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In the contemporary urban landscape, the exponential growth of vehicle ownership has outpaced the development
of traditional infrastructure, leading to a critical shortage of parking space. The Automated Car Parking System
(APS)represents a transformative solution to this urban crisis. By leveraging advanced robotics, sensor networks,
and sophisticated control logic, APS can maximize space efficiency, reduce human error, and streamline the
vehicle storage and retrieval process. This article provides an in-depth technical analysis of automated car parking
systems, exploring their mechanical architecture, sensor integration, and control frameworks.

1.The Evolution of Urban Mobility and the Parking Crisis

Traditional surface parking and multi-story ramp-access garages are increasingly seen as inefficient uses of high-
value urban real estate. Conventional parking designs require significant space for driveways, ramps, and
pedestrian walkways, often resulting in a space-to-car ratio that is economically unsustainable. Research indicates
that a significant portion of urban congestion is caused by drivers searching for parking spaces. The Automated
Car Parking Systemaddresses these challenges by eliminating the need for internal driveways and ramps,
allowing vehicles to be stacked vertically and horizontally with surgical precision.

The core objective of an APS project is to design a monitoring and control system that can count vehicles, identify
vacant slots, and transport vehicles to designated locations without human intervention. This not only minimizes the
physical footprint—sometimes fitting 6 to 15 cars in as little as 32m2—but also enhances security and reduces the
carbon footprint by eliminating idling time within the garage.

2. Core Components and Hardware Architecture

An effective automated parking system is a synthesis of mechanical engineering, electronic control, and software
logic. To understand how these systems function, we must break down the primary components typically found in
academic and industrial prototypes.

2.1 Microcontrollers and Logic Units

The "brain” of the system is usually a Programmable Logic Controller (PLC) or a microcontroller like the Arduino
Uno. In industrial applications, PLCs are preferred for their robustness, reliability in harsh environments, and ability
to handle high-voltage mechanical actuators. For smaller-scale prototypes or educational models, the Arduino
platform provides a flexible interface for managing multiple sensors and motors via its Digital and Analog I/O pins.

2.2 Sensor Technology: The Input Layer

Sensors are the primary data acquisition tools in an APS. They monitor the environment and provide the necessary
feedback for the control unit to make decisions.

« Ultrasonic Sensors: These are used to measure the distance between the vehicle and the parking boundaries.
By emitting high-frequency sound waves and measuring the time taken for the echo to return, the system can
determine if a slot is occupied or if a vehicle is approaching the entry gate.

¢ Infrared (IR) Sensors: IR sensors are commonly used for object detection and line tracking. In a parking



system, they serve as "occupied/vacant" indicators for individual slots. When a vehicle breaks the IR beam, the
system registers the slot as full.

« Magnetic Sensors: Often deployed in Wireless Sensor Networks (WSN), magnetic sensors detect changes in
the Earth's magnetic field caused by the presence of a large metal object (a car). These are highly effective for
ground-level detection.

2.3 Actuators and Mechanical Drivers

Once the sensor data is processed, the system triggers actuators to move the vehicle or operate gates.

e Servo Motors: Ideal for controlling entry and exit barriers. They allow for precise angular positioning (e.g., 0 to
90 degrees) to open and close gates.

e Stepper Motors and DC Motors: Used in the movement of car lifts or rotary platforms. Stepper motors are
preferred for vertical lifts where precise height control is mandatory.

e Chain and Sprocket Mechanisms: This is the mechanical backbone of rotary parking systems. A motor drives
a sprocket, which moves a chain connected to various car platforms (pallets), allowing them to circulate in a loop.

3. Technical Analysis: Comparison of System Types

Automated parking systems are not monolithic; they vary based on the mechanical movement strategy. The choice
of system depends on the available plot size, height restrictions, and the required vehicle retrieval speed.



System Type

Rotary System

Stacker/Lift System

Puzzle Parking

AGV-based System

Mechanical
Mechanism

Chain and Sprocket
loop

Vertical lift +
horizontal shuttle

Independent pallets
moving in X/Y axes

Automated Guided
Vehicles (Robots)

Space Efficiency

High (Vertical)

Very High

Moderate

Maximum

Control Complexity

Moderate

High

High

Extremely High

Best Use Case

Narrow, tall plots
(6-15 cars)

Large multi-story
buildings

Basements with low
ceiling height

State-of-the-art
smart city hubs

4. Engineering Workflow: Designing an Arduino-Based APS

For engineers and students developing a prototype, the implementation follows a structured sequence of design,
circuit assembly, and coding. Below is a professional breakdown of the process.

Step 1: System Design and Architecture

The first step involves determining the number of slots and the physical layout. For a 32m2 space, a rotary design is
often the most efficient. This involves calculating the torque requirements for the motor based on the weight of the
vehicles (or scale models) and the friction of the chain mechanism.

Step 2: Circuit Integration

The Arduino Uno is connected to an 12C LCD Display, which shows the number of available slots in real-time. The
IR sensors are placed at the entry and at each slot. A Servo motoris connected to Digital Pin 9 to control the
barrier. The object counter logic is implemented to increment or decrement the available count based on the sensor
triggers.

Step 3: Algorithmic Logic
The software must handle several states: Idle, Vehicle Detected, Checking Availability, Opening Gate, and Updating
Slot Database. A typical logic flow is as follows:

IR entry sensor detects a vehicle.

System checks the slot_count variable.

If slot_count &gt; O, the Servo rotates to 90°, and the LCD displays "Welcome".
As the vehicle passes the second IR sensor inside, the slot_count decrements.

If slot_count == 0, the LCD displays "Parking Full" and the barrier remains closed.

5. Advanced Control Paradigms: PLC and LabVIEW
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In high-end industrial projects, LabVIEW (Laboratory Virtual Instrument Engineering Workbench) and PLCs
provide a more robust framework than simple microcontrollers. LabVIEW allows for the creation of a sophisticated
Graphical User Interface (GUI) that can be monitored remotely. It integrates with IR sensors and NI-DAQ (National
Instruments Data Acquisition) devices to provide real-time visualization of the parking lot's status.

PLC-based systems utilize Ladder Logic. This is a rule-based programming language that represents a program
by a graphical diagram based on the circuit diagrams of relay logic hardware. For instance, a PLC can manage



complex safety interlocks, ensuring that a lift does not move unless the car is fully within the sensor boundaries,
preventing mechanical damage.

6. Mathematical Modeling for Space and Torque

The design of a rotary parking system requires precise mathematical modeling. The total torque (<Be required to move
the chain can be calculated using:
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Where:

W: Total weight of the cars and platforms.
r: Radius of the sprocket.
f: Frictional force within the chain and bearing system.

Furthermore, the space efficiency (E) is calculated as the ratio of the number of vehicles (n) to the total square
footage (A): E =n /A. Automated systems typically achieve an E-value 3 to 4 times higher than traditional ramp-
based designs.

7.Troubleshooting and Operational Challenges

While automated systems offer numerous benefits, they are susceptible to technical failures that require
preemptive engineering solutions.

7.1 Sensor Interference

External light sources or atmospheric conditions (dust, fog) can interfere with IR and ultrasonic sensors. Solution:
Implement signal filtering in the code or use magnetic sensor nodes as redundant backups to verify vehicle
presence.

7.2 Mechanical Wear and Tear

In rotary and lift systems, the chain tension and lubrication of the sprocket are critical. Solution:Integrated sensors
can monitor motor current draw; an unexpected spike in current often indicates mechanical resistance or a jammed
platform, triggering an emergency stop.

7.3 Power Failure Protocols

A primary concern for users is the inability to retrieve their vehicle during a power outage. Solution:APS designs
must include a manual override or a secondary Uninterruptible Power Supply (UPS) capable of performing a limited
number of retrieval cycles.

8. Implementation Field Guide: Key Considerations

For organizations looking to deploy an APS, the following checklist ensures a successful integration:

e Scalability: Can the control architecture (e.g., Arduino or PLC) handle an expansion from 10 slots to 1007

« User Interface: Is there a mobile app or kiosk for users to book spaces? Integration with Wireless Sensor
Networks (WSN) allows for cloud-based monitoring.

» Safety Standards: The system must comply with local engineering codes, specifically regarding weight-
bearing loads and fire safety in enclosed mechanical spaces.

¢ Retrieval Time: The system should be optimized for a retrieval time of under 120 seconds to maintain user



satisfaction.

9.The Synthesis of Smart Parking and Smart Cities

The deployment of automated car parking systems is a cornerstone of the Smart Cityinitiative. By integrating
these systems with Internet of Things (loT) platforms, cities can manage traffic flow more effectively. Data collected
from parking sensors can be used to predict peak hours, adjust dynamic pricing, and reduce urban congestion.

As we move toward a future of autonomous vehicles, the role of APS will become even more critical. Self-driving
cars will require automated hubs where they can park and charge themselves without human intervention. The
mechanical and electronic principles discussed here—from IR sensing to PLC logic—form the foundation of this
upcoming autonomous infrastructure. The transition from manual parking to automated systems is not merely a
convenience; it is a technical necessity for the sustainable development of modern urban environments.

By understanding the intricate balance between mechanical drive systems and electronic control logic, engineers
can continue to refine these models, creating more compact, faster, and more reliable solutions for the global
parking crisis. Whether through an Arduino-based prototype or a multi-story PLC-controlled industrial facility, the
automated car parking system remains a peak example of multi-disciplinary engineering excellence.
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