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Received: 27 May 2024 In the dynamic expansion of urban population, there arises a pressing need to establish
Revised: 29 July 2024 well-defined parameters for parking spaces. The provision of parking plays a pivotal
Accepted: 5 August 2024 role in both residential complexes and commercial establishments. Ill-conceived
Available online: 29 September 2024 roadside parking areas can result in severe traffic congestion, and at times, even lead to

accidents. Different car sizes need different parking lot sizes. Therefore, given these
factors, adaptable parking solutions have become imperative. Within the framework of
the proposed research, the parking spaces in question are envisaged as rectangles, and
a mathematical model has been devised within a fuzzy environment. Numerical
examples are taken to illustrate the mathematical model. LINGO software is used to
solve the mathematical model and MATLAB is used to define the fuzzy variable. At
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MATLAB the outset the results will reveal the importance of making the length of the parking
space in fuzzy environment.

1. INTRODUCTION Different types of cars with different body types are given

in Figure 2 and are available in the market. Most of the cars

The designated parking area caters to both short-term and have the same breadth and different lengths. In Muscat, the

long-term vehicle storage. Among essential components of parking lot size is fixed at 2.5m>5.5m. Dubai municipality

transportation infrastructure, parking lots feature prominently. fixed the parking lot dimension as 2.5m>5.0m [1], and Oman

The design of these lots is strategically orientated towards fixed the parking lot dimension for the Dugm city urban
maximizing vehicle capacity and efficient utilization. Key planning and development project as 2.5m>5.5m [2].

determinants for optimizing parking space include dimensions,
layout, angles, and accommodation for a range of vehicle sizes

and types. Various vehicles necessitate tailored parking spaces a
and configurations. This study focuses specifically on @ ﬁ ﬁ ﬁ 0) ©
different types and sizes of cars. Micro Hatchback Sedan suv MPV

The parking angles under consideration will be denoted as

and as illustrated in Figure 1. These angles represent widely ﬁ‘ ﬁ ﬁ M
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utilized configurations in parking lot scenarios. The selection
of parking angles holds a significant sway in the optimization
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Figure 1. Parking angles Figure 2. Different types of cars
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Here the discussion arises about the length of the parking
lot. Different countries follow parking lot dimensions for their
own convenience. After the observation, it is understood that
the countries fixed the breadth of the parking lot and
compromising its length.

By reducing parking lot length, we will increase the number
of parking lots in the allotted parking space. So, in this paper,
the length of the parking lot will be considered a variable, and
its lower and upper values are defined as 5.0m and 5.5m,
respectively. With the use of sonar sensors, the car decides the
turning angle, and with the use of fuzzy logic, the car can
automatically decide the motion direction [3]. A cloud-based
parking lot reservation system was created, and it will monitor
the available parking lots for the cars. The time consumption
and fuel consumption will be reduced by reserving the parking
lot [4]. The availability of the parking lot and weight of the car
are considered to decide the suitable parking lot to maintain
the equilibrium of the parking space [5]. Most of the research
papers focus on parking the cars in the suitable parking lot. A
novel approach is taken in this paper to consider the parking
lot length as a variable under a fuzzy environment to optimize
the number of parking lots in the available parking space.

In this paper, the mathematical model for rectangular
parking spaces is taken under a fuzzy environment. The length
of the parking lot is taken as a fuzzy variable. Also, three
different parking lot dimensions are taken into consideration
for a numerical example. It is denoted as follows: Dimension
1 (DM1: 2.5m>5.0m), Dimension 2 (DM2: 2.5m>5.25m), and
Dimension 3 (DM3: 2.5m>5.5m).

2. LITERATURE REVIEW

Less parking space, vehicle traffic, building infrastructure,
and more factors will influence the traffic in crowded cities.
So, the drivers will face difficulties in parking the vehicles. A
fuzzy logic was taken in developing the smart parking space.
The number of unoccupied parking lots in various locations
inside the cities, the distance between the vehicle and the
unoccupied parking lots, and the location traffic information
will be provided to the drivers [6].

The automated steering controller was designed and tested
using MATLAB Simulink [7]. A* algorithm and entropy
methods are taken in the process of optimizing the parking
space with the shortest path to unoccupied parking lots [8]. An
autonomous system to park the car in the unoccupied parking
lot was designed and simulated by using MATLAB Simulink
software and fuzzy logic [9].

Small parking spaces inside the shopping complex are
considered, and smart parking spaces are developed. In the
shopping complex, the number of floors can be increased in
the future, and at the same time, parking lots can also be
increased by constructing floors for parking a greater number
of cars. The software Arduino, RFID, fuzzy logic, and
MATLAB Simulink are used in developing the smart parking
spaces [10].

The proximity of the cars identified and the suitable parking
lots will be assigned to the waiting cars using the parking
control system, and fuzzy logic was used to calculate the
distance between the vehicles [11]. Steering controller and
speed controller are defined under fuzzy environment. A
kinetic model was developed for the autonomous parking
system [12]. To increase the performance quality, fuzzy logic
was used in parking lot operator problems in electric vehicle
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charging stations [13]. In the less amount of time to find the
appropriate parking lot, the fuzzy logic controller was used
[14]. Fuzzy logic inference is adopted to develop a
mathematical inference, and the inference was used to balance
the parking lot allotment and traffic situation to reach the
parking space [15]. An application for an automated vehicle
parking system was created with a PIC 16F84A
microcontroller and fuzzy logic. Based on data from infrared
sensors, this system has the ability to seek out parking spaces,
reverse, and park itself there [16].

3. MATHEMATICAL MODEL

The pictorial representation of the proposed parking space
is given below in Figure 3.
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Figure 3. Parking lot design
3.1 Assumptions

To achieve the proposed parking lot design given in Figure
3, the below assumptions are made:

M
@)
3

“

One-way traffic across the aisles;

Two-way traffic perpendicular to the rows;

Both sides of the parking space will have two
entries/exits;

At the adjacent to the wall, no exterior rows are
allowed.

The assumption (2) can be taken as one-way traffic
perpendicular to the rows, and assumption (4) can be taken as
the exterior rows are adjacent to the wall according to the
parking lot design taken.

The objective function and constraints of the proposed
mathematical model are given below. The length of the
parking lot is considered a fuzzy environment.

3.2 Objective function

The objective of the proposed mathematical model of the
rectangular parking space is to maximize the number of cars
in the allotted parking space. With the constraints like space,
parking lot dimensions, and parking angles. The objective
function is defined in Eq. (1)

2.

6=0",45,60",90

Max 2 = (NO+NE6)

(1



3.3 Constraints

Eq. (2) discussed that the sum of the lengths of the number
of cars in the interior row and the exterior row should not be
more than the length of the parking space.

2

0=0",45",60",90

(F3X0+(D+C)XEf) <a @

Eq. (3) discussed that the total number of outside rows
should be less than or equal to two.

2

6=0",45,60",90

XEG <2
o (3)

For 8 = 0°,45°,60°,90°.

Eq. (4) discussed that the area allotted for inside rows
should be completely occupied by the number of parking lots
allotted in the inside rows. The value of L [17] can be
calculated by L=b — 2 * 7.

A2NO—-2L-X6<0 4)

Eq. (5) discussed that the area allotted for outside rows
should be completely occupied by the number of parking lots
allotted in the outside rows.

AZ2NEO—-L-XEO <0 (5)

Eq. (6) discussed the non-negativity conditions of decision

variables.

N, X6, NE@, XEO >0 (6)

3.4 Decision variables

The decision variables of the proposed mathematical model
of rectangular shaped parking spaces are given below:

N6  number of cars with 8 angle inside row;
NE6@ number of cars with 8 angle outside row;
X6  number of inside rows with 6 angle;
XEO number of outside rows with 8 angle.

4. NUMERICAL EXAMPLE

Table 1. Input values (for 0 and 45 degrees)

Angled Parking Degrees

0 45

Symbol DM1 DM2 DM3 DM1 DM2 DM3
a 120 120 120 120 120 120
b 80 80 80 80 80 80
Al 6.50 6.50 6.50 2.50 2.50 2.50
A2 6.50 6.50 6.50 3.54 3.57 3.60
Bl 2.50 2.50 2.50 5.00 5.25 5.50
B2 6.50 6.50 6.50 6.80 6.95 7.10
C1 2.50 2.50 2.50 5.30 5.45 5.60
C2 2.50 2.50 2.50 4.70 4.85 5.00
C3 2.50 2.50 2.50 4.40 4.60 4.70
D 3.00 3.00 3.00 3.75 3.75 3.75
E 0.00 0.00 0.00 0.60 0.60 0.60
F1 8.00 8.00 8.00 1345 1380 14.05
F2 8.00 8.00 8.00 1285 1320 1345
F3 8.00 8.00 8.00 1255 1295 13.15
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Table 2. Input values (for 60 and 90 degrees)

Angled Parking Degrees

60 90

Symbol DM1 DM2 DM3 DM1 DM2 DM3
a 120 120 120 120 120 120
b 80 80 80 80 80 80
Al 2.50 2.50 2.50 2.50 2.50 2.50
A2 2.89 2.90 291 2.50 2.50 2.50
Bl 5.00 5.25 5.50 5.00 5.25 5.50
B2 6.25 6.43 6.60 5.00 5.25 5.50
C1 5.60 5.80 6.00 5.00 5.25 5.50
C2 4.90 5.10 5.30 4.25 4.50 4.75
C3 5.05 5.30 5.50 5.00 5.25 5.50
D 4.50 4.50 4.50 7.00 7.00 7.00
E 0.70 0.70 0.70 0.75 0.75 0.75
F1 1515 1560 16.00 17.00 1750 18.00
F2 1445 1490 1530 1625 16.75 17.25
F3 1460 1510 1550 17.00 1750 18.00

To illustrate the mathematical model, the numerical
example has been taken.

4.1 Input values

The standard parking lot dimensions [2] are defined for the
three different dimensions DM 1, DM2, and DM3. Also, given
it as input values for the proposed mathematical model as
shown in Table 1 and Table 2.

5. RESULTS

The numerical example is solved by using LINGO software
and results are presented in Table 3.

From the results in Table 3, it is perceived that the change
in the length of the parking lot will affect inversely
proportional to the number of cars. The output values given in
Figure 4 only for the length of the parking lot as 5.0m, 5.25m
and 5.5m.

Table 3. LINGO results of the mathematical model

Dimensions DM1 DM2 DM3
(2.5m>5.0m)  (2.5m>5.25m) (2.5m>5.5m)
Objective 371 355 347
value
Variable Value Value Value

NO 0 0 0
NEO 0 0 0
N45 0 0 0
NE45 0 0 0

N60 319 91 136
NEG0 0 0 0

N90 52 264 211
NE90 0 0 0
X0 0 0 0
XEO 0 0 0
X45 0 0 0
XE45 0 0 0
X60 7 2 3
XE60 0 0 0
X90 1 5 4
XE90 0 0 0
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Figure 4. Graph of the LINGO results

To find the fruitful results of the mathematical model, the
more lengths of the parking lot need to be considered, and the
output results need to be represented as a graph and equation.
To develop more input values for the different lengths of
parking lots, it is recommended to define a forecast graph by
using the available output results. The forecast results graph
and its equation are given in Figure 5 below, and the forecast
result is given in Table 4.
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Figure 5. Forecast results graph and its equation
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Figure 6. Fuzzy rules with one input and one output
5.1 Fuzzy logic controller

A fuzzy model is a mathematical representation that uses
fuzzy sets to handle uncertainty. It is made up of parameters
like membership functions, which establish an element's level
of set membership, and rules, which specify how inputs are
translated into outputs. Membership functions can be designed
to capture various degrees of fuzziness, such as Gaussian,
trapezoidal, or triangular functions. In a fuzzy logic system,
rules specify how inputs are processed to produce an output.
These rules are commonly stated as "if-then" statements.

The length of the parking lot is taken under a fuzzy
environment, and its extreme values are taken as a minimum
of 5.0m and a maximum of 5.5m. The fuzzy logic controller is
developed based on Mamdani rules with one input and one
output, as given in Figure 6. The length of the parking lot is
the input value, and the number of parking lots will be the
output value. A triangular fuzzy number is considered, and the
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membership function for the proposed problem is given below:

5.1.1 Membership function

In the proposed mathematical model, the triangular fuzzy
number is taken into consideration, and it is defined in Eq. (7).
Length of the parking lot considered under fuzzy environment.
The minimum parking lot length is taken as 5.0m, and the
maximum length is taken as 5.5m. And the graph of the
membership function for the triangular fuzzy number B; =
(5.0,5.25,5.5) is presented in Figure 7.

0, Xx<5
5’;;55, 5<x<525
R g
297X 5o5<x<55
55-5.25
0, X>55

As per the results of the proposed mathematical model, the
triangular membership function is the suitable fuzzy rule [18,
19]. Using MATLAB, the membership function for the
parking lot length is defined. According to the prescribed
parking lot dimensions, the minimum and maximum values of
parking lot length are given as 5.0m and 5.5m, respectively.
Hence, the membership function for the input value of parking
lot length is developed with a minimum value of 5m and a
maximum value of 5.5m, and it is given in Figure 8.

The increment or decrement in the parking lot length will
affect the number of parking lots inversely proportional. In
considering this aspect, using MATLAB, the membership
function of the number of parking lots is designed. Hence, the
membership function plot for the output variable “Number of
parking lots” is developed with a minimum of 347 and a
maximum of 371 parking lots, and it is presented in Figure 9.

M (x)

1

50 525 55 x

Figure 7. Membership function graph
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It is obvious that if the length of the parking lot is increased,
then the number of parking lots will decrease and vice versa.
In the results, it is observed that if-then approach. Hence, the
rules of fuzzy logic controllers are developed to fulfil this
nature.

Rules of fuzzy logic controller are developed and presented
below:

If (Parking lot length is low), then (Number of parking lots
is maximum);

If (Parking lot length is medium), then (Number of parking
lots is average);

If (Parking lot length is high), then (Number of parking lots
is minimum).

The developed fuzzy logic controller is executed for
different input values for parking lot lengths of Sm, 5.25m, and
5.5m, and the results are presented in Figures 10-12,
respectively.

Surface view of the fuzzy results given in Figure 13.

Parking lot length = 5 i
Number of parking lot = 367

l

347 371

Figure 10. Output value for the input value parking lot length
(5m)

Parking lot length = 5.25
Number of parking lot = 359

.

347 371

Figure 11. Output value for the input value parking lot length
(5.25m)

Parking lot length = 5.5
Number of parking lot = 351

347 371

Figure 12. Output value for the input value parking lot length
(5.5m)
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Figure 13. Surface view of the fuzzy results

In Table 4, the results of the proposed mathematical model
for different values of length of the parking lot are given.
Using LINGO software, the numerical example was solved.
MATLAB results and forecast graph results are prepared
based on the results obtained using Lingo software.

Table 4. Results of the mathematical model

Length of the  MATLAB Forecast Graph LINGO

Parking Lot Results Results Results
5.00 367 371 371
5.05 363 367 -
5.10 361 364 -
5.15 360 360 -
5.20 359 358 -
5.25 359 355 355
5.30 359 353 -
5.35 358 351 -
5.40 357 349 -
5.45 355 348 -
5.50 351 347 347

5.2 Sensitivity analysis

The results of the mathematical model using LINGO
software are compared with the forecast graph and MATLAB
results in Table 4, and they are presented in Figure 14. It shows
the sensitivity of the results obtained from MATLAB, Excel
solver, and LINGO. The forecast graph is developed from the
LINGO results. Fuzzy Inference System (FIS) is created from
the LINGO results, and the results are obtained by executing
the FIS.

SENSITIVITY ANALYSIS

1 an = 00 10 coan

LENGTH OF THE PARKING LOT

20

Figure 14. Graphical sensitivity analysis



MATLAB results, forecast graphs, and LINGO results are
independent of each other. So, the pictorial sensitivity analysis
to compare the results with respect to the different parking lot
lengths was done in Figure 14. In Figure 14, there is not much
difference between the results. Hence, it is recommended that
using MATLAB we can predict the results without solving the
problem by using LINGO software for all values of parking lot
length. Also, using MATLAB software will reduce the
working labour time, and it will be easy to choose the value
for parking lot length.

6. DISCUSSION

Effective utilization of parking space is playing a pivotal
role in the preparation of parking lot design. At the same time,

there should not be more parking lots in a small congested area.

The number of parking lots should be optimal. It should not
affect the traffic, and it should also have an optimum number
of parking lots. From Table 4, it is perceived that different
values of length of parking lot will result in different numbers
of parking lots. In this case, the number of parking lots will
increase proportionately if the length of the parking lot
decreases. The efficient use of parking space will be impacted
by the increment in parking lots. Hence, using MATLAB
results, we can predict the number of parking lots related to the
length of the parking lot.

7. CASE STUDY

To demonstrate the practical value of the proposed model,
the below real-world problem is taken. Using Google Maps,
Figure 15 was taken, and the length and breadth of the parking
space were also measured by using Google Maps. Total
number of parking lots is 84. The length of the parking space
is approximately 73m (=a) given in Figure 16, and the breadth
of the parking space is approximately 43m (=b) given in
Figure 17.

Total 84 parking lots allotted with the approximate
dimension of 2.5m>6.8m. The length and breadth of the
parking space will be taken as input values for the proposed
mathematical model along with the input values given in
Tables 1 and 2. The proposed model is solved by using
MATLAB, Excel solver and LINGO software. And the result
is presented in Table 5.

In the actual parking lot design, more space is taken for the
parking lot dimension (2.5m>6.8m); refer to Figures 18 and
19. So, the number of parking lots was only 84. If the space
utilisation concepts are applied, then there will be the
possibility for more parking lots in the same parking space.

Figure 15. Parking space
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Table 5. Results of the mathematical model (Case Study)

Length ofthe = MATLAB Forecast LINGO

Parking Lot Results Graph Results Results
5.00 100 100 100
5.05 98 98 -
5.10 97 96 -
5.15 97 94 -
5.20 94 93 -
5.25 92 92 92
5.30 94 91 -
5.35 92 91 -
5.40 92 91 -
5.45 92 91 -
5.50 91 91 91




7.1 Sensitivity analysis

Figure 20 depicts the sensitivity of the results obtained from
different tools like MATLAB, Excel Solver, and LINGO. The
forecast graph is developed by using the LINGO results.
MATLAB results are obtained from the Fuzzy Inference
System (FIS).

SENSITIVITY ANALYSIS
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Figure 20. Graphical sensitivity analysis (Case Study)

8. CONCLUSION

The mathematical model of rectangular-shaped parking
spaces is defined and developed in a fuzzy environment. The
length of the parking lot is taken as a fuzzy variable. And for
problem solving, only three values-5.0m, 5.25m, and 5.5m,
respectively-are taken as the input values for the length of the
parking lot. LINGO software is used to solve the numerical
example of the proposed mathematical model. The LINGO
results of the proposed mathematical model are used to
develop the forecast graph and fuzzy logic controller in
MATLAB. All the results are compared to check the
effectiveness of the mathematical model. At the outset, from
the results, it is perceived that the number of cars increases
when the length of the parking lot is reduced. Fuzzifying
parking lot length will reduce the labour time to calculate the
number of parking lots for different lengths of the parking lot
length. LINGO results substantiate the effectiveness of the
changes in the length of the parking lot. Whether it is Dubai or
Oman, the parking lot dimension is adjustable now. Hence,
parking lot dimensions can be fixed based on the available area
and to meet the expectations of the management. In the future,
more input values can be calculated for the different lengths of
the parking lot to achieve more accurate and exact results.

ACKNOWLEDGEMENT

This work was supported by the Research Council (TRC) of
the Sultanate of Oman, under Block Funding Program
Agreement Number: MoHERI/BFP/UTAS/2023, Project ID:
BFP/URG/EBR/23/006; Project Title: “Optimization of
mathematical model of regular octagon-shaped parking space
in Fuzzy Environment.”

REFERENCES

[1] Abdelfatah, A.S., Taha, M.A. (2014). Parking capacity
optimization using linear programming. Journal of

2325

(2]

(3]

(3]

(6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

(14]

Traffic and Logistics Engineering, 2(3): 176-181.
http://doi.org/10.12720/jtle.2.3.176-181

Arun Prasath, G.M., Ahmed, S.S. (2021). Optimization
of regular octagon-shaped parking space. Journal of
Information and Optimization Sciences, 42(6): 1295-
1306. https://doi.org/10.1080/02522667.2020.1866301
Demirli, K., Khoshnejad, M. (2009). Autonomous
parallel parking of a car-like mobile robot by a neuro-
fuzzy sensor-based controller. Fuzzy Sets and Systems,
160(19): 2876-2891.
https://doi.org/10.1016/j.fs5.2009.01.019

Lotlikar, T., Chandrahasan, M., Mahadik, A., Oke, M.,
Yeole, A. (2016). Smart parking application.
International Journal of Computer Applications, 149(9):
32-37. http://doi.org/10.5120/ijca2016911529

Umoren, U.E., Okoronkwo, G.O., Ogbonnaya, A.E.,
Chiagunye, T.T. (2023). Mathematical modelling of a
fuzzy logic based car parking system. Journal of
Inventive Engineering and Technology, 4(1): 19-28.
https://doi.org/10.61448/jerisd12236

Tuncer, T., Yar, O. (2019). Fuzzy logic-based smart
parking system. Ingénierie des Systémes d’Information,
24(5): 455-461. https://doi.org/10.18280/is1.240501
Sheng, Q., Min, J., Zhang, X., Zhang, Z., Li, Y., Liu, G.
(2015). Design and simulation of small space parallel

parking fuzzy controller. TELKOMNIKA
(Telecommunication ~Computing  Electronics  and
Control), 13(2): 539-546.

http://doi.org/10.12928/telkomnika.v13i2.1258

Wei, X., Qiu, R, Yu, H., Yang, Y., Tian, H., Xiang, X.
(2021). Entropy-based optimization via A* algorithm for
parking space recommendation. In Fifth International
Conference on Traffic Engineering and Transportation
System (ICTETS 2021), pp- 242-249.
https://doi.org/10.1117/12.2619645

Firdaus, A.A., Shinn, A.W., Hashim, M.S.M., Khalid,
N.S., Ismail, LI, Ridzuan, M.J.M. (2018). Design and
simulation of fuzzy logic controlled car parking assist
system. Journal of Telecommunication, Electronic and
Computer Engineering, 10(1-15): 81-87.
https://jtec.utem.edu.my/jtec/article/view/4051

Udo, E.U., Okoro, C.K., Odo, K.O., Kanu, N.D. (2023).
A fuzzy based modelling of a smart car parking system
using Arduino. UNIZIK Journal of Engineering and
Applied Sciences, 1(1): 78-88.

Fawwaz, 1., Azmi, F., Muhathir, M., Dharshinni, N.P.
(2019). Design of parking control using ultrasonic sensor
based on fuzzy logic. Journal of Informatics and
Telecommunication  Engineering, 3(1): 155-162.
https://doi.org/10.31289/jite.v3i1.2675

Wang, Z.J., Zhang, J.W., Huang, Y.L., Zhang, H., Mehr,
A.S. (2011). Application of fuzzy logic for autonomous
bay parking of automobiles. International Journal of
Automation and Computing, 8: 445-451.
https://doi.org/10.1007/s11633-011-0602-4

Hussain, S., Ahmed, M.A., Lee, K.B., Kim, Y.C. (2020).
Fuzzy logic weight based charging scheme for optimal
distribution of charging power among electric vehicles in
a  parking lot. Energies, 13(12): 3119.
https://doi.org/10.3390/en13123119

Saeed, M., Haris, M. (2020). Smart parking system using
fuzzy logic controller for alien cities. International
Journal of Mathematical Research, 9(1): 62-71.
https://doi.org/10.18488/journal.24.2020.91.62.71



[15]

[16]

[18]

[19]

Dahiru, A.T. (2015). Fuzzy logic inference applications
in road traffic and parking space management. Journal of
Software Engineering and Applications, 8(7): 339.
http://doi.org/10.4236/jsea.2015.87034

Sokri, M.N., Saon, S., Yamaguchi, S., Ahmadon, M.A.
(2021). Autonomous car parking system using fuzzy
logic. In 2021 IEEE International Conference on
Consumer Electronics (ICCE), Las Vegas, USA, pp. 1-
5. https://doi.org/10.1109/ICCE50685.2021.9427701
Duqgm Special Economic Zone Authority. (2019). Urban
Planning Guidelines, Sultanate of Oman,
https://dugm.gov.om/upload/files/guidelines/urban-
planning-guidelines.pdf.

Osiro, L., Lima-Junior, F.R., Carpinetti, L.C.R. (2014).
A fuzzy logic approach to supplier evaluation for
development. International Journal of Production
Economics, 153: 95-112.
https://doi.org/10.1016/J.1JPE.2014.02.009

Tavakoli, E., Ibrahimi, F., Alipanah, A., Delrobaei, M.
(2020). A novel intelligent parallel parking system based
on fuzzy logic without using sensor. In 2020 6th Iranian

2326

Conference on Signal Processing and Intelligent Systems
(ICSPIS), Mashhad, Iran, PD- 1-5.
https://doi.org/10.1109/ICSPIS51611.2020.9349549

NOTATIONS

a Length of the rectangle

b Breadth of the rectangle

Al Bay width

A2 Bay width, parallel to aisle
Bl Bay length

B2 Length of line between bays
C1 Bay depth to wall

c2 Bay depth to curb

C3 Bay depth to interlock

D Aisle width between bay lines
E Bumper overhang (typical)
F1 Module, wall to interlock

F2 Module, curb to interlock

F3 Module interlock to interlock





