ratings

Importance of Characteristic ratings of smart parking system
= (Total (Customer Requirement Importance % (2
X Characteristic Rating))
From the QFD chart the top-rated characteristics of smart parking are summarised below:

Smartphone app — 15.7%

0T connectivity — 13.5%

Cloud computing — 10.9%

RFID connectivity — 10.9%

Availability to check vehicle occupancy — 10.7%
RFID sensors — 9.2%

These characteristics were then used to develop the concept for the proposed SPS and modelled using the
Arena simulation program.

The 4" simulation step of model formulation and construction was done by a concept generation and
selection. The proposed SPS was generated based on the top-rated characteristics of the SPS from the QFD
chart. These characteristics allowed for the integration with smartphone app into the system, IoT
connectivity between devices, cloud computing, RFID connectivity and the availability to inquire before
entering the parking facility with vehicle occupancy. All this information is highlighted in Fig. 1. The
proposed SPS concept was designed similar to [21], however this concept has only connected to one parking
facility as opposed to multiple parking facilities. It also incorporated an additional local server and an RFID
antenna for continuous connectivity.
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Figure 1: Generated Smart Parking System Concept

The generation of both conceptual models i.e. the standard and proposed smart parking model were built in
Arena Simulation program using four modules; create, decide, process and dispose. They also contained
sets which represented parking spaces or resources in the relevant lanes. The standard model was built with
constant input variables to allow for validation of the model. The schedules and data collected from the
fields were then inputted for validation purposes. The parameters were then changed in the standard model
to create the proposed smart parking model and schedules and data collected were also inputted for
validation purposes. In this study the independent variable is the method used to find a park. It can be
achieved either through the standard or basic model or through the proposed SPS model. The dependent
variable is the time taken to find a park in the parking facility. This variable was then measured and
validated.

The 5™, 61, 7" and 8™ simulation steps of verification and validation of the model, experimentation and
analysis on the model, presenting and preserving the simulation results and dissemination of the model
were all included in the study for completeness of the simulation process. For verification purpose, the
model being run for several replications and for longer periods of time, which allowed for the model output
to be properly analysed and shared with subject matter experts for feedback. Validation was done on the
existing model of parking strategies used, with the average times to find a park from the model simulation
and the times to find a park with the data collection analysis. They were both validated using a student’s t-
test as shown in Eq. (3) to check if they were statistically different. Once there was no statistical difference,
the experimental model was constructed and the time to find a park was analysed and compared with the
existing parking information.

4. Presentation and Analysis of Data

4.1 Data Collection

As per Chrobok et al. [23], data was collected at the parking facility during a four-day period of Monday
to Thursday within the hours of 6:00 a.m. to 6:00 p.m. All data were collected in minutes, an average of
these data was then used for validation for the study. Arrival and departure rates, duration of stay, wait
times and parking success rate were all collected and analysed.
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4.2 Data Validation

The variable of interest is the time to find a park, hence the wait time collected was used to fit the probability
distribution in the proposed SPS model. This was done using a goodness of fit test in Arena’s Software
Input Analyzer, which is a built-in function used in probability distribution [24]. Kelton et al. [18] proposed
the usage of the Input Analyzer to select the right fit distribution in modelling of DES models. The output
data obtained from the Input Analyzer shows that a gamma distribution is the best fit for waiting times, this
is displayed in a histogram as shown in Fig. 2. Rockwell [24] also states gamma distribution is commonly
used for representation of time required for completion of tasks. Caicedo et al. [25] used a similar
distribution for their parking reservation system.

Figure 2: Histogram Distribution of Wait Times

From the Input Analyzer tool within the Arena Software, the distribution summary for the wait times is
presented in Table 1.

Table 1: Distribution Summary of Wait Times from Arena’s Input Analyzer

Distribution Summary
Distribution: Gamma
Expression: GAMM (4.66, 1.53)
Mean Square Error:  0.004052

Chi Square Test
Number of intervals = 7
Degrees of freedom =4
Test Statistic = 7.91
Corresponding p-value = 0.0962

Data Summary
Number of Data Points = 183
Min Data Value = 0.3
Max Data Value = 30
Sample Mean = 7.13
Sample Std Dev = 6.14
Histogram Summary
Histogram Range = 0 to 30
Number of Intervals = 13

From the Input Analyser, the p-value can be observed as 0.0962. Anderson et al. [26] states that this p-value
obtained from the Chi-squared test is used for hypothesis testing particularly for decision making whether
to reject or not to reject the null hypothesis. Using a 95% confidence limit [26] and a degree of freedom
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(DOF) of 4, we can say p-value=0.0962 is greater than 0.05. Hence the authors accepted the null hypothesis
and can be proceeded to use the collected simulation data for further analysis.

4.3 Simulation Models and Results

4.3.1 Standard Simulation Model

The standard model built comprised of a create, a decide, four processes and a dispose modules. These
modules made up the logic for a vehicle searching for a parking spot, parking for a duration of time and the
exit of the parking facility. The flow and processes involved in this logic can be seen in Fig. 3. Simulations
were run for 10 replications, obtaining an average wait time of 12.36 minutes.

Figure 3: The Proposed Standard Parking Model Arrival, Parking Search and Departure Logic

4.3.2 Proposed Smart Parking Simulation Model

The proposed smart parking model utilizes the same model layout as the standard model. However, this
model only allows vehicles to enter the parking facility once there is an available parking spot reserved by
the driver in advance. The model’s logic was designed differently in which the selection of a parking lane
was done via an expression. The proposed model logic is depicted in Fig. 4. Simulations were run for the
same 10 replications as in the standard model, obtaining an average wait time of 0 minutes.
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Figure 4: The Proposed Smart Parking Model Arrival, Parking Search and Departure Logic

4.4 Current Parking Management
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Based on the questionnaire distributed it was observed that 79% of population experienced problems when
locating a parking spot and 80% of persons are willing to pay for the utilisation of SPS where they can
reserve their parking spot beforehand to eliminate the waiting time in locating a parking spot. Table 2
highlights the key findings from the questionnaire and its business impact.

Table 2: Test Data Analysis and Business Impact for the Standard and Proposed Smart Parking Models

Test Data Analysis

Business Impact

80% of the test data uses car parks in cities
and towns within Trinidad

Positive impact for parking facilities as there is
a need for parking in cities and towns

The average time drivers would stay in
parking facilities are distributed over time,
some were less than an hour, 1-3 hours, 3-6
hours and greater than 6 hours

Positive impact for parking facilities since
there is a constant influx of vehicles.

Negative sometimes to drivers as they may not
know if the parking facilities are filled before
entry into the areas, this may result in some
wastage of time

40% of the test data took 10 -15 minutes to
locate a park within Port of Spain

Negative impact for drivers and to the
environment as it adds to driver frustration and
it degrades the environment with GHG
emissions.

Positive for proposed SPS as this time can be
drastically reduced

80% of the test data supported the proposed
idea of the SPS

Positive impact for drivers and SPS

5. Validation and Discussion

The proposed smart parking model was developed after the standard model was validated. This was done
by performing a student’s t-test as per the Eq. (3) [27]. A decision was made at 95% confidence interval

using 6 degrees of freedom and a two-tailed t-test.
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In the study, the calculated t-value was found as 0.642 which is lower than the critical t-value of 2.447,
hence the null hypothesis was not rejected and it was proven that there was no statistical difference between
the time to obtain a park in the real world at Edward Street and the time to obtain a park in the standard
simulation model. Hence simulations were run and wait times in obtaining a parking spot were all listed in
Table 3, which highlighted that there is no waiting time in the smart parking model.

Table 3: Comparison of Wait Times in the Standard and Smart Parking Models

Existing Parking Facility | Standard Model Smart Parking Model
Wait time 7.84 minutes 9.94 minutes 0 minutes

For implementation of the proposed SPS, the return on investment was determined as 48% with a payback
period of 24 months and an NPV of $41,639. From the cost benefit analysis, it can be concluded that the
proposed SPS reduces the waiting time to find a park as well as after two years it will be bringing profits
to the owner. There will also be an economic impact by having savings associated with a reduced fossil
fuel usage and less vehicle emissions.

6. Conclusion and Recommendations

The proposed smart parking system for the selected parking lot at Edward Street is an ideal facility to
highlight the benefits of implementing SPS in the city of Port Of Spain. DES technique was used to simulate
the real-life scenarios. From the proposed approach, the time to find a parking lot is the key variable of
interest. Further, in the proposed SPS study, the waiting time was reduced drastically when compared to
the standard model. Furthermore, the proposed SPS resulted in reduction in labour costs, guaranteed parking
spots and traffic reduction within the parking facility surroundings.

The target market for implementation of the proposed SPS is the current private and Government parking
facilities within Port Of Spain. These includes parking lots, malls, private enterprises, city councils and
corporations. The proposed SPS utilizes 10T functions and wireless sensor networks. Mitigation against
cyber-attacks in using the SPS could be in the form of encryptions using firewalls. Also, to ensure no
jamming of the wireless networks, agreements are to be made with the Internet Service Provider (ISP) to
have encryption of triple DES enabled in the internet router. For integrity purposes injection attacks are to
be prevented by ensuring validation of the data by means of some web application.

With the implementation of the SPS, the parking facility would not require a parking attendant to be there
during the hours of operation, however the parking facility’s owner can remotely manage the operations or
have someone do it through lIoT functions. The car park can also be utilized efficiently and encourage more
parking facilities to follow a similar trend. Future work can include investigation of additional ways for
non-smartphone users to reserve parking spots at the entrance. In addition, the feasibility study can be
expanded for multi-storey parking facilities and on-street parking.
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