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Abstract: 

Traditionally, conventional parking spaces demanded a large space area. Thus, the 

need for a more robust system became inevitable. In the modern, urbanized society where 

parking space has dwindled, it has become necessary to avoid wastage of space. The adoption 

of automated parking spaces is poised to economize car parking spaces for business and 

residential areas. Today, the automated parking spaces are widely eligible for various 

reasons: they require less ground area and lower building volume. This research project 

presents an analysis on the manner through which the government can develop a silo type of 

parking lot system in Kuwait in a bid to mitigate the growing congestion numbers. 
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Chapter 1 Introduction   

 

The rapid urbanization growth addition to the influx in a population of urban areas in 

recent age of today has been noted to cause an increase in the use of transportation facilities. 

Commonly viewed as the most dominant mode of transportation in the world, cars and roads 

have grown to become a key facet in every family [1]. The increase in the number of cars is 

however intrinsically linked to the decrease in parking lot spaces. A myriad of research 

papers have been presented by scholars and practitioners alike on the use of multi-storey 

parking garages with due analysis being opined in this report. 

Parking of the conventional variety occupies a large quantity of space. Traditional 

parking was not an issue when human and vehicular populations were limited. As of today, 

we live in a highly urbanized society where real estate comes at a premium. Therefore, 

automated, multi-storied parking mechanisms are a necessity for commercial and residential 

settings. Two chief reasons exist for greater relevance of such parking lots; one, they take up 

lesser ground space and two, they occupy low building volume.    

1.1. Problem Statement 

 

Generally speaking, cars spend at least 82-95% of their service life being parked, 

which totals to at least 20 through to 23 hours on a daily basis [1]. More often than not, cars 

require at least two parking slots with the primary slot being set at home whilst the secondary 

location being at the point where the individual is trying to fulfill his/her needs or tasks such 

as business, shopping, leisure and the like. In both scenarios, the owner is normally required 

to either park at a fee or for free (Meilak Clarice, 2015). The natural quantity of available 

parking slots that are close to the destination of the user has long been noted to be fast 
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declining in addition to the fact that finding available parking slots and parking cars inside 

them has become a nightmare (Meilak Clarice, 2015). It is often very difficult for one to find 

a free parking space during the day, especially in Kuwaiti streets close to the city centre. Key 

research indicates that the Kuwaiti parking lots have a tendency of experiencing severe 

spillover problems, which occurs when the inherent demand that is generated by a certain 

activity is not effectively accommodated at the site. Such demand-supply gaps, combined 

with the fact that pricing methods used by the Kuwaiti councils are inadequate, often leads to 

traffic congestions as motorists are forced to trot through the city in search for a space.  

Rapid growth of the Kuwait economy poses a myriad of issues in terms of logistics 

and transports infrastructure. The fact that it is swelling as a commercial centre means that 

the traffic will also expand as the population increases by 850 new inhabitants per annum. 

Rising dependency on automobiles thereby imposes an added cost on the society with 

parking facilities becoming scarcer (Meilak Clarice, 2015). Paucity of parking lots is also felt 

by commercial vehicles, which depend highly on loading and unloading zones, and are forced 

to unload on the streets that cause them to block travel lanes and create traffic congestion 

(Meilak Clarice, 2015). The increased saturation and movements into the city is also 

worsened whenever special events are being conducted in the state of Kuwait. Being a 

Muslim oriented state, Kuwait has a tradition of celebrating Ramadan. Special events have a 

knack of disrupting the flow of traffic and, normally, crowd management becomes necessary 

in that sufficient parking space is not available at the event venue, something which may 

come as an embarrassment for the state.  

1.2. Solution 

In order for the state of Kuwait to effectively mitigate the aforementioned issues, 

there is a need for the council management to formulate and implement key strategies that 

will not only focus on reducing transport snarl-ups but also boost the efficiency of existing 
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parking lots. First step in the solution is the allotment of land and funds for the development 

of automobile parking which helps in effectively expanding the overall transportation choices 

(Wuhong Wang, 2012). The subsequent step is the drawing up of a strategy that considers 

long term commuter parking needs over the short term ones. The council will have to conduct 

a financial and functional analysis that will help in the construction of multistory garages that 

will solve the existing problems in the long run. Third is the provision of the requisite 

information system to aid motorists in knowing which parking lots are available and at what 

price (Wuhong Wang, 2012).  

Keynotes drawn from research show that firms need to increase the ranges of parking 

convenience and price levels needed by consumers with parking enforcements being 

strengthened through the development of more convenient time and payment options. Parking 

facilities will also be revamped to ensure that they can be shared among the customers. For 

example, businesses that have no night time hours can make their parking lots available for 

those which operate over night (Wuhong Wang, 2012). The development of a shared parking 

lot, which is in every bit similar to a multistory parking, will help in the stipulation of the 

“parkonceandwalk” initiative,whichwill help in thepromotionofbusinesses inKuwaiti

cities, particularly in central business districts.  Cluster parking is also equally relevant to this 

strategy in which the number of driveways that end into arterial roads will be reduced, 

especially in transit-oriented districts. Parking lots in most of these districts need to be close 

to the street, specifically the front porch, a measure, which has been recognized to easily help 

in the drop of traffic snarl-ups (Wuhong Wang, 2012). It is quite important for the 

government of Kuwait to seek a balance between the provisions of ample parking against the 

minimization of the amount of land that will be used for the parking lots while also upgrading 

the aesthetic appearance of the lots.  
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A primal solution to the parking menace can be the implementation of a joint 

coordination initiative between governmental agencies, residents, and businesses in order to 

address all parking needs. The government will obtain participation from parking 

management and businesses with the overall approach geared towards a reduced rate for 

parking at a set time. Such an alternative will also help in addressing the issue of spillover for 

the government and denizens (Wuhong Wang, 2012). The alternative will focus on the 

revamping of the pricing and regulation as well as enforcement of key policies in areas that 

are prone to high spillover. Residential areas will also be granted key parking zones to ensure 

that they have the requisite space available (Wuhong Wang, 2012). Such allocation will limit 

the length of time incurred for one to look for parking. The same will also minimize the space 

that is taken up when one parks in the middle or on the sides of the street thus heightening 

traffic congestion (Wuhong Wang, 2012). The development of zone systems is also another 

key initiative, which will help limit the parking time to a set level, say 2 hours (AlQahtany, 

2013). Such a step will be vital in discouraging parking, which is, more often than not, noted 

to be a common practice for most Kuwaiti citizens who shuffle their cars between 2-hour 

spaces. 

 

 

 

 

 

1.3. Demand and Supply 
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Fig. 1.1: Kuwait City Traffic Setup [4]. 

 

By definition, parking demand is the amount of parking required for a specific area 

(Venkateswarlu, 2017). A parking survey was conducted on the city of Kuwait during both 

peak and off peak seasons in a bid to determine the existing characteristics of parking that 

focus solely on the demand and supply as shown in figure 1.1 The data collated on the 

parking slots has been duly noted to be vital in the determination of the occupancy, duration, 

and turnover rates for the state.  

1.3.1. Public Parking on Street 

Summations drawn from the analysis was indicative of the fact that there were 434 

street parking spaces in total in the city to be used by the general public. These spaces were 

allotted into 7 key elements that were dependent on the timely hour or minute limits. On 

weekdays, one can duly note that from 9 through to 11 am the demand is notably high at 

80%, while a decrease is noted from 3 pm to 5 pm as turnover is experienced at that time, 

which hikes the supply levels. From 6 pm moving forth to 8 pm, however, a spike of 70% is 

noted in the demand with the supply going down to 40%. Weekends, on the other hand, have 

a discerning level of demand with the rates going below 40% from 9 am through to 6 pm as 
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the supply is at 60%. The demand rises, however, from 7 pm to 8 pm at a set level of 55% 

whilst the supply goes down to 45%. 

1.3.2. Public Parking Off Street 

Numbers of off street parking lots in the city of Kuwait are at a cumulative total of 

687, which is more than sufficient considering the populace. From the analysis, one can 

deduce that the demand for off street parking is lower than expected with the supply being 

high for the better part of the day during weekdays. Take for example at 9 am; the demand is 

set at 32% whilst the supply is set at 68% whereby at least 222 out of the 687 lots are 

occupied. The highest level of demand however is set at 11 am when it climbs to 249 lots 

against the 438 free parking lot spaces. The lowest point of demand on a weekday is set at 

147 parking lot spaces at 8 pm with the supply being highest at 540.  

Weekends, on the contrary, present a different situation in that the demand is 

substantial at a rate spanning from 212 to 272 lots on demand. The highest point of demand 

on weekends has been set at 40%, which occurs at 4pm with the vacant lots being noted at 

415. The lowest point of demand is observed at 212 lots at 8 pm against a 475 level of supply 

at the same time.  

1.3.3. Private Parking 

Private spaces in the city are set at a level of 408, which is solely reserved for private 

firms and residents. Demand has been recorded to be at an all-time high all through the week. 

The same can be attributed to the fact that the demand and supply are fixed to certain 

numbers. Demand peaks at 75% on weekdays with at least 306 of the presented parking lots 

being occupied effectively. Weekdays are also the time when supply takes a dip to at least 

50% as the members pick up most of the lots.   



 

16 

 

1.3.4. Park and Ride (P+R) 

Park and ride is a system wherein commuters leave their cars at special parking spaces 

in suburbs near public transport lines, which slashes traffic jams inside the city centers 

(Aušrius Juozapavičius, 2014). The park and ride initiative has been noted to exist at four 

major locations in the state of Kuwait. Such an arrangement is vital in the mitigation of traffic 

snarl by up to 30% [6]. 

 

1.4. Development of Idea 

 

 

Fig. 1.2: Volkswagen Tower Parking Lot [7] 

The idea for the development of an all-efficient, multistory tower was derived from 

the Volkswagen parking lot towers at Autostadt as shown in figure 1.2. The Autostadt tower 

spans at least sixteen stories with two silos being used as a parking lot in a vertical axis. 

Standing 48-meters tall, the tower is made up of galvanized steel and glass with a conveyor 

belt being used in the transportation of finished cars to the basement of the tower. The cars 

are then lifted into position through the use of mechanical arms that run and rotate via a 

central beam thus moving them in and out of their parking lots.  



 

17 

 

1.5. Goals and Objective 

As noted in the opening tenet, the overarching purpose of this paper is the 

development of a parking lot system, which will help mitigate the rising numbers of 

congestion. The objectives, however, were to carry out the structural designing of a multi-

story car park that conformed to the Euro code 2. The second objective noted is the due 

analysis on the manner through which automated systems of loading and unloading cars can 

help in saving energy as well as mitigating costs incurred. The third objective is addressing 

traffic congestion in the state of Kuwait as well as the integration of a sustainable design that 

works in tandem with the natural environment.  

1.6. SWOT Analysis 

SWOT analysis can be simply understood as the examination of an organization's 

internal strengths and weaknesses, and its environments, opportunities, and threats. In order 

for one to effectively understand the efficacy of the system, a SWOT analysis has to be 

conducted on the project and the team. Like what presenting in table 1.1. 
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Table 1.1: SWOT Analysis 

Strengths Weakness 

 Reducing traffic jam. 

 Time saving. 

 Safety in the parking. 

 Privacy in parking. 

 Save parking lots. 

 Fuel saving. 

 Operating cost saving. 

 Parking location. 

 Strong staff. 

 Customer loyalty. 

 Flexibility movement. 

 Flexible implemented in residual and 

investment area. 

 Issue of time management in which 

every member has different time 

schedules. 

 Hackers can change the road, which is 

plotted in the system. 

Opportunities 
 

Threats 

 The first garage in Kuwait.  

 Collate the data during discussions. 

 Penalty will be applied if the parking 

time exceeded 24 hours 

(profit/revenue).  

 Smart communication tools to retrieve 

the car such as (RFID). 

 Good income if the provided services 

would be charged.  

 Highly needed in Kuwait due to the 

crowded streets problem.  

  Less time to construct. 

 Most of the presented findings were 

not actualized or put into practice 

  

 The WSN can be interrupted with the 

existence of jammers.  
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1.7. Conclusions 

Summing up, it is quite significant to note that parking has grown to become a major 

issue for the Kuwaiti government. Growing population and greater dependency on 

automobiles render efforts by the government to develop efficient parking slots to be 

practically ineffective. It is for this reason that the implementation of a parking lot similar to 

the one used by Volkswagen will help in the mitigation of the presented parking and traffic 

issues in the city of Kuwait.  
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Chapter 2 Literature Review   

 

2.1. Literature Review 

     A literature review is a type of review article, which is a scholarly paper; it includes the 

current knowledge including substantive findings, as well as theoretical and methodological 

contributions to particular topic. So this chapter focuses on multistory parking, either 

completed projects or ongoing projects. Each project will be summarized with details about 

the components and the designed implementation. 

2.1.1.  Multi Story Car Parks 

A multi-story car park is defined as a building (or part of), which contains a number 

of levels of floors normally developed with the sole aim of ensuring that there is parking for 

automobiles [1]. Most multistory parking lots are essentially viewed to be a stacked packing 

lot, which is limited to at least 6 stories with 500 cars covering each lot. Despite its simplicity 

to the eye, the designing of the multi-story car park has been noted to be quite arduous [1]. To 

begin with, multi-story car parks have been opined to fall into three major categories namely 

the ramped floor, split level as well as the flat decks. The movement of cars in most if not all-

multistory car parks is done through the use of interior ramps.  

2.1.2. Multi-Story Car Park Layout 

The design for multistory car parks has to take into account the needs of the customer 

while providing a system that is both easy and safe to use [3]. Facilities that are near short-

stay operation centers like supermarkets are most likely to experience a large level of 

turnover owing to the rising static capacity which means that traffic will come in two ways. 

Facilities that are near long-stay operational centers experience low turnover, which occurs 

during mornings and evenings in a single direction [3]. The parking angles for multi-story 

parking slots tend to vary with the aisles that are existent. One way aisles should have a 

placing bay of an angle of 90 degrees which facilitates for easier entry and exit whilst those 
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with aisle width ranging between 3.60 to 4.20 meters having a parking angle of 45-60 degrees 

[3]. The design modules needed for clear span construction and minimum support is set at 16 

meters with the car park structure being subjected to a significant live load cycle due to the 

movement of cars around the structure [4]. 

2.1.3. Management of Multi-Story Car Parks 

A study was presented that that underscored the significance of implementing 

integrated policies for the purpose of managing multistory parking spaces [5]. These policies 

not only helped in the ever balancing of demand and supply whilst bringing forth revenue 

that can cover the costs of the facilities but also helped increase the efficacy of alternate 

modes of transportation. The implementation of the multi-story parking was noted to help in 

the management of the supply and demand flows in a campus [5]. Results summated from the 

research were also indicative of the fact that normal parking systems were normally 

overcrowded and underpriced much to the chagrin of the users. A different research paper 

opined that the development of multi-story parking spots was bound to help in the mitigation 

of traffic congestion addendum to the reduction of the total social costs incurred [6].  The 

studywhichfocusedontheuseoftheViceroy’scommutingmodelderivedamyriadoftravel

patterns which comes from a different set of parking capacities and how they compared in 

both stature and efficacy [6]. A sensitivity analysis forged was indicative of the fact that 

having an optimal parking solution helps in solidifying the inherent traveling patterns through 

the imposition of a systemic dynamic toll [6].  

2.2. Types of Other Parking Solutions Available 

2.2.1.  Shuttle Parking System 
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Fig. 2.1: Shuttle parking system [9]. 

 

     Despite its prolific nature in summating cars all into one roof, multistory car parks face 

competition from other parking solutions. Shuttle car parks as shown in figure 2.1, were 

identified as a budding system, which implements the use of elevators, and autonomous 

systems in parking and retrieving vehicles [7]. In the shuttle parking schema, the shuttles 

used move in a horizontal manner in a shuttle lane which is noted to be either a set of rails set 

in concrete and steel or even a recess with conveyor belts, pallet exchangers and robots being 

located on the shuttle [7]. When the vehicles are parked, the elevators move them to elevator 

platform then up to the designated level of parking until the owner comes to collect it. At 

least one elevator or shuttle is required on each level of parking which further makes the issue 

of redundancy to be mitigated effectively [7]. Shuttle has high-performance robotic-platform 

transporters with moving speed of up to 150 m/min is achieved by using cutting-edge 

technologies for distance signal transmission without using a cable, that allows installation of 

multiple robots at one level for a faster parking/retrieval procedure, which is 60 - 90 seconds 

[7]. 

2.2.2. Dependent Access Parkers 

 



 

24 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2.2: Dependent Access Parkers [9]. 

 

The second type of parking solution identified is twin parking systems as shown in 

figure 2.2, which are identified to be a system of parking in which different cars are aligned 

in a steel structure similar to the one used in multi-story parking systems [8]. Twin parking 

systems are coeval to dependent access parkers in which one vehicle has to be removed in 

order to retrieve the other as shown in the figure one below [8]. Both systems of parking have 

been shown to come in handy especially in neighborhoods where parking is a menace as well 

as in areas whereby the turnaround is lower such as offices. 

2.2.3. Mini Rotary Parking Systems 
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 Fig. 2.3: Mini Rotary Parking Systems [10]. 

Mini rotary systems, on the other hand, have been noted to operate on simple wheel 

mechanisms that are easily constructed in an area, which are small [10]. The space needed for 

such a parking system is set at 2 spots although one can increase it to a maximum of 6. The 

system has also been noted to be of low maintenance and being easy to operate especially in 

urban spaces whereby the parking ratio is 1:1 and the vehicles are parked in a random 

manner. The interconnected components in the system are vital in the achievement of the 

most obvious benefit of utilizing space [10]. Figure 2.3 is indicative of the different systems 

with the RACPS coming intact with a unique ID that corresponds to the trolley they are 

allocated to. 
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2.2.4. Puzzle Parking Systems 

 

Fig. 2.4: Puzzle Parking Systems [8]. 

The puzzle type parking system, which is in figure 2.4, has been defined as a schema 

that involves the combination of a myriad of cars, which are carried on pallets [8]. The 

aforementioned grid of pallets covers a steel or solid frame with belts and rollers being used 

to support them. The belts and rollers are driven by motors found in the support frames in a 

horizontal manner [8]. The cars can be loaded or unloaded individually without any hassles 

whatsoever through the use of electromechanical devices thereby meaning that it is 

independent. The levels are all combined in multiple levels either horizontally and vertically 

with especially pits that are suitable for outdoor and indoor installations [8]. Suffice to say 

that the system normally has two pallets lesser than the support frames found in each level 

which is vital in ensuring for the maneuvering of the pallets easily [8]. Puzzle systems more 

often than not provide the designer with the ability to flex the layout options of the system 

configuration as they can be moved in any direction [8]. They vary in nature be it in a square 

shape, rectangular shape or even a U shape with scissor lifts helping in moving and lifting the 

platforms or pallets in all directions [8]. One can also implement the use of cantilevered lifts 

that are electrically operated but there is a need for the lift platform to be restricted for ease 

[8]. The parking systems, just like its counterpart, is suitable in areas whereby parking can 
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prove to be a menace such as residential areas, malls or even in hotels [8].  

2.2.5. Horizontal Parking System 

 

Fig. 2.5: Horizontal Parking System [11]. 

Horizontal circulation parking is a system, which is normally implemented in tight 

spaces that are devoid of any driveways [11]. The system has been highlighted as being one 

that utilizes the least of space found in small or even middle size buildings [11]. The author 

went further to show that it operates in a similar manner as that of a conveyor belt with 

underground basements implementing it effectively as shown in figure 2.5. The operating 

principle of the parking system involves the pushing of the car on top up by use of the 

conveyor belt which then rolls the next car waiting to be retrieved [11]. 
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2.2.6. Car Life Hydraulic System 

 

Fig. 2.6: Car Life Hydraulic System [11]. 

Most hydraulic auto lifts depend on the use of hydraulics, which can be stated to 

pressure systems that require the transmission of pressure from one chamber into another 

[11]. The hydraulic system comes intact with an electric power unit, hydraulic cylinders as 

well as 2-4 posts or scissor car lifts [11]. The lifts are also inclusive of a lock and chain 

system that ensures that the vehicle does not fall. The car is parked on a ramp as the figure in 

2.6, which is then lifted slowly and placed on a certain level [11]. These systems are also 

similar to the car lift traction system, which lifts one car from one level to another through the 

use of a traction machine. In the car lift traction system, the counterweight and the lift car 

balance each other in order to ensure that the car is able to move up and down and is 

normally used in tall buildings [11].  
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2.2.7. Independent Parking System 

 

Fig. 2.7: Independent Parking System [12]. 

The parking system identified in this literature view analysis is the independent 

parking system [12]. This system comes intact with up to 3 parking levels without a pit with 

the upper-level lifting and lowering the platforms. The system also has an entry level that 

comes with sliding platforms and an extra space for sliding operations as shown in figure 2.7. 

2.2.8. Tower Parking System 

 

Fig. 2.8: Tower Parking System [11]. 

      The tower system of parking is defined as a schema that involves the use of a vehicle 

elevator with a set parking space found on both sides of the elevator shafts [11]. Cars in the 

system are parked in a parking tower that is repeated over a myriad of levels as shown in 

figure 2.8. The elevator rises to a single parking level on the tower and deposits it sideways 
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into space [11]. The retrieval also follows the process. Keynotes have however been drawn 

on the fact that system redundancy is bound to occur owing to the fact that the parking and 

retrieval of the vehicles are done through the use of a single mechanism [11]. The operation 

works in two steps that are vehicle acceptance mode and vehicle delivery mode.  The vehicle 

acceptance mode checks for an empty parking in the parking lot. The personal computer 

scans the vehicles plate to for recognition then sends a confirmation code to the control unit. 

After that the parking process starts. The control unit detects the closest empty parking lot by 

executing the position control algorithm to finally park the vehicle. The system is working as 

a cylindrical coordinated robot that moves in horizontal, vertical and forward-backward 

direction is preferred as the vehicle carrying unit because the parking process is carried out 

on a Simi-circular building. Then the cylindrical coordinated robot system is made of sheet 

metal with thickness of 1.5 mm that includes a mechanical structure [11].  

2.3. Comparison between Proposed and Our Project. 

The proposed system to be used in this research involved the use of the stacking of 

cars in multistory levels such as the one found in the Volkswagen power station. The 

difference between the proposed system and the one presented by [13] is that in the former, 

cranes are used in retrieving and loading cars while in the latter, the owners have to go pick 

up their cars by themselves. The cars in the proposed system can be packed in at least 400 

parking slots with the cars being fetched using car shuttles that service 180 degrees of the 

silos presented. In the proposed system by [13], at least 500 cars will be parked in it as it is 

wide and has all the requisite facilities needed. The tower proposed would have two cranes 

that are connected by a 600-meter underground tunnel and will work simultaneously in 

bringing the cars to the center at a speed of 1.5 meters per second. The existent system by 

[13] is one that uses the manual arrangement of the cars without any automated services 

whatsoever. The power consumption level for the existent system is also way too high 
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compared to the one proposed with the latter saving up to 65% of the energy generated when 

loading and retrieving cars from their requisite car spots as shown in table 2.1.  

Table 2.1: Comparison Between Our Project and Proposed System. 

 

Dependent 

Access Parkers 

 

Puzzle Parking 

System 

Horizontal 

Parking System 

Tower Parking 

System 

Capacity    5,000 Cars 

Space 

Optimization Poor Poor 
Max Space 

Optimization 

Max Space 

Optimization 

Capital 

Investment 

Low as 

compared to 

others due to 

its size 

Low as compared 

to others due to its 

size 
Very High Reasonable 

Ease of 

installation Simple Simple Complex Simple 

Noise Low Very High Very High Low 

Construction 
Low Low High Low 

Security Less Secure Reasonable Secure Highly Secure Highly Secure 

Maintenance 

Cost 
3-4% of capital 

cost 

3-4% of capital 

cost 

2-3% of capital 

cost 

2-3% of capital 

cost 

 

2.4. Conclusion 

In due summation, it goes without saying that the growth in technology, globalization 

as well as an influx in population has led to a heightened need for states and cities to revamp 

and re-strategize on how to manage parking slots. Parking locations have become scarce over 

the years as more and more people are buying cars.  The proposed system in this thesis will 

come through with silos that will effectively manage the loading and unloading of the cars 

when need be without having to resort to manual labor. Despite the fact that it may come at a 

price for the taxpayers, the long-term impact is what matters at the end of the day. The 

previously presented systems have all been noted to have a myriad of issues in one facet or 
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the other. This means that governments or even private organizations will sooner or later be 

forced to conform to the set pretensions of technology and embrace the use of the automated 

parking lots which will both cut on costs incurred, the time taken for parking as well as 

improving the efficacy of the country. 
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Chapter 3 Design and Analysis   

 

     The development of car parking systems is an interesting topic nowadays to solve the 

jamming problem, there are many ideas recently addressed to implement smart car parking 

system. For example the smart car parking system can be developed based on the Internet of 

Thing (IoT) Technology [18]. Also, the smart car parking system can be designed by 

detecting the free spaces before joining the car as addressed in [19].  In this project, Multi-

storey Parking Garage system is proposed, designed and prototyped in the real life. The 

system of Multi-storey Parking Garage is designed to achieve the following functionalities  

 Maximize the utilization of ground space. 

 Quick entry and exist due to the independent lifter operation. 

 The average retrieve time of the car is very small and it reaches 2 minute. 

 It required less building volume and less ground area. 

The system is designed based on photo proximity sensors to detect the available spaces of 

parking, programmable logic control to read the signals from the optical proximity sensors 

and consequently activate the elevator motor of lift the car to be parked to the proper place 

and to the proper floor. The system also uses light emitting diodes (LED) to indicate the 

availability of the parking in the certain floors. For example if no spaces are available in the 

ground floor, theLEDof theground floor is “red”and theLEDof the top floors isgreen.

And when there are no spaces and the parking is full, then all LED are red. If there is no 

space in the ground floor, the elevator opens its doors via PLC and the car enter to the 

elevator, if there is a free space in the first floor, the elevators stops at the first floor and if 

there no free space, the elevator goes to the second floor and so on. When there is a free 
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space at specific floor, the elevator stops at that floor and rotates such that it opens its door 

closed to the slot, as the car exist from the gate of the parking slot and opened to allow 

entrance of the car and PLC read that the slot is filled.  For that, the system updates itself and 

reports the available spaces continually to the PLC. 

3.1. System architecture 

For the purpose of drawing comparisons between key structural initiatives and the one 

forged in this research, the journal project article presented by Raji in [3] was used whereby 

they focused on the building of a multi-story car park through the use of Midas Gen 

Application software. This project acted as a sublimation facet into understanding the 

efficacy of multi-story buildings. The studies made on both individually and institutionally 

for developing the parking problem in Kuwait that has much significant impact on society 

which has too much increasing progress specially in recent years. However the solutions 

proposed as intelligent automatic park system that can eliminate this problem in our country 

[3]. 

 

Fig. 3.1: Prototype designed of the first floor calculated data [3] 

The Multi-story parking garage system is designed as a semi-circular structure. The parking 

system is constructed from four floors and in each floor there are eight parking lots as shown 

in figure 3.1 since there are eight parking lots on each floor, the angle width of each parking 

lots is 180/8=22.5 degrees. In the installation of the designed building, Cork plates are used 
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since it is easy to handle and light in weight. The detailed dimensions of the installed parking 

system are shown in figure 3.1.       

 

(a) 

 

(b) 

Fig. 3.2: Vertical movement elements for cylindrical coordinated robot system: a) fixed and 

movable metal elements b) gear belt system [3] 

Furthermore, the vehicle carrying unit is designed as shown in figure 3.2. A cylindrical robot 

that can move horizontally, vertically, forward and backward is used to adjust the vehicle to 

three free parking lots. 

The cylindrical robot shown in figure 3.2 is constructed from metal sheet of thickness 2mm 

and includes a mechanical structure consists of stepper motors, gears, rails, timing belt and 

carrying arm.  

 

 

3.1.1. Sublimation Project 
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Fig. 3.3: General Arrangement of the multistory parking [20]. 

In this installation of the designed building is started from the base and aluminum 

composite plate with thickness of 5 mm is used for the bottom layer which will carry the 

parking compartments and the vehicle caring unit as shown in figure 3.2. The installation of 

the robot system is started from the base bearing the entire load and the sheet metal base with 

dimension of 30-cmx30 cm and the high of 3 cm from the ground by bending from the edge 

is obtained. A tower with the diminution of 75-cmx10 cm x 11 cm is built on the base. So this 

is to create vertical movement path, the drawer rails are mounted on the left and right side of 

the inner path of the tower [20], as shown in table 3.1. 

Table 3.1 Design Data [20] 
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3.1.2. Recompose Model 

 

 

 

 

 

 

Fig. 3.4:  3D project [20]  

The model used by [20] focused on the use of structural loads that were all acting on 

the member elements approved by BS63999. The general arrangement in figure 3.3 involved 

at least 42 key components that were needed for structural analysis and optimal design. 

3.1.3. Virtual 3D model 

Due to its complexity, the project by Raji [20] implemented the use of Midas Gen 

software in the analysis of the building. A structure wizard was launched into the grid with 

the section and material properties being defined. The information on the story was 

summated and presented in Figure 3.3 as a 3D model. 

3.1.4. Relief project  

     The authors in [20] noted that the presented project did not have a relief project owing to 

the fact that it was set up on a flat topography. Despite the fact that the relief systems were 

already highlighted in the 3D models, the researcher noted that they were not that important 



 

39 

 

as the area was prime for building. The building, however, came intact with a set of man-

made drainages at its sides. 

3.2. Components 

  

3.2.1. Arduino 

  

 

 

 

 

 

Fig. 3.5: Arduino Mega 2560 R3 genuine [21]. 

     Arduino is an open-source physical computing platform based on a simple input/output 

board and a development environment that implements the Processing/Wiring language. 

Arduino can be used to develop stand-alone interactive objects or can be connected to 

software on your computer (e.g. Flash, Processing, MaxMSP). The open-source IDE can 

be downloaded for free (currently for Mac OS X, Windows, and Linux) as shown in figure 

3.4. 

      We didn't use the Arduino because you tell your board what to do by sending a set of 

instructions to the microcontroller on the board, and that will add a complexity to the system 

instruction and we will end up having two-controller unit [21]. The figure 3.4 shows Arduino 

Mega 2560 R3 genuine.  

3.2.1.1. TB6600 Stepper Motor Controller 

  

http://www.processing.org/
http://wiring.org.co/
http://arduino.cc/en/Main/Software
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Fig. 3.6:  TB6600 Stepper Motor Controller [22]. 

       Stepper motor is a brushless DC electric motor that divides a full rotation into a number 

of equal steps The motor's position can then be commanded to move and hold at one of these 

steps [22]. 

      We didn’t use TB6600 Stepper Motor Controller because it need a micro-controller 

(Arduino) for connected it with the PC that will made a chalice 2p unit. So, we use Phidget 

Stepper Bipolar HC, because it connected directly to the PC.TB6600 Stepper Motor 

Controller is shown in figure 3.5. 

3.2.1.2. L298 Dual Motor Driver Module 2A 

 

 

Fig. 3.7: L298 Dual Motor Driver Module 2A [24] 
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      L298 bridge Dual Motor Controller Module 2A with Arduino. This allows you to control 

the speed and direction of two DC motors, or control one bipolar stepper motor with ease. 

The L298N H-bridge module can be used with motors that have a voltage of between 5 and 

35V DC [23]. The driver can control both motor RPM and direction of rotation. The RPM is 

controlled using PWM input to ENA or ENB pins, while of rotation supplying high and low 

signal to EN1-EN2 for the first motor or EN3-EN4 for second motor controls direction. This 

Dual H-Bridge driver is capable of driving voltages up to 46V [24].  

      Even if both L298 Dual Motor Controller Module 2A and Phidget Stepper Bipolar HC 

supportasamevoltageof12V,butwedidn’tuseL298DualMotorDriverModule2Afor

two reasons first one is it can hold or support current up to 2A only, and that will not help our 

system performance as what we plan to. Second, it need a micro-controller to control it and 

support current more than 2 A. L298 Dual Motor Driver Module 2A shown in figure 3.6. 

3.3. Selected Components: 

3.3.1. Phidget Interface Kit 8/8/8 

  

Fig. 3.8: Phidget Interface Kit 8/8/8 [25] 
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      It is an Interface unit to connect between the different components of the system. The 

signal read by the proximity sensor is fed to the analog input of phidget and the LED is fed 

from the digital output Pin. The Phidget Interface Kit 8/8/8 is shown in figure. 3.7.   

3.3.2. Phidget Stepper Bipolar HC 

 

 

 

 

 

Fig. 3.9: Phidget Stepper Bipolar HC [26] 

     It used to control position velocity and acceleration of stepper motor. Phidget Advanced 

Servo 8 Motor to control up to 8 servo motors. Phidget Stepper Bipolar HC is shown in figure 

3.8.  

3.3.3. Hitec HS-422 Deluxe servo  

 

 

 

 

 

Fig. 3.10: Hitec HS-422 Deluxe servo [27] 

     It is one of the most durable and reliable servos Hitec has ever offered. It is used to locate 

the elevator at certain positions. Hitec HS-422 Deluxe servo is shown in figure 3.9.   
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3.3.4. PhidgeLed 64 Advanced 

  

 

 

Fig. 3.11:  Phidge Led 64 Advanced [28] 

It uses current control to adjust the brightness up to 64 LEDS. Phidge Led 64 Advanced is 

shown in figure 3.10.   

3.3.5. LED64 Cable 60 cm 

 

 Fig. 3.12: LED64 Cable 60 cm [29] 

To connect LED, the cables are cut in half and solder the cut end to the LED. The 64 LED 

cables are shown in figure 3.11. 

3.3.6. LED 5S MM 
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 Fig. 3.13: LED 5S MM 

[30] 

It is light emitting diode with different colors. It is uses for status indication of the 

elevator. The LED 5S MM is shown in figure 3.12.    

3.3.7. Phidget Advanced Servo8-Motor 

 

 

 

 

 

 

Fig. 3.14: Phidget Advanced Servo8-Motor [31] 

To control up to8-Servo Motors. It controls the position of velocity and acceleration of 

servomotor. Figure 3.13 shows Phidget Advanced Servo8-Motor   

3.3.8. Towerpro MG91 Micro Servo 

 

 

 

 

 

Fig. 3.15: Towerpro MG91 Micro Servo [32] 
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It is a micro servo with metal gear attached to it, it can rotate approximately     . It 

used to rotate the car during parking entry and parking exist processes to make the car closed 

to the parking area. Towerpro MG91 Micro Servo is shown in figure 3.14    

3.3.9. Wires and connections 

 

 

 

 

 

 

Fig. 3.16: Wires 

and connections [32] 

It is used to make interconnections for the system components as shown in figure 

3.15. 

3.3.10. Mini pushbutton switch 

 

 

 

 

 

Fig. 3.17: Mini pushbutton switch [33] 
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It is single pole through switch used to connect/disconnect some part or all the circuit. It is 

used to turn the smart parking system on and off to save energy and in case of maintenance. 

Figure 3.16 shown mini pushbutton switch. 

3.3.11. Battery  

  

 

 

 

 

 

          Fig. 3.18: 9 v DC battery [34] 

      The prototype of the developed multi-story parking system is powered by 9V DC 

battery. This 9 V DC battery is used to supply the different components of the system 

including Servomotor, LEDS, Microcontroller and the other system components. 

However, solar cell system can be used as a renewable source of energy to supply the 

system when it is applied in the real life. Figure 3.17 shows 9 V DC battery  

3.4. Motors: 

In several design of car parking in which it is planned that cars will be parked under 

the control of the system itself different kinds of motors are used to prevent accidents with 

nearby cars or vehicles, and suitable provision shall be made for arriving vehicles to be able 

to pass outgoing vehicles by using some kind of motors [35]. There are some motors which 

are responsible for lifting the car up and down, moving the car backward and forward also for 

shifting the car from left to right or right to left. These kinds of motors make it easy for the 

elevator that will carry the car to move.  
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3.4.1. Stepper Motors: 

3.4.1.1. Permanent Stepper Motor: 

 

 

 

 

Fig. 3.19: Permanent Magnet Stepper Motor [36]. 

 Permanent magnet motors use a permanent magnet (PM) in the rotor and work on the 

magnetism among the rotor PM and the stator electromagnets. The rotor includes magnet 

poles of steel and a cylindrical shape as in the figure 3.18. The opposite poles will be 

connected in series to produce a two-phase winding on the stator [36]. 

3.4.1.2. Variable Reluctance Stepper Motor: 

 

Fig. 3.20: Variable Reluctance Stepper Motor [36]. 

 Variable Reluctance stepper motor as shown in the figure 3.19 is built on the property 

of the flux lines which it takes the low reluctance track. The stator and the rotor of the vehicle 

are associated in such method that the magnetic reluctance is least [36].   
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3.4.1.3. Hybrid Stepper Motor: 

 

Fig. 3.21: Hybrid Stepper Motor [36]. 

 This kind of stepper motor is a combination between the permanent magnet stepper 

and the variable reluctance stepper. An axial permeant magnet is offered in the middle of the 

rotor. As well as it is magnetized to create a pair of opposites (north and south) as shown in 

the figure 3.20, [36]. 

3.4.2. Servomotor: 

 

Fig. 3.22: Servo Motor Control Device [37]. 

 As shown in the figure 3.21 a servo control system is a mathematical switch device 

with a minimum of one servo amplifier is linked to each other with a series bus to control the 

servomotor, which is connected to the servo amplifier. In this technique, data transfer systems 

of at least two types for the series bus are set, and a data transfer system is selected by a 

parameter set in the mathematical control device [37].   
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3.4.3. DC Motor: 

 

Fig. 3.23: DC motor [39]. 

 

 DCmotorsastheonethat’sinthefigure3.22haveseparatelyarmatureandfield

windings that can be functioned by the constant torque and constant horsepower modes. In 

the constant torque mode, we will suppose the armature current is supported at ranked value, 

the horsepower output is related to the speediness. Also that if the field is reduced to produce 

one-half the original amount of flux, the speed will double [38]. 

3.5. Selected Motor: 

We will be using all these three kinds of motors that shown in table 3.1: 

1- Stepper Motor 

2- Servo Motor 

3- DC Motor 

 

Table 3.2: motors 

Types Accuracy Capacity Connections Rotation Inner 

Structure 

 

Stepper 

Motor 

 

Medium 

Accuracy 

 

 

200 Kilos 

 

Pulses 4 

wires 

(a,b,c,d) 

 

360 degree 

based on 

steps and 

angles 

Coil on the 

sides and 

magnetic 

field in the 

middle 

 

 

Servo 

Motor 

 

 

High 

accuracy 

 

 

50 Kilo 

 

 

BWM 

 

 

0 degree – 

180 degree 

Potential 

resistance 

with board 

to control 

the 



 

50 

 

position 

 

 

DC Motor 

 

 

Low 

accuracy 

 

 

200 Kilos 

 

2 wires 

(clock wise, 

anti-clock 

wise) 

 

360 degree 

– blind 

without 

angle 

Magnetic 

field on 

the sides 

and coil in 

the middle 

 

 

3.6. LCD Display   

 

                               

Fig. 3.24:  LCD description  [21] Fig. 3.25: 16X2 LCD pin Display [45] 

 

Liquid -crystal display known as LCD is a flat-panel display or electronically 

modulated optical device that uses the light modulating properties of liquid crystals, liquid 

crystals do not emit light directly, instead using a backlight or reflector to produce images in 

color or monochrome. LCDs as shown in figure 3.23 and figure 3.24, are available to display 

arbitrary or fixed images with low information content, which can be displayed or hidden, 

such as preset words, digits and 7-segment displays, as in a digital clock. They use the same 

basic technology, except that arbitrary images and made up of a large number of small pixels. 

LCDs are used in wide range of applications such as: computer monitors, televisions. 

Instruments panels, aircraft cockpit displays indoor and outdoors signage, digital cameras and 

mobile telephones, including smart phones. [41]  
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IP displays’ signs can receive up to the second data about parking garage space 

availability. Improve efficiency by displaying the time, number of spaces available, and by-

the-hourpricingdataasshownintable3.2.IPdisplays’intelligentdisplayscanprocessyour

data using thresholds and basic logic to communicate exactly what you want your visitors to 

know. Provide emergency messages in varying weather conditions, and level closures. [42]  

 

 

 

 

 

 

Table 3.3: Comparison Between Our Project and Proposed System. 

Pin No Function Name 

1 Ground (0V) Ground 

2 Supply voltage 5V (4.7V – 5.3V) Vcc 

3 Contrast adjustment, through a variable resistor VEE 

4 Select command register during low and data register 

while is high 
Register Select 

5 Low to write to the register and high to read from that 

register 
Read/Write 

6 Sends data to data pins when a high to low pulse is 

given 
Enable 

8 Data Pin DB1 

9 Data Pin DB2 
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10 Data Pin DB3 

11 Data Pin DB4 

12 Data Pin DB5 

13 Data Pin DB6 

14 Data Pin DB7 

15 Backlight VCC(5V) Led+ 

16 Backlight Ground (0V) Led- 

 

3.7. RFID 

The RFID detector is located at the some distance from the car. As the driver will 

bring his preprogrammed RFID tag near the detector, the RFID Reader that will read the time 

input and in the same times the time output, of the car details. [43] 

3.8. Software Components:  

The Arduino IDE software is known that Arduino IDE is open source software. This 

software is used to compile the program into the microcontroller. It uses C-programming 

language for coding. There is two parts in this code mainly, one is Void setup (), which is 

known as preparation for the program, and it runs only once and another one is void loop (), 

which is known as execution for the program. In this software we have used some function 

from the Arduino library to get the authentication of SIM, GPS data, send the data to the 

script with HTTP, to send and receive data via RF Module. We used AT command for 

SIM900Akit toconnectwiththeArduino forsendingmessagetotheuser’smobilephone.

[45] 

3.9. Budget 

In this section, the components that were purchased for Multi-storey Smart Parking System is 

listed in Table 3.3 with the quantity and the price. 
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Table 3.4: Budget List 

Items Quantity $ Total cost 

31.500 KWD 31.500 

KWD 

1 Phidget Interface Kit 8/8/8 

141.600 

KWD 

35.400 

KWD 

4 Phidget Stepper Bipolar HC 

 

13.030 KWD 6.515 

KWD 

2 Hitec HS-422 Deluxe servo 

 

30.250 KWD 30.250 

KWD  

1  PhidgeLed 64 Advanced 

 

19.500 KWD 00.750 

KWD 

26 LED64 Cable 60 cm 

 

3.600 KWD 00.50 

KWD 

72 LED 5S MM 

 

33.008 KWD 33.008 

KWD 

1 PhidgetAdvancedServo8-Motor 

12.051 KWD 6.026 

KWD 

2 Towerpro MG91 Micro Servo 

00.750 KWD 00.150 

KWD 

5 Mini pushbutton switch 

3.500 KWD 3.500 

KWD 

1 Wires and connections 

288.789 

KWD 

Total  

 

 

3.10. Conclusion  

The progress of technology is increasing with the number of applications of 

automatics and electronics in construction. This area is called intelligent area because of the 

s 

inevitably associated with a building management system, and fields such as automatics, 

automation and high-tech architecture. [43] 

The automated parking system is similar to robotic car parking. This system allows 
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vehicle to park on zone and transports into exchange zone, where using a turntable it is 

directed so that the driver does not have to reverse.  The mechanical model has been 

designed and the software as well as the control circuit has been implemented successfully. It 

demonstrates the working of the planned rotary parking system. The size and number of 

trolleys can be customized according to the needs and capacity of the organization or garage 

space availability. [43] 
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Chapter 4  Implementation  

4.1. Implementation 

 

In this chapter we will specify the implementations of the chassis with the mechanical and 

electricalcomponents.ItwilldiscussthereasonbehindchoosingtheArduino’s,Motorsand

battery’s.Alsoitprovidesthesoftwaredesignandimplementation.Finally, we will talk 

about testing the tower parking. 

 

Fig. 4.1:  the first floor of the prototype designed according to the calculated results. 

 

 

Fig. 4.2:  Semi-circular building with completed installation 
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For the first design that we are working on, the model of vehicles coming in and out the park 

is made through toys cars. This building is consist of three floors and has 6 parking lots on 

each floor. 18 vehicles can park to the building. The measurements of the parking lots that 

will be used for parking the car toys are decided by considering the ratio between the volume 

of the vehicle calculated according to the dimensions of an average vehicle and the volume of 

the parking lot calculated according to the dimensions of parking lot where this vehicle will 

park.  

 The building is designed as a semi- circular shape; the overall parking lot on every 

floor corresponds to an angular area of 180 degree. As there are 6 parking lots on every floor 

of three-storied building, a parking lot of 180/6 = 30 degrees is assigned for each vehicle. 

Figure 4.1 shows the preview image of the first floor of the prototype that is designed 

according to these records.  

      In designing the building, we used the PVC foam plates because it is durable, easy to 

handle and light. Figure 4.2 shows the picture of three-stored semi-circular building 

completed the installation in accordance with the preview image given in Figure 4.1.  

4.2. Mechanical Implementation 

 

 
Fig. 4.3:  Elevator of the multi-story parking garage 
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Fig. 4.4: The base of the elevator of the multi-story parking garage 

 

In this part, the mechanical implementation of the different parts constructing the multi-story 

parking garage is presented. The technical mechanical methodologies for implementing each 

part of the system are illustrated. The different parts implementation can be given as follow  

For the elevator  

1- For the elevator  

      The elevator is implemented as shown in figure 4.3. It constructed from aluminium metal 

bar, which has two vertical slots to enable the movement of the car up and down. In addition 

to the vertical slotted bar of the elevator, there are a base for the elevator on which the car is 

placed as shown in figure 4.4. 

2. for the Parking Areas 
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Fig. 4.5: The parking area of the multi-story parking garage 

The parking area of the multi-story parking system is implemented as shown in Figure 

4.5.The parking area is fabricated from Cork material in the form of half circle. The 

dimension of the parking area is 1.2m by 0.6 m by 1.2 m for length, width and height, 

respectively. The parking area capacity is 16 spaces distributed on 4 floors and there are 4 

parking spaces for each floor. 

 

Fig. 4.6: The DC motor of the vertical distance of the multi-story parking garage 

       DC motor is used to move the car up and down during the parking and de-parking 

processes. The DC motor is fixed at the top part of the elevator chassis as shown in figure 

4.6.The Motor is fixed in the chassis of the elevator by using 4 metal screws. Also the places 

of the electrical wires are considered during the implementation of the DC motor place.    

4. DC motor for Horizontal movement 
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Fig. 4.7: The DC motor of the horizontal distance of the multi-story parking garage 

To move the car horizontally to enable the parking of the car at the certain free space, DC 

motor is used as shown in figure 4.7. 

5. The prototyped car  

 

 

Fig. 4.8: implementing of the prototyped car 

The car is prototyped as shown in figure 4.8. The car is implemented plastic since we used a 

play station car. The car has 4 wheels and the car is attached to the base of the elevator during 

the vertical motion, then it placed in the nearest free spacing area.   

4.3. Motor  
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Fig. 4.9: DC Motor for 

vertical movement 

 
Fig. 4.10: DC-Motor for right 

and left movement 

 
Fig. 4.11: DC-Motor for 

forward and backward 

movement 

 

 

We used three DC-Motors in our prototype. DC motors are electric motors that are powered 

by direct current (DC), such as from a battery or DC power supply. Their commutation can 

be brushed or brushless. Changing the voltage alone can control the speed of a brushed DC 

motor. . Finally, All the DC-Motors we used will help the cars to move in very safe way.   

The first DC-motor will create a vertical movement up and down shown in figure 4.9. The 

second DC- motor is for the movement. The car will move to right direction and left direction 

by 180 degree, shown in figure.4.10. The last DC-motor is for moving the car forward or 

backward shown in figure 4.11.  

4.4. Software 

In order to make the set of hardware listed for this project come into operation, they need to 

be commanded and controlled according to user inputs. Therefore, software needs to be 

developed and implemented so as to achieve the need for a software architectural framework 

that will form the basis of the control network and methodology. Furthermore, a verification 

procedure will also need to be formed so as to assess the success factor of the solutions 

presented by the software based on the unique system requirements. Hence, this will define if 

maintenance/up gradation of the developed software needs to be undertaken or not. 



 

62 

 

4.5. Software Design 

Software designing is the phase of a project whereby a programmer or software developer 

accomplishes the defined goals and requirements of the system, while remaining within the 

predefined constraints. A problem is solved by the development of a software, while the 

design phase includes the low-level components, such as the algorithm design, and a high-

level, architectural design [46]. Software requirements analysis is conducted by the developer 

to identify the unique needs of the system by dividing a bigger problem into manageable, 

smaller components (software analysis) and then devising possible solutions for those 

problems (software design). A good developer will always adhere to the accepted standard 

design considerations of software development in order to achieve ultimate success of the 

solution. 

The design considerations of the developed software solution need to be extensive and 

flexible so as to allow room for changes/up gradation during the program lifecycle. These 

considerations include compatibility, extensibility, modularity, fault-tolerance, 

maintainability, durability, reusability, robustness, security, usability, performance, 

portability, and scalability. The basic function of the software in context of this project will 

be to act as the vehicle recognition unit [47]. A single-user interface program, developed 

using C# programming language, will automatically retrieve the number plate and vehicle 

information and registration information from the national database and save this information 

on a file in the computer. It will allocate a vacant space to the vehicle based on the existing 

decision criteria and will print out all the required details with a unique identification code for 

the customer. This program will be coupled with the microcontroller so as to initiate the 

command for parking/retrieval of the vehicle from the multistory parking facility. Important 

design parameters will include making the program functional on all operating system 

frameworks; however, a preliminary design will include support for only Microsoft 
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Windows, as the database management system will be based on the Microsoft Access 

software tool. 

4.6. Software Implementation 

 

It is noteworthy that the software developed is a part of the whole architectural framework for 

the system, and not the whole of it. The component that completes it is a separate computer 

application that sends the customer required information for retrieving their vehicle from the 

parking facility. This application is called the Arduino IDE software that compiles the 

program into the microcontroller. Arduino library functionalities for the authentication of 

SIM, GPS data, sending data to the script with HTTP, and sending and receiving data via RF 

Module are used. The interface software, however, is coupled with this application and 

initiatesa“SendInfotoCustomer”command.ArduinoIDEisconnectedwithATcommand

for SIM900A kit to send confirmation messagesandrelatedinformationtocustomers’mobile

phones. 

4.7. Testing the tower parking 

 

The testing for our tower-parking prototype is successfully worked. The car moves 

successfully up and down, also the car can park very safe in specific degree. Therefore, it 

moves forward and backward successfully.  Figure 4.12 and figure 4.13. Shows the prototype 

test. 
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Fig. 4.12: the car moved up successfully. 

 

 

 

Fig. 4.13: other car move vertically down. 

 

4.8. Hardware and software Implementation – capstone II 
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Fig. 4.14: final design of our parking 

As shown in figure 4.14 you can see our final design that we did many tests on it until we 

figure the correct angle and which component that will help us to work our model. 

4.8.1. Components 

Software and hardware components have been used to implement our project, this is a brief 

description of the components that have been used: 

1- Phidegetlnterfacekit 8/8/8: It is an Interface unit to connect between the different 

components of the system.  

2- PhidgetStepper Bipolar HC: used to control position velocity and acceleration of stepper 

motor. It control up to 8 servomotors. 

3- PhidgetAdvancedServo 8-Motor: controls the position of velocity and acceleration. 

4- Hiitec HS-422 Deluxe Servo: It is used to locate the elevator at certain positions. 

5- Towerpro MG91 Micro Servo:It used to rotate the car during parking entry and parking 

exist processes to make the car closed to the parking area.  

4.8.2. Hardware Implementation 
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For the Second design which was our final design we used several components as 

mentioned in 4.5.1 and they are two servo motor, two stepper motors, one IR sensor and one 

Phidegetlnterfacekit 8/8/8.  

For the two stepper motors, one of them will control the arm that takes the car to the 

row which has an empty park and the other one will control the same arm when it wants to 

take the car forward to the park and backward outside the park.  

Two wires will be controlling the servo motors. Each one will be responsible for a 

different thing. One of the wires will control the arm moving left or right, the second and 

third one will be controlling the gates in and out, and the fourth and fifth wires will be 

controlling the in and out doors. 

The Phidegetlnterfacekit 8/8/8 has also two wires. The wires will be responsible for 

the IR sensor to know if there is a car coming in or outside the park.  

4.8.3. Block Diagram 

 

 

Fig. 4.15:  the block diagram 
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The block diagram shows the major processes and their sub-processes. It explains the system 

and the relations between them. The control unit, which is the PC, is connected with the 

Interface Kit 8/8/8, stepper Bipolar HC (High Current), Advanced Servo 8-Motor and LED-

64 Advanced Interface all connected by USB. When the user requests any of the methods 

available, the data will flow into serial process and will redirect it to the requested method to 

execute. As shown in figure 4.15. 

4.8.4. System Architecture 

 

Fig. 4.16: system architecture 

 

As shown in figure 4.16, system architecture contains one block named parking system. The 

parking system will be connected to the PC and the fingerprint to analyze the data and control 

the parking system that will then send the feedback to the control part that used stepper motor 

driver. 

4.8.5. Fingerprint 
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Fig. 4.17:  Fingerprint ZCTACO 

 

As shown in figure 4.17, the fingerprint contains two parts register fingerprint and verify: 

a) The register fingerprint when pressing on it, a door will appear, in the library of the 

fingerprint, which is called ZCTACO. The ZCTACO will take five-finger prints from the 

user. When it finishes from taking the fingerprints it will require the user to enter a phone 

number. By then the registration is complete, the gates will open and the car will go in. 

b) The verify button when pressing on it the same window as the fingerprint will pop out. The 

difference here is that the first step will call for the user to enter his/her phone number. After 

enteringthephonenumberitwillaskfortheusersfingerprint.Itwon’tworkiflatertheuser

entered a fingerprint not matching the phone number, since it only works for the one finger 

the user entered at first.  

 

4.8.6. System Design 
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Fig. 4.18: half circle of our model 

 
 

Fig. 4.19: the column that connect between 

each raw 
 

 

 

Fig. 4.20:  system design 

 

The Multi Story Parking Garage is constructed from four floors and one ground floor which 

has a height of 13 cm and. In the installation of the designed building, the full circle length is 

measured 90 cm with radius (width) 45 cm. all building can fill with 40 cars and each flour 

contains 8 cars. The high of a whole building, which is 57 cm. so we stick our building on the 

base. We also designed the Multi-Story Parking Garage with safety as it has a break which if 
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the electricity is turned off, the car will not fall down. As you can see in figures 4.18, 4.19 

and 4.20. 

4.8.7. Flow Chart 

 

 

Fig. 4.21:  the flow chart 

 

As shown in figure 4.21, the flow chart will be flowing or executed for infinite loop, 

briefly when the user enters in, if there’s empty location the car will be park and

completetheprocess.Ifthere’snoemptylocationthecarwillnotenteranditwillbe

waiting outside. 
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4.9. Conclusion 

      In this chapter, mechanical design of the prototype body has been worked successfully. 

We implement our future plan in a very simple and creative prototype that describes our idea 

very well. Also, the electrical design contains the stepper motor and advance servomotor with 

Phidegetlnterfacekit 8/8/8 and IR sensor battery 12 volt with current 2.5 A that can deal with 

our implementation to work. 
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Chapter 5  Evaluations  

Evaluations 

     Evaluation of criteria will address the following in detail pertaining to the project. 

 Relevance 

 Effectiveness 

 Efficiency 

 Impact 

 Sustainability 

5.1. Environmental Impact 

       Multi Story Parking Garage helps environment a lot because once the car is parked that 

will save the environment from the smoke that comes out from it. So, that will be friendly 

environmental due to reducing the air pollution. In addition, multistory parking will made 

huge organized in the society, for example instead of thronging or park the cars in random 

places you will have specific organized parking to park it. Therefore, instead of park it in 

unsafe places you will be parked it in safe places, which will safe your car from thronging it 

randomly. Finally, Multi Story Parking Garage will save the nature and the tree from being 

cut instead of cutting them in a large space they will be cut for a specific space for building 

the Multi Story Parking Garage. 

5.2. Economic Impact  

     Multi Story Parking Garage is one of the promising solutions to the parking problem, 

which have many positive economic impacts. The multistory parking garage saves both time 

and money for people. In terms of time point of view, thepersondoesn’tneedtolookfora

free space to park his/hers car but it is the functionality of the system to automatically 

checkup the free spaces in short time. In terms of money point of view, the multistory parking 

garage save the fuel and consumed during the searching phase of the free space happens in 
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case of conventional parking method. Also, the project save the life time of the car, since as 

soon as the car arrives to the multistory parking garage place, the car switched off and the 

system begin to look for free space and park the car. Furthermore, the multistory parking 

garage save the area of the land for parking certain capacity of cars and consequently it saves 

the money. As result, the multistory parking garage has positive economic impact not only on 

the person scale but also on the local scale of the country because many lands of the country 

used for parking can saved and replaced by small area of the multistory parking garage. 

5.3. Ethical Standard 

      Each project should be designed and implemented to have ethical impacts such as more 

safety, low pollution and low noise. In terms of safety point of view, the multistory parking 

garage is more safety because the lift is provided by mechanical breaks system to enable 

stopping at each floor of the parking with more safety conditions. Also, the floor of the lift is 

aligned with the level of the parking floor to enable smooth movement car from the lift to the 

parking opposite. Because in the multistory parking garage, the car switched on for short time 

during parking process, so it makes a low noise and low pollution area. Furthermore, the 

system is provided by status signal, which gives the chance for tracking the car while the 

person stands away from the lift. This means the status signals make the system safety. 

5.4. Social impact 

      Multi story parking garage can be comfortable by the simplicity of auto parking. People 

like to park with shortest period of time especially when they are tired or late from their 

work. They also delay their needs because of crowded place. In solution, the lift will park the 

car and that will minimize the number of accident. Multi story parking garage has a finger 

print which can keep the car safe and it will highly minimized the stealing crime. 
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5.5. Survey 

This survey contained 6 questions that were answered by a hundred people. Those 

questions were related to if they think that Kuwait has a parking problem and how much 

people suffer finding parking in Kuwait. The first question was about the car parks in Kuwait 

and do the people find that Kuwait has parking problems as shown in figure 5.1. 

 

Fig. 5.1:  Percentage of people who think that Kuwait has parking problems. 

Around 97% of people think that Kuwait have parking problems which is really a 

problem thatwe’ve noticed that’swhywe’vechosen thisproject, to finda solution for the

problemthatmostofpeopleinKuwaitface.Theother3%whodon’tthinkthatKuwaithave

parkingproblemsprobablydon’tdrive. 

The second question was about how long the drivers take to find parking. The 

answers will show us how long people suffer while finding parking as shown in figure 5.2. 

 

Fig. 5.2:  Percentage of how long it takes people to find a parking 
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64% answered more than 10 minutes, which is a lot, compared to our multistory car 

parking which parks your car in three minutes. The other 33% of people takes them from 5-

10 minutes to find a car park that is also more time than the multistory car parking. The last 

3% that takes them less than 5 minutes, they seem to be lucky. 

The following question was to see if people are late to the places there going to 

because of having trouble finding parking as shown in figure 5.3. 

 

 

 

Fig. 5.3:  Percentageofpeoplewhoaresometimeslatebecausetherearenoparking’s 

 

As shown in the figure 5.4 98% of people are late to their destinations because they 

can’tfindparking,whichisaproblemespecially if you have an appointment or work to do. 

The other 2 % are not late, probably they have a driver. 

In question number four we asked if people think that government and private 

institution should expand their parking areas. As we see that in Kuwait the government and 

private institution is always crowded and we should go so early or even one hour before our 

appointment just to find parking. 
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Fig. 5.4:  Percentage of people who think that government and private institutions should 

expand their parking areas 

 

99% of people think that they should expand their parking areas, which shown in figure 5.5 

that most of the people in Kuwait suffer from parking in those places and that refers to 

Kuwait have really huge car parking issues. 

After that we asked a question to know if their car have been hit or damaged in 

Kuwait carking plots. 
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Fig. 5.5:  Charts shows the percentage of people who their car was damaged because of 

parking plots  

 

 

So 88% of people suffered from Kuwait tight parking spaces and their car was hit or 

scratches due to the parking plots. In our project this would never happen because each car 

has his own plot where there is a wall between each car. 

The last question was about if people prefer a plot that parks their car automatically 

within three minutes, this plot would solve every problem they face in parking areas. 

 

 

 

Fig. 5.6:  Percentage of people who prefer automatic parking plots 

 

As shown in the figure 5.6 that 93% of people would prefer an automatic parking 

plots which is why we decided to do this project, because were also facing that parking 

problems in Kuwait. The other 7% of people would not prefer the automatic parking plots. I 

think because they have never seen one or they are afraid of the automatic and don’t

understand exactly what it is. 
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5.6. Conclusion 

Traffic congestion, largely due to parking space deficiency in the city centers, is a 

rising problem in Kuwait. Therefore, this project was undertaken to develop a new parking 

system that would help in solving the problem parking space deficiency and solve other 

related issues, such as the cost and time involved in developing parking lots. A multistory 

parking system was suggested and a prototype of a semi-circular facility was developed using 

Phidget Interface Kit 8/8/8, Phidget Stepper Bipolar HC, Hitec HS-422 Deluxe servo, Phidge 

Led 64 Advanced, Towerpro MG91 Micro Servo, Stepper motor, Servo motor, DC motor, 

other peripheral components, and an LCD Display. User-interface software, coupled with 

Arduino IDE was also developed to make the whole system work. 

  



 

80 

 

 

 

  



 

81 

 

Chapter 6 Literature Review  

 

 

6.1. Project progress and time line 

 

Table 6.1: Project Progress and Time Line 

Project progress  Start date End date 

Chapter 1 01/10/2018 17/10/2018 

Chapter 2 18/10/2018 03/11/2018 

Chapter 3 04/11/2018 12/11/2018 

Chapter 4 13/11/2018 17/11/2018 

Chapter 5 18/11/2018 24/11/2018 

Chapter 6 24/11/2018 10/12/2018 

 

6.2. Future work 

 

 Future directions related to this project include an integrated approach towards the 

development of the system. This will include a platform, such as a mobile app, that would 

integrate the RFID systems into the system of these multistory parking systems to identify if 

parking space is available and then book one for the users. This means automation of the 

whole system. Moreover, research and development of affordable and portable automated 

multistory parking systems may also be undertaken as future perspectives [50]. 
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6.3. Conclusion 

  To sum up all what we did in this course, basically all what we did was a research 

each chapter talk about specific subject that helps us in our project. So, all the team did a high 

research about the subject in each chapter to learn and improve our knowledge.  

Chapter one was an introduction for our idea and state the problem and the solution it 

therefore, we talked the goals and objective about, SOWT analysis.  

Chapter two was completely about literature review, and we did a research about 

types of other parking solutions available, comparison between proposed and existing system 

and power estimations and simulation results. 

  Chapter three was about design and analysis we did a high research about the 

components and we talked about the system architecture also, we did comparison between the 

components and why we selected it for our prototype therefore, we did sublimation project.  

Chapter four basically was about implementation for our design goes under it mechanical 

design, system design and electrical design. Therefore, we talked about software 

implementation and software design. The last part in chapter four was about testing the tower 

parking.  

In chapter five we did evaluation for our project in many impact such as environmental 

impact, economic impact and ethical impact and social impact survey. Finally, chapter six 

was about project progress and time line for our plan.   
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