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ABSTRACT

A warehouse is a mercantile architecture for an entrepot of stuff. Warehouses are
used by producers, dealers, traders, wholesalers, distributors, customs, etc. The use of
a smart WMS is the cherry on top of all of your smart technology. This warehouse should
be screened at regular intervals to reduce the storage cost of food grains due to
atmospheric conditions and are documented. With the enlargement of the business and
the continuous requirements of the food product multiplicity, old style granary
management prototype will not meet that, due to its heavy capacity and low proficiency.
To mitigate the manual labor work and to make the work easier, a smart warehouse is
implemented which is enabled by several sensors and technologies. This paper intends
to develop an loT-based smart warehouse monitoring system. The network of sensors
includes vibration, and IR sensors to know if any theft happened. It is done with the help
of current technology (loT). Raspberry Pi controllers adopt 10T technology to convey
messages. Based on the sensor’s data the appropriate data is captured and manipulated
based on the limit given in the software and sent timely information to the concerned
department officials of the Central warehouse corporation through SMS for moderation
and corrective actions arising due to atmospheric conditions inside the warehouse. The
system developed has great advantages compared with the traditional model in terms of

cloud storage of the warehouse data.

A smart warehouse monitoring system using IoT (Internet of Things) is a cutting-
edge technology that allows businesses to monitor and optimize warehouse operations
in real-time. The system employs various l0T devices, including sensors, cameras, and
other data acquisition devices to collect and analyze critical data. The data is transmitted
to a centralized platform, which can be accessed by warehouse managers and other
stakeholders. The system provides numerous benefits, including real-time inventory
tracking, improved efficiency, reduced operational costs, enhanced security, and data-
driven decision-making. By leveraging the power of 10T devices, a smart warehouse
monitoring system can help businesses optimize warehouse operations, reduce costs,

and improve overall business performance.
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CHAPTER-1

INTRODUCTION

Spatial data warehouse technology is one solution to the problem of big spatial
data. Accumulation In the process of making a spatial data warehouse, the extraction,
transformation, and loading (ETL) process has an important role to determine the quality
of data. The Internet of Things (IoT) is a paradigm based on the Internet that comprises
many interconnected technologies like RFID (Radio Frequency Identification) and WSAN
(Wireless Sensor and Actor Networks) in order to exchange Information. The current need
for better control, monitoring, and management in many areas and the ongoing research
in this field have originated with the appearance and creation of multiple systems like
smart homes, smart-city, and smart-grid. The paper proposes an e-Agriculture Application

based on the framework consisting of KM-Knowledge base and monitoring modules.

e
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loT Enabled
Warehouses

Fig: 1.1: IoT Enabled Ware House Unit

To make profitable decisions, farmers need information throughout the entire
farming cycle. The Smart Home concept, associated with the pervasiveness of network
coverage and embedded computing technologies is assuming an ever-growing
significance for people living in highly developed areas. The warehouse is a planned
space for the storage and handling of goods and materials. Mostly, warehouses are used

by manufacturers, importers, exporters, wholesalers, etc. Itis a large commercial building



which is located in industrial areas of cities, towns, and villages. Warehouses are
designed for loading and unloading goods directly from airports, seaports, railways, etc.
These days, most of the work is automated with the help of computers and laptops with
the latest technologies. Efficient monitoring of temperature, humidity, and other conditions

without being present physically at the location helps us to get a better outcome.
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Fig: 1.2: Systematic Warehouse Movement

Here the main purpose is to observe, control and monitor the warehouse
atmosphere, thus making the user manage the data in real-time. Warehouses or storage
areas with small-scale units that are very close to each other are the leaf nodes of the
network. They are responsible to collect information about light, temperature, and other
environmental factors to prevent the food from decaying and getting rotten. Here the
central node which is a web application is responsible for passing information to
management mode using a laptop or mobile phone. Cloud computing means the practice
of using a network of remote servers hosted on the internet of the store, to manage and
process data. Here, a cloud computing server stores the data received from various kind
of sensors and also send it to farmer mobiles. Internet of things means it is the network
of physical devices, vehicles, home appliances, and other items embedded with
electronics, software, sensors, actuators, and connectivity which enables these objects

to connect and exchange data. Digital Warehousing Digital Warehouse Suite has the



capability to collect and integrate disparate sources of data within warehouse or
distribution facilities: Here, the system can collect information from various sensors like

temperature, humidity, light, and smoke sensors and integrate it.

Fig: 1.3: Resource Reallocation Process Inside Shipping units

1. loT sensor technology to capture and collect real-time agricultural product data. 0T
sensors are collecting information on various parameters from warehouses and
upload it to a cloud computing server using loT.

2. Owner of agricultural products getting information from cloud computing server. 3.
This is a real-time monitoring system of agricultural products. Simple and user-friendly
visualization of assets within the warehouse

3. By putting CCTV cameras, it is possible to live monitoring and alert systems to quickly
see warehouse activities and operational events.

4. Digital warehouse can have dynamic reporting capability.

5. Digital Agricultural Warehouse System (DAW) Digital agricultural warehouse system
consists of sensors, an Arduino, a relay driver, a WiFi module, a Computer with the
internet, display, etc Simple and user-friendly visualization of assets within the

warehouse.



1.1 APPLICATIONS OF IOT IN THE SMART WAREHOUSE MONITORING SYSTEM

The Internet of Things, or 10T, connects physical objects to the Internet. It can also
link objects or devices to one another by implementing an on/off switch. Many industries,
including warehousing, use 10T technology in their workflow to help them gather and
exchange data across multiple devices. It provides them with the convenience of keeping
all devices under singular, cohesive control via internet connectivity. Warehouses are
usually quite large. They store a wide range of goods and inventory and involve a huge
team of personnel. Often, warehouse managers need to focus on strategizing efficient
warehouse management to control the different elements of a warehouse, which can be
challenging to do manually That’'s why integrating this manufacturing innovation into the
warehouse monitoring system is no longer optional. Warehouse solutions that expect to
win the market should consider incorporating smart warehousing, the advantages of

which we’ll explore right now:
1.2 AUTOMATION

loT technology in warehouse operations allows warehouse managers to
immediately monitor and report all activities. The devices in the warehouse are linked to
the internet and can therefore send out their real-time statuses. As a result, warehouse
managers will no longer need to deal with paper-based documentation to verify the
completion of each task. Instead, they can monitor the devices automatically, even in a
large warehouse, and notify personnel if anything goes wrong. Not only will it save time
and energy, but it will also give warehouse managers a chance to think about maximizing
efficiency from inbound logistics and inventory shelving to outbound logistics. Aside from
that, this warehouse monitoring system can avoid human errors, which would result in

losses, through workflow automation.
1.3 PRECISE LOCATION TRACKING

We all know that a warehouse typically houses many goods, inventory, and
personnel. Thus, warehouse solution providers must weigh whether the monitoring
system can synchronize these factors to achieve work cooperation. This is where the loT

technology’s ability to provide precise location tracking comes into play. Accurate location



tracking can improve efficiency by granting control to the warehouse managers over the
assets and workforce. To help you better understand the precise location tracking feature,

here are some examples of warehouse parts that are traceable using loT technology.
1.4 ASSET TRACKING

Each asset is valuable for warehouse providers to use in their daily operations.
The asset monitoring system we’ll discuss here is in the form of physical assets and
directly relates to warehouse operations. Forklifts and yard vehicles, as well as their real-
time locations, are examples of material handling equipment (MHE) assets that
warehouse managers must have control over. Thanks to asset monitoring, they can save
time finding the assets when needed quickly and easily. loT-enabled asset monitoring
systems can assist warehouse managers in locating MHE assets using tagged unique
identification codes. When needed, warehouse managers will be able to capture valuable
information, including asset usage, downtime, and availability. The automated asset
management system allows warehouse managers to easily manage the MHE
movements. They can, for instance, get alerts when an idle or unauthorized MHE is
entering a specific warehouse zone. Warehouse managers can also plan MHE
movements to avoid vehicle congestion, or worse, any collisions. As a result, they can
increase warehouse productivity and prevent work-related accidents. Asset tracking
involves monitoring and managing assets using technology to provide real-time

information on their location, status, and condition.

This technology can include GPS, RFID, barcode scanners, and other wireless
sensors. Asset tracking is the process of monitoring and managing assets using
technology to provide real-time information on their location, status, and condition. The
technology used for asset tracking can include GPS, RFID, barcode scanners, and other
wireless sensors. Asset tracking is useful for companies that have a large number of
valuable assets that need to be tracked and managed, such as fleet vehicles, heavy
equipment, IT equipment, and tools. Mobile apps can be used to track and manage assets
on the go. For example, a field service technician might use a mobile app to track the
location and status of equipment on a job site. The software component of an asset

tracking system is used to manage and analyze the data.
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Fig: 1.4.1: How Company Makes Profits with Technology
1.5 WEARABLES FOR WORKFORCE TRACKING

Wearables entail 10T devices attached to the clothes/uniforms of warehouse
workers to help track their movements. Warehouse managers will typically distribute
wearables to their employees because the devices can: Automate employees’ check-ins
and check-outs: Implementing automated check-ins and check-outs with loT-enabled
wearables increases transparency between employees and managers. Employees could
falsify their attendance records by using paper-based check-in and check-out records.
Detect employee movements and locations in real-time: Gaining information about the
employees’ activities and locations in real-time allows managers to identify whether
employees are performing their jobs according to the predetermined plans and which
employees might need additional help or support. Automate work order completion
tracked from employees’ movement data: Wearables that detect employees’ movements
empower them to automatically complete their work orders. They no longer need to
manually report to the managers, which may take longer. Assign employees to the
nearest MHE: A warehouse usually has several pieces of MHE spread out. Managers
can save time by delegating specific MHE operation tasks to the closest employees rather
than determining who will operate a specific MHE by default. This saves time and reduces
the burden of making a decision. Prevent unauthorized entries: Inside a warehouse, there

are usually multiple zones, and not everyone is allowed to enter all of them because some



contain hazardous materials. Thanks to loT-equipped wearables, managers can be

alerted when employees inadvertently enter restricted areas.

Smart Warehouses: Applications Of loT In

Warehouse Management
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Fig: 1.5.1: 10T Enabled Warehouse Segmentation System

1.6 WAREHOUSE OPERATIONS OPTIMIZATION

Another reason warehouses should use I0T is to improve overall operations. It is
essential to do so because it will maximize the use of space and evenly distribute
workloads to the laborers, both of which are paramount to increasing efficiency. To make
the best use of space and distribute workloads evenly, warehouse managers must first
understand the warehouse layouts. Instead of constantly checking the arrangements,
warehouse managers can digitize warehouse layouts into a cloud-based platform. You
may wonder why it is essential to maximize space utilization and distribute workloads
equitably among laborers. That’s because warehouses can expand without taking up
additional space. Warehouse managers, for example, can use day-to-day data collection
from warehouse monitoring systems to identify underperforming zones and maximize the
use of these underutilized zones Another benefit of warehouse operational efficiency is
improved inventory lead times which results in cargo leaving the warehouse fuller and

faster.



1.7 IMPROVE SAFETY

Warehouse providers need to ensure that all employees are safe on the job.
Fortunately, loT-enabled smart warehousing can address this particular concern. Here
are some examples of how loT implementation in warehouse monitoring systems can
improve workplace safety: Notifies warehouse managers of unauthorized entry into a
zone or MHE usage. Prevents accidents between MHE by establishing safe distances;
even if accidents occur, the devices will send a real-time alert. Controls and monitors the
zoning density, allowing safe distancing within a zone. How do loT-enabled asset
management and monitoring solutions work 10T technology grants connectivity between
multiple devices in the warehouses, thanks to tiny processors and wireless networks. It
also helps managers and personnel communicate without going back and forth to the
workstation. Moreover, a study suggests that I0T technology implementation could
reduce inventory inaccuracy by 20—-30%. It can result in reduced operational costs and
improved workflow efficiency. Here’s a closer look at the specifics of IoT technology within

smart warehousing.

1.8 BEACONS

Beacons are |oT solutions that rely on low-energy Bluetooth technology, making
them highly energy-efficient. When used in warehouse management, these devices work
by transmitting signals to other nearby devices and can be monitored using cellphones
and other GSM-based devices, which helps warehouses track their assets in real-time.
Warehouses typically embed beacon tags in their assets. This beacon inventory
management system will assist warehouses in improving their asset management
system, balancing their safety stock, and easing information circulation. In addition, there
are several reasons why beacon tags are preferable to use in smart warehouses,

including.
1.9 HIGH READ RANGE

The low-energy Bluetooth or BLE technology used by beacon tags allows for
excellent monitoring coverage. It increases efficiency because multiple activities can be

controlled using a single mobile device.



1.10 CONSUMES LESS POWER

BLE technology is designed to use less energy. As a result, most beacon tags that

run on batteries last an average of three years without recharging.
1.11 COST-EFFECTIVE

Beacon tags are being mass-produced due to the widespread use of Bluetooth
technology in mobile devices. Mass adoption of these will affect pricing and create

relatively inexpensive beacon tags.
1.12 WEARABLES

Wearable technology, also known as wearables, are attachable devices that
receive and transmit data to and from users. In warehousing industries, common
wearables include smart glasses, activity tracker bracelets, and many more. These
devices make it easier for all personnel to complete their duties and communicate with
their managers hands-free. As a result, they can receive commands or report their current
statuses without holding or letting go of the device and the item they’re working on.
Another vital feature of wearable devices is that they enable warehouse managers to
track personnel movements. As a result of the technology, they can improve warehouse
safety and security by reducing accidents caused by personnel entering dangerous areas.
Furthermore, the tracking feature of wearables improves transparency between
managers and employees. By tracking their movements, managers can easily track
whether or not employees are following the predetermined plan. Sensors. Sensors in

warehouses help identify and verify all goods movement and personnel activities.
1.13 CLOUD-BASED PLATFORM

Cloud-based warehouse monitoring systems allow for organizing multiple activities
on a single platform. It works by integrating information collected by IoT devices into the
systems. Warehouse managers can capture data and collect it securely on the cloud.
Furthermore, cloud-based warehouse monitoring systems will provide insightful analytics

that will assist them in making sound business decisions.



1.14 THE BENEFITS OF IOT WAREHOUSE MANAGERS

Now that you know how loT technologies work in warehouses, it's time to learn
about the benefits these technologies offer warehouse managers. Warehouse managers
have many responsibilities, including overall management of the warehouse area and

employee performance monitoring.
1.15 OPTIMIZES SPACE UTILIZATION

Optimizing space utilization allows warehouses to grow without expanding their
land—especially given the high cost of buying land and developing warehouse buildings.
Therefore, space utilization optimization focuses on making the best use of available
space to accommodate the goods and assets that warehouses own. It works by
embedding IoT technology in warehouse inventory, giving warehouse managers a clear
awareness of the layout and configurations related to the storage facilities in the

warehouse.
1.16 ENHANCES EQUIPMENT EFFECTIVENESS

Improving equipment effectiveness enables warehouse providers to organize their
assets, ensuring that none of their assets are idling or underutilized. It's easy to do that
when you incorporate asset tracking provided by a reputable warehouse monitoring
system. Ultimately, warehouses that use asset-tracking solutions gain the ability to
analyze and gain insights into the key aspects of their MHE. Quality, availability, and

performance are all part of it.
1.17 GRANTS REMOTE MONITORING

The ability of smart warehouse systems to remotely monitor activities benefits
businesses with warehouses set up all over the world. It's a feature of the systems’ ability
to make real-time decisions without visiting each warehouse. Instead, managers can use
the cloud-based platform to monitor warehouse performance. Most importantly, the cloud-
based warehouse system’s remote monitoring capability allows businesses to gain

visibility into warehouse activities without compromising anything due to long distances.
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1.18 INCREASES EMPLOYEE PRODUCTIVITY

Implementing IoT technology optimizes floor-level activities, reducing the need for
personnel to walk back and forth to their workstations. It enables warehouse managers
to collect data automatically and make decisions in real-time. At the same time,
warehouse managers can also help their company boost profitability by increasing
employee productivity. 10T devices allow employees to complete more tasks without
relying heavily on physical movements. They can also easily communicate with the
managers without submitting paper-based documentation, which can be troublesome and

time-consuming.
1.19 REDUCES RISK AND COST

loT technology embedded in the inventory allows warehouse managers to
determine whether the equipment is safe for employees. If there is a break, the system
will automatically reflect it, allowing warehouse managers to prohibit employees from
using it. Similarly, smart warehousing provided by loT technologies may also equip
warehouse managers with the current market status. They will then receive information

about supply and demand trends and incorporate them into their operations cycle.
1.20 ENABLES ENVIRONMENTALLY FRIENDLY OPERATIONS

Businesses that can optimize their warehousing activities will be able to use energy
more efficiently at all stages. It eventually leads to prudent energy consumption, which

reduces carbon emissions, thereby assisting businesses in meeting corporate ESG goals.
PROBLEM STATEMENT

1. Central Warehousing Corporation (CWC) is into handling and storage services for
more than 400 merchandise including Industrial raw materials Agricultural products,
finished goods, and a variety of perishable and hygroscopic items.

2. Storage loss of perishables goods and food grains are being monitored and controlled
through quality check practices including regular and periodic chemical treatment,
recording of humidity, moisture, and other key parameters, regular inspection, proper

documentation of age analysis, sanitation, and physical condition of the storehouse.
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3.

Further storage loss due to atmospheric conditions beyond the threshold results in

infestation etc and hence damages the perishables/ food grains.

OBJECTIVES

1.

This project is to capture temperature, moisture, earthquake, and fire-related

information using sensors and send alerts using 10T technology.

The problem faced by the Central Warehouse Corporation is the storage loss of food

grains due to environmental changes.

The main role of the administration is to provide proper communication and
expectation at all levels to assist the employees so that to adjust the forthcoming

changes in the storehouse operation.

Various storehouse management systems during implementation failed to meet their

procedures. Then the project risk is issued after execution.
Due to improper planning, the execution failed.

So, we have to implement a flexible and real-time plan to execute a storehouse

management system.

SCOPE OF THE PROJECT

Storage loss of perishables goods and food grains is being monitored and

controlled through quality check practices including regular and periodic chemical

treatment, recording of humidity, moisture, and other key parameters, regular inspection,

proper documentation of age analysis, sanitation, and physical condition of the

storehouse. Further storage loss due to atmospheric conditions beyond the threshold

results in infestation and hence damages the perishables/ food grains. Executing the new

modern tools storehouse administration system involves different sets of motivations and

expectations from the various shareholders. Logistics / Operations Managers by definition

are looking for smooth and speedy execution.

12



CHAPTER-2

LITERATURE SURVEY
2.1 INFERENCES FROM LITERATURE SURVEY

The following shows a survey done for dual home automation for with and without
the internet on Realtime which includes an instant feedback mechanism that drives the
appliances. This system is reliable to integrate on multiple platforms with the help of
ESP32 master which serves as standard firmware. Further, the study was extended to
multiple operation platforms like Linux, Windows, and IOS are discussed as follows. In
this detailed survey, we have learned a lot in stabilizing our concepts from the existing

feedback mechanisms that were designed in the previous study.

2.1.1 Satyendra K. Vishwakarma et. al (2021). This paper presents a step-by-step
procedure of a smart home automation controller. It uses loT to convert home appliances
to smart and intelligent devices, with the help of design control. An energy-efficient system
is designed that accesses the smart home remotely using IoT connectivity. The proposed
system mainly requires, Node MCU as the microcontroller unit, IFTTT to interpret voice
commands, Adafruit a library that supports MQTT acts as an MQTT broker, and Arduino
IDE to code the microcontroller. This multimodal system uses Google Assistant along
with a web-based application to control the smart home. The smart home is implemented
with the main control unit that is connected to the 24-hour available Wi-Fi network. To
ensure, that the Wi-Fi connection does not turn off, the main controller is programmed to
establish an automatic connection with the available network and connected to the auto

power backup.

2.1.2 Shardha Somani et. al (2021). This paper focuses on a system that provides
features of Home Automation relying on IoT to operate easily, in addition to that it includes
a camera module and provides home security. The Android application basically converts
smartphones into a remote for all home appliances. Security is achieved with motion
sensors if movement is sensed at the entrance of the house; a notification is sent that
contains a photo of the house entrance in real-time. This notification will be received by

the owner of the house via the Internet such that the app can trigger a notification. So,

13



the owner can raise an alarm in case of any intrusion or he/she can toggle the appliances
like opening the door if the person is a guest. The system uses Raspberry Pi, a small-
sized computer that acts as a server for the system. The smart home consists of two
modules. Home automation consists; of a fanlight and door controller, and a security

module that consists; of a smoke sensor motion sensor, and camera module.

2.1.3 Tui-Yi Yang, Chu-Sing Yang et. al (2017). This paper proposes an optimization of
home power consumption based on PLC (Power Line Communication) for easy-to-access
home energy consumption. This also proposes a Zigbee and PLC-based renewable
energy gateway to monitor the energy generation of renewable energies. ACS and DDEM
algorithms are proposed for the design of intelligent distribution of power management
systems to make sure ongoing power supply of home networks. To provide efficient
power management the power supply models of home sensor networks are classified into
groups viz. main supply only, main supply and backup battery, rechargeable battery
power, and non-rechargeable battery power. Devices with particular features are
assigned to these groups. It targets establishing a real-time processing scheme to

address variable sensor network topologies.

2.1.4 Tushar Chaurasia et. al (2019). This paper proposes a system that develops a
model to reduce the computation overhead in existing smart home solutions that use
various encryption technologies like AES, ECHD, hybrid, etc. These solutions use an
intermediate gateway for connecting various sensor devices. The proposed model
provides a method for automation with sensor-based learning. The system uses a
temperature sensor for development but other sensors can also be used as per
requirement. These smart home devices with sensors can configure themselves
autonomously and can operate without human intervention. 11 This work minimizes
encryption decryption and focuses on authentication and automation of smart home
devices with learning. The system bypasses the local gateway mentioned in the existing
system to provide better security for smart home devices and sensor data and save
computation overhead. The real-time broker cloud is directly connected to the smart home
and manages all incoming and outgoing requests between users and devices. The main

purpose to use a real-time broker cloud saves time for cryptographic operations.
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2.1.5 Suraj, Ish Kool et. al (2020). The paper presents a vision-based machine
intelligence system to sense the on/off state of common home appliances. The proposed
method of sensing the state of appliances results in a novel home automation system.
The accessibility of the suite of devices in the home over a remote network is facilitated
by the IP Addressing methods in the [0T. This project uses two boards viz. Raspberry Pi
and Intel Galileo Gen 2. The communication between the User devices, Raspberry Pi,
and the Intel Galileo boards happens over a wireless network. The UDP protocol is
deployed to facilitate the wireless communication of the nodes present in the home
automation network. A Pi Cam and a US Logitech camera are attached to the rotating
shaft of two different servo motor capture snapshots that are passed as inputs to the
Machine Learning based models trained using dlib-C++ to detect the state of the
operation of the appliances. The proposed method uses visual modality to automate the
appliances, as privacy concerns may emerge while using the images from some specific
places, as a counter to this issue, 12 an SPDT switch is added to the Raspberry Pi which
when turned off ensures that even if the images are taken from the webcams, they are
just passed as inputs to the machine learning models and are not displayed on the
website when the users access the website on the server address obtained from

Raspberry Pi.

2.1.6 Vikram N et. al (2015). This paper illustrates a methodology to provide a low-cost
Home Automation System (HAS) using Wireless Fidelity (Wi-Fi). This crystallizes the
concept of internetworking of smart devices. A Wi-Fi-based Wireless Sensor Network
(WSN) is designed for the purpose of monitoring and controlling the environmental,
safety, and electrical parameters of a smart interconnected home. The different sections
of the HAS are; the temperature and humidity sensor, gas leakage warning system, fire
alarm system, burglar alarm system, rain-sensing, switching and regulation of load &
voltage, and current sensing. The primary requirement of HAS to monitor and control
devices is accomplished using a Smartphone application. The application is developed
using Android Studio based on the JAVA platform and the User Interface is exemplified.
The primary focus of the paper is to develop a solution cost-effective and flexible in the

control of devices and implements a wide range of sensors to capture various parameters.
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2.1.7 Mrs. Paul Jasmin Rani et. al (2018). The paper focuses on the construction of a
fully functional voice-based home automation system that uses the Internet of Things,
Artificial Intelligence, and Natural Language Processing (NLP) to provide cost-effective,
efficient way to work together with home appliances using various technologies such as
GSM, NFC, etc. it implements a seamless integration of all the appliances to a central
console, i.e., the mobile device. The prototype uses Arduino MK1000, known as Genuine
MK1000. The NLP in this project gives the user the freedom to interact with the home
appliances with his/her own voice and normal language rather than complicated computer
commands. The appliances are connected to the mobile device through an Arduino Board
that establishes the concept of the Internet of Things. The Arduino Boards are interfaced

with the appliances and programmed in such a way that they respond to mobile inputs.

2.1.8 Jonathan J. Hull et. al (2014). A new method for augmenting paper documents
with electronic information is described that does not modify the format of the paper
document in any way. Applicable to both commercially printed documents as well as
documents that are output from PC’s, the technique we call Paper-Based Augmented
Reality substantially improves the utility of paper. We describe the recognition technology
that makes this possible as well as several applications. An implementation on a camera
phone is discussed that lets users retrieve data and access links from paper documents
to electronic data. Recognition is performed at 4 frames per second on a Treo 700w and
support is provided for several user applications, including “clickable paper” — printed web

pages whose appearance is unchanged but that can be navigated with a camera phone.

2.1.9 Mikko Kyto et. al (2018). Head and eye movement can be leveraged to improve
the user’s interaction repertoire for wearable displays. Head movements are deliberate
and accurate and provide the current state-of-the-art pointing technique. Eye gaze can
potentially be faster and more ergonomic but suffers from low accuracy due to calibration
errors and the drift of wearable eye-tracking sensors. This work investigates precise,
multimodal selection techniques using head motion and eye gaze. A comparison of speed
and pointing accuracy reveals the relative merits of each method, including the achievable

target size for robust selection. We demonstrate and discuss example applications for 15
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augmented realities, including compact menus with deep structure, and a proof-of-

concept method for online correction of calibration drift.

2.1.10 Subramani Roy Choudri et. al (2021). As human life is heading toward a busy
schedule it becomes necessary to automate our home appliances. Human error is
something that cannot be completely erased. With the busy schedule in hand, there is
defiantly a possibility of missing something that may be trivial to us but can result in a
catastrophe. For these reasons, Our Project home automation can increase efficiency,
security, and reliability. AR has recently evolved for the automation of various electrical

appliances by popping virtual objects into the real world.
Pros: Target Image can be linked to the Virtual World

Cons: Target Image can be linked-to automation with an augmented environment but in

the case of wet hands, this linking process will not produce tokens to respective servers.
2.2 OPEN PROBLEMS IN THE EXISTING SYSTEM

There are several open problems in existing smart warehouse monitoring systems

that could benefit from further research and development. Here are a few examples:

1. Security: As with any internet-connected device, security is a significant concern for
home automation in 10T. Hackers can exploit vulnerabilities in the system, gain
unauthorized access to home automation devices, and cause significant damage.

2. Interoperability: Home automation devices are manufactured by different companies
and use different communication protocols, making it challenging to integrate them
into a single system. This can result in compatibility issues, making it challenging for
homeowners to control and monitor their home automation devices effectively.

3. Cost: Home automation in 10T devices can be expensive, and the cost can quickly
add up if homeowners want to automate multiple functions in their homes. This can
be a barrier for some homeowners who want to adopt this technology.

4. Complexity: Home automation in loT systems can be complex to set up and configure,
requiring technical expertise and knowledge. This can be a challenge for homeowners
who are not tech-savvy.

5. These are some of the problems in our current system.
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CHAPTER-3

EXISTING METHOD

3.1 FEASIBILITY STUDIES/RISK ANALYSIS OF THE PROJECT

Risk analysis is the process of identifying, assessing, and prioritizing risks to an

organization or project. It is an important part of risk management, which is designed to

minimize the negative impact of risks on business operations.

The risk analysis process typically involves the following steps:

1.

Identification of Risks: This involves identifying potential risks that may impact the
organization or project.

Risk Assessment: This step involves assessing the likelihood and potential impact of
each identified risk.

Risk Prioritization: This step involves prioritizing risks based on their likelihood and
potential impact, and identifying the most critical risks that require immediate attention.
Risk Mitigation: This step involves developing and implementing mitigation strategies
to reduce the likelihood and impact of identified risks.

Risk Monitoring: This step involves monitoring and reviewing the effectiveness of risk
mitigation strategies, and updating the risk analysis and management plan as

necessary.

Feasibility studies and risk analysis are essential components of any project, including

the smart warehouse monitoring system using loT technology. A feasibility study

assesses the technical, economic, and operational viability of the project, while risk

analysis identifies potential risks and develops strategies to mitigate them. The following

is a brief overview of the feasibility study and risk analysis for the proposed system:

FEASIBILITY STUDY

1.

Technical Feasibility: The technical feasibility of the project involves an assessment
of whether the proposed system can be implemented using existing technology and

infrastructure. In this case, the system is feasible from a technical perspective, as the
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required hardware and software components are readily available and can be easily
integrated.

. Economic Feasibility: Economic feasibility involves an assessment of the financial
viability of the project. This includes an analysis of the costs associated with the
development, implementation, and maintenance of the system, as well as the potential
benefits in terms of increased efficiency, reduced costs, and improved customer
satisfaction. In this case, the economic feasibility of the project is favorable, as the
system is expected to result in significant cost savings and improved warehouse
operations.

. Operational Feasibility: Operational feasibility involves an assessment of whether the
proposed system can be effectively integrated into existing warehouse operations and
processes. This includes an analysis of the impact of the system on existing workflows
and the ability of the organization to adapt to the new system. In this case, the
operational feasibility of the system is also favorable, as the system is designed to be
scalable and adaptable to different warehouse configurations, and can be customized

to meet specific needs.

RISK ANALYSIS

. Technical Risks: Technical risks include issues such as hardware failure, software
bugs, and data loss. To mitigate these risks, the system will be designed to include
redundancy and fail-safe mechanisms, and regular backups will be performed to
ensure that data is not lost.

. Operational Risks: Operational risks include issues such as employee resistance to
change, inadequate training, and lack of user adoption. To mitigate these risks, the
system will be designed to be user-friendly and intuitive, with comprehensive training
and support provided to warehouse staff.

. Security Risks: Security risks include issues such as data breaches and unauthorized
access. To mitigate these risks, the system will be designed to include robust security

measures, such as encrypted data transmission and secure user authentication.

In conclusion, the feasibility study and risk analysis for the smart warehouse monitoring

system using loT technology suggest that the project is technically feasible, economically
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viable, and operationally feasible, with potential benefits in terms of increased efficiency,

reduced costs, and improved warehouse operations. With appropriate risk mitigation

strategies in place, the system can be implemented with a high degree of confidence in

its success.

3.2 SOFTWARE REQUIREMENTS SPECIFICATION DOCUMENT

Software requirements are a description of what a software system or application

should do. They represent the needs and expectations of the stakeholders, including

users, customers, and business owners, and serve as a basis for software design,

development, and testing.

1.

Functional Requirements: These describe what the software should do, including the
features and capabilities that are required.

Non-Functional Requirements: These describe the qualities or characteristics of the
software, such as performance, reliability, usability, and security.

Business Requirements: These describe the business goals and objectives that the
software should support, such as increasing revenue, improving customer
satisfaction, or reducing costs.

Technical Requirements: These describe the hardware and software environment in
which the software will operate, including operating systems, databases, and
programming languages.

Constraints: These describe any limitations or restrictions on the development or use
of the software, such as legal or regulatory requirements.

General Description: The general description section provides a high-level description
of the software, including its intended users, system architecture, and major
components.

Functional Requirements: The functional requirements section outlines the specific
features and functionality that the software must provide to the end-user. This section
should include a detailed description of each feature, including any relevant use cases

or scenarios, inputs, outputs, and expected results.
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8. Non-functional Requirements: The non-functional requirements section outlines the
quality attributes that the software must possess, such as performance, scalability,
reliability, security, and usability.

9. System Models: This section includes any models or diagrams that help to illustrate
the system architecture or design, such as use case diagrams, sequence diagrams,
or flowcharts.

10.User Interface Requirements: The user interface requirements section outlines the
design and functionality of the software user interface, including any specific layout,

graphics, or interactive features.
3.3 SYSTEM USE CASE
Here are some potential use cases of a smart warehouse monitoring system using loT:

1. Real-time inventory tracking: By using sensors to track inventory levels, warehouse
managers can receive real-time updates on the location and quantity of items in the
warehouse. This can help them optimize warehouse layouts and reduce inventory

carrying costs.

2. Temperature and humidity control: 10T sensors can be used to monitor temperature
and humidity levels in the warehouse. This can help warehouse managers ensure that

products are stored in optimal conditions, reducing the risk of spoilage and damage.

3. Predictive maintenance: IoT sensors can be used to monitor equipment and machinery
in the warehouse. By collecting data on usage and performance, the system can provide
insights into when maintenance is needed. This can help prevent equipment breakdowns

and reduce downtime.

4. Order fulfilment optimization: By tracking the movement of goods within the
warehouse, the system can identify bottlenecks in the fulfillment process. This can help
warehouse managers optimize workflows, reducing order processing time and improving

customer satisfaction.
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CHAPTER-4

PROPOSED METHOD

4.1 SELECTED METHODOLOGY OR PROCESS MODEL

The proposed model, the raspberry pi zero model controller adopts 10T to convey
the messages. The effective open-source language Python is used for programming. This
is a very lucrative product for future use. The daring thing is to capture the ambient
changes inside the warehouse. The DTH11 checks for moisture content. IR SENSOR for
theft. The SW420 examines the trembling of the earth. The blaze can also be spotted
using LDR and infrared. It also has an SD slot which stores a limited range of each sensor.
The controller checks at regular intervals when the range exceeds it giving an alert. We
can also monitor this by connecting with HDMI. Also, we use the HTML port for
scrutinizing the whole process. Sensors would be placed throughout the warehouse to
monitor a range of variables, including temperature, humidity, motion, and inventory
levels. These sensors would collect data in real time and transmit it to a central hub or
gateway for processing. The gateway would serve as a central point for collecting and

processing data from the sensors.

It would communicate with the sensors and transmit the data to the cloud for further
analysis. The cloud platform would be where the data collected by the sensors is stored
and analyzed. The platform would use various tools and algorithms to generate insights
into warehouse performance, including inventory levels, order fulfilment rates, and
employee productivity. Analytics tools would be used to extract meaningful insights from
the data collected by the sensors. These insights could include predictive maintenance
alerts, inventory optimization recommendations, and more. The system could be set up
to send alerts and notifications to warehouse managers when certain parameters fall
outside of acceptable ranges. This would allow managers to take corrective action before
problems escalate. The system is designed to be user-friendly and easy to use, with a
web-based interface that allows authorized users to access real-time data and reports

from anywhere, using any device with an internet connection.
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Fig: 4.1.1: Block Diagram of Proposed System

4.2 ARCHITECTURE / OVERALL DESIGN OF THE PROPOSED SYSTEM

The architecture and overall design of a proposed smart warehouse monitoring
system using loT will depend on the specific requirements of the warehouse and the
available resources. However, a typical architecture for such a system can be divided into

the following layers:

. Device layer: The device layer consists of a variety of 10T devices, including sensors,
cameras, RFID readers, and other connected devices. These devices are deployed
throughout the warehouse to monitor various parameters such as temperature, humidity,
lighting, air quality, motion, and sound. The devices may communicate with each other
and with the central monitoring system using a variety of protocols, including Wi-Fi,
Bluetooth, Zigbee, and LoRaWAN.
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Network layer: The network layer is responsible for connecting the IoT devices to the
central monitoring system. The network layer may include access points, routers,
switches, and other networking equipment. The network should be designed to ensure
reliable and secure communication between the devices and the central monitoring
system, and may include firewalls, VPNs, and other security measures to protect against
unauthorized access.

Data collection layer: The data collection layer is responsible for collecting the data from
the 10T devices and sending it to the cloud-based platform for analysis and processing.
This layer may include data aggregation, filtering, and normalization functions to ensure
that the data is consistent and accurate. The data collection layer may also include edge
computing capabilities to enable real-time processing and analysis of the data at the
device level.

. Cloud-based platform: The cloud-based platform provides the infrastructure for
processing and analyzing the data collected from the warehouse environment. Cloud
platforms like Amazon Web Services (AWS) and Microsoft Azure provide various services
for 0T data processing, including data ingestion, storage, analytics, and visualization.
The platform should be designed to scale to handle large volumes of data and to provide
real-time insights into the warehouse's operations.

. Analytics and visualization layer: The analytics and visualization layer provides real-time
insights into the warehouse's operations and helps identify areas for improvement. The
data collected by the loT devices can be analyzed and visualized using various tools,
such as dashboards, reports, and alerts. The analytics and visualization layer may include
machine learning algorithms to enable predictive analytics and anomaly detection.

User interface layer: The user interface layer provides a user-friendly interface for
warehouse operators and management to access and interact with the system. The user
interface can be designed to provide real-time monitoring of various parameters, such as

inventory levels, equipment status, and security alerts.
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4.3 DESCRIPTION OF SOFTWARE FOR IMPLEMENTATION AND TESTING PLAN
OF THE PROPOSED MODEL/SYSTEM

The software for implementing and testing the proposed smart warehouse monitoring

system using 10T technology could include the following components:

1.

Sensor integration: The software would need to integrate with various sensors and
other 10T devices to collect data on temperature, humidity, inventory levels, and other

relevant parameters.

. Data storage and analysis: The collected data would need to be stored in a database

or cloud platform, and software would need to be developed to analyze and process
the data to generate insights and actionable information.

Visualization and reporting: The software would need to provide a user-friendly
interface that allows warehouse managers to view and interact with the data in real
time. This could include dashboards, graphs, and charts that provide a visual
representation of the data.

Automation: The software could include features to automate various warehouse
processes, such as inventory management, order fulfilment, and environmental

control.

In terms of testing the software, the following plan could be implemented:

1.

Unit testing: Each individual component of the software could be tested in isolation to
ensure that it functions as expected.

Integration testing: The different components of the software could be integrated and
tested together to ensure that they work together seamlessly.

System testing: The entire smart warehouse monitoring system could be tested as a
whole to ensure that it meets the requirements and performs as expected.

User acceptance testing: Warehouse managers and other end-users could be

involved in testing the system to ensure that it meets their needs and is easy to use.

Overall, a thorough testing plan would help ensure that the software for implementing the

proposed smart warehouse monitoring system using loT technology is reliable, efficient,

and meets the needs of warehouse managers and other stakeholders.
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4.4 FINANCIAL REPORT ON ESTIMATED COSTING

1. Arduino UNO: Rs. 900

Fig: 4.4.1: Arduino

2. DHT11 sensor module: Rs. 150
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Figure 4.4.2- DHT11 Sensor
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3. IR Sensor Module: Rs. 150
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Figure 4.4.3- IR Sensor

4. GSM module: Rs. 800

Fig: 4.4.4. GSM Module
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5. Buzzer: Rs 55

Fig: 4.4.5: Buzzer

1. Hardware costs: This section outlines the costs associated with purchasing and
installing the necessary sensors, devices, and other hardware required for the
system.

2. Software costs: This section outlines the costs associated with purchasing and
configuring the software required for data collection, storage, analysis, and
reporting.

3. Implementation costs: This section outlines the costs associated with the
implementation of the system, such as consulting fees, installation costs, and
training expenses.

4. Maintenance and support costs: This section outlines the ongoing costs associated
with maintaining and supporting the system, including software updates, hardware
replacements, and technical support.

5. Return on Investment (ROI): This section outlines the expected benefits of the
smart warehouse monitoring system, such as increased productivity, reduced
downtime, and improved inventory management, and compares them with the

estimated costs of implementation.
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4.5 TRANSITION/ SOFTWARE TO OPERATIONS PLAN

The transition from software development to operations involves several steps to

ensure a smooth and successful deployment of the system. Here are some key elements

of a transition/software to operations plan:

1.

Define the Scope: The first step in developing a transition plan is to define the scope
of the project. This includes identifying the specific functionalities of the smart
warehouse monitoring system, the hardware and software components required, and

the stakeholders who will be involved in the project.

. Conduct a readiness assessment. Evaluate the readiness of the system for

deployment, including testing, security, performance, and scalability.

Develop an operations plan: Develop a plan for ongoing maintenance and support,
including system monitoring, issue tracking, and reporting.

Establish a support team: Establish a support team responsible for monitoring the
system, responding to issues, and providing customer support.

Define service level agreements (SLAS): Define SLAs that outline the expected level
of service and response times for the support team.

Develop training materials: Develop training materials and provide training to the
support team and end-users to ensure a smooth transition to operations.

Define change management procedures: Define procedures for managing changes to
the system, including testing and deployment.

Establish a communication plan: Establish a communication plan to keep stakeholders
informed about the transition and ongoing operations.

Conduct a pilot deployment: Conduct a pilot deployment of the system to validate the

operations plan and identify any issues before a full-scale deployment.

10.Implement the system: Once the readiness assessment is complete and the

operations plan is finalized, implement the system in a production environment.

11.Monitor and optimize: Continuously monitor and optimize the system to ensure it

meets performance, scalability, and security requirements, and respond to any issues

that arise.
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12.Plan for scalability: Plan for future growth by ensuring that the system can scale to
accommodate increasing demands.

13.Continuously Improve: As the system is being used, it is important to continuously
improve and optimize it. This includes incorporating feedback from users, identifying
and addressing issues as they arise, and integrating new technologies and processes
as they become available.

14.Monitor and Evaluate Performance: After the system has been deployed, itis essential
to monitor and evaluate its performance regularly. This includes tracking KPIs,
conducting regular system maintenance, and identifying opportunities for
improvement.

15.Assess Current Systems and Processes: The third step is to assess the current
systems and processes in the warehouse to identify any areas that can be improved
by the smart warehouse monitoring system. This includes identifying any existing
hardware and software that can be integrated with the new system, as well as any
potential risks or challenges that may arise during implementation.

16.Perform system integration testing: System integration testing involves testing the
entire system to ensure that all components work together seamlessly. This testing
should be performed after UAT and should involve testing the system under real-world
conditions.

17.Develop an Operations and Maintenance (O&M) plan: The O&M plan should be
developed early in the project and should be updated regularly to reflect changes to
the system and the environment.

18.Conduct User Acceptance Testing (UAT): UAT should be conducted after the system
has been developed, but before it is deployed to the production environment. UAT
should be conducted in collaboration with the end-users to identify any issues or
defects before the system is deployed. The UAT process should include:

e Test plan development: Develop a comprehensive test plan that outlines the tests that
will be conducted, who will conduct them, and how the results will be recorded.

e Test execution: Execute the test plan, recording the results of each test and identifying
any issues or defects that are uncovered.

e Issue resolution: Address any issues or defects that are identified during testing.

30



01 IoT 03 IoT
Applications Protocols

IoT
Platform

05 Data 04 Data
Amnalytics Storage

Fig: 4.5.1: Cycle of IoT

By following these steps, you can ensure a successful transition from software

development to operations for your smart warehouse monitoring system.

4.6 IMPLEMENTATION DETAILS

The implementation of a smart warehouse monitoring system involves several steps,

including:

1. Hardware and software setup: Install the necessary hardware, such as sensors,
cameras, and data connectivity infrastructure, and configure the software to collect
and analyze data from these sources.

2. Integration with existing systems: Integrate the monitoring system with existing
warehouse management systems, such as inventory management and order
processing, to ensure seamless operation and data sharing.

3. Testing: Conduct thorough testing of the system to ensure that it meets the operational
requirements and is functioning properly. This includes both functional and
performance testing.

4. Data collection and analysis: Collect data from sensors and cameras, and analyze this
data to provide insights into warehouse operations. This includes using machine

learning algorithms to identify patterns and trends in the data.
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5. User training: Provide training to the warehouse management team, IT staff, and end-
users to ensure that they understand how to use the system effectively.

6. Maintenance and support: Develop procedures for ongoing maintenance and support
of the system, including regular updates and bug fixes. This may involve a dedicated
support team or vendor support.

7. Continuous improvement: Continuously monitor and evaluate the system to identify
areas for improvement, such as the addition of new sensors or software features, to
ensure that the system is meeting the evolving needs of the warehouse.

8. Define the scope of the system: The first step in implementing a smart warehouse
monitoring system is to define the scope of the system. This may include defining the
areas of the warehouse that will be monitored, the types of 10T devices that will be
used, and the data that will be collected.

9. Select loT devices: The selection of IoT devices will depend on the specific needs of
the warehouse. Common loT devices used in a smart warehouse monitoring system
include sensors, RFID tags, autonomous robots, and wearable devices for employees.

10.Develop a data architecture: The data architecture is the structure and organization of
the data collected by the 10T devices. This may involve selecting a cloud-based or
local data storage platform, as well as designing a data schema to ensure that the
data is organized and accessible.

11.Develop analytics and visualization tools: Analytics and visualization tools are used to
analyze and interpret the data collected by IoT devices. This may involve developing

custom software or using existing software solutions.

Overall, the implementation of a smart warehouse monitoring system requires careful
planning, technical expertise, and ongoing attention to ensure its success. With proper
implementation and maintenance, installation and integration of I0T devices, pilot testing,
and ongoing maintenance and monitoring. a smart warehouse monitoring system can
provide significant benefits to warehouse operations, improving efficiency, safety, and

profitability.
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ADVANTAGES OF THE PROPOSED SYSTEM

The proposed smart warehouse monitoring system using loT offers several

advantages compared to traditional warehouse management systems. Here are some of

the main advantages:

1.

Real-time visibility: The system provides real-time visibility into warehouse operations,
allowing managers to monitor inventory levels, equipment performance, and
employee productivity in real time. This enables quick decision-making and enables
managers to address problems before they become major issues.

Improved inventory management: The system enables accurate tracking of inventory
levels using RFID tags and sensors, allowing managers to optimize inventory levels
and reduce waste. This can also help to prevent stockouts and overstocking.
Increased efficiency: The system can automate several warehouse tasks, such as
inventory management and transportation, reducing the need for manual labor and
increasing efficiency. This can also help to reduce labor costs.

Improved safety: The system can monitor environmental conditions, such as
temperature and humidity, to ensure that the warehouse is safe for employees and
inventory. The system can also monitor the movement of employees and equipment
to ensure that they are operating safely.

Predictive maintenance: The system can monitor equipment performance in real-time,
enabling predictive maintenance to be performed before equipment fails. This can
reduce downtime and repair costs.

Scalability: The system can be easily scaled to accommodate growing business
needs, allowing the warehouse to expand without the need for significant
infrastructure investments.

Improved accuracy: The system can capture accurate data about inventory levels,
location, and movement, reducing the likelihood of errors and mismanagement of

inventory.

Overall, the proposed smart warehouse monitoring system using loT offers several

advantages that can improve warehouse operations, increase efficiency, and reduce

costs.
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CHAPTER-5

RESULTS AND DISCUSSION

One of the main benefits of a smart warehouse monitoring system using IoT is that
it can provide real-time data and insights into various aspects of warehouse operations,
such as inventory levels, temperature, humidity, security, and more. This can help
warehouse managers make informed decisions and optimize their operations for
maximum efficiency. For example, by monitoring inventory levels in real-time, managers
can reorder stock before it runs out, reducing the risk of stockouts and increasing

customer satisfaction.

Improved efficiency: By monitoring environmental conditions and tracking inventory levels
in real time, warehouse managers can optimize their operations and reduce waste. This
can result in faster order fulfillment and reduced operating costs.

Enhanced safety: With 10T sensors and real-time alerts, warehouse managers can quickly
detect potential safety hazards, such as leaks, spills, or equipment malfunctions. This can
help prevent accidents and injuries in the warehouse.

Better inventory management: By tracking inventory levels in real-time and using
predictive analytics, warehouse managers can optimize their stock levels and reduce the
risk of stockouts or overstocking.

Increased productivity: With real-time monitoring and alerts, warehouse managers can
quickly identify and resolve issues that could slow down their operations. This can help
increase productivity and reduce downtime.

Improved customer satisfaction: By optimizing their operations and reducing delivery

times, warehouse managers can improve customer satisfaction and loyalty.

Another benefit is that the use of machine learning algorithms can help identify patterns
and trends in the data, which can lead to more accurate forecasting and better decision-
making. For instance, machine learning algorithms can help predict future demand for
specific products, allowing managers to adjust inventory levels accordingly and reduce

waste.
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However, implementing a smart warehouse monitoring system using loT can also
pose some challenges, such as data security and privacy concerns. Since these systems
involve the collection and transmission of sensitive data, there is a risk of data breaches
or cyber-attacks. Thus, it is important to ensure that appropriate security measures are in

place to protect against such risks.

Fig: 5.1:. Hardware Of SWMS

Another challenge is the potential complexity of the system. With so many
interconnected sensors and devices, it can be difficult to manage and maintain the
system. Thus, itis essential to have a robust infrastructure and skilled personnel to ensure

that the system functions smoothly and efficiently.

In summary, a smart warehouse monitoring system using loT has the potential to
provide significant benefits for warehouse operations, such as improved efficiency, better
inventory management, increased security, and reduced operational costs. However, it
also poses some challenges that need to be addressed to ensure its successful

implementation and operation.
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Fig: 5.2: Result

A smart warehouse monitoring system using loT has the potential to significantly
improve warehouse operations by increasing efficiency, safety, and accuracy while
reducing costs. However, it is important to consider the cost and complexity of
implementing such a system, as well as any potential privacy or security concerns that

may arise from collecting and storing large amounts of data.

The use of predictive analytics can also help managers to make informed decisions
and optimize warehouse operations. By analyzing the data collected by the system,

managers can identify trends, anticipate issues, and make data-driven decisions.

Overall, a smart warehouse monitoring system using IoT has the potential to
improve warehouse efficiency, reduce costs, increase safety, and improve overall
performance. However, it is important to consider the cost and complexity of
implementing such a system, as well as any potential privacy or security concerns that

may arise from collecting and storing large amounts of data.
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CHAPTER-6

CONCLUSION AND FUTURE SCOPE

7.1 CONCLUSION

By execution and implementation of the existing technology, the inventory
management for the next-generation smart storehouse management is proposed with
loT-enabled sensor technology. The feature of this method or model is that it has more
advanced technology with enormous features. Which is incorporated into the system
itself. Hence this proposed system will reduce the gap between customer satisfaction and
also with commercial business. Hopefully, this will help the main shareholders to formalize
& formulate the standard principles of next-level smart storehouse inventory
management. This project will rely on current and advanced technology and propose a
user-friendly advanced and convenient solution for the customer. This system will provide
end-to-end management in a smarter and also in an innovative manner. So, we can say
it is a future-ready real-time tracking system with cloud computing and the support of the
administration. In conclusion, a smart warehouse monitoring system using loT technology
can provide numerous benefits to businesses by improving operational efficiency,
reducing costs, and optimizing inventory management. By leveraging loT sensors, data
analytics, and automation, warehouse managers can gain real-time insights into various
aspects of warehouse operations, identify bottlenecks and inefficiencies, and proactively
address issues before they turn into major problems. With the increasing adoption of 0T
technology across industries, implementing a smart warehouse monitoring system can

help businesses stay competitive and meet the evolving needs of their customers.
7.2 FUTURE SCOPE

Python language is a high-level and highly interpreted programming language. It
was founded and created by Guido van Rossum and was first released in the year 1991,
It has a philosophy of design that has readability of the code, with significant whitespace.
It enables and provides clear coding knowledge on both large and small scales. The main
features of Python are automatic memory management and a dynamic type system. It

supports object-oriented, including imperative, multiple programming paradigms,
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procedural, and functional, and also has a very large library with comprehensive

functions. Many operation systems are interpreting the Python programming language.

The future scope of a smart warehouse monitoring system using loT technology is

significant, as it is expected to continue to evolve and improve over time. Some potential

areas of development and expansion include:

1.

Artificial Intelligence and Machine Learning: The integration of Al and machine
learning can further enhance the capabilities of a smart warehouse monitoring system.
By analyzing large amounts of data and learning from past patterns, the system can
make more accurate predictions, automate decision-making processes, and optimize
operations.

Autonomous Mobile Robots: The use of autonomous mobile robots (AMRs) can
further automate warehouse operations, such as material handling, picking, and
transportation. These robots can be equipped with sensors and connected to the
monitoring system to provide real-time updates on their location and status.
Blockchain: The integration of blockchain technology can help improve the
transparency and security of warehouse operations. By creating a tamper-proof record
of all transactions and activities, blockchain can help prevent fraud and improve supply
chain traceability.

Augmented Reality and Virtual Reality: The use of augmented reality and virtual reality
can help improve warehouse staff training, safety, and efficiency. For example, AR
and VR can be used to provide real-time information on inventory levels and locations,
guide staff through picking processes, and simulate dangerous situations for safety
training.

Edge Computing: With the increasing adoption of 10T devices in warehouses, there
is a need for real-time data processing and analysis. Edge computing can help
address this challenge by enabling data processing and analytics at the edge of the
network, closer to the 10T devices.

Real-Time Data: With the advancements in 10T and data analytics, it is possible to
have real-time data on inventory levels, equipment performance, and warehouse
conditions. This data can be used to make immediate decisions and improve

warehouse operations
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10.

11.

12.

13.

Predictive Maintenance: Predictive maintenance using machine learning and Al
algorithms can identify potential equipment failures before they happen, reducing
downtime and maintenance costs.

Autonomous Operations: With the help of robotics and automation, it is possible to
have autonomous operations in the warehouse. This can include autonomous
vehicles, drones, and robots that can handle routine tasks and optimize warehouse
operations.

Cloud Computing: Cloud computing is becoming increasingly popular, and it can be
used to store and process large amounts of data collected from IoT devices. This will
enable real-time monitoring, analysis, and decision-making, regardless of location.
Improved Supply Chain Management: By integrating IoT devices and analytics tools,
itis possible to improve supply chain management. Warehouse operators can monitor
the entire supply chain, from the supplier to the end customer, in real-time, identifying
areas for improvement and optimization.

Increased Safety: With the help of 10T devices and analytics, it is possible to increase
safety in the warehouse. For example, sensors can monitor the temperature and
humidity levels, reducing the risk of fire, and alert workers to potential hazards,
reducing the risk of accidents.

Customization: Customization can be achieved with the help of loT devices and
analytics. Warehouse operators can analyze customer data and make decisions
based on their preferences, improving customer satisfaction and loyalty.
Voice-Enabled Technology: Voice-enabled technology can be integrated with the
smart warehouse monitoring system to provide employees with hands-free
communication and instructions. This will improve the overall efficiency of warehouse

operations.

Overall, the future scope of a smart warehouse monitoring system using loT is promising,

and there are numerous opportunities for innovation and improvement. By integrating

emerging technologies and advanced analytics tools, warehouse operators can optimize

their operations, reduce costs, and improve efficiency and customer satisfaction.

39



REFERENCES

[1] A. Cortés, C. Urdiales, R. Annicchiarico, C. Barrué, A.B. Martinez, C. Caltagirone:
Assistive  Wheelchair Navigation: A Cognitive View, Studies in Computational
Intelligence: Advanced Computational Intelligence Paradigms in Healthcare — 1, Vol. 48,
2007, pp. 165 — 187.

[2] B. Landi: Update on Tetraplegia, Journal of Hand Surgery, Vol. 28, No. 3, June 2003,
pp. 196 — 204.

[3] C.I. Katevas, N.M. Sgouros, S.G. Tzafestas, G. Papakonstantinou, P. Beattie, J.M.
Bishop, P. Tsanakas, D. Koutsouris: The Autonomous Mobile Robot SENARIO: A Sensor
Aided Intelligent Navigation System for Powered Wheelchairs, IEEE Robotics and
Automation Magazine, Vol. 4, No. 4, Dec. 1997, pp. 60 — 70.

[4] D. Bourhis, O. Horn, O. Habert, A. Pruski: An Autonomous Vehicle for People with
Motor Disabilities, IEEE Robotics and Automation Magazine, Vol. 8, No. 1, March 2001,
pp. 20 — 28.

[5] E. Lankenau, T. Rofer: A Versatile and Safe Mobility Assistant, IEEE Robotics and
Automation Magazine, Vol. 8, No. 1, March 2001, pp. 29 — 37.

[6] F. Mazo: An Integral System for Assisted Mobility (Automated Wheelchair), IEEE
Robotics and Automation Magazine, Vol. 8, No. 1, March 2001, pp. 46 — 56.

[7] G.A. Yanco: Wheelesley: A Robotic Wheelchair System: Indoor Navigation and User
Interface, Lecture Notes in Artificial Intelligence, Vol. 1458, Assistive Technology and
Artificial Intelligence, Applications in Robotics, User Interfaces and Natural Language

Processing, Berlin, Springer, Germany, 1998, pp. 256 — 268.

[8] H. Kuo, H.H.W. Chen: Human-oriented Design of Autonomous Navigation Assisted
Robotic Wheelchair for Indoor Environments, IEEE International Conference on
Mechatronics, Budapest, Hungary, 03 — 05 July 2006, pp. 230 — 235.

[9] I.L. Jaffe: A Case Study: The Ultrasonic Head Controlled Wheelchair and Interface,
OnCenter: Technology Transfer News, Vol. 1, No. 2, 1990.

40



[10] J.M. Detriche, B. Lesigne: Robotic system MASTER, European Conference on the
Advancements of Rehabilitation Technology, Maastricht, Pays-Bas, Holland, 05 — 08 Nov.
1990, pp. 12 - 15.

[11] K.C. Simpson, S.P. Levine: Voice Control of a Powered Wheelchair, IEEE
Transactions on Neural Systems and Rehabilitation Engineering, Vol. 10, No. 2, June
2002, pp. 122 — 125.

[12] L. Pino, P. Amoud, E. Brangier: A More Efficient Man Machine Interface: Fusion of
the Interacting Telethesis and Smart Wheelchair Projects, 2nd International Conference
on Knowledge-based Intelligent Electronic System, Adelaide, Australia, 21 — 23 April
1998, pp. 41 — 45.

[13] Manohar, N., & Gowda, K. J. (2020, July). Image Processing System based
Identification and Classification of Leaf Disease: A Case Study on Paddy Leaf. In 2020
International Conference on Electronics and Sustainable Communication Systems
(ICESC) (pp. 451-457). |IEEE.

[14] N. Mukhopadhyay, A., Xavier, B., Sreekumar, S., & Suraj, M. (2018, September).
Real-Time ECG Monitoring over Multi-Tiered Telemedicine Environment using Firebase.
In 2018 International Conference on Advances in Computing, Communications, and
Informatics (ICACCI) (pp. 631-637). IEEE.

[15] Oawali, D. S., Taware Jyoti, D., Shital, K., & Priyanka, K. (2019). IoT Based Food
Management and Environmental Change in Cattle Shelter. INTERNATIONAL JOURNAL,
4(2).

[16] Pradford, K. J., Dahal, P., Van Asbrouck, J., Kunusoth, K., Bello, P., Thompson, J.,
& Wu, F. (2018). The dry chain: Reducing postharvest losses and improving food safety

in humid climates. Trends in Food Science & Technology, 71, 84-93.

[17] Plik, A., Yanik, D. K., Istanbullu, Y., Guzelsoy, N. A., Yavuz, A., & Gogus, F. (2019).
Strategies to reduce post-harvest losses for fruits and vegetables. Strategies, 5(3), 29-
39.

41



	SMART WAREHOUSE MONITORING SYSTEM USING IOT
	DEPARTMENT OF ELECTRONICS AND COMMUNICATION ENGINEERING
	INSTITUTE OF SCIENCE AND TECHNOLOGY
	(DEEMED TO BE UNIVERSITY)

	Internal Guide
	Head of the Department
	Submitted for Viva-voce Examination held on
	DATE:                                                 SIGNATURE OF THE CANDIDATES



