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CHAPTER 1

INTRODUCTION

The rapid evolution of automation and robotics has revolutionized industrial
processes across various sectors, offering unprecedented efficiency, precision, and
safety. Among the myriad applications of robotics, autonomous forklift systems
represent a remarkable innovation that has garnered significant attention in recent
years. These systems, driven by advanced robotic software and artificial intelligence
algorithms, are poised to transform warehouse and logistics operations, addressing
challenges related to labour shortages, operational costs, and safety concerns. This
research paper delves into the realm of autonomous forklift systems, exploring the
technology's development, benefits, challenges, and implications for the future of

materials handling in industrial settings.

The autonomous forklift system is a groundbreaking example of robotics and
automation intersecting to enhance the efficiency and reliability of material handling
tasks. By employing robotic software and state-of-the-art sensors, these systems
have the capability to navigate complex environments, make real-time decisions,
and execute tasks with precision, all without human intervention. This transformative
technology holds great promise for industries ranging from manufacturing and
warehousing to e-commerce and logistics, where the seamless movement of goods

plays a pivotal role in supply chain optimization.

This paper aims to provide a comprehensive overview of autonomous forklift
systems, including their technological components, operational principles, and
applications. Additionally, we will explore the benefits associated with the adoption
of these systems, such as increased productivity, reduced operational costs, and
enhanced workplace safety. However, this transformative technology is not without
its challenges and limitations. We will also delve into the obstacles that must be
addressed, such as technical hurdles, regulatory compliance, and the potential
impact on the workforce.



1.1 FABRICATION TECHNIQUES IN BUILDING AUTONOMOUS FORKLIFT
SYSTEM

The fabrication techniques used in building an autonomous forklift system vary

depending on the specific design of the system. However, some common fabrication

techniques include:

Metalworking: Metalworking techniques such as welding, cutting, and bending
are used to fabricate the structural components of the forklift system, such as
the frame, mast, and forks.

3D printing: 3D printing can be used to fabricate custom parts for the forklift
system, such as sensors, grippers, and enclosures.

Electronics assembly: Electronics assembly techniques are used to fabricate
the electronic components of the forklift system, such as the control board,

sensors, and actuators.

. Software development: Software development techniques are used to create

the software that controls the forklift system, including the navigation software,

perception software, and control software.

Here is a more detailed overview of some of the key fabrication techniques used in

building an autonomous forklift system:

V.

VI.

VII.

VIII.

Welding: Welding is used to join metal components together to form a strong
and durable structure. Welding is commonly used to fabricate the frame, mast,
and forks of the forklift system.
Cutting: Cutting techniques such as laser cutting and waterjet cutting are used
to cut metal components to size and shape. Cutting is commonly used to
fabricate the custom parts for the forklift system, such as sensors, grippers, and
enclosures.
Bending: Bending techniques are used to shape metal components. Bending is
commonly used to fabricate the forks and other components of the forklift
system.

3D printing: 3D printing is used to fabricate custom parts for the forklift
system. 3D printing is particularly useful for fabricating complex parts that would

be difficult or expensive to fabricate using traditional methods.
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IX. Electronics assembly: Electronics assembly techniques are used to fabricate
the electronic components of the forklift system. Electronics assembly involves
soldering electronic components to circuit boards and assembling circuit boards
into enclosures.

X. Software development: Software development techniques are used to create
the software that controls the forklift system. The software includes the

navigation software, perception software, and control software.

The fabrication of an autonomous forklift system is a complex process that requires
a variety of skills and expertise. However, by using the appropriate fabrication
techniques, it is possible to create a reliable and high-performance autonomous
forklift system. Forklifts are versatile industrial vehicles used extensively in material
handling and lifting operations across warehouses, factories, and various work
environments. These vehicles come in different types, ranging from the common
counterbalance forklifts with front forks to specialized reach trucks, order pickers,
pallet jacks, and rough terrain forklifts designed for outdoor use. Forklifts also vary
in load capacity, with models capable of handling everything from small loads to
several tons of weight. Power sources for forklifts can be electric, propane/LPG,

diesel, or gasoline, making them suitable for various applications and environments.

1.2 CORE ELEMENTS OF AUTONOMOUS FORKLIFT

Forklifts typically feature different mast types, including triplex, duplex, and
telescopic masts, enabling them to lift to different heights and reach into various
storage configurations. Safety is a paramount concern, with features such as
overhead guards, load backrests, horns, lights, and operator seatbelts to protect
both operators and those in the vicinity. Proper operator training is essential, and
forklifts can also be equipped with various attachments like clamps and side shifters
for specialized tasks. Routine maintenance is crucial for safe and efficient operation,

with daily inspections and adherence to safety regulations being standard practice.
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CHAPTER 2

LITERATURE SURVEY

Andrew Correa (2010) He describes a multimodal framework for interacting with
an autonomous robotic forklift. A key element enabling effective interaction is a
wireless, handheld tablet with which a human supervisor can command the forklift
using speech and sketch. Most current sketch interfaces treat the canvas as a blank
slate. In contrast, our interface uses live and synthesized camera images from the
forklift as a canvas, and augments them with object and obstacle information from

the world. This connection enables users to draw on the world

Mohamed Abdellatif (2017) Explain material handling is a necessary, but
expensive activity in factories. Autonomous robot technology can help reduce the
cost and relax humans from the exhaustive job of driving forklifts. In this paper, we
describe the mechatronics design and implementation of an autonomous forklift.
The robot can perceive the 3D dynamic world and can plan its motion autonomously
to lift materials from a source to target locations. Dynamic map of the world is built
using data from a Microsoft Kinect head and readings from wheel encoders, thus
enabling the robot to avoid obstacles and reach target locations safely. Experiments

showed success of the robot to move and load the cargo to target locations.

Ryosuke (2018) In Japan, the aging and depopulation of its workforce are issues.
Therefore, the development of autonomous agricultural robots is required for saving
manpower and labor. In this paper, we described an autonomous pallet handling
system for forklift, which can automatically unload and convey pallets for harvesting
vegetables outdoors. Because of inserting the forks into a narrow pallet hole,
accurate pallet posture estimation and accurate control of a forklift and the forks are
required. The system can detect the pallet by deep learning based object detection

from an image.

Ulrich Behrje (2018) In this paper he present an autonomous guided vehicle (AGV)
based on a forklift. While centralized transport systems are widely used in the

industry, these systems are expensive to set up and inflexible with regard to
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changes in the schedule. We in contrast investigate an approach that uses a
decentralized autonomous forklift that uses a 3D Time-of-Flight (ToF) camera as its
navigation sensor and is not dependent on artificial visual landmarks. The capability
to process transport orders and maneuver in confined space with the required

accuracy has been successfully tested in two warehouse environments.

Zhi-hong Hu (2010) Unmanned autonomous forklifts have a great potential to
enhance the productivity of material handling in various applications because these
forklifts can pick up and deliver loads without an operator and any fixed guide. There
are, however, many technical difficulties in developing such forklifts including
localization, map building, sensor fusion, control and so on. Implementation, which is

often neglected, is one of practical issues in developing
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CHAPTER 3

AIM AND SCOPE

The aim of the project focused on creating an autonomous forklift system using
robotic software is to revolutionize material handling operations in industrial and
warehouse environments. At its core, this endeavor seeks to automate the often
labor-intensive and repetitive task of moving goods, pallets, and materials within a
facility. By achieving this, the project aims to enhance safety by ensuring the
autonomous forklift operates seamlessly in its environment, avoiding collisions, and
effectively handling emergencies. Additionally, a primary goal is to boost efficiency
and productivity by reducing downtime and optimizing resource utilization. This
involves faster loading and unloading, improved inventory management, and
streamlined workflows. Robust navigation and mapping capabilities will be
developed to enable the forklift to operate autonomously, creating maps of the
environment, localizing itself, and planning efficient routes. Moreover, the project
will focus on obstacle detection and avoidance, human-machine interaction through
user-friendly interfaces, integration with existing systems, cost reduction through
decreased labor requirements, scalability to adapt to varying operational needs,
thorough testing and validation, regulatory compliance, and maintenance and
support plans. Ultimately, the successful implementation of this autonomous forklift
system aims to deliver increased efficiency, reduced costs, heightened safety, and

enhanced competitiveness for businesses relying on material handling.

3.1 SCOPE OF THE PROJECT

The project's scope is wide-ranging and encompasses crucial aspects of creating
and deploying the autonomous forklift system. It commences with the
comprehensive design of the system, where the architectural framework is defined,

and the selection of hardware components and software stack
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CHAPTER 4

MATERIALS AND METHODOLOGY

The methodology for the development of an autonomous forklift system using
robotic software involves a well-structured and systematic approach to ensure the
project's success. It commences with project initiation, defining objectives, and
assembling a competent project team. Next, requirements are gathered from
stakeholders to determine the specific functionalities and capabilities of the system.
Following this, the project moves into the system design phase, where a detailed
architecture, including hardware and software components, is established.
Hardware integration and software development proceed concurrently,
encompassing the selection, procurement, and seamless integration of sensors,
cameras, actuators, and the creation of software components for perception,

navigation, and control.

Navigation and mapping algorithms are developed to enable the autonomous forklift
to map its environment, localize itself, and plan efficient routes. Calibration of
sensors is imperative to ensure accuracy and reliability. Safety protocols, including
emergency stop mechanisms and collision avoidance algorithms, are implemented
and rigorously tested to ensure the system's safe operation. User-friendly interfaces
for operators and supervisors are designed and refined for ease of use.

Integrating the system with existing software such as warehouse management
systems (WMS) and enterprise resource planning (ERP) systems is critical,
requiring the establishment of seamless data exchange protocols. Comprehensive
testing and validation procedures are conducted in both controlled environments
and real-world scenarios to verify performance against predefined requirements and
safety standards. Compliance with regulatory standards is diligently ensured, with
appropriate documentation prepared. Plans for ongoing maintenance, including
software updates, sensor maintenance, and technical support, are developed.
Detailed documentation covering system specifications, operating procedures, and

safety protocols is created.
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Effective cost and resource management are vital to ensure the project stays within
budget and adheres to the timeline. Scalability and adaptability are considered for
future expansion or adaptation to changing operational needs. Robust project
management practices, including progress tracking and risk management, are
implemented. Ongoing communication with stakeholders is maintained to provide
updates and address concerns. Finally, the project concludes with deployment in
the target environment, encompassing installation, training, and ongoing support.
This comprehensive methodology ensures a systematic approach to the
development and implementation of a reliable and efficient autonomous forklift

system.

4.1 MATERIALS USED IN FORKLIFT

Significance of Autonomous Forklift Systems in Modern Industry In the fast-paced
world of industrial and warehouse operations, the adoption of automation and
robotics has become more than just a trend; it's a necessity. Among the innovations
that have been reshaping the landscape, autonomous forklift systems stand out as
a prime example of technological advancement. These intelligent machines are
revolutionizing the way materials are handled, stored, and transported within
industrial facilities and warehouses. By seamlessly blending automation with
precision, they not only enhance operational efficiency but also significantly reduce
costs. The modern industrial and warehouse settings are characterized by ever-
increasing demands for efficiency, speed, and reliability. To meet these demands,
autonomous forklift systems have emerged as indispensable tools. These systems
navigate complex environments with ease, execute intricate material handling tasks,
and contribute to a safer and more productive work environment. However, behind
the remarkable capabilities of these autonomous forklift systems lies a fundamental
cornerstone—materials and components. The choice of materials, sensors,
actuators, and computing components plays a pivotal role in the development and
performance of these cutting-edge machines. In this comprehensive review paper,
we delve deep into the intricacies of materials and components used in autonomous
forklift systems. The materials used in autonomous forklift systems encompass a

wide array of components and technologies. Sensors, cameras, actuators, control
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units, and power sources are among the critical elements that constitute these
systems. The choice of materials for each component influences the reliability,
durability, and overall functionality of the autonomous forklift. Sensors and cameras,
for instance, serve as the eyes and ears of the system, enabling it to perceive its
environment and make informed decisions. The materials used in these sensors
must meet stringent criteria for accuracy, robustness, and resistance to
environmental factors. Actuators, on the other hand, are responsible for executing
the system's physical actions, such as steering, propulsion, and lifting. The choice
of materials for these components directly impacts their performance, efficiency, and
longevity. Control units and computing hardware serve as the brains of the
operation, orchestrating the system's actions and processing vast amounts of data
in real-time. The selection of materials in these critical components can influence
the system's overall speed and computational power. In this review paper, we will
meticulously examine the role of these materials and components, exploring their
significance and the factors that guide their selection in the development of
autonomous forklift systems. Through a comprehensive understanding of these
building blocks, we aim to shed light on the intricate engineering behind the

autonomous forklift revolution.

4.1.1 ARDUINO UNO

The Arduino UNO is a versatile microcontroller board designed for prototyping
electronic projects. It features an ATmega328P microcontroller, 14 digital
input/output pins (of which 6 can be used as PWM outputs), 6 analog inputs, a 16
MHz quartz crystal, a USB connection for programming, a power jack, and a reset
button. Its compact size and extensive community support make it an excellent
choice for both beginners and experienced hobbyists. Figure 4.1.1 shows the

Arduino uno
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Fig 4.1.1: Arduino Uno

4.1.2 MOTOR DRIVER

The L298N is a popular motor driver integrated circuit (IC) commonly used in
robotics and other projects involving DC motors. It can drive two motors
bidirectionally or one stepper motor. The L298N can handle up to 2A per channel
and has built-in protection diodes. It's often used with Arduino and other
microcontrollers to control motor speed and direction. Wiring and control are
relatively straightforward, making it a favorite among hobbyists and makers for

motor control applications. Figure 4.1.2 shows the Motor drive

Fig 4.1.2: Motor Drive
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4.1.3 DC GEARED MOTOR 100 RPM

A 12-volt DC gear motor with a speed of 100 RPM (rotations per minute) is a
common choice for various applications such as robotics, automation systems, and
hobby projects. These motors typically have a gear reduction mechanism built-in,
allowing them to provide higher torque output at lower speeds. They are often used
in scenarios where precise control of speed and torque is required. When using
such a motor, it's important to ensure that the motor driver and power supply are
compatible with its voltage and current requirements. Figure 4.1.3 shows the Dc

Geared Motor

Fig 4.1.3: Dc Geared Motor

4.1.4 DC GEARED MOTOR 60 RPM

A 12-volt DC gear motor with a speed of 60 RPM (rotations per minute) is another
common choice for various applications, similar to the 100 RPM motor but with a
slightly lower rotational speed. These motors are often used in scenarios where a
slower rotational speed is required, such as in conveyor systems, robotics, and other
machinery. As with the 100 RPM motor, it's important to ensure that the motor driver
and power supply are compatible with its voltage and current requirements. Figure
4.1.4 shows the Dc Geared Motor
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Fig 4.1.4: Dc Geared Motor

4.1.5 LEAD ACID BATTERY

A 12V 1.3Ah (ampere-hour) acid battery is a type of sealed lead-acid battery
commonly used in small electronic devices, security systems, emergency lighting,
and other low-power applications. The "12V" indicates its voltage rating, while
"1.3Ah" specifies its capacity, meaning it can deliver a current of 1.3 amperes for
one hour before its voltage drops below a certain threshold. These batteries are
rechargeable and provide a relatively stable voltage output over their discharge
cycle. However, they are typically heavier and less energy-dense compared to other

battery chemistries like lithium-ion. Figure 4.1.5 shows the Lead Acid Battery

Fig 4.1.5: Lead Acid Battery
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4.1.6 RUBBER TIRE

A 2.5-inch diameter rubber tire is a common component used in various small
vehicles, toys, and robotics projects. These tires are typically made of rubber or
silicone for flexibility and durability. They come in various tread patterns depending
on the intended use, such as smooth for indoor surfaces or treaded for better traction
on rough terrain. The diameter measurement refers to the overall size of the tire
when mounted on a wheel, and it's an important factor to consider when designing

or selecting components. Figure 4.1.6 shows the Rubber Tire
' e
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Fig 4.1.6: Rubber Tire

4.1.7 LINEAR SLIDER

A linear slider, also known as a linear motion slide or linear guide, is a mechanical
component used to provide linear motion along a fixed axis. It typically consists of a
rail and a carriage that moves along the rail. The carriage may incorporate bearings
or rollers to reduce friction and enable smooth movement. Linear sliders are used
in various applications such as industrial automation, CNC machines, 3D printers,
and robotics, where precise and smooth linear motion is required. Figure 4.1.7

shows the Linear Slidear
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Fig 4.1.7 Linear Slider

4.1.8 RACK AND PINION

A rack and pinion is a type of linear motion mechanism that converts rotational
motion into linear motion. It consists of a gear (the pinion) that meshes with a linear
toothed component (the rack). When the pinion rotates, it drives the rack along its
axis, translating the rotational motion into linear motion. Figure 4.1.8 shows the Rack

and Pinion

Rack and Pinion systems are commonly used in various applications, including:

I. Steering systems in vehicles: Rack and pinion steering mechanisms are
widely used in automobiles, where the rotational motion of the steering wheel
is converted into linear motion to turn the wheels.

.  CNC machines and 3D printers: Rack and pinion systems are often used in
CNC machines and 3D printers to move the toolhead or print head along a
linear axis with precision.

[ll.  Industrial machinery: Rack and pinion systems are utilized in various

industrial machines for linear positioning and movement tasks

22



Fig 4.1.8 Rack And Pinion

4.1.9 MILD STEEL SQARE TUBE FRAME

A mild steel square tube frame refers to a frame structure constructed using square-
shaped hollow tubes made of mild steel. These frames are commonly used in

various applications due to the strength, durability, and versatility of mild steel.

Mild steel is a type of carbon steel with low carbon content, making it easier to work
with and weld compared to other types of steel. The square tube shape provides
good structural integrity and load-bearing capacity, making it suitable for
constructing frames for a wide range of purposes. Figure 4.1.9 shows the Mild Steel

Square Tube Frame

Some common applications of mild steel square tube frames include:

[.  Structural frames: They are used in building construction, infrastructure
projects, and industrial structures where a rigid frame is required to support
loads and provide stability.

II.  Furniture: Mild steel square tube frames are often used in the construction of
tables, chairs, shelving units, and other furniture pieces due to their strength
and durability.
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lll.  Automotive: They are used in vehicle frames, roll cages, and chassis for their
ability to withstand impact and provide structural support.

IV. Fabrication projects: Mild steel square tube frames are popular in DIY and
fabrication projects for creating custom structures, racks, frames, and

enclosures.

Fig 4.1.9 Mild Steel Square Tube Frame

4.1.10 POLYCARBONATE SHEET

Polycarbonate sheets are often used in mold making due to their excellent
properties such as high impact resistance, transparency, and thermal stability.
When used for molding applications, polycarbonate sheets can be thermoformed or
vacuum-formed to create molds for various manufacturing processes, including
injection molding, blow molding, and rotational molding. Figure 4.1.10 shows the

Polycarbonate Sheet

Here are some reasons why polycarbonate sheets are suitable for molding:

I. High Impact Resistance: Polycarbonate sheets can withstand impacts
without shattering, making them durable and long-lasting molds.
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Thermal Stability: Polycarbonate has a high glass transition temperature,
allowing it to maintain its shape and structural integrity even at elevated
temperatures encountered during molding processes.

Transparency: Polycarbonate sheets are transparent, allowing for easy
visual inspection of the molding process and the molded parts.

Ease of Forming: Polycarbonate sheets can be easily thermoformed or
vacuum-formed into complex shapes, making them versatile for creating
molds with intricate details.

Chemical Resistance: Polycarbonate is resistant to many chemicals
commonly used in molding processes, ensuring the durability of the mold

over time.

Overall, polycarbonate sheets are a popular choice for mold making due to their

combination of strength, transparency, and ease of forming, making them suitable

for a wide range of molding applications across various industries.

Fig 4.1.10: Polycarbonate Sheet
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4.2 METHODOLOGY

In the realm of automation and robotics, the development of an automatic forklift
holds significant promise for enhancing efficiency, productivity, and safety in various
industrial and logistical operations. By leveraging advanced technologies such as
Arduino microcontrollers, sensors, and mechanical components, engineers and
enthusiasts can design and build autonomous forklifts capable of performing
complex tasks with precision and reliability.

The integration of Arduino technology into the construction of automatic forklifts
offers a versatile platform for controlling motorized movements, implementing
intelligent navigation algorithms, and facilitating seamless interaction with the
surrounding environment. This combination of hardware and software enables
forklifts to autonomously navigate through dynamic environments, avoid obstacles,

and execute predefined tasks with minimal human intervention.

In this project, the focus is on the design and development of an automatic forklift
utilizing Arduino technology. The methodology outlined herein provides a systematic
approach to conceptualizing, designing, building, and testing an autonomous forklift
capable of lifting, lowering, steering, and navigating through obstacles
autonomously. By following this methodology, engineers and enthusiasts can
embark on a journey to create innovative solutions that revolutionize material

handling and logistics in various industries.

4.2.1 DEFINITION OF PROJECT SCOPE AND REQUIREMENTS

The project commenced with a comprehensive definition of the forklift's scope and
operational requirements. This included determining the dimensions, weight
capacity, and environmental conditions in which the forklift would operate. Specific
functionalities such as lifting, lowering, steering, and obstacle detection were

identified as essential for the project's success.
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4.2.2 COMPONENT SELECTION

Following the definition of requirements, careful consideration was given to the
selection of components essential for the forklift's operation. Motors, sensors, and
a suitable power source were meticulously chosen to ensure compatibility and
optimal performance. Notably, sensors such as ultrasonic or infrared were prioritized

for efficient obstacle detection capabilities.

4.2.3 MECHANICAL STRUCTURE DESIGN

With the components selected, the focus shifted to the design of the mechanical
structure of the forklift. This involved sketching out the overall dimensions, weight
distribution, and stability considerations. Additionally, the chassis, wheels, and lifting
mechanism were meticulously determined to accommodate the selected

components effectively.

4.2.4 DEVELOPMENT OF THE CONTROL SYSTEM

Subsequently, significant effort was dedicated to the development of the control
system for the forklift. The Arduino microcontroller was programmed to facilitate
control over motor speed, direction, and autonomous functions. Sophisticated
algorithms were implemented to enable autonomous navigation, obstacle
avoidance, and precise load handling. Integration of sensor inputs allowed for real-

time decision-making capabilities.

4.2.5 BUILD AND ASSEMBLY

With the control system developed, the project progressed to the construction
phase. Mechanical components were meticulously assembled according to the
design specifications. Motors, sensors, and electronic components were installed
and connected with precision. The Arduino microcontroller and power source were

securely mounted within the chassis to ensure stability and functionality.
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4.2.6 CALIBRATION AND TESTING

Following assembly, extensive calibration and testing procedures were undertaken

to validate the forklift's performance. Motor controllers and sensors were calibrated
to ensure accurate functionality. Initial tests were conducted to verify basic
movements and functionality, followed by fine-tuning of control algorithms and
sensor thresholds for optimal performance.

4.2.7 IMPLEMENTATION OF ADVANCED FEATURES

As the project advanced, additional features were implemented to enhance the
forklift's capabilities. Remote control functionality and safety mechanisms were
integrated to improve user experience and operational safety. Furthermore, the user
interface was enhanced with features such as LCD displays or LED indicators for

improved feedback.

4.2.8 OPTIMIZATION AND REFINEMENT

Throughout the development process, a strong emphasis was placed on
optimization and refinement. Thorough testing was conducted under various
operational conditions to identify and address any issues or limitations. Necessary
adjustments were made to enhance performance, reliability, and efficiency.
Documentation of the design, construction, and operation was meticulously

maintained for future reference.

4.2.9 DEPLOYMENT AND MAINTENANCE

Finally, with the forklift successfully developed, deployment and maintenance
procedures were established. The forklift was deployed in the intended operational
environment, and its performance was closely monitored. A maintenance schedule
was implemented to ensure regular inspection and upkeep of components.
Additionally, comprehensive user training and support were provided to facilitate

effective operation and troubleshooting.
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4.3 WORK ACTIVITIES

Forklift trucks are vehicles designed to move and stack heavy or bulky goods. They
are mainly used in warehouses, stockyards and other storage areas. Forklift trucks
are highly mobile with a very small turning circle which allows them to move easily
in confined spaces. On the front of the truck are two forks operated by hydraulics.
The driver must fit these forks into the pallets on which goods are stored. The
operator then uses the hydraulic forks to lift the pallet, takes it to where it is needed

and sets it down.

Some goods, such as bricks, can be moved by fork-lift trucks without the need for
pallets. They are stacked in bales with spaces for the forks. The operator must work
carefully as these goods are not protected by pallets. Some trucks are fitted with
small computer display panels that direct the operator

where to place goods in the warehouse.

Operators may also have to keep records and fallow instructions written on a
worksheet. They are also responsible for the basic maintenance of the truck. This
includes greasing or oiling parts and changing or recharging the battery.

Forklift truck operators may have to work in a noisy and dusty environment. Working
outdoors in al weather conditions may also be necessary.

Industrial lift trucks are used for handling materials, parts, products, tools,
equipment, supplies and maintenance items. Forklifts are efficient for material
handling because they are self-propelled, maneuverable and require only one
operator to lift, transport, and stack or un-stack the material. Forklifts may be used
for indoor or outdoor use depending on their size, tires and load capacities.

The major factors that lead to injuries involving the use of forklifts include unsafe
driving and material handling practices.

Although the term *forklift', ‘fork lift, or 'fork truck’ is instantly recognizable, their full,
official title is a Fork Lift Truck, due to the fork shaped tool at the front that
29



traditionally was used to lift pallets. But now, like any other piece of equipment, the
forklift has evolved and is available in a wide variety of styles, with varying functions

and capacities, depending on where and how they are to be used.

Al lift truck operators must be trained prior to operating a lift truck. Training is
provided by the concern manufacturer and consists of both formal instruction and
practical training. Training is both vehicle- and workplace- specific. The training is a
one-time requirement unless the operator is involved in a lift truck accident or is

observed operating the truck in an unsafe manner.

Industrial lift trucks must be inspected prior to each day of service. A daily inspection
checklist must be completed and any defects should be reported and corrected
immediately. A truck may not be placed into service fi any defects are found during
the inspection.
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CHAPTER 5

RESULTS AND DISCUSSION

Ensuring regulatory compliance also involves meticulous documentation of safety
measures, testing procedures, and maintenance protocols. Additionally, personnel
must be trained to operate and interact safely with autonomous forklifts.
Comprehensive training programs ensure that workers are aware of safety
procedures and emergency protocols. Forklift trucks are vehicles designed to move
and stack heavy or bulky goods. They are mainly used in warehouses, stockyards
and other storage areas. Forklift trucks are highly mobile with a very small turning
circle which allows them to move easily in confined spaces. On the front of the truck
are two forks operated by hydraulics. The driver must fit these forks into the pallets
on which goods are stored. The operator then uses the hydraulic forks to lift the
pallet, takes it to where it is needed and sets it down. Some goods, such as bricks,
can be moved by fork-lift trucks without the need for pallets. They are stacked in
bales with spaces for the forks. The operator must work carefully as these goods
are not protected by pallets. Some trucks are fitted with small computer display
panels that direct the operator where to place goods in the warehouse. Operators
may also have to keep records and follow instructions written on a worksheet. They
are also responsible for the basic maintenance of the truck. This includes greasing
or oiling parts and FORKLIFT SITE-2014/15 changing or recharging the battery.
Forklift truck operators may have to work in a noisy and dustyenvironment. Working
outdoors in all weather conditions may also be necessary. Industrial lift trucks are
used for handling materials, parts, products, tools, equipment, suppliesand
maintenance items. Forklifts are efficient for material handling because they are self-
propelled, maneuverable and require only one operator to lift, transport, and stack
or un-stack the material. Forklifts may be used for indoor or outdoor use depending
on their size, tires and load capacities. The major factors that lead to injuries
involving the use of forklifts include unsafe driving and material handling practices.
Although the term ‘forklift', ‘fork lift', or 'fork truck’ is instantly recognizable, their full,
official title isa Fork Lift Truck, due to the fork shaped tool at the front that traditionally

was used to lift pallets. But now, like any other piece of equipment, the forklift has
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evolved and is available in a wide variety of styles, with varying functions and
capacities, depending on where and how they are to be used. All lift truck operators
must be trained prior to operating a lift truck. Training is provided by the concern
manufacturer and consists of both formal instruction and practical training. Training
Is both vehicle- and workplace-specific. The training is a one-time requirement
unless the operator is involved in a lift truck accident or is observed operating the
truck in an unsafe manner. Industrial lift trucks must be inspected prior to each day
of service. A daily inspection checklist must be completed and any defects should
be reported and corrected immediately. A truck may not be placed into service if any

defects are found during the inspection.

5.1 OUT COME OF OUR PROJECT

Fig 5.1 Forklift
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Fig 5.2 Forklift

Fig 5.3 Forklift
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5.2 FORKLIFT AWARNESS

In the realm of wholesaler-distributor operations, the efficient movement of stacks,
bundles, and rolls of raw materials and finished products is paramount. The manner
in which materials are handled can significantly impact productivity and ultimately
influence profits. Moreover, manual material handling can pose serious safety risks.
To address these challenges, the adoption of efficient material handling systems
and the safe operation of material handling equipment, including powered industrial
trucks, is imperative A powered industrial truck, as defined, is a mobile and power-
driven vehicle employed for various material handling tasks such as carrying,
pushing, pulling, lifting, stacking, or tiering. Among the diverse array of powered
industrial trucks utilized in wholesaler-distributor settings, forklifts stand out as a
prevalent choice. These versatile machines are essential tools for many operations.
Additionally, powered industrial trucks go by various names, including pallet trucks,
rider trucks, fork trucks, or lift trucks, depending on their specific functions. These
machines come in a wide range of types and sizes, each uniquely designed to cater
to specific material handling tasks. They are often named according to their primary
functions, such as high lift trucks, counterbalanced trucks, rider trucks, and forklift
trucks. Within the wholesale distribution industry, forklifts, or as they are commonly
referred to, "forklift trucks," play a pivotal role in moving raw materials and inventory
efficiently and in facilitating the elevation of personnel when required. The
significance of efficient material handling cannot be overstated in the context of
wholesaler-distributor operations. It is a fundamental aspect that directly impacts
both the operational efficiency and financial success of these businesses
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CHAPTER 6

SUMMARY AND CONCLUCTION

6.1 SUMMARY

The project report titled "Fabrication of Autonomous Forklift System using Robotic
Software" encapsulates a comprehensive exploration into the development and
implementation of an advanced material handling solution. This summary aims to
provide a condensed overview of the key aspects and achievements of this project
Objectives The primary objectives of this project were to design, build, and
demonstrate an autonomous forklift system that leverages robotic software for
enhanced efficiency and safety within industrial and warehouse environments. The
project sought to address the critical need for autonomous material handling
solutions to optimize productivity. Methodology To achieve these objectives, the
project team adopted a multi-faceted methodology. This included the selection of
appropriate hardware components, sensors, actuators, and computing systems.
The development of custom robotic software for navigation, control, and material
handling was central to the project. Extensive testing and validation procedures
were conducted to ensure the system's reliability and safety.Findings: The project
yielded several noteworthy findings:Successful Integration: The autonomous forklift
system seamlessly integrated various hardware components and robotic software,
resulting in a fully functional and autonomous material handling solution Efficiency
Gains: Through autonomous navigation and precise material handling, the system
demonstrated significant gains in operational efficiency, leading to reduced labor
costs and improved throughput. Enhanced Safety: The implementation of safety
protocols, including obstacle detection and emergency stop mechanisms, ensured
safe operation in dynamic environments. Scalability: The modular design of the
system allowed for scalability and adaptability to different warehouse layouts and
material handling tasks. Challenges: Along the way, the project team encountered
challenges such as sensor calibration, fine-tuning of control algorithms, and real-
time system integration. These challenges were addressed through iterative testing

and refinement processes. Recommendations: Based on the findings and
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experience gained during the project, the following recommendations are
offeredFurther Research: Continue research into advanced perception
technologies, such as LIDAR and computer vision, to enhance environmental
awareness and obstacle detection capabilities. User Training: Implement
comprehensive training programs for operators and maintenance personnel to
ensure the safe and efficient operation of the autonomous forklift system.Industry
Adoption: Explore opportunities for the adoption of this technology in various

industries, including manufacturing, logistics, and e-commerce.

6.2 CONCLUSION

The project, "Autonomous Forklift System using Robotic Software,” marks a
significant milestone in the realm of material handling automation. It represents the
culmination of dedicated research, development, and testing efforts aimed at
creating an advanced solution for enhancing efficiency and safety within industrial
and warehouse environments. Throughout the course of this project, several key
achievements and takeaways have come to the forefront. First and foremost, the
successful integration of hardware components with sophisticated robotic software
has yielded an autonomous forklift system that not only meets but exceeds the initial
project objectives. The system's ability to navigate, maneuver, and execute material
handling tasks autonomously has been a testament to the power of automation in
streamlining operational processes. Efficiency gains have been a prominent
outcome, with the autonomous forklift demonstrating remarkable speed and
precision in the execution of tasks. These improvements translate directly into
reduced labor costs and increased throughput, ultimately contributing to enhanced
profitability for businesses. Safety has remained a paramount concern throughout
the project. The implementation of robust safety protocols, including obstacle
detection, emergency stop mechanisms, and fail-safes, has ensured that the system
operates in dynamic and unpredictable environments without compromising the
well-being of personnel or the integrity of goods. Furthermore, the project's modular
design has highlighted its scalability and adaptability to different warehouse layouts
and material handling tasks. This scalability opens doors to diverse applications

across various industries, including manufacturing, logistics, and e-commerce.
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However, the project has not been without its challenges. Sensor calibration, fine-
tuning of control algorithms, and real-time system integration posed formidable
obstacles that required careful consideration and iterative refinement. These
challenges, though demanding, provided invaluable learning experiences and
insights into the complexities of autonomous systems. As the project concludes, it
is important to emphasize the significance of continued research and development
in the field of autonomous material handling. Opportunities for further
advancements, particularly in the realm of perception technologies and user
training, are abundant. Additionally, the potential for industry adoption of this
technology should not be underestimated, as it has the capacity to transform
material handling operations on a broader scale. In closing, the "Autonomous Forklift
System using Robotic Software" project stands as a testament to the transformative
potential of robotics and automation. It showcases the fusion of cutting-edge
technology with innovative software solutions to create a material handling
revolution. The knowledge gained and the solutions developed in this endeavor
pave the way for a future where efficiency, safety, and adaptability converge to
redefine material handling in the modern industrial landscape.

37



1)

2)

3)

4)

5)

6)

7)

8)

REFERENCES

A. Adler and R. Davis. Speech and sketching: An empirical study of multimodal
interaction. In Proc. Eurographics Workshop on Sketchbased Interfaces and
Modeling, pages 83-90, Riverside, CA, Aug. 2007.

J.L. Burke, R.R. Murphy, M.D. Coovert, and D.L. Riddle. Moonlight in Miami: A
field study of human-robot interaction in the context of an urban search and
rescue disaster response training exercise. HumanComputer Interaction,
19(1):85-116, June 2004.

R. Davis. Sketch understanding in design: Overview of work at the MIT Al Lab.
In Proc. AAAI Spring Symposium on Sketch Understanding, pages 24-31,
Stanford, CA, March 2002. AAAI Press.

J.L. Drury, J. Scholtz, and H.A. Yanco. Awareness in human-robot interactions.
In Proc. IEEE Conference on Systems, Man and Cybernetics (SMC), volume 1,
pages 912-918, Washington, DC, October 2003.

F. Ferland, F. Pomerleau, C.T. Le Dinh, and F. Michaud. Egocentric and
exocentric teleoperation interface using real-time, 3D video projection. In Proc.
ACMI/IEEE International Conference on Human-Robot Interaction (HRI), pages
37-44, March 2009.

T. Fong, C. Thorpe, and C. Baur. Multi-robot remote driving with collaborative
control. IEEE Transactions on Industrial Electronics, 50(4):699-704, Aug. 2003.

T. Fong, C. Thorpe, and B. Glass. PdaDriver: A handheld system for remote
driving. In Proc. IEEE Int’l Conf. Advanced Robotics, July 2003.

J.R. Glass. A probabilistic framework for segment-based speech recognition.

Computer Speech and Language, 17:137-152, November 2003.

38



9) B. Hamilton-Baillie and P. Jones. Improving traffic behaviour and safety through
urban design. Civil Engineering, 158(5):39-47, May 2005.

10) I.L. Hetherington. PocketSUMMIT: Small-footprint continuous speech
recognition. In Proc. Interspeech, pages 1465-1468, Antwerp, Aug. 2007.

11) H. Holzapfel, K. Nickel, and R. Stiefelhagen. Implementation and evaluation of
a constraint-based multimodal fusion system for speech and 3D pointing
gestures. In Proc. International Conference on Multimodal Interfaces (ICMI),
pages 175-182, State College, PN, October 2004.

12) M. Johnston, P.R. Cohen, D. McGee, S.L. Oviatt, J.A. Pittman, and I. Smith.
Unification-based multimodal integration. In Proc. Eighth conference on
European chapter of the Association for Computational Linguistics, pages 281—
288, Morristown, NJ, 1997.

13) H. Kaymaz-Keskinpala and J.A. Adams. Objective data analysis for PDA-based
human-robot interaction. In Proc. IEEE International Conference on Systems,
Man and Cybernetics (SMC), volume 3, pages 2809-2814, The Hague, The
Netherlands, October 2004.

14) H. Kaymaz-Keskinpala, J.A. Adams, and K. Kawamura. PDA-based human-
robotic interface. In Proc. IEEE Conference on Systems, Man, and Cybernetics
(SMC), volume 4, pages 3931-3936, Washington, DC, October 2003.

15) T. Matsumaru. Mobile robot with preliminary-announcement and indication
function of forthcoming operation using flat-panel display. In Proc. IEEE
International Conference on Robotics and Automation (ICRA), pages 1774—
1781, 2007.

39



