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ABSTRACT

The rapid growth of e-commerce and the increasing demand for efficient warehouse operations
have necessitated advancements in automated sorting systems. Many distribution centers use
expensive and large conveyor belt sortation systems which require large areas to operate and
are very conventional. The Tilt Sort Robot (TSR) can work in tight spaces and increase the

production capability of the workspace exponentially.

The TSR combines the benefits of robotic technologies, computer vision, and intelligent
algorithms to enhance the efficiency and accuracy of sortation tasks. Unlike traditional sorting
methods that rely on conveyor belts or manual labor, the TSR employs a unique tilting
mechanism, enabling it to swiftly and accurately sort items based on predefined criteria. The
system incorporates advanced computer vision algorithms to identify and classify items in real-
time, ensuring precise sorting and reducing errors. With its adaptable design, the TSR can
handle various items, including different shapes, sizes, and weights. Moreover, the system
utilizes machine learning techniques to improve its sorting capabilities continuously, enhancing
its performance over time, By implementing the TSR in warehouses and distribution centers,
companies can significantly streamline their sorting processes and use manpower in a more
efficient way hence increasing operational efficiency. The technology offers scalability, allowing

businesses to accommodate growing order volumes and adapt to changing market demands.

Overall, the Tilt Sort Robot presents a transformative solution for unit, parcel, and warehouse
sortation, providing an innovative approach to address the challenges faced by the logistics
industry in the era of e-commerce. Its integration into sorting operations has the potential to
revolutionize warehouse automation, enabling faster, more accurate, and cost-effective sorting

processes.
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CHAPTER 1
INTRODUCTION

1.1 OVERVIEW

In an era characterized by the exponential growth of e-commerce, the optimization of warehouse
and logistics operations has become a paramount concern for businesses striving to meet the
demands of modern supply chains. The efficient sorting of units and parcels within warehouses
and distribution centers is a linchpin in this process, with the potential to significantly impact
productivity, cost-effectiveness, and customer satisfaction. This report delves into the innovative
realm of tilt sort robots and their role in revolutionizing unit, parcel, and warehouse sortation—a

technological frontier poised to reshape the landscape of logistics.

The Problem: Sorting operations in warehouses and distribution centers have traditionally relied
on manual labor and conveyor systems. While effective, these methods are not always scalable,
cost-efficient, or capable of handling the ever-increasing diversity of objects encountered in
modern logistics. This problem underscores the need for advanced sorting solutions that can not

only boost efficiency but also adapt to the evolving demands of the industry.

The Solution: Tilt sort robots represent a promising solution to this challenge. These versatile
machines are designed to intelligently and precisely sort a wide range of objects, from packages
of varying shapes and sizes to irregular items. Their capacity to seamlessly integrate into existing
warehouse infrastructure and adapt to different sorting tasks makes them a compelling

technology.

The Objective: The objective of this report is to provide a comprehensive overview of the tilt sort
robot technology, encompassing its design principles, sensor and control systems, operational
challenges, and potential impact on various industries. By examining the state of the art, ongoing
research efforts, and future prospects, we aim to shed light on how tilt sort robots are poised to

become a transformative force in unit, parcel, and warehouse sortation.

Significance: This report carries significant implications for businesses seeking to optimize their

sorting processes, as well as for researchers and engineers in the field of robotics and



automation. Moreover, it explores the potential societal impact of more efficient and sustainable
sorting practices and envisions a future where tilt sort robots play a pivotal role in shaping a

more streamlined and eco-conscious logistics ecosystem.

In the pages that follow, we embark on a journey through the intricacies of tilt-sort robots,
dissecting their mechanisms, challenges, and potential applications. Through a detailed
examination of the technology, we aim to provide a roadmap for harnessing the transformative

potential of tilt sort robots in the realm of unit, parcel, and warehouse sortation.
1.2 GENERAL INTRODUCTION

Warehouses serve as the nerve centers of supply chain operations, where products flow in and
out in a complex ballet of inventory management. One of the critical processes within this
ecosystem is sortation — the methodical arrangement of goods for storage or shipment.
Traditionally, this task has been labor-intensive, prone to errors, and limited by the constraints
of manual labor. The advent of automation has brought about transformative changes in
warehouse operations. Technologies such as conveyor belts, robotic pickers, and automated
storage and retrieval systems (AS/RS) have revolutionized how warehouses function. These
innovations have not only enhanced efficiency but have also paved the way for greater scalability

and cost-effectiveness.

Despite the advancements in automation, conventional sortation systems still face certain
limitations. Many rely on fixed conveyors or chutes, which impose constraints on the types of
products that can be sorted and the flexibility of sorting destinations. Moreover, they often lack
adaptability to handle irregularly shaped items or items with varying dimensions. The Tilt Sort
Robot represents a paradigm shift in warehouse sortation technology. Combining the precision
of robotics with the adaptability of tilt mechanisms, this innovative system offers a versatile
solution to the challenges faced by traditional sortation methods. By leveraging advanced
sensors, machine learning algorithms, and robotic manipulators, the Tilt Sort Robot can swiftly

and accurately sort a wide range of products with unprecedented efficiency.

At the heart of the Tilt Sort Robot lies its unique tilt mechanism, which allows it to dynamically
adjust the orientation of items as they are sorted. This flexibility enables the system to

accommodate various shapes, sizes, and weights, eliminating the need for specialized sorting
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equipment for different product categories. Furthermore, the integration of intelligent software
enables the robot to learn and adapt to changing sorting requirements over time, enhancing its
performance and reliability. The adoption of Tilt Sort Robots offers a multitude of benefits for
warehouse operators and logistics managers. Firstly, it streamlines sortation processes,
reducing cycle times and improving throughput. Secondly, it enhances accuracy and order
fulfillment rates, minimizing errors and mitigating costly returns. Thirdly, it enhances the overall
efficiency of warehouse operations, allowing organizations to optimize space utilization and labor
resources. Ultimately, these benefits translate into tangible cost savings and competitive
advantages in the marketplace.
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CHAPTER 2
LITERATURE SURVEY

2.1 MAJOR FINDINGS FROM THE LITERATURE SURVEY

Nils Boysen, Stefan Fedtke, Dirk Briskorn, Marcel Schmickerath (2018) highlighted the
critical role of Automated Sorting Systems (ASS) in modern supply chains. These
systems are essential due to their speed, ability to handle large shipment volumes,
reliability, and capacity to handle heavy and oversized items. The significance of ASS
extends to various industries, from e-commerce distribution centers to airline baggage
handling. The surveys emphasize that ASS has become a fundamental component of
supply chains, enabling timely deliveries, enhancing reliability, and reducing operational

costs.

Nils Boysen, Stefan Schwerdfeger, Marlin W. Ulmer (2018) highlighted the complex
operational challenges faced in real-time environments where autonomous mobile robots
are responsible for sorting products. These challenges include piece-to-order
assignment, order-to-collection point assignment, and piece-to-robot assignment, along
with robot scheduling. The survey underscores the importance of optimizing these
operational decisions to enhance sortation throughput. It introduces sophisticated
optimization techniques, such as a two-step multiple-scenario approach, to address these
challenges and significantly improve sorting system performance. The findings suggest
that advanced optimization methodologies can help approximate the performance of an
idealized system, even with limited lookahead, enhancing the efficiency of robotized

sorting systems in e-commerce warehouses.

Xianhao Xu, Yuerong Chen, Bipan Zou, Yeming Gong (2021) identifies that in robotic
sorting systems (RSS), particularly exemplified by the Deppon Express Shanghai center,
the assignment of arrival parcels to the loading stations plays a crucial role in determining
system performance. The efficient assignment of parcels to loading stations is pivotal as

it impacts both the waiting time of parcels on the loading platform and the sorting time of

12



the robots. The research in this paper focuses on optimizing the assignment of parcels to
loading stations, taking into account the destination location of each parcel. By optimizing
this assignment, the study demonstrates that it can substantially improve the overall
performance of the RSS. This finding underscores the importance of intelligent
assignment strategies in maximizing the efficiency and throughput capacity of
autonomous robot-driven sorting systems in warehouse operations. In essence, the paper
emphasizes the significance of addressing the assignment problem in robotic sorting
systems to minimize delays, enhance sorting efficiency, and reduce manual intervention,
ultimately leading to a more streamlined and cost-effective operation in modern

warehousing.

Bipan Zou, René De Koster, Yeming Gong, Xianhao Xu, Guwen Shen (2021) emphasizes
that the performance of Robotic Sorting Systems (RSS) can be significantly enhanced
through careful design considerations. It highlights several key findings:

. Flexible Layout Options: The research explores two primary layout configurations for
RSS—two-tier systems with robots operating on the top tier and single-tier systems with
input and output points located at the perimeter. It underscores the flexibility of these
layouts in adapting to changing sorting demands and system scalability by adding or
retracting robots. Importantly, RSS layouts require less floor space compared to
traditional conveyor-based sorting systems.

. Assignment Rules Impact Performance: The survey examines various robot-to-loading-
station assignment rules, including random, closest, dedicated, and shortest-queue
assignment rules. It demonstrates that the choice of assignment rule significantly affects
RSS performance. The proper assignment rule can improve the efficiency of robot sorting
and reduce congestion.

. Path Topologies Influence Travel Efficiency: Path topologies, specifically shortest path
and detour path topologies, are evaluated in the context of RSS. The study reveals that
the selection of path topology impacts the travel efficiency of robots within the system.
The shortest path topology, with dual-lane aisles, allows for more direct and efficient travel

between loading stations and drop-off points.
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Impact of Robot Congestion Considered: The survey acknowledges that managing robot
congestion is critical in RSS, given the compact area and the movement of many robots.
Effective control of robot movement without deadlocks or excessive congestion is
essential for smooth system operation.

. Scalability and Cost-Effectiveness: RSS is found to be a scalable solution for sorting
tasks. It can adapt to varying throughput demands by adjusting the number of robots and
workers. While RSS requires an initial investment in expensive robots and complex
control software, its advantages in flexibility and scalability can make it a cost-effective

choice for distribution centers.

In summary, the major finding highlights the significance of optimizing RSS layout
configurations, assignment rules, and path topologies to enhance system performance
and cost-effectiveness. Proper design considerations and rule selections can lead to
more efficient sorting operations in distribution centers, making RSS a valuable

alternative to traditional conveyor-based sorting systems.

M. Pakdaman, M. M. Sanaatiyan and M. R. Ghahroudi, identifies and discusses various
technical challenges and issues encountered in the design and implementation of Line
Follower Robots. These challenges pertain to both mechanical and electrical aspects of

the robots. Key findings and insights include:

. Sensors for Line Detection: Line Follower Robots rely on Infrared Ray (IR) sensors for
detecting and following lines on the floor. These sensors consist of an infrared transmitter
and receiver pair. The survey highlights the importance of sensor placement and distance
from the ground surface, emphasizing that the distance between sensors must be
adjusted based on the width of the line being followed.

. Analog to Digital Conversion: The sensors generate analog signals, which must be
converted to digital form for processing. The survey discusses the use of an external
Analog to Digital Converter (ADC) to manage this conversion process efficiently. It

mentions the LM324 ADC as a suitable choice for this purpose.
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3. Microcontroller (Processor): To process sensor data and control the robot's movements,
a microcontroller is essential. The survey recommends using Atmel's AVR
microcontroller, specifically "At Mega 16," which offers features like reduced instruction
set coding (RISC), internal oscillators, timers, UART, SPI, and analog comparators. The
microcontroller's role is critical in decision-making and precise control of the robot's
movements.

4. Motor Driver (Driver IC): Line Follower Robots require a motor driver IC to control and
power the motors. The survey suggests using IC L298, which is a dual full-bridge driver
capable of accepting TTL logic levels and driving inductive loads like motors. It discusses
how the motor driver operates, providing voltage to the motors based on instructions from
the microcontroller.

5. Actuators (Motors and Wheels): The choice of motors and wheels is vital for the robot's
movement. The survey explains that gearbox motors, as opposed to common DC motors,
offer more stability in terms of speed on different terrains. It advises against using stepper
motors due to their complexity and the challenges associated with programming them.
The survey also highlights the use of three wheels, with two driven by the motors and one

acting as a passive caster.

In summary, the major finding underscores the technical complexities involved in
designing and building Line Follower Robots. These challenges span sensor placement,
analog to digital conversion, microcontroller selection, motor driver usage, and motor and
wheel choices. Overcoming these technical hurdles is essential for the successful

development and operation of Line Follower Robots.

e Baharuddin, Zafri & Zainal Abidin, Izham & Sulaiman, S. & Mohideen, Kaja. (2005)
identifies the development of an improved line sensor configuration, a robust line-
following algorithm, and an efficient line recovery strategy for the Advance Line Follow
Robot (ALF). These enhancements collectively enhance the navigational reliability of
differential drive line-following robots, making them more capable of successfully
navigating complex paths and contributing to their utility in industrial settings for tasks like

material handling and transportation.
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Oluwole, Leke & Olanipekun, Ayorinde & Ajide, O.0. (2015) identifies the design,
construction, and testing of a strain gauge instrument based on a quarter bridge strain
gauge system is the successful development of a portable field instrument for measuring
strain. The key points and contributions can be summarized as follows:

1. Development of a Strain Gauge Instrument. The research project successfully
designed, constructed, and tested a measuring instrument that utilizes a quarter
bridge strain gauge system. This instrument is designed for practical field applications
where measuring surface deformation and strain is essential.

2. Systematic Division of Instrument Sections: The instrument is systematically divided
into three key sections: the power section, the arithmetic logic section, and the input
and output section. Each section plays a crucial role in the overall functionality of the
instrument, from powering it to processing and displaying measurement results.

3. Utilization of Strain Gauges: The research emphasizes the significance of strain
gauges, particularly electrical resistance strain gauges, as transducers for converting
mechanical strain into electrical resistance changes. These gauges are widely used
in engineering applications for measuring mechanical movements and deformations.

4. Historical Roots of Strain Gauges: The paper provides a historical perspective on the
development of strain gauges, tracing their origins back to 1938 when Arthur Ruge
and Edward Simmons conceived the concept. It highlights the evolution of strain
gauges from rudimentary devices to advanced bonded resistance strain gauges.

5. Working Principle of Strain Gauges: The survey explains the fundamental working
principle of strain gauges, which involves the relationship between a material's
resistance and its mechanical properties. When a material experiences strain, it leads
to a change in its electrical resistance, which can be measured using various
techniques, including the Wheatstone bridge setup.

6. Wheatstone Bridge Setup: The paper describes the operation of the Wheatstone
bridge apparatus, which is widely used for measuring changes in resistance, including

those of strain gauges. The balance condition of the Wheatstone bridge is achieved
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when there is no potential difference between certain points in the circuit, allowing the
measurement of strain-induced changes in resistance.

7. Successful Construction of a Portable Field Instrument: The major finding is the
successful design and construction of a portable field instrument for measuring strain
using the principles of strain gauges and the Wheatstone bridge setup. This
instrument is capable of accurately measuring surface deformation and strain in

practical applications.

In conclusion, the major finding of this survey is the development of a functional and
practical strain gauge instrument that can be used in the field for measuring strain.
This instrument has been constructed based on sound engineering principles and
contributes to the field of instrumentation for measuring mechanical deformations and

movements.

Al-Dahiree OS, Tokhi MO, Hadi NH, Hmoad NR, Ghazilla RAR, Yap HJ, Albaadani EA
emphasize the importance of load cells in measuring forces accurately across various
industries. It highlights the significance of axial force testing in product development. The
survey also mentions the key requirements for load cell design and their working
principles. While it discusses advancements in load cell development using numerical
simulation and optimization methods, it does not explicitly mention a specific major finding
or outcome of the research related to the design and shape optimization of the strain

gauge load cell.

Kannaki S, Karthigai Lakshmi S, Harish V, Manikandan R, Saktheeswaran G identifies
the development of an automatic sorting machine that utilizes a weighing mechanism,
primarily based on weight measurement, to sort objects moving along a conveyor.
However, the paper does not explicitly mention a specific major finding or outcome of the
survey or research related to the sorting machine's development. It provides an overview
of the system's design and operation but does not highlight any novel discoveries or

significant findings.
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e S Badrinarayanan, V Ramesh Kumar, Kuldeep Sing Bhinder and Ralexander identified
the detailed design and development of an electromechanical linear actuator utilizing a
roller screw mechanism. The study highlights the advantages of roller screws over ball
screws for applications with high dynamic loads and high inertia platforms. It provides a
comprehensive examination of the various components and design considerations,
including the roller screw mechanism, reduction gearbox, motor selection,
electromagnetic failsafe clutch, no-back clutch, and overload slipping clutch, which
collectively optimize the actuator's performance. The inclusion of failsafe features, such
as the electromagnetic clutch and no-back clutch, ensures the actuator's reliability and
safety in case of power failure or manual operation. Additionally, the overload slipping

clutch serves to protect the system from shocks and mechanical damage.

2.2 LITERATURE REVIEW

1. Paper Citation: Nils Boysen, (2018) et al. - This article examines and discusses
Automated Sortation Systems (ASS) and how they have become an essential part of
many supply chains. He also talks about various supply chains implementing fully
automated sorting systems, for example from baggage handling at airports to the sorting
of parcels using tilting tray conveyors in the distribution centers of the postal service
industry, to batches of pick orders isolated in an e-shop warehouse. The main reason
why these automated sorting systems have become essential components in many
supply chains are 4 main fundamental characteristics: ASS is fast: Next-day or even
same-day delivery is a core promise of many online retailers (Amazon, Flipkart ) and
postal providers services (UPS, FedEXx). Subtracting transit times leaves only narrow time
windows for all search and sorting operations. Without automatic sorting, these goals
seem hardly achievable. ASS can handle a large number of shipments: For example, the
air hub in Cologne (Germany), which is one of the three main global hubs in the express
logistics network of the postal service provider UPS, has the capacity to sort up to 190,000

shipments per hour (Airport Central, 2014). ASSs are reliable: The US Department of
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Transportation (2009), for example, reports a range of 1.42 to 9.17 when evaluating 19
US airlines for mishandled bags per 1,000 passengers. Obviously, any lost or delayed
baggage causes a loss of goodwill, so reliable automated baggage handling has become
a critical success factor in the airline industry. ASS handles heavy and bulky objects:
Aging societies in many industrialized countries propose automating activities that cause
high ergonomic stress for human workers (Otto, Boysen, Scholl, & Walter, 2017).
Repeated handling of heavy parcels is certainly one of these activities, so ASS handling
of oversized parcels has a long tradition in postal distribution centers (Fedtke & Boysen,
2017b) and cross docks (Bartholdi & Gue, 2000). Survey Scope — This survey provided
valuable insights into the current state of ASS research, it is important to note that the
field is dynamic and constantly evolving. As technology advances and the demands of
modern supply chains constantly change, new challenges and opportunities will emerge.
Future research should focus on addressing these challenges, such as optimizing sorting
algorithms, improving system scalability, and adapting ASS to handle new trends such as

the growth of e-commerce.

. Paper Citation: Nils Boysen (2018), et al. - This paper assumes a given layout of a sorter
with one loading station and focuses on the following operational planning decisions,
which are schematically shown in Fig. 1: Piece-to-order (P20) assignment: Real data is
strongly biased (De Koster et al., 2007) and especially fast-turnover SKUs that are
approaching the loading station must be assigned to orders. In this decision-making, it
seems advantageous to reduce the order variance, i.e. the distance (counted in pieces)
between the first and last piece assigned to each order. The shorter the order span, the
faster the orders are completed, so the pickup points immediately assigned to them are
released earlier and can be reassigned to subsequent orders. In this way, sorting
performance can be improved. Assignment of an order to a collection point (O2CP):
Customer orders must be assigned to the collection points where the pieces intended for
the respective order are collected. However, such assignment is only temporary and the
picking location is released for reassignment as soon as the relevant order is completed
and transferred to the packing and shipping area. Advantageous collection points near
the loading station should be assigned especially to orders that require many pieces. In

addition, priority should be given to orders that are not excessively distributed in the order
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of arrival, because then favorable collection points are not blocked for too long. Thus, a
good O2CP assignment can free up the limited capacity of robots and improve the sorting
performance. The assignment of orders to pick up points has already been investigated
for traditional (conveyor) sorting systems (see Johnson, 1997, Khir, Erera, Toriello, 2021,

Meller, 1997). For a survey, see Boysen et al. (2019).

identification Decision (i) P20:
device A M@ toorder A Decision (iii) P2R:
- @D to robot b
P OO mE AN ® D moble >
conveyor
Y collection
loading point CP1

station Decision (ii) O2CP:

order AtoCP 1

order A

Fig 1. Schematic representation of a robotized sorting system and its main operational

decision tasks.

3. Paper citation: Xianhao Xu, (2022) et al. - This paper talks about the increasing use of
autonomous robots in warehouses due to their flexible throughput capacity and low
operational cost. The paper also acknowledges the increasing adoption of autonomous
robots in warehouse operations over the past decade, the primary focus of the paper is
on sorting operations within warehouses. It discusses how autonomous robots are being
integrated into these operations, emphasizing the importance of sorting in modern
warehousing. It describes a specific warehouse layout where autonomous robots operate
on the top mezzanine level. The papers employ both modeling and simulation techniques
to address the assignment optimization problem. It discusses the use of an open
gueueing network to estimate system performance and validates its accuracy through
simulation. It includes real-world case studies demonstrating the practical applicability
and benefits of the proposed approach. It highlights the substantial reduction in system
throughput time and manual costs compared to existing assignment rules used in
practice. There have been many attempts and implementations in the autonomous sorting
robot industry, e.g., Amazon unveils Xanthus and Pegasus fulfillment robots (Ames,

2019) and the t-sort solutions of Tompkins (2020). As an example, Deppon Express, one
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of the largest express delivery companies in Shanghai, China, has implemented such a
system on two vertical tiers (Zhang, 2019). Compared with an automated conveyor-based
sorting system, a Robotic Sorting System (RSS) enjoys a more flexible layout since the
input and output points can be easily changed by modifying the control software, and it
provides a more scalable throughput capacity by adding or retracting robots. However, a
robotic sorting system generally needs a high investment in both the robot and complex
software solutions. Based on the research done on Robotic Sorting System (RSS) it
shows that in the Deppon Express Shanghai center, the assignment of arrival parcels to
the loading station poses a major challenge for the RSS to produce a good performance.
On one side it determines the waiting time of the parcels on the loading platform and on
the other hand, it affects it affects the robot sorting time. In this paper, the researchers
optimize the assignment of the parcel to the loading station, depending on the destination
location of the parcel. This paper examines the assignment problem of parcels to loading
stations in a robotic sorting system that uses autonomous robots to transport parcels
sorted from the loading stations located at the perimeter of the system to the drop-off

points located in the middle of the system.

. Paper Citation: Bipan Zou, (2021) et al. - This paper primarily discusses the
implementation and optimization of robotic sorting systems in distribution centers,
particularly in scenarios where space constraints or operational flexibility require
alternative solutions to traditional conveyor-based sorting systems. Here's a breakdown
of the key topics covered in the paper: Introduction to Robotic Sorting Systems: The paper
starts by introducing the concept of robotic sorting systems as an alternative to conveyor-
based systems commonly used in distribution centers. It highlights the flexibility and
adaptability of robotic systems in handling parcel sorting tasks Performance Analysis: The
paper employs closed queueing networks to estimate system performance and
investigate robot congestion. Analytical models are developed for performance
estimation, and simulation is used for validation. Assignment Rules: The paper examines
various robot-to-loading-station assignment rules, including random, closest, dedicated,
and shortest-queue assignment rules. Optimization and Operating Policies: The paper
analyses the optimal system size and operating policies to maximize throughput capacity

while minimizing operating costs. Comparative Analysis: The paper compares the
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performance and cost-effectiveness of robotic sorting systems with traditional cross-belt
sorting systems, particularly in scenarios where the required throughput capacity is not
extremely high. Application to Deppon Express: The paper provides insights by applying
the research findings and analyses to a real-world case study involving Deppon Express,
a logistics company. The paper talks about new technologies including vehicle-based
solutions, such as autonomous vehicle storage and retrieval systems (AVS/RS), robotic
mobile fulfillment systems (RMFS), robotic compact storage and retrieval systems
(RCSR), and puzzle-based storage systems. In all such systems, robotic autonomous
vehicles transport the loads. Sorting is a new application of robotic autonomous vehicles,
in which robotic vehicles sort parcels and transport them from any origin to any destination
point (see the solutions of Tompkins 2020). Robot path topology: This discusses the

evaluation of two distinct robot path topologies within the context of warehouse sorting
systems. In the system employing the shortest path topology, each aisle, and cross-aisle
is designed with dual lanes, allowing for travel in opposite directions and enabling robots

to follow the shortest path between points.

@D Unloaded Robot (M Loaded Robot

tion to

Shortest path topology Detour path topology

1.

5. Paper Citation: M. Pakdaman, (2010) et al. - The Line follower robot is a type of robot
that can detect and follow the line drawn on the floor. Generally, the path of the robot is

predefined and can be either drawn like a black line on a white surface or with any two

22


https://tompkinsrobotics.com/tsort-solutions/

contrasting colors, or a wire can be dug and placed inside the floor which will emit radiation
for the robot to catch and help is navigate on the shop floor. Therefore, these kinds of Robots
use Infrared Ray (IR) sensors installed either under the robot or on the front of the robot
according to the operational requirements. When all the data has been collected it is
transmitted to the processors, the processors then process the data and send the appropriate
commands to the motor driver which will move according to the commands and follow the
designated path. In this paper, the electrical and technical issues and problems that were
faced during the making of this project have been discussed. The fundamental
operations of a line-following robot entail a multi-step process. Firstly, it relies on optical
sensors situated at the robot's front end, with many employing multiple photo-reflectors for
this purpose. This facet underscores the importance of a line-sensing process characterized
by its demand for high resolution and robustness. Secondly, guiding the robot along the line
involves a steering mechanism, often implemented as a servo operation. Additionally,
ensuring stable tracking motion often necessitates the incorporation of phase compensation
techniques, such as the application of a digital PID filter or other servo algorithms. Lastly, the
robot must adapt its speed in accordance with the conditions of the track, especially when

navigating curves, due to factors like tire and surface friction.

2. The robot itself can be dissected into several integral components, each playing a crucial
role in its functionality. These components encompass sensors, the Analog to Digital
Converter (ADC), a processor, a driver, actuators, as well as the chassis and body
structure. In some instances, the electrical circuitry of line-following robots is designed to
compare analog signals received from the sensors, transmitting the outcome to the
processor as either '0' or '1'. In other cases, analog signals are sent directly to the
processor, necessitating subsequent conversion to digital form. Regardless of the
approach, the critical step lies in the conversion of analog signals to digital form, thereby
enabling the processor to effectively process the data. Ultimately, the core electrical

elements in this structure encompass the sensors, ADC, processor, and motor driver.
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Figure 2. Line follower block diagram

A. Sensor Functionality: The Line Follower Robot relies on Infrared Ray sensors to
effectively locate its path and determine the direction to follow. These sensors
consist of matched pairs of infrared transmitters and receivers. Notably, these
sensors operate based on the principle that white surfaces tend to reflect infrared
light effectively, while black surfaces reflect it poorly. The sensors function by
guantifying the amount of light reflected into the receiver. To optimize their
performance, it is essential to shield them from ambient light and maintain a close
proximity (less than 10mm) between the sensor and the reflective surface. IR
reflectance sensors are commonly employed for the detection of both white and
black surfaces, with the distance between the sensors and the ground surface
being a critical parameter, more so than the specific arrangement of the sensors
themselves. The sensors need to be positioned within a range of 2 to 10 mm from
the ground, with the precise spacing between each sensor contingent on the line's
width. In our robot's design, we incorporated eight sensors strategically placed, as
illustrated in Figure 3, considering a competition line width of 18 mm. When the
line width is narrow, sensor proximity must be adjusted to ensure timely
responsiveness during line curvature.

B. ADC and Sensor Circuit: Typically, the signals received from the sensors are
analog in nature and must be converted into a digital format for processing.
Consequently, the circuit can be configured to directly transmit the sensor signals
to the processor. This setup enables the efficient management of processing time,
particularly by integrating an external ADC. The LM324 is a reliable ADC that we
successfully utilized in our project, with two LM324 units supporting eight sensors.

The sensor's resistance decreases when exposed to infrared radiation. A proficient
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sensor exhibits near-zero resistance in the presence of the infrared signal and a
significantly higher resistance when the signal is absent. This property can be
harnessed to create a potential divider for accurate signal conversion.

C. Processor Integration: In the case of small line followers equipped with 2 to 4
sensors, electrical gates such as AND/OR gates can be employed to make basic
decisions and relay simple instructions to the driver. However, this approach lacks
precision and processes information at a relatively slower speed. To conclude, the
designed robot is equipped with eight infrared sensors situated at its base to detect
lines effectively. The Microcontroller ATMegal6, in conjunction with the L298
driver, was employed to govern the motor direction and speed. The microcontroller
takes command of the robot, orchestrating changes in motor direction by
transmitting signals to the driver IC in response to inputs received from the
sensors.

5. Paper Citation: Baharuddin Zafri (2005), et al. - This paper underscores the significance
of navigation in the context of mobile robots within the industrial domain. Effective
navigation is a pivotal aspect for numerous envisioned applications of these robots. The
spectrum of navigation tools available encompasses a wide range, spanning from costly
high-precision instruments to more economical, albeit less accurate alternatives. The
choice of navigation tools is contingent upon the specific navigational needs of the robot,
with greater complexity in navigation requirements often necessitating the deployment of
more expensive tools. One example of a simple and cost-effective navigation tool is the
line following sensor. However, it's worth noting that the effectiveness of this navigation
technique can vary in complexity. Navigating along a straightforward or gently curving line
is relatively uncomplicated, while negotiating challenges such as T-junctions, 90-degree
bends, and grid junctions presents a greater difficulty. These challenges arise due to the
inherent physical constraints related to the robot's motor response, positioning
capabilities, and turning radius. This paper introduces a novel configuration for line
sensors, aiming to enhance the navigational reliability of differential drive line-following
robots. To enable line-following capabilities in the Advance Line Follow Robot (ALF), a
dedicated line-following algorithm has been developed. This algorithm exclusively relies

on the central pair of sensors, denoted as SL and SR, situated within the sensor array for
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navigation purposes. To address potential issues such as robot overshooting, which could
lead to a situation where no line is detected by the navigational sensors, an additional
algorithm has been integrated into the system to search for the line.

Paper Citation: Al-Dahiree OS (2022) et al. - For many years, the field of experimental
solid mechanics, as well as various industrial and engineering applications, has grappled
with a pressing demand for the accurate and high-throughput measurement of forces and
moments. Within this context, load cells, also known as force transducers, have gained
prominence as reliable instruments for precisely measuring forces. These devices find
utility not only in scientific and technological research and development but also in a
diverse array of industrial sectors. Load cells have a well-established history of delivering
accurate measurements in various domains, including robotics and automation
agriculture medicine industrial weighing and an extensive range of other applications. In
particular, load cells play a pivotal role in tasks such as gauging interference forces in
wearable robotic applications like exoskeletons and prostheses, as well as detecting
comparison forces during robot locomotion, providing essential feedback to stabilize
control systems. Given their versatility and adaptability to a wide spectrum of potential

uses, load cells hold undeniable significance in diverse fields.
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Fig. 1 Structure of the Load Cell.

Working Principle: A load cell serves as a crucial component within electromechanical
tools, functioning as a transducer to convert applied force into an electrical signal. This
conversion process unfolds in two distinct steps. Initially, the force applied is detected

through the deformation of a strain gauge, coupled with a well-designed mechanical
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structure. The strain gauge, a small electrical device, exhibits changes in resistance when
subjected to strain. Subsequently, this minute alteration in resistance is transformed into
electrical signals via an electrical circuit known as a Wheatstone bridge. Typically, the
output voltage generated by the Wheatstone bridge circuit is in the millivolt range,
requiring amplification by a device amplifier to become more useful and readily
interpretable. The operational concept of the proposed load cell closely resembles that of
the bending beam type. When an external force is applied to the load cell body, it induces
primarily bending stress upon the beam bridge, establishing a linear relationship as
depicted in Figure 1. The beam bridge stands as the central structural component of the
load cell, working in tandem with the slot. This specific design aims to elicit a strain that
is directly proportional to the applied load. Concurrently, the load cell's structural
configuration plays a pivotal role in generating the desired deflection in response to the
applied load. This slot within the load cell endeavours to undergo a slight closure as the
entire body experiences minimal bending. Ultimately, the strain observed is linearly
correlated with the stress exerted on the bridge beam, factoring in the elastic modulus (E)
of the load cell material. For precise strain measurement, the strain gauge is affixed to
the surface of the load cell body in close proximity to the bridge beam. This strategic
placement ensures accurate strain measurement while preserving the fundamental
operating principles of the load cell. Advancements in Load Cell Development: To
address the need for more advanced load cell designs, innovative approaches are
emerging that harness the power of numerical simulation methods combined with
optimization strategies. This amalgamation of techniques offers the promise of enhancing
load cell performance and durability. In this context, computer-based simulations have
become increasingly significant in the field, particularly when employing finite element

analysis.
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CHAPTER 3
REQUIREMENT ANALYSIS

3.1 AIM OF THE PROJECT

The aim of the project "Tilt Sort Robot for Revolutionizing Warehouse, Parcel and Unit Sortation"
is to design develop, and implement an innovative robotic sorting system that leverages the
concept of tilt sorting. The overarching goal is to revolutionize and optimize the sorting processes
within diverse industrial settings, including warehouses, parcel distribution centers, and unit
sortation facilities. This project seeks to enhance efficiency by reducing processing times and
increasing throughput, ultimately leading to substantial cost savings. It also aims to minimize
errors in the sorting process, improving overall accuracy and customer satisfaction. The project
will explore the scalability of the system, providing adaptability to fluctuating demands
Additionally, it aims to contribute to the enhancement of workspace conditions by automating
physically demanding and repetitive tasks. The ultimate objective is to provide a competitive
advantage in the logistics and e-commerce sectors by streamlining operations, reducing costs,

and improving sorting efficiency. Through this project, we aspire to pave the way for a
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transformative shift in the way goods are sorted distributed, and handled, thus reshaping the

future of warehousing and parcel management.

3.2 SCOPE OF THE PROJECT

The scope of the project "Tilt Sort Robot for Revolutionizing Warehouse Parcel and Unit
Sortation" involves conceptualization and design. development, and implementation of a Tilt Sort
Robot system with the overarching goal of transforming and optimizing the sorting processes in
various industries, including warehouses, parcel distribution centers, and unit sortation facilities.
The project will focus on the creation of a versatile robotic system capable of efficiently and
accurately sorting a diverse range of items While Oy? primary aim is to enhance efficiency.
reduce errors, and improve scalability, this project will not cover aspects outside the direct
development of the sorting robot, such as the redesign of entire warehouse layouts Or changes
to existing logistic infrastructure. This project will concentrate on the design and construction of

the sorting robot, and preliminary evaluation of its effectiveness in a controlled environment.

3.3 OBJECTIVE OF THE PROJECT

e The main objective of “Tilt Sort Robot for Revolutionizing Warehouse, Parcel and Unit
Sortation” is to design and implement a system, where a robot can move and sort the
objects on its own without any human intervention.

e To engineer a tilt sort system for maximizing adaptability and versatility, ensuring
seamless array of objects, including parcels, packages, irregularly shaped items, items
of variable weight.

e To increase the speed of sorting process in a warehouse so as to reduce the lead time,
between order placement and packaging.

In summary this project takes a holistic approach to design, building, and testing a tilt-sort
robot system for warehouse sorting. We'll consider all aspects, from the initial design and

development to safety and environmental impact. This ensures the system operates

29



efficiently and effectively for warehouse sorting while acknowledging any constraints we

face throughout the project

3.4 METHODOLOGY

1. Design and Engineering:

Conceptualization: This phase involves defining the key features and specifications of the
tilt sort robot system. Stakeholder input, industry requirements, and technological
feasibility are considered during this stage to establish a clear vision for the project.
Mechanical Design: Using computer-aided design (CAD) software, mechanical
components such as the robot's frame, gripper, and sorting mechanisms are designed.
Emphasis is placed on optimizing structural integrity, durability, and ease of assembly.
Electronic  Development:  Simultaneously, electronic components including
microcontrollers, sensors, and control algorithms are developed. These components
govern the robot's movements and decision-making processes, ensuring efficient and
precise sorting operations.

Sustainability Integration: Sustainable design practices are integrated into the robot's
construction, incorporating energy-efficient components and environmentally responsible
materials. This ensures that the robot minimizes its environmental footprint while

maximizing operational efficiency.

2. Integration and Compatibility:

Compatibility Assessment: Compatibility assessments are conducted to identify potential
challenges in integrating the tilt sort robot system with existing warehouse infrastructure.
This includes evaluating compatibility with conveyor systems, sorting chutes, and other
warehouse components.

Development of Integration Protocols: Integration protocols and interfaces are developed
to ensure seamless operation within warehouse environments. These protocols facilitate
communication and interoperability between the robot system and existing infrastructure,

minimizing disruption to operations.
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3. Operational Efficiency:

Sorting Algorithm Implementation: Sorting algorithms are implemented to optimize the
robot's sorting strategies for various object types and sizes. These algorithms strike a
balance between speed and accuracy, maximizing operational efficiency.

Testing Procedures: Rigorous testing procedures are followed to assess the robot's
operational efficiency. Sorting speed, accuracy, and overall throughput are measured

under controlled conditions to validate the effectiveness of the implemented algorithms.

4. Adaptability and Versatility:

Object Recognition Algorithms: Object recognition algorithms are implemented based on
sensor data to enable the robot to adaptively recognize and handle a wide range of
objects with varying shapes and sizes. These algorithms enhance the robot's adaptability
and versatility in sorting tasks.

Gripper and Handling Mechanisms: Adaptive gripper and handling mechanisms are
developed to securely handle diverse objects, ensuring efficient sorting operations

regardless of object characteristics.

5. Safety and Human-Robot Interaction:

Safety Features Integration: Safety features including collision detection, emergency stop
mechanisms, and defined safety zones are integrated into the robot system to protect
both human operators and the robot.

Protocols and Control Strategies: Protocols and control strategies are developed to
ensure safe and efficient collaboration between humans and robots within warehouse

environments, minimizing the risk of accidents or injuries.

6. Evaluative Assessment:
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Realistic Testing Environment: A realistic testing environment is created to replicate real-
world sorting scenarios, encompassing a variety of objects and sorting tasks. This
ensures that the robot's performance is thoroughly evaluated under conditions reflective
of actual warehouse operations.

Data Collection: Data collection is conducted meticulously during testing, gathering
information on sorting efficiency, accuracy, and other relevant metrics. This data is used
to assess the robot's performance and identify areas for improvement.

Benchmarking: Benchmarking against industry standards and best practices in
warehouse sortation provides valuable insights into the robot's performance relative to

established benchmarks, guiding further optimization efforts.

7. Documentation and Knowledge Dissemination:

Comprehensive Documentation: Detailed documentation is maintained throughout the
project, encompassing design specifications, testing procedures, and results. This
documentation ensures transparency and clarity in every phase of development.

Knowledge Dissemination: The project's findings and insights are disseminated through
detailed reports, presentations, and academic publications where applicable. This
facilitates knowledge sharing with industry stakeholders, researchers, and the wider

community, contributing to the advancement of warehouse automation and robotics.
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CHAPTER 4
MATERIALS AND METHODS USED

4.1 MATERIAL DESCRIPTION
4.1.1 ARDUINO UNO

The Arduino UNO is an open-source microcontroller board based on the ATmega328P
microcontroller chip. It's designed for ease of use and is an excellent platform for beginners and
experienced electronics enthusiasts alike. The board includes a variety of input and output pins,
making it suitable for connecting sensors, actuators, displays, and other components. It can be
programmed using the Arduino Integrated Development Environment (IDE), which offers a
simplified and user-friendly programming environment, even for those with limited coding
experience. The Arduino UNO is known for its reliability, flexibility, and a vast community of users
and developers who contribute to a rich ecosystem of libraries and resources. It can be used for
a wide range of projects, from simple LED blinking experiments to complex robotics and
automation systems. Its affordability and accessibility have made it a popular choice for

educational purposes and prototyping in the world of electronics and DIY electronics projects.

33



4.1.2 L298N motor driver

The L298N is a dual H-bridge motor driver IC that allows bidirectional control of two DC motors
or one stepper motor. It is commonly used in projects that require precise control of motor speed
and direction. The L298N can handle relatively high currents, making it suitable for driving motors
with moderate power requirements. It operates with a wide voltage range and has built-in
protection diodes, which help prevent back EMF (electromotive force) from damaging the driver
or other components when the motor is decelerated. The IC features multiple input pins for
control, enabling users to specify the direction and speed of motor rotation using simple digital
signals from a microcontroller, Arduino, or other control systems. The L298N is favored for its
simplicity, versatility, and affordability, making it a popular choice in robotics, automation, and

hobbyist projects involving motor control.
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4.1.3 10 kg load cell

A 10 kg load cell is a transducer that converts a physical force or load into an electrical signal. It
is typically used in various applications where precise weight or force measurement is required,
such as industrial scales, load testing equipment, packaging machinery, and automation
systems. The load cell consists of a strain gauge arrangement within its structure that deforms
when subjected to a force. This deformation leads to a change in electrical resistance, which is
proportional to the applied force. This change in resistance is then converted into an output
voltage or current signal that can be measured and analyzed. 10 kg load cells are valued for
their accuracy, reliability, and durability, and they are available in various types, including
compression, tension, and shear load cells, to suit different measurement needs. They find wide

use across industries for tasks ranging from weighing goods to monitoring structural loads.
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4.1.4 2% ir sensors

IR sensors, also known as infrared detectors or IR detectors, are electronic devices designed to
sense and measure the presence, proximity, or intensity of infrared radiation. They work on the
principle that objects emit or reflect infrared radiation, and this radiation can be detected and

utilized for various applications.

4.1.5 JUMP WIRES

Jump wires are flexible, insulated wires with connectors at both ends, typically used for creating
electrical connections between components on a breadboard, Arduino board, or other
prototyping platforms. These wires come in various lengths, colors, and connector types, such

as male-to-male, male-to-female, and female-to-female, to suit different connectivity needs.
Male-male, Male-Female, and Female-Female:

Jump wires are available in different configurations depending on the types of connections

required:
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Male-Male: Both ends of the wire have exposed male pins or connectors, suitable for connecting

components with male headers or pins.

Male-Female: One end of the wire has a male pin or connector, while the other end has a female

socket or connector, allowing for connections between male and female components.

Female-Female: Both ends of the wire have female sockets or connectors, suitable for bridging

connections between components with female headers or pins.
Versatile Connectivity:

Jump wires are used to connect various electronic components, including integrated circuits
(ICs), resistors, capacitors, LEDs, sensors, and other electronic modules. They enable the

creation of circuits on breadboards or prototyping boards without the need for soldering.
Temporary Connections:

Jump wires are used to create temporary connections during prototyping, testing, and debugging
phases of electronic projects. They allow for quick and easy modification of circuit configurations

without permanent alterations to the components or circuit board.
Breadboard Compatibility:

Jump wires are designed to fit into the holes of a breadboard, which provides a convenient
platform for building and testing electronic circuits. The flexible nature of the wires allows them

to be inserted and removed from the breadboard multiple times without damage.

Overall, jump wires are essential components in electronics prototyping and experimentation,

offering flexibility, versatility, and ease of use for creating and testing electronic circuits.
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4.1.6 High Torque Motor

A high-torque motor is a type of electric motor specifically designed to deliver significant
rotational force or torque, often at low speeds. These motors are engineered to provide robust
performance in applications where substantial torque output is required to overcome resistance

or drive heavy loads.

Modern high torque motors are designed for high efficiency, minimizing energy losses and
maximizing performance. This ensures that the motor can deliver the required torque while

minimizing power consumption and operating costs.
These motors are built to withstand harsh operating conditions and heavy-duty use.

In robotics applications, high torque motors are utilized to drive robotic arms, grippers, and joints,
enabling precise and powerful motion control for tasks such as material handling, assembly, and

manipulation.
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4.1.8 12v dc battery

A 12V DC battery is a compact and rechargeable energy storage device that delivers a
consistent electrical potential of 12 volts when fully charged. These batteries come in various
types, including lead-acid, lithium-ion, nickel-cadmium, and more. They are commonly used in
a wide range of applications, from automotive and marine systems to backup power supplies

and portable electronics.

12V DC batteries are available in various chemistries, including lead-acid, lithium-ion, nickel-
cadmium, nickel-metal hydride, and others. Each chemistry has its own characteristics in terms

of energy density, cycle life, self-discharge rate, and operating temperature range.
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4.1.9 Hx711 load cell module

The HX711 Load Cell Module is a small, precision amplifier and analog-to-digital converter
(ADC) specifically designed for use with load cells or strain gauges. It is commonly used in
projects that require accurate weight or force measurements, such as weighing scales, industrial

automation, and robotics.

The HX711 module includes a high-resolution analog-to-digital converter (ADC) with 24-bit
resolution. This allows for precise measurement of small changes in voltage output from the load
cell, enabling accurate weight or force sensing. The module supports two differential input
channels, typically labeled A+ and A-, for connecting to the signal outputs of the load cell. This
differential input configuration helps improve noise immunity and signal integrity, especially in

noisy environments.
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4.2 WORKING OF THE TILT SORT ROBOT FOR REVOLUTIONIZING UNIT, PARCEL, AND
WAREHOUSE SORTATION :

The development of a tilt-sort robot relies on a comprehensive approach that combines sensors,

actuators, and a control system. The whole robot with its sorting system has been divided into 3

sections/parts by us for better understanding and better working of the robot. The 3 sections are

as follows:-

Navigation Method: For the navigation method we have used the line follow robot
technique in which the robot will move around the floor with the help of a line drawn on
the floor the line is usually of a high contrast color from the floor e.g. Black line on a white
floor. For this, the robot uses IR sensors that detect the difference in light reflection the
LED works as an emitter, and the phototransistor acts as a receiver, the data received is

sent to Arduino, and from that data the motors are controlled with help of an L298N motor

driver. And this is how the robot navigates its way around the work floor.

\

The Sorting Process: This part explains on what basis the sorting process is been done
by the robot. The sorting process will be done on the basis of the weight of the product or
item, for this we used a load cell that measures the weight or force exerted on it, A typical
load cell consists of two parts: the main body and an attached electrical circuit. The main
body is what bears the weight or force and accounts for most of the load cell’s size.
Typically, it is made from high-grade steel or aluminum, which ensures mechanical

reliability, and predictable and uniform strain distribution. The electrical circuit is housed
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within the load cell, tightly bonded to the main body. The circuit includes strain gauges
which are specialized parts of the circuit designed to sense the deformations of the main
body.

Load-cell Flexion

Mo deformation Compression Elongation

Mounting

Free end surface

Fixed end

MNarrow geometry
concentrates the
strain here

Surface-bonded
strain gauges x4

UNLOADED LOADED

The Tilting Process: This is the part where the tilting process is explained and how it
works in this project. For the tilting process, we will be using an electric high torque motor,
which will be used to tilt the tray on which the product or the item will be placed, as on the
input of the load cell and the movement of the robot the actuator will work as on the
feedback of the other sensors, modules, and drivers it will decide when to be active and
when to be dormant. At the places where there is a bin, chute, or a place to dump the
product it will be activated and where there is not a stoppage or dumping place it will not
work. There are limiter switches that have been placed on both ends of the tilting frame
so that it doesn’t over-tilt or under-tilt the tray which may result in not reaching our goal of

dumping the item on its correct location.
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4.3 ALGORITHM USED:

For the programming and coding part, we used Arduino IDE which is an open-source software
that provides a suite of Tools for writing, compiling, and uploading code to the microcontroller
These IDEs often come with built-in libraries for common tasks, such as interfacing with sensors

or controlling actuators.

s
fdefine LEFT_MOTOR_PINI 2
#define LEFT_MOTOR_PIN2 3
#define RIGHT_MOTOR_PINI 4
#define RIGHT_MOTOR_PIN2 5
#define TILT_MOTOR_PIN 6

// IR sensor pins
fdefine LEFT_IR_SENSOR A0
fdefine RIGHT_IR_SENSOR AL

// Threshold for dstecting the lins

fdefine LINE THRESHOLD 500

// Motor speeds
#define MOTOR SPEED 150
#define TILT MOTOR_SPEED 100

// Initialize serial communication
Serial.begin (9600) ;
}

void loop() {
followLine () ;
tiltSortobject ()7
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Final_Project_Cooding

cileSortobject () ;

void followLine() {
int leftSensorValue = analogRead (LEET_IR_SENSOR) ;
int rightSensozValue = analogRead (RIGHT_IR_SENSOR

// Bdjust motor speeds based on sensor readin

(1eftSensorValue < LINE_THRESHOLD c: rightSensorValue < LINE_THRESHOLD)
Jf Both sensors off the line, move forward
digitaldizive (LEFT_MOTOR_PINL, HIGH)
digitaliirice (LEFT_MOTOR PINZ, LOW
digitaliirive (RIGHT_MOTOR_PTNL, HIGH):
digitaliizite (RIGHT_MOTOR_PINZ, LOW):
(1eftSensorValue < LINE_THRESHOLD) (
7 lett sensor off the line,

turn right

rite (LEFT_MOTOR_PTNI, HIGH):

it (LEFT_MOTOR_PTNZ,
digitaliizite (RIGHT_MOTOR_PINI,
digitaliirite (RIGHT_MOTOR_PINZ, HIGH):

} clse if (rightSensorValue < LINE_THRESHOLD) {
J/ Bight sensor off the line, tum left
digitalirite (LEFT_MOTOR _PINL, LOW):
digitaliizite (LEFT_MOTOR_PINZ, HIGH)
digitaliirice (RIGHT_MOTOR_PINL, HIGH)
digitaliirive (RIGHT_MOTOR_PTNZ, LOW):

} else (

/7 Both sensors on the line, move fozward
digitaliizite (LEFT_MOTOR_PINL, HIGH):

digitaliirite (LEFT_MOTOR PINZ, LOW):
digitaliirive (RIGHT_MOTOR_PTNL, HIGH)

digica:

void eileSortobject() |
// Code to control the tilt motor based on object weight
// This could involve using a sensor to devect the weight and
// tilting the sorting mechanism accordingly
// Placeholder code for demonstration purposes
Gigitalirive (TTLT_MOTOR_PIN, HTGH);
delay(L000): // Mjust delay as
aigitalizive (TILT_MOTOR_PIN, L0
delay (1000); // Mdjust delay as

needed based on your sorcing mechanism

needed based on your sorting mechanism
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CHAPTER 5
RESULT AND DISCUSSION
5.1 RESULT

The project yielded significant results, showcasing the remarkable efficiency improvements
achieved through the implementation of the tilt sort robot. Comparative data revealed a notable
increase in sorting speed and a considerable reduction in errors compared to traditional
methods. This translated to substantial cost savings, particularly in terms of labor costs and
error-related expenses. The robot exhibited adaptability and versatility in handling a diverse
range of objects, demonstrating its robustness in real-world sorting scenarios. Safety measures
proved effective, ensuring reliable and secure operation. Integration with existing systems was
seamless, and user feedback was generally positive, further endorsing the robot's capabilities.
The project's results underscore its potential to revolutionize unit, parcel, and warehouse
sortation processes, promising a future marked by enhanced efficiency and automation in sorting

operations.

The result of implementing the tilt sort robot for revolutionizing unit, parcel, and warehouse

sortation is a highly efficient and automated sorting system that offers numerous benefits:

Increased Efficiency: The tilt sort robot automates the sorting process, reducing the need for
manual labor and increasing throughput. It can sort items quickly and accurately, leading to

higher efficiency and productivity in warehouse operations.

Improved Accuracy: The use of advanced sensors, algorithms, and automation technologies
ensures precise sorting of items based on predefined criteria. This results in fewer errors and

misplacements, improving overall accuracy in the sorting process.

Faster Sorting Speed: The tilt sort robot can sort items at a faster rate compared to manual
sorting methods. This increased speed allows warehouses to handle larger volumes of items

and fulfill orders more quickly, leading to shorter lead times and improved customer satisfaction.

Optimized Space Utilization: By sorting items efficiently into designated bins or storage
locations, the tilt sort robot helps optimize space utilization within the warehouse. This can lead

to better organization, reduced clutter, and improved accessibility to inventory items.
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Reduced Labor Costs: Automating the sorting process with the tilt sort robot reduces the need
for manual labor, leading to cost savings on labor expenses. This allows warehouse operators

to allocate resources more efficiently and focus on higher-value tasks.

Enhanced Safety: The tilt sort robot incorporates safety protocols and features to ensure the
safe operation of the sorting system. This helps minimize the risk of accidents or injuries to

human operators and other equipment, improving overall workplace safety.

Scalability and Flexibility: The modular design of the tilt sort robot and its integration with
warehouse management systems make it highly scalable and adaptable to changing operational
needs. It can easily accommodate fluctuations in demand, new product lines, or changes in

sorting criteria with minimal disruption.

Real-time Monitoring and Reporting: The tilt sort robot provides real-time monitoring and
reporting capabilities, allowing warehouse managers to track the progress of sorting operations,
monitor system performance, and identify any issues or bottlenecks as they arise. This enables

proactive decision-making and continuous improvement of the sorting process.

Streamlined Integration: The tilt sort robot seamlessly integrates with existing warehouse
systems and workflows, minimizing the need for extensive reconfiguration or downtime during
implementation. This ensures a smooth transition to automated sorting and minimizes disruption

to daily operations.

Competitive Advantage: By implementing the tilt sort robot, warehouses can gain a competitive
advantage in the marketplace by improving operational efficiency, reducing costs, and
enhancing customer service. This positions them as industry leaders and allows them to meet

the growing demands of e-commerce and logistics industries effectively.

5.2 PROTOTYPE DISCUSSION:

The prototype development phase of our project involved the creation of a scaled-down working
model of the tilt sort robot. The prototype featured a carefully designed mechanical structure,

including a tilt mechanism, and sorting chutes, all integrated to facilitate efficient sorting. We

46



implemented a control system with sophisticated algorithms to make sorting decisions based on
object characteristics gathered by sensors and cameras. Extensive testing validated the
prototype's functionality, revealing notable improvements in sorting speed and accuracy. This
prototype discussion provides a tangible demonstration of our project's progress toward

revolutionizing unit, parcel, and warehouse sortation processes.
Design Specifications:

The prototype should adhere to specific design specifications, including size, weight, sorting
capacity, speed, and accuracy requirements. These specifications are determined based on the

intended application and operational needs of the sorting system.
Mechanical Design:

The mechanical design of the prototype encompasses the physical structure of the tilt sort robot,
including the chassis, frame, tilt mechanism, and sorting bins. The design should optimize space
utilization, durability, and ease of maintenance while accommodating the required sorting

functionality.
Electrical Components:

The prototype incorporates various electrical components, including motors, sensors, actuators,
controllers, and power supplies. These components enable the robot to navigate, detect objects,
manipulate items, and communicate with other system elements effectively. The electrical

design should ensure compatibility, reliability, and safety in operation.
Control System:

The control system of the prototype includes software algorithms, microcontrollers, and
communication protocols that govern the robot's behavior and sorting operations. The control
system orchestrates object detection, path planning, navigation, and communication with

external systems to achieve efficient and accurate sorting.
Sensor Integration:

Sensor integration is crucial for enabling the prototype to detect objects, navigate the sorting

environment, and ensure safe and reliable operation. Sensors such as IR sensors, and limit
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switches, provide real-time feedback to the control system, allowing the robot to adapt its

behavior and respond to changing conditions.
Testing and Validation:

The prototype undergoes rigorous testing and validation to evaluate its performance, reliability,
and functionality in simulated and real-world environments. Testing may involve functionality
testing, stress testing, performance testing, and safety testing to identify any design flaws,

operational issues, or performance limitations that need to be addressed.
lterative Development:

The development of the prototype follows an iterative process, with continuous refinement and
improvement based on feedback from testing and user evaluations. Iterative development allows
for incremental enhancements to the design, functionality, and performance of the tilt sort robot,

leading to a more robust and effective final product.
Cost Considerations:

Cost considerations play a significant role in prototype development, as they impact the
feasibility and scalability of the sorting system. The prototype should be cost-effective to
manufacture, operate, and maintain while meeting the desired performance and reliability

standards.
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CHAPTER 6

SUMMARY AND CONCLUSION
6.1 SUMMARY

The project "Tilt Sort Robot for Revolutionizing Warehouse and Parcel Sortation “embarked on
a journey to transform the world of logistics and distribution by introducing an innovative solution
aimed at enhancing sorting efficiency, reducing errors, and revolutionizing sorting adaptability
within warehouse and parcel operations. Through the development and rigorous testing of the
Tilt Sort Robot, significant milestones were achieved. The project withessed exceptional
improvements in sorting efficiency and speed. with the robot consistently outperforming manual
processes. Achieving an average sorting speed well beyond that of manual labor, demonstrated
the potential for rapid and efficient parcel processing. Notably, the robot exhibited a remarkable
reduction in sorting errors, with an accuracy rate that far surpassed that of manual sorting. This
precision and consistency in item categorization offered a solution to one of the most pressing
challenges in the industry. Perhaps one of the most remarkable achievements of the project was
the adaptability in handling items of varying shapes and sizes. Its capacity to adjust to the
diversity of products without extensive reprogramming marked a significant step forward in
sorting technology. The project also validated the scalability of the the sorting system, affirming
its ability to adapt to the ever-changing demands of warehouse and distribution center
environments real-world implementation of the Tilt Sort Robot in a parcel distribution center
underscored its practicality and feasibility in revolutionizing the industry. Initial data pointed to
substantial reductions in processing time and sorting errors, offering tangible benefits in terms

of operational efficiency and customer satisfaction.
6.2 CONCLUSION

In conclusion, our project represents a pivotal milestone in the ongoing transformation of unit,
parcel, and warehouse sortation processes. The introduction of the tilt sort robot has yielded
remarkable improvements across multiple fronts. By significantly enhancing the efficiency of
sorting operations, we have unlocked substantial cost savings for businesses. Labor costs have
seen a substantial reduction, and the increased sorting speed has led to improved productivity

and faster order fulfillment. Moreover, the robot's precision and accuracy in sorting have
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minimized errors and streamlined inventory management, positively affecting overall operational

efficiency.

Beyond these immediate benefits, our project holds a profound significance for the broader
logistics and distribution industry. The tilt sort robot is adaptable and versatile, capable of
handling a wide range of objects, sizes, and shapes, making it suitable for diverse sorting
scenarios. Its potential extends beyond traditional warehouses to distribution centers, e-
commerce fulfilment hubs, and more. The implementation of such technology can revolutionize
the way goods are processed and dispatched, addressing the growing demand for swift and

accurate order fulfillment in the age of e-commerce.

Throughout the project's development, we have garnered invaluable insights and lessons.
Challenges have been met with innovative solutions, reinforcing the importance of research,
development, and collaboration in advancing automation and robotics. As we look ahead, our
project serves as a compelling call to action for stakeholders in the logistics and distribution
sector. It beckons further investment in the research and development of tilt sort robot
technology, exploration of partnerships with automation experts, and the integration of emerging
technologies like artificial intelligence and machine learning. This collective effort can drive a
paradigm shift in sorting and logistics operations, ultimately creating a more efficient, cost-
effective, and responsive industry that meets the ever-evolving demands of consumers and

businesses alike

6.3 FUTURE SCOPE

The future scope of our 'Tilt Sort Robot for Revolutionizing Unit, Parcel, and Warehouse
Sortation' project holds immense promise for further advancements in the field of automation
and sorting technology. Building upon our achievements, we envision a trajectory of innovation
that encompasses several critical dimensions. Firstly, the integration of advanced machine
learning algorithms will enhance object recognition and decision-making, allowing the robot to
continually adapt and excel in sorting diverse items. Concurrently, the adoption of cutting-edge
sensor technologies, such as 3D imaging and LiDAR, will elevate precision in sorting processes,

offering greater insights into object characteristics. Internet of Things (IoT) connectivity
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represents a pivotal step, enabling real-time data exchange and remote monitoring, ultimately

enhancing operational control and responsiveness.

Furthermore, our commitment to sustainability is embodied in energy-efficient design principles
and the exploration of sustainable materials, aligning our project with eco-conscious goals while
also reducing operational costs. Scalability and modularity will remain integral, ensuring
adaptability to evolving sorting needs and simplified upgrades. Human-robot collaboration will

foster cooperation, increasing overall operational efficiency and flexibility.

To optimize warehouse operations, we will further integrate the robot with Warehouse
Management Systems (WMS), enabling real-time data exchange for streamlined inventory
tracking and order processing. Customization options will be developed, allowing clients to tailor
the robot to specific sorting requirements, enhancing its versatility and market appeal. Expanding
the robot's presence into various industries beyond unit, parcel, and warehouse sortation is a

strategic goal, leveraging its potential in manufacturing, agriculture, healthcare, and more.

Staying abreast of evolving regulations and safety standards is paramount, ensuring compliance
and safe deployment in various industries. Collaborations with academic institutions, research
organizations, and industry partners will continue to drive innovation and provide fresh insights.
This collective effort positions our project as a catalyst for industry transformation, promising a
future marked by heightened efficiency, cost-effectiveness, and sustainability in logistics and

distribution operations.
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