Dbl jemceni o 3y

UNIVERSITI TEKNIKAL MALAYSIA MELAKA

WAREHOUSE INVENTORY SYSTEM USING MESSAGE QUEUING
TELEMETRY TRANSPORT

This report is submitted in accordance with requirement of the Universit] Teknikal

Malaysia Melaka (UTeM) for Bachelor Degree of Manufacturing Engineering (Hons.)

by

GOH SHE HUI

FACULTY OF MANUFACTURING ENGINEERING
2022



DECLARATION

1 hereby, declared this report entitled “Warehouse Inventory System Using Message
Queuing Telemetry Transport™ is the result of my own research except as cited in

references.

Signature
Author’s Name =

b
Date o
‘;d‘

( P .« & " - . '|

w o

D)W
UNIVERSITI TEKNIKAL MALAYSIA MELAKA




APPROVAL

This report is submitted to the Faculty of Manufacturing Engineering of Universiti
Teknikal Malaysia Melaka as a partial fulfilment of the requirement for Degree of

Manufacturing Engineering (Hons). The member of the supervisory committee is as follow:

\ ( l - . - ..

UNIVERSITI TEKNIKAL MALAYSIA MELAKA



ABSTRAK

Kepintaran sistem inventori gudang merupakan salah satu penyelesaian untuk
menigkatkan kecekapan penjejakan inventori kerana kebanyakan kesilapan manusia dalam
menjejak inventori secara manual menybabkan kesilapan salah ambil data dan kerugian
syarikat. Oleh it, kajian ini berkaitan dengan sistem IoT dalam inventori gudang
menggunakan MQTT protokol dicadangkan sebagai sesuatu penyelesaian untuk
mengantikan kerja menjejak inventori secara manual. Message Queuing Telemetry
Transport (MOTT) protokol mempunyai sifat automatik dalam menghantar data terkini yang
dapat dijejak melalui telephon bimbit. Keupayaan Seni bina MQTT protokol dikaji
menggunakan ﬁplika_si berlainaﬁ_dalam mempapar-mesej dari MATLAB ke Raspberry Pi
dan MATLAB ke ThingSpeak. Kedua-dua seni bina MQTT mempunyai keupayaan kerana
data mempapar ad_'alah sama-dengan data diterima. Selain itu, ThingSpeak juga boleh
menghantar amaraﬁ “k‘e'pada pengguna semasa terdapat kekurangan kuantiti inventori yang
tetap. Amaran‘ini dapat mengelakkan kekurangan inventori-dalam-kilang. Kajian ini juga

akan melaksanakan kecekapan analisi dan kes analisi- dengan mengguna MQTT protokol.



ABSTRACT

Smart warehouse inventory management has become a solution to maximize the
efficiency of keeping track of inventory as there is a lot of human error which is prone to the
inefficiency of manual records and sharing of paper records which can lead to loss of a
company. Hence, the loT-based warehouse inventory will be presented using MQTT
protocol to replace manual inventory tracking. The Message Queuing Telemetry Transport
(MQTT) protocol offers automated features which can publish real-time data and can be
tracked by using a mobﬂe dévicg_a. The MQTT Protocol architecture is study the capability in
using different—:_.ﬁpplications such as publishing data from MATLAB to Raspberry Pi and
MATLAB to "-'[—'hingSpeak. Both-MQTT architecture are capable as the data publish is the
same as the data received: Besides, the engineer will be notified of the low inventory of the
stock through the E;mai] from ThingSpeak will keep update to ensure the stock is top up.
On the other hand, this paper will also present the efficiency analysis and cost analysis of

implementing MQTT protocol.
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CHAPTER 1
INTRODUCTION

Chapter 1 will establish the research background on the Radio Frequency
Identification (RFID) and Message Queuing Telemetry Transport (MQTT) in this coming
trend and identify the problems exist in the Warehouse Inventory Management. Then

determine the objective, scope and structural of the project.

1.1 Research Background

In this age of globalisii, the transfer of goods has expanded much more than ever
before. As such,-inventory management has become a crucial part of the industry. For
example, small retailer or e-commerce shop rely heavily on inventory management for
planning and decision making. The ‘transparency in' e waretouse inventory between the
buyers or customers have to be maintained. (Laxmi & Mishra, 2018) Darya Plinere et al
(2015) stated that production scheduling can be more effective through inventory
management which helps in forecasting and purchasing of stock. Hence, efficient asset
utilization is achieved and issues such as over stocking or out-of-stock can be avoided. A
well-known inventory system is the Just-In-Time (JIT) inventory system by Toyota Motor
Corporation which utilizes data of inventory to react quickly and efficiently on the trend of
demand. Besides, Syed Mohamad et al. (2016) also mentioned that the inventory
management is directly influence the company’s performance so it plays an important role
in financial performance of company. Hence, company must keep track on the amount of the

inventory to maintain a proper inventory level to maximize profitability.



In conjunction to the mass availability of electronics such as sensors, Internet of
Things (IoT) has become an emergent technology that would revolutionize inventory
management in the industry. Radio Frequency ldentification (RFID) technology offers
effective inventory tracking by exposing the physical placement of inventory to digital
systems (Aishwarya Raj Laxmi, 2018). For example, real time visualization of work-in-
progress (WIP) or finished products can be achieved by attaching it with RFID tags which

identifies its location.

Therefore, an inventory system is proposed in this research which utilizes Message
Queuing Telemetry Transport (MQTT) protocol to facilitate the communication between PC
and mobile devices through the cloud. The publishing devices will publish data through
broker to subscribing devices. The overall architecture involves inventory data gathered from
RFID sensors which is published to the cloud through a Wi-Fi gateway using MQTT
protocol, and subsequently subscribed by PC or mobile phone for monitoring purposes.

Cloud database is utilized asd'scalable pay-per-use data storage solution.

The outbreak of Corona Virus Disease 2019 (COVID-19) has devastated economic
sector especially supply cham. (Sube Singh et al,.2020). Thus, highlighting the importance
of communication between companies and suppliers to coordinate the transfer of goods,
which can be made more effective through a cloud-based inventory management system.
Decisions on logistics can be made more efficiently by accessing data.on the availability and

demands of supplies and products with the tap of a mobile device through the cloud.

1.2  Problem Statement

The task of inventory management is to define the quantity of current inventories that
will fulfill the demand (Darya Plinere et al, 2015). However, the impact of supply issues
such as overstock or out-of-stock will be exacerbated by a small inventory. One of the
solutions to alleviate the risks in a supply chain is by improving the inventory tracking
system. Current widely used paper-based manual inventory counting system is inefficient
and prone to human error, which sometimes results in improper inventory control and
missing items. Besides, the paper records are shared between departments which may lead

to further delays and errors.



Therefore, it is obvious that there is a need to revolutionize warehouse inventory
tracking system by computerization of data and automation of inventory counting operations
(Thomas Muyumba, 2017). Currently, web-based inventory tracking system using barcode
is available on the market. Although it is simpler and cheaper to use it, but it is less durable

and less secure compared to RFID-based system.

In addition, the mass availability of mobile phones presents an opportunity to expand
the accessibility of inventory tracking system. Adopting mobile devices in asset monitoring
eliminates the need for human operators to physically be present on site. This is important

as human travel time significantly contributes to the loss of efficiency in a production line.

Furthermore, manual inventory counting brings about the risk of human error. This
is especially apparent during the COVID-19 outbreak, where labour shortage lead to
overworked workers which are prone to mistakes (Singh et al., 2021). Reduction of labour
requirements in in\fentory tfaéking will improve efficiency as workers can then be tasked

with more impactful duties.

1.3  Objectives

The objectives of the project are as below:

(a) To investigate current loT-based Warehouse Inventory Management System

in using a suitable technology to track the inventory quantities.

(b) To develop IoT-based Warehouse Inventory Management System with
MQTT protocols that can track inventory quantities by various application

and mobile devices.

(c) To evaluate the efficiency and performance of the MQTT protocol
architectural and notification system of ThingSpeak when the inventory is

low.



1.4

1.5

Scopes of the Research

The project scopes of research are shown as below:

(a)

(b)

(©)

(d)

Research will be conducted on the IoT-based Warehouse Inventory
Management with compared between 3 types of inventory system and how
the IoT integrated to increase the efficiency of the Warehouse Inventory

System.

The study on the loT-based Warehouse Inventory Management system with
MQTT protocol in the aspects of architectural and component. Comparison
is made between different type of sensors, network connection and IoT

protocols.

Appropriate method to develop MQTT protocol is studied and the comparison

is made between different type of Cloud service provider.

Extend the existing warehouse management system by enhancing the system
into, Cloud Based service that-can accessed by different users in a software-

based.

Rational of Research

The rational of project research are shown as below:

(a)

(b)

There is different type of inventory system that need to be studied to define
the different on the pro and cons of each system and the integration of the IoT

to help in giving a bigger picture on the history.

Different type of loT components have different system requirement.

characteristic and working principle of each components have to be weighed



when deciding a suitable component in implementing an IoT system that can

connect to the mobile phone with suitable Cloud Service provider.

(¢) To construct a reliability alert system of ThingSpeak to notify the user when

low inventory occurred.

1.6 Organization of the Study

An IoT based RFID inventory tracking system using MQTT is proposed in this thesis.
The findings in this report are divided into 5 Chapters. Chapter 1 is Introduction which
establishes the background study of the tittle and giving an overall idea about the project
objective, scope of research, and rational of research. Next, Literature Review is presented
in Chapter 2 which comprises of previous studies to highlight the work done on automated
inventory control sYstem and ifs. components. Research methodology is presented in Chapter
3 which includes the Software and hardware to-be used and the detailed architecture of the
proposed IoT system. Preliminary Results in Chapter 4 is analyzed to ensure the project
developed is capable and efficient. Lastly, conclusion and recommendation on this research

are summarized in Chapter s.

1.7 Summary

In short, background on current inventory tracking and control system is
presented in this chapter. The problem statement is also highlighted which revolves
around the reliance of current systems on manual human labour. Then, the objectives
of this research which emphasizes on automation of inventory tracking system are
proposed and justified with the respective rationales. In addition, the scope of this

research is staged to set limitations and expectations on the proposed project.



CHAPTER 2
LITERATURE REVIEW

This chapter is a compilation of work done by other researchers on topics related to
the proposed project. Information that are relevant to inventory tracking and management,
along with Internet of Things (IoT) using Message Queuing Telemetry Transport (MQTT)

protocol is presented and discussed.

2.0 Wareh%u‘se‘?.Ifnvenmnit:Systéﬁl

Warehaﬁgquaﬁageihem System (WMS) is Software that is desi gned for optimizing

inventory flow between warehouses and distribution centers.(Rana, 2020)

Figure 2.1 Warehouse Management System (Vatumalae et al., 2020)

The main goal of WMS is to manipulate the movement of products within the

facility to minimize the loss of time. By integrating semi-automated and automated
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warehouse management system, companies can reduce effort and improve efficiency to
produce more consistent results compared to the manual system. Bar code technology is
considered as a type of semi-manual system that uses optical scanner to read labels and
transmit data into computer systems. However, it is expensive and susceptible to security
issues. To improve upon the flaws of bar code systems, RFID technology is introduced as a
fully-automated system that is capable of larger data capacity. (Tejesh & Neeraja, 2018) The
role of RFID in localization, tracking and positioning applications within the IoT architecture

is shown in Figure 2.2, along with future directions for expansion of the architecture.

Table 2.1 Comparison between Manual, Semi-automated, and Fully-automated system (Abugabah
et al., 2020; Tejesh & Neeraja, 2018)

Inventory Tracking Semi-automated
System Manual @arcode) Fully-automated (RFID)
Efficiency Low High High
Consistency of result Low High High
Data Storage , n.\| » v 5 Paper-Work System with Low System with High Capacity
: % Capacity
Challenges Humary Error Unreadable Label That Low-Cost effectiveness
: » Is Damaged (maintenance & testing)
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Technology Reach adyancad sansor
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Figure 2.2 Technology roadmap for Internet of Things (IoT) (Tejesh & Neeraja, 2018)



Besides, Mathaba et al (2017) states the loT technology able to connect between
massive number of things and sensors. This helps to detect the location of the products and
level of inventory. The using of Internet technology can increase the productivity and reduce
cost. Functional requirement in lIoT inventory is more to complete task manually while non-
functional requirements are focus on the system properties that give a short feedback time,

high security and scalability.

2.1 Internet of Think (IoT)

The use of Internet of Things (IoT) architecture is rising in the sector of industrial
automation and also in consumer products. It able to help different experts such as business

experts or production engineer. (Nath, 2017)

' ) Processing Cloud Stotage
Enterprise Computing| | -, @ Owip Arialytics

e Lt P it F S

Medical Transportation Emergency Services  Mobile
Applications  Applications Applications Applications

RF Comms [ Gateway
{Zigbee, DSRC, Bluetooth, WiFi, etc) ® Sensor Node

Figure 2.3 Internet of Things (IoT) and the connected sensor world (Tabassum et al., 2020)

In short, it is a giant network that connects and coordinates between sensing and
actuating devices. Data is collected and shared between the connected embedded devices
which allows remote monitoring and control in a wireless local area network (Yiiksel, 2020)
or over the Internet (Paveesha et al., 2020) Data integration is a key component of the
complex data structure of an IoT-based warehouse that served with main components such

as configuration, databasing and transmission. (Aamer & Sahara, 2021)
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2.2 10T based Inventory System

High complexity is involved in the processes within warehouse management systems
(WMS), especially in the tracking of inventory. Hence, the propagation of IoT architecture
has provided manufacturers and wholesalers with a better way to track and monitor inventory
by ensuring a smooth and efficient operation (Rana, 2020). Common inventory tracking
technologies include computer vision, bar code, and Radio Frequency Identifier (RFID)
(Octaviani & Ce, 2020). In conjunction with Industrial Revolution 4.0, network
communication systems such as Bluetooth and Wi-Fi have become commonplace in
industrial applications. Therefore, the stated technologies will be reviewed for their

respective strength and weaknesses.

2.2.1 Sensor In Inventory Tracking Systems

2.2.1.1 Barcode

Barcode'is a method to encode information using black and white vertical bars with
varying thickness and spacings, as shown in Figure 2.3. Information can be retrieved from
bar code tags by-seanning and decoding it through a barcode seanner, and performing a look
up of the code in a registered database. (Putra, Yudha et.al., 2018) Barcode recognition
process is easily influenced by environmental conditions such as light intensity and humidity.
A significant step involved in barcode recognition is noise detection which filters noise

produced in data transmission circuits within the scanner. (Bing & Yang, 2019)

W

Figure 2.3 Barcode

In bar code inventory system, the interaction between the users and the system is

shown in Figure 2.5, which consists of middleware, barcode reader, and application users.



The data is scanned by the barcode reader and sent to the middleware. Then, the backend

database manages the exchange of information between the reader and user. (Muyumba &

Phiri, 2017)
Barcode Inventory Control System
Integrate and
control reader
o
User
Middleware _ N
fieas)
Send barcode Barcode
data Reader

Figure 2.4 The C_ase diagram of the operation of Barcode Inventory Control System (Muyumba &

Phiri, 2017)

Table 2:2 Pros and C;)ns of Barcorder Sensor

Concerns| [\ |/

RSITI TEKNaeAL MALAYS

A MELAKA Cons

Cost concern

e It is inexpensive as it can be
designed and print, extremely
flexible to implement, and can
be used in other aspects.

High Overhead cost as the inventory
to be tracked is a lot.

Time concemn

e Time efficiency in less training
time needed for operator to
familiar.

Low time efficiency in finding the
inventories as it needs to be referred
to on the spreadsheet manually.

Performance concern

e Can automatically send data to
cloud-based.

e Almost no
involved in use.

privacy  issue

Short rage
Does not
capabilities
Human error would happen
Damaged / Blurred barcode over
time.

have read or write
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2.2.1.2 Computer Vision

Computer vision can be defined as the extraction of rich information from a
computer image input. Computer images are inputs to computer vision systems that either
represents color information such as pixels and voxels, or it can be vectors consisting of size,
edge, color , texture distribution (Strain et al., 2020) Computer vision is used to detect

patterns and recognizing them in images.(Khan & Al-Habsi, 2020)

Figure 2.5 Automatically object and human detection and classification (Khan, A. I. and
Al-Habsi, S. (2020))

Another application of computer vision is reconstructing 3-dimensional scene from
a.2-dimensional image. This is achieved through models and algorithms such as using
camera and performing geometric transformations on the image illustrate in Figure2.6.
Computer vision system provides the solution to automated identification, tracking and
measurement of objects using a small number of sensors. (Tian et al., 2020) From the project
of Saha & Agarwal (2019), computer vision tools are developed to increase the efficiency of
inventory management in a warehouse by identifying Quick Response codes (QR-codes) on
goods that are matched to alphanumeric codes on shelves where the goods should be placed.
Open-source computer vision (OpenCV) and ZBar libraries are used to identify the QR code

while deep learning text detection is performed using Tesseract library.
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e  Simplicity infrastructure that can

upgrade and replace easily.

e .v1sxop.[

. Short range
Bad Picture Quality reduce the
performance and accuracy in collect
the data.

e Cannot perform when it
obstacle block of the camera.

got

2.2.1.3 Radio Frequency Identifier (RFID)

Radio Frequency Identifier (RFID) technology is ubiquitous in its implementation

12

within inventory management systems to identify products or goods by the unique tag
attached. The chipless RFID tag offers a wireless, cheap and high accuracy localization
(Fathi et al., 2020). According to Alwadi et al.(2017), RFID technology is easily scalable for

use with general development of algorithms in smart inventory systems. The electromagnetic




field is implemented in the RFID and RFID Reader to track the RFID tag which store the

product information electronically as shown in Figure 2.7.

Master <————1> Slave

Command Command

Application | *| Reader ’

Tag

Response Response

Master <————1> slave

; Data flow

Figure 2.7 The components of RFID system (Tejesh & Neeraja, 2018)

Integrated
Antenha

Figure 2.8 RFID tag (Adcbarcode,2017)

The Figure 2.8 shows the antenna attached to the microchip plays a role in
transmitting information from chip to reader via radio waves. There is two type of RFID
tags which are active and passive. Passive RFID sensor tag does not contain battery so it
needs to activate by collecting the energy that interrogated from the radio waves of RFID
reader. (Byondi & Chung, 2019) Active RFID sensors have onboard power supplies (such
as batteries) to power integrated circuit (IC) of sensors. The IC carries out all the
communication between the tag and the reader as Figure 2.8 shown. Battery and IC in these
types of tags provide high data capacity handling and a wide range of operations at the
expense of high complexity. (Tejesh & Neeraja, 2018)

In a metal environment, a special tag is used instead of normal tags due to some of
the factors.(Valente & Neto, 2017) Firstly, the metal will detune the tag antennas and make

it difficult to be read. Second, it is the bounced off of the radio waves from metal that will
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led to incorrect of reading data from others unwanted tags. For the steel that freshly come

with high temperature, the tag should be made to withstand heat.

Table 2.4 Pros and Cons of RFID

Concerns Pros Cons
Cost concern Low operating costs as RFID tags can be High investment cost needed as it
reuse. need new Infrastructure and
equipment.
Implementation |e  Less labour needed for replace manual | e  Difficulties in getting the
concern keeping track work into automated information in metal or liquid
provide real-time data. environment.

e Less error occurs as it is a automated e  Collision happens between tags
system with high accuracy of read when respond at a same time.
rate. e  Collision happens between

e High Efficiency with the high reader when the signal is
accuracy given in real-time and user overlap and tag unable to
can monitor all inventory details that respond.
keep in RFID code. e  Smaller tag will be hidden or

missing.
Security concern | Secure than Bar code DoS Attack against RFID Reader.

Encryption of information and
authentication of RFID

2.2.14 Conclusion

The uses and working principle-of sensortype is studied: The use of RFID is more
suitable than, computer- vision and barcode: In_cost; 'the batcode has a lower price for
implementation than RFID. However, the overhead cost for barcodes is higher due to the
higher load needed to be scanned manually.(Valente & Neto, 2017) And by using a manual
spreadsheet map, the operator will waste time finding the location of the inventory and find

it hard to keep track back on the stock when the barcode gets blurred.

According to Alfian et al. (2017), the bar code system has been replaced by RFID
technology to identify the inventory wirelessly without limited distance. It can be utilized
in tracking the item and controlling the stock as it is low cost by offering easy integration
into any type of application.(Tejesh & Neeraja, 2018) Based on the studies, it was decided
to go for RFID technology as the sensor in tracking the inventory data.
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2.2.2 10T Gateway

User Interface Devices

o Control and Monitoring Cloud ™
Application Diita Analytics & 8
domain i . E | Building Mitormation
o Software
Tablet, Smart Watch, etc. '
"o .Y
- Wi-Fi " @ ra 3G/4G
Ethernet Ethernet
Network loT Gateway
domain 0 A ] RFID A A
RFID { v .
. ﬂ <TI0 | ! Module : :
% . : ZigBee"
S e % .
Vldeo @ o = - WI.F.I ...... » ul

— Camera & wi-Fi Router ¥

® & £ g |

Sensing i
s, HVAC Energy Smoke Lrght

domain

Light Temp/Humid

Figure 2.9 General featurc of [oT Gateway (Kang et al., 2017)

The IoT 'g'gf_ceway aets-as-a-communication protocol that enables massive sensors and
machine can be confiected fo-fransmit data or message illustrated in Figure 2.9. They
integrate networking protocols' for-managing-storage, ‘edge analytics, and data flow in a

secure and reliable manner between the devices and the cloud. (Kang et al., 2017)

2.2.2.1 NodeMCU

Figure 2.10 NodeMCU (Paveesha et al., 2020)

15



The Wi-Fi communication in an IoT based project is processing by using
NodeMCU and it can be said as [oT gateway router. It can support about 2.4GHz Network
connection and the power required is 3.3V DC. (Durani et al., 2018) NodeMCU can use in
measuring and storing data of the inventory with an open-source platform. It also can act as
a microcontroller to upload a program into MCU in order to control the GPIO ports. The
CP2102 (works up to Windows-10) IC on NodeMCU that offer USB to TTL functionality.
The NodeMCU is programmed by using the Arduino software that installed in certain
package. (Paveesha et al., 2020)

2.2.2.2 Arduino

Arduino is an open hardware development board that can be used to interact with
electronic components. While there are many types of Arduino boards, generally it contains

digital 1/0 pins and analog pins, '-é;power connector, a mierocontroller and a serial connector.

Figure 2.11 Arduino Uno Board and L293D Motor Driver Shield (Pololu Corporation, Open
Circuit)

Arduino has the pins that arranged in a specific pattern. The reason is to fit the
compatible shield like L293D motor driver shield etc. The digital I/O pins can read and
write a single state signal whereas the analog pins can read a range of values for a finer
control. The power connector provides voltage to the board itself and some low voltage
components like LED. The source can be either AC or DC voltage. Besides, the
microcontroller is the primary chip of the Arduino which executes the program written. The
chip varies depending on the type of Arduino boards. Moreover, the serial connector allows

the communication of the board to computer. It can be used to load new programs onto the
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device. On top of that, it also replaces the power connector in some models in the newer

versions. (Open Source)

2.2.2.3 Raspberry Pi

Figure 2.12 Raspberry Pi (Seth Kenlon,2021)

Raspberry Pi is known as a single-board computers. The objective of this
association is to educate and create easier access to computing education towards the public.
The series is launched in-2012 and constantly updating newer versions. The Raspberry Pi
runs on Linux andl Py OS-as1ts-operating system. Besides that, it comes with a set of GPIO
(General Purpese Input/Output) pins which-allows the control 6f electronic components for
physical computing. (Open Source) If based portable.and can work with various machine
learning models or system. Moreover, it can extend the previous setup by implementing

new system. (Dhillon et al., 2021)

In warehouse management system, Raspberry Pi 3 is a single board computer (SBC)
that enables quick prototyping of Software that keeps track of details of goods in a database.
Raspberry Pi 3 can also be programmed to act as a web server. A common programming
language for Raspberry Pi 3 development is Python. Raspberry Pi 3 can be powered by 5V
power supply and operates at 3.3V logic level for its General-Purpose Input/Output (GPI1O)
pins. Raspbian is that the Linux-based software package that is running on Raspberry Pi 3.
(Tejesh & Neeraja, 2018)

In MATLAB, the raspberry pi support package offers two type of programming

which are Interactive communication and Standalone execution. The Interactive
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communication is acquiring the data from sensors and analyzing or visualizing it in
MATLAB. While the standalone performance creates a MATLAB algorithm in generating
a C code to deploy into Raspberry Pi as a standalone application. The Raspberry Pi models
supported by MATLAB are limited, summarized into the Table 2.5.

Table 2.5 Different types of Raspberry Pi with either support or no support MATLAB

Raspberry Pi Model MATLAB Releases Supported Supported in MATLAB Online?
Rasp:;:():i::::)del - R2014a - Current No
Raspberry Pi 1 Model B+ R2014b - Current No
Raspberry Pi 2 Model B R2014b - Current Yes
Raspberry Pi 3 Model B R2016a - Current Yes
Raspberry Pi 3 Model B+ R2018b - Current Yes
Raspberry Pi4 Model B R2020a - Current Yes
Raspberry Pi 1 Model A, No support No support

2.2.2.4 Conclusion

In conclusion, the-overall features and criteria of Raspberry Pi, Arduino and Node
MCU is studied-to-determine the-best component- that-suit in the ‘project. As it is more
flexibility as it can run on Pi OS. Furthermore, Raspberry Pi can handle variety of changes

and support for the further development.

2.2.3 Network Communication

Machine to Machine (M2M) is a communication system between machineries that is
widely used in the industry. Different M2M suppliers each have their own proprietary
Software and hardware that are not cross-compatible. In addition, there are various
challenges in implementing M2M systems: security and performance issues such as network

congestion, limited bandwidth, and transmission cost. (Ouaissa & Rhattoy, 2019)
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2.2.3.1 Bluetooth

¢3 Bluetooth

Figure 2.13 ZF & Bluetooth® Low Energy (ZF Friedrichshafen AG )

Bluetooth offers a short-range wireless technology that is designed to replace
wired technology. It is an established technology that is currently embedded in almost all
electronic devices. Thtough Bluetooth technology, IoT architecture can be empowered with
high range and transmission speed to be adapted in asset tracking applications. (Zeadally et
al., 2019) Bluetooth Low Energy (BLE) is introduced as an update to the Bluetooth
technology that uses a low amountof energy, which further enhances compatibility with IoT
and M2M applications. -(Octaviani & Ce, 2020) Some security ‘threats of Bluetooth
technology include Pin. cracking, MAGC spoofing,: Man-In-The-Middle (MITM) Attack.
MITM attack is an exploit that interrupts the connection during Secure Simple Pairing (SSP)

to steal information from the connected device. (Zeadally et al., 2019)

2.23.2 Wi-Fi

Figure 2.14 Wi-Fi (Autodesk)
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Wi-Fi is a low power wireless network technology with many advantages such as
high data transmission rate, mobility, inbuilt IP-network compatibility, and simple
integration with existing infrastructure. Basically, Wi-Fi embeds in loT applications where
high communication bandwidth is required. (Yiksel, 2020) Wi-Fi can wok in 2 different
band which is UHB band with 2.4GHz (100MHz) and SHF band with 5GHz (150MHz). For
a gadget to connect with Wi-Fi it needs to embed a Wi-Fi module on a microcontroller or a

wireless adapter that suit the input adapter of the machine or other interface.

Mobile phones are pretty helpful nowadays, the mobile phone communication
technologies such as 2G, 3G, and 4G are recommended to provide logistics management
services. Despite the fact that 5G technologies are still in development and had been
proposed to give highspeed communications and decrease the power in response. (Di, 2020)
It is widely used in massive M2M communication and IoT, especially in an intelligent sensor
environment. (Alonsq—Zargte & Dohler, 2016) There is some treat when Wi-Fi hotspot is
activated, such assmfﬁng, DNS Spoofing and Hijacking. (Susila et al., 2017)

¥

80%

m Sniffing  ®m DNS Spoofing = Hijacking

Figure 2.15 Percentage of successful activity of the attacks (Susila et al., 2017)

2.2.3.3 Bluetooth vs Wi-Fi
By comparing the characteristics of Bluetooth and Wi-Fi, it can clearly define

which is the suitable network communication in this project.

#
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Table 2.6 Bluetooth vs Wi-Fi compare between (Autodesk)

Characteristics Bluetooth Wi-Fi
Frequency 2.4GHz 2.4GHz or 5GHz
Cost Low High
Power Consumption Low High
Effective Range 30m 100m
Data transfer 25Mbps (Bluetooth 4.0) 250Mbps
Connection Up to 7 devices only can | Based on the bandwidth of the
be connected. router that is connected.

2.2.3.4 Conclusion

Through the study, Wi-Fi has been chosen to give the connectivity between the
raspberry Pi and mobile phone. It has a wider range that can cover the monitoring area,

higher speed transmission and can connected by many users.

2.2.3.5 Communication Protocol

Communication “protocol is a system of rules authorizing two or more
communications system entities to transmit information.while-ensuring Quality of Service
(QoS). Typically, communication protocol can be defined as a data transmission
asynchronously or synchronous from one device to another device through a same network.
(Gorry Fairhurst, 2020) There is several type of communication protocols in IoT have to be
studied to suit different layers , (Maha Kavya Sri et al., 2019) the rate of transmission data
and the respond time. (Jaloudi, 2019)

TCPIIP Layers loT Protocols

oesior | ] [awor ] 252

Transport 1ce | | uop

Internet | TcP | feowean] [ RPL |
IEEE 802.3 Ethernet
[“Gsm | [[L7e ]| [tPwan]

Figure 2.16 Communication Protocols in different layer (B. Mishra & Kertesz, 2020)
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2.2.3.6 HTTP

The Hypertext Transfer Protocol (HTTP) is an protocol in application level to
exchange information through the internet between client and server. (Mathaba et al., 2017)
The clients in this protocol are the one who send the request while servers are the one that
provide service. There is a specific language used between the clients and servers. (Kumar,
2019) The HTTP connect via TCP/IP to deliver a massive of tiny package (Yokotani &
Sasaki, 2017) that can be the form of hypertext, pictures, media player etc. (MDN
contributors, 2021) Nowadays, there have the combination of HTTP and REST, HTTP with
JSON. The client can use POST, GET, PUT and DELETE to perform the

operation.(Dizdarevi¢ et al., 2019)

! Deviee | HTTP REQUEST
| -
HTTP RESPONCE s % HTTP REQEST
- .

¢ i A ——

| Devied 2 : : User

| R TR RO e HTTRRESPONSE
sessrcsaseenasnanc P

;f Device \-! et

Figure 2.17 Architectural of HTTP (Yokotani & Sasaki, 2017)

2.2.3.7 CoAP

Constrained application protocol (CoAP) is designed to serve the devices by
limiting the devices’ capability in processing. It required a low power consumption to
exchange data through a simple network, UDP. CoAP can communicate in one-to-one to
exchange the information between the client and server. It is alike to the HTTP, which both
of the systems are ‘request and response’. While the difference of CoAP and HTTP is CoAP
is depending on the second level of the structure (message layer) that use to resending the
missing package. Besides, it had added in a function for the clients to receive the information
when changing in resource. This makes the CoAP tend to be ‘publish and subscribe’ pattern.
(Dizdarevi¢ et al., 2019)
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() Internet Constrained environments (b)

Figure 2.18 Comparison between architecture of CoAP and HTTP (Devopedia, 2019)

2.2.3.8 MQTT

The Messa,ge
b iodied lntc may ' version ’t‘hroughout tfhe years. anﬂ f,hge lat§St 13 MQTT v5 which get
OASIS standard in 2019 by-upgrac

(B. Mishra & Kertesz,QOZﬂ) DASJ.S isNon pmﬁforgamzaﬂon INPO) approve the standards

for advanced prolccts e o

Telernetry Transport (MQTT) was releasmg in 1999 and it

admg its pcrﬁ)mxance in term of sn:nphcxty to implement.

ol - 1 7 N AAl AYVYRIA 1.1 \ MC A
M Md’ﬂﬁ‘il ‘ ML IVEMALAMAT O 1l [,. 14Y,

Royalty-Free MQTT 3.1.1 MQTT &
release 180 standard DASIS standard
2010 2016 2019

1999 2014 2018

MQTT MQTT 3.1.1 MQTT &

Invention OASIS standard Initial release

Figure 2.19 The MQTT development over time (B. Mishra & Kertesz, 2020)

MQTT is a lightweight and low-cost protocol to exchange data via MQTT server.
(D. Mishra et al., 2019) It has low bandwidth with high latency that can ensure reliability in
delivering of large data between machine and machine. (Mishra Devesh et al., 2019; Pham
& Hoang, 2021) The sensor can connect between each other through the satellite, SCADA
etc. In MQTT broker, it will process the information collected by the publisher (MQTT
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Client) and send it to the subscriber (MQTT Client) in the topic generated which also called
data block. (Laxmi & Mishra, 2018;Y okotani & Sasaki, 2017))

Sensors, Actuators, Devices... . ' Final Users (tablet,
| | smart phone, laptop...)

Figure 2.20 Architecture of MQTT Protocol (Pham & Hoang, 2021)

MQTT broker can ';(:ommunicate in many-to-many that allow can exchange data
between severafélients by se‘veral publisher (Valente & Neto, 2017) and also in different
type of commﬁiﬁcaﬁ‘on. (Jaloudi.,‘.2019) It is connected via a TCP which can transmit the
data continuous]'i?’;with lightweight overhead. There are 3 types of Quality of Service (QoS)
can be offered by the MQTT which shown in the Table 2.5.

Table 2.7 Type of QoS (B. Mishra & Kertesz, 2.020; Pham & Hoang, 2021)
Quality ofServ‘i'e'e.(l(io-sj S| e o s onidas i 'Descripitrioni

Maximum of one (QoS 0) | Deliver live data to the reader just in once and without acknowledged. This

will cause some missing message happens.

Minimum of one (QoS 1) | Deliver the data is acknowledged to reach publisher. This will cause
duplication of the message happens. It can send the message in a shorter time

than QoS 2.

Only One (QoS 2) Deliver all data once without missing any data, even offline, but it will cause

data overhead.

It can run on a computer or be hosted in the cloud supported by a different type of
MQTT Broker which serve in Clouds based, sharing network, and own hosted network. The
Cloud-based MQTT broker provides global access via the Internet. (Laxmi & Mishra, 2018)
Next, the MQTT have high security due to the MQTT brokers need to sign in with username

and password authentication from clients to connect. (Kayal & Perros, 2017) The
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information that the client used the system would not be published. (Rebecca Deprey, 2020)

Overall, the advantages of MQTT can be summarized into:

Table 2.8 Advantages of MQTT

Advantages of MQTT

References

Competently allocation of data

Mishra Devesh et al., 2019

Growth in scalability.

Ease of bandwidth depletion

Update information within seconds.

Suitable in remote sensing.

Exceptionally lightweight overhead.

Kayal & Perros, 2017; Mishra Devesh et al., 2019

High Secure

Kayal & Perros, 2017; Rebecca Deprey,2020

Nowadays, there is a lot of industry using MQTT as their communication protocol.

One of the examples using MQTT in tracking the goods is shown as Figure 2.20.

Publish data of

subscribed topic ‘@
' o "‘-;.\ _ A\ MQTT -
/i : ot O eFATRAT ) AL A
[ o ” A BROKER e
8(:2. 1 l ons (RPi) _ Subscribe/Client s
WLAN Puhlis?uciicnl

Publish data of

Topic: shipment subscribed topic

tracking(goods)

Figure 2.21 MQTT Protocol on tracking shipment

2.2.3.9 MQTT vs Other Communication Protocol

HTTP and CoAP has a similar pattern which is request and respond/reply that can
see the relationship clearly as shown in Figure2.22. While, the Publish-Subscribe model used
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by MQTT is shown in Figure2.23. The overall comparison of HTTP, CoAP and MQTT by
Jaloudi (2019) is shown in the Table 2.8.

C 0O 60 @ )

Client Server Client Server
= TCP SYN TCP SYN
P i S LSS -
Request Requests

HTTP/1.0 Reply
‘_——-—-_'

——
TCP FIN Replies = HTTP/2
- TCP FIN

TCP SYN ——lp =
F Requests
HTTP/1.1 Replies Request -
—_—
Reply CoAP
TCP FIN b
SR J

Figure 2.22 Request and Respond model used by HTTP and CoAP

il ™~
Publisher Broker Subscriber
7 publish (Topic, data)
e —— SubscribelTopic)
Publish (Topic, data)
———l
Publish (Topic, data)
—— T
\_ J

Figure 2.23 Publish and Subscribe model used by MQTT

Table 2/9 MQTT compared with others Communication Protoeol (Jaloudi, 2019)

Features HTTP CoAP MQTT
Infrastructure Ethernet, Wi-Fi 6LoWPAN Ethernet, Wi-Fi
Transport Layer TCP UDP TCP/IP
Model Synchronous Asynchronous Asynchronous
Mechanism one-to-one one-to-one one-to-many
Pattern Request-Request Both Publish-Subscribe
Methodology Document-oriented | Document-oriented | Message-oriented
Security SSL, TLS DTLS SSL, TLS

From the studied of Dizdarevié et al.(2019), it also stated that ‘publish and subscribe’

model can give more advantages:

1. High security with client’s information will not be published.
2. Get data from many resource (one-to-many /many-to many)

3. Exchange data can be done offline, as it has MQTT broker to store data)
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2.2.3.10 Conclusion

The MQTT which is a light-weight protocol is preferred in this prototype. Besides,
using a Cloud MQTT broker can easily be accessed by the internet globally. In addition, the
study of Yokotani & Sasaki, 2017 in comparing the bandwidth required in HTTP and MQTT
shows that the MQTT lower bandwidth than HTTP which can minimize the delays in
transmission. Although, MQTT has the same transport layer which use TCP/IP offers longer
connection to a broker is better than UDP. Even though the HTTP has used the same TCP
as MQTT but it only needs to operate in synchronous and it only can communicate in one-
to-one. So, MQTT which is a one-to-many protocol is selected to reach the objective we

need to connect to different users.

2.2.4 Cloud Servie¢ Application

2.2.4.1 MIT App Inventor

- — R |-
P O [ — et e

Figure 2.24 Graphical interface editor of MIT App Inventor (Mir & Llueca, 2020)

From Mir & Llueca (2020), the MIT App Inventor is a visual programming
environment featuring that enables developers to create fully functional apps on mobile and
tablet that it only support on Android and iOS. Those apps able to link with the sensor in
mobile phone and analyze the data by providing user a visualize on the application’s

graphical user interface and its code using Block Editor. The application is compiled into

27



debug gable APK file once the design finished. (Adiono et al., 2019)The MIT App Inventor
can work well with JSON data in a project. (Mir & Llueca, 2020)

EppaEmEm@;
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10}
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” o
[ |

Figure 2.25 Code editor of MIT App Inventor (Mir & Llueca, 2020)

2.2.4.2 Blynk

Blynk is a web platform-that enables users to control various electronic devices
remotely. It works seamlessly acrossvarious platforms such as Android and i0S by creating
a layout using different widgets stich as button shown in Figure 2.27. It also supports storing
and displaying sensordata. Blynk provides libraries for various hardware problems such as
Arduino, Raspberry Pi, and SparkFun. The App, Server and Libraries are the components of
the Blynk. App provides interface, sever act as the bridge to communicate between app and
hardwires and libraries provide interaction with the server using commands. (Durani et al.,

2018)

Figure 2.26 Switch ON button in Blynk app
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Blynk app Blynk Libraries

Figure 2.27 Schematic of the Blynk's component

2.2.4.3 ThingSpeak

4G G 35 B 549 A x @ 4T 6 WG PERR | 50 3 B midSes T
r
Smiart Agricultire (#) Smart Agricttture
1326 «482% “T30 1396 Nl 1me—1TE = TEMPRATURE
nz A Min.29 00h 07 Ded {326 “Max 37000 07 Dec 1335
308 ! 11 Last 3000007 Dec 1248
i § £
04 & i w26 Nad | Maa Didse el e 12
300 1 'pmq-d") U—t}.»——v-lu | (PR g % 'I
I |
28 {1 e & :L
%2 2 ) ( |
IR 51’ }
288 &0 i
= TEMPRATURE e e S DY VY [ 00
Min 2900007 Dec1326 Max 31.00n 07 Dec 1335
Last 300 on 07 Dec 1248 - HUMDITY
Min S00cn07Dec1337 Max 9500007 Dec 1346
126 139 N3B! 1236 133 1343 1346 Last 5200n07 Dec 1348
H 1326 13% 1333 1336 1340 1343
90 I 08
/1
80 i 06
o 4 , 03
n 520 -
e e n S [ — — _Uti P SR
@ | | 03 o o
50 d "V"“"‘o-q'_v.-f' "“,n b baaa 096
09
= HUMIDITY
7Dec1237 Max 9500007 Dec 1346 TEPpEE
- mcm;"kf 3,3' :x ',‘m - Min 00on070ec1326 Max 000n07Dec132
L e Last 0.0cn 07 Dec 1345

Figure 2.28 Sensor output on ThingView Free APP (Tapakire & Patil, 2019)
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ThingSpeak is IoT platform developed by MathWorks, the developer of MATLAB.
It allows the user to store and collect any data into their cloud and server. (Et.al, 2021) It
offers visualization and analysis of the real-time data that can also send alerts vis web service
such as Twitter® and Twilio®. The analysis in ThingSpeak is done by MATLAB® analytics
with the coding for the processing, visualizations, and analyses. (ThingSpeak, 2020) The
data from the sensor can be viewed on the mobile phones by using ThingView Free

application in the play store as shown in Figure X.

2.2.4.4 Conclusion

ThingSpeak is chosen as it has a free server and app that can implement in the
system with various of the gateway. Besides, it offers visualization and analysis of the real-

time data. It can be viewed neither on PC or mobile phone thorough ThingView application.
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2.3 Relevant Works

Table 2.10 List of research that related with IoT Warehouse Inventory System

etal. (2018)

inventory system that
uses barcode scanner
on Android

Android
phone reader

Aut;l::rand Research tittle Method used Result obtained
Saha D, Warehouse e QR code and e  Able to perform text detection
Agarwal P Management Using numerical code. using Tesseract OCR.
(2019) Real-Time QR-Code | ¢  Open-source e Save cost by using paper for the
and Text Detection computer vision label.
Bing & Design and e Barcode with Digital | Able to increase the scanning speed
Yang, development of image processing and accuracy of the barcode
(2019) inventory system technology recognition.
based on barcode
scanning technology
Putra Yudha | Applications of goods | ¢  Sensor type: Barcode Able to get information and status

of the inventory.
Able to exchange data using phone
by connecting to the sever.

gateway using
ZigBee and Wi Fi
technologies with
MQTT p rotocol

Mosquito - MQTT
broker

Alfian et al. | Application of RFID e  Computer Vision and Able to avoid misreading and
(2017) and Computet Vision RFID ghost reading problem by
for the Inventory e [P Camera combination of 2 sensors.
Management System | o= PC core i3
Lakshmi IoT based food s Load cell Able to track real time and history
Narayan, S. | inventory tracking e Arduino inventory through windows and
P.; system:; e NodeMCU Android application.
Kavinkartik, | In Communicationsin—}| 5 MQTT protocol Able to develop analytic tool for
E;& Computer and e Android analyzing and predict the
Prabhu, E. | Information Science usage/consumption patterns.
(2019).
Laxmi & | RFID based Logistic »  RFID RC522 module Able to detect shipment at
Mishra Management System e . Raspberry Pi different warehouse locations.
(2018) using Internet of e Cloud MQTT broker Able to develop data analytic tool.
Things (IoT) e  MQTT Subscriber Able to implement an user friendly
supported by GUI MQTT broker with the Cloud-
based MQTT broker.
Valente & | Intelligent Steel e RFID Able to come out a special RFID
Neto (2017) | Inventory Tracking e MOQTT tag for metal product
with IoT / RFID ™ iBeacon
Mathaba, | On the use of the e  Sensor type: RFID Able to detect misplaced stock and
S., Adigun, | Internet of Things and module low stock levels on shelves
M., Web 2.0 in inventory e  Arduino Able to received notification on
Oladosu, J., | management. e HTTP real time inventory status.
& Oki, O. e  Beachcomber
(2017). o Twitter
Gopi Design and e Raspberry Pi *  Able to provide inventory data
Krishna et development of bi e NodeMCU «  Able to analyze data.
al., 2018 directional IoT -
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2.4 Summary

The basic components and technologies have been studied on their characteristics,

performance advantages and carry out comparison to support the decision making.

To sum up, the RFID is chosen as the IoT sensor as its advantages offered which can
save time, lower overhead cost and it can perform without limited by wired connection are

suitable to implement in this project.

Next, the Raspberry Pi is chosen as it is a microprocessor that have high flexibility that
it could extend the capability to enhance the connection to future development such as connect
with other sensor to give other features. Besides, by using Raspberry Pi, engineer do no need
to depends on the factory’s PC to develop or upgrade the system. They just need to setup up a

small-scaled experimentat home with their ow PC.

In additiontal, to own a wider range of monitoring, Wi-Fi is chosen instead of Bluetooth
as the network connection in this-prototype. It can be easily to set up with the wireless Lan
built in in Raspberry:Pi. Wi-Fr also can provide more people to connect on to a same sever. In
the studies on various type of communieation protocel, the MQTT. is chosen as rather than the
benefits in fast transmission, the pattern of one-to-many ete. It is also well-known in IoT

application as its mature technology and high standard controlled by OASIS.
Last but not least, ThingSpeak as a chosen as a Cloud Service Application that act as

Cloud Based MQTT broker to connect with the Raspberry Pi and Mobile device. It is a free
platform that suitable in the small scaled project in this prototype.
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CHAPTER 3
METHODOLOGY

Chapter 3 discusses the methodology of this project in extend the previous project by

~ implementing the MQTT protocol and to evaluate the overall system by different test.

3.0 Project Development Model

REQUIREMENT 4 . LT
SPECIFICATION  SERIb ViAA I

‘‘‘‘‘‘‘
......

()
TESTING AND
INTEGRATION

()
IMPLEMENTATION/
DEPLOYMENT

Figure 3.1 Waterfall Model

The Waterfall model helps visualize and explain the various steps in the project that
shown in Figure3.1 with the sequence of the steps and their description. The analysis stages
which is literature review helps in identifying the suitable methods, parameter and components

for the project. In this project, it can be differed into two main applications which are Raspberry
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Pi and ThingSpeak. The test and analysis will be conducted for further integration and look for

potential implementation development.

3.1 Flow Chart of General Project development
This Flow chart is developed based on the flow of Waterfall model to achieve the objectives.

AENISEITo)

. r’"
P PRS- "]

. <. Connected: 37’1——'—'———‘| ™
A o
”Yeg

=

TI TEKNIK4

SEINIEEITe)

Objective 1

Figure 3.2 Flow Chart of the project overview
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3.2 Design of Proposed Inventory System Framework with MQTT

= o m
Rasperry Pi () 777
' @' *e{ ThingSpeak o ——

7 LProduct
packages
£

t4— Databam RFID Reader K¢ ————————ip

e————— —— ASHS ——

Figure 3.3 Hardware inventory system framework

The framework of the system is illustrated in Figure 3.3. This project is a from the
previous project that had already have built in the RFID Technology in retrieving storage
automatically. The MQTT Protocol Architectural will be plugged in after the PC. A USB 3.0
Male to Male USB Cable is éﬁhﬁccted to the Raspberry Pi’s USB port. Set up the Wi-Fi on
Raspberry Pi to connect to the ThmgSpeak The user can monitor the data in ThingSpeak and
get notified from ThmgSpeak.

3.3 MQTT Protocol Architectural

MQTT Subscribe
Subscribe
MQTT Broker | 10 topic X
MQTT Publisher P T
— —
(tcp}) = = == ol -]
~am — —_— \’I - 1 o
SV | Pubiish Data [ o ¥ o
i data to published
[ w | [Raspberryri] | Topic X on topic X Co— ey
|
I {
ThingSpeak com

Figure 3.4 MQTT Protocol architectural

The overall system is a publish-subscribe method is shown in Figure 3.4. The Raspberry
Pi will publish the data from the PC to the topics in ThingSpeak and to the subscribing device
such as mobile device (ThingView APP) and PC (ThingSpeak.com). ThingSpeak can
generate analytic results from the data collected and send notifications to the user when they

meet the conditions.
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3.4 Requirement Specification

However, in this project, the framework of the inventory system in the lab does not
been carried out due to some of the reasons. First, the machine of this system has not been used
for a long time, so it needs to be reset or maybe replaced with new components. Second, it will
use up quite a long time that will exceed the timeframe in a semester as the lab can only be
accessed after November. Third, since the Covid-19 pandemic hits, people have started to adapt
to the Work from Home culture by getting the jobs done at home. The culture has brought up
the software-based to carry on the research and development of the company in testing out the

new system such as IoT things.

Heﬁce, a software-based experiment using MATLAB acts as a vital program that assists
the engineer in performing the design of Software using mathematical calculation, then
carrying out analysis in generating graphs to evaluate. Figure 3.5 shows that MATLAB is used
as a simulation tool-that can publiSh_ the data to-Raspberry Pi and ThingSpeak via MQTT by

designing a set of ﬁ:oding that is similar to the real-timé scenario.

Hardware components needed to Software to simulate on
capture the invento random picked of inventory
———
Be
Replaced
PC | | Raspberry Pi | MATLAB

Figure 3.5 Implementation of MATLAB in replacing the experimental in lab.

Therefore, the prototype will focus on functional and non-functional requirements
shown in Table 3.1 to ensure the data can be updated correctly and instantly by using MQTT

protocol. Besides, it can also give alertness to the clients.

Table 3.1 Requirement specification of the project

Functional Non-Functional
Automated publish data to the clients and users Accuracy
Automated Update inventory level Effectiveness
Automated notify the clients and users. Alertness
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3.5 Technologies in Implementation of MQTT protocol

This section will brief on the technologies required in different layers to build up the
warehouse inventory connection using MQTT shown in Table 3.2 which consists of 4 layers

with either software or hardware.

Table 3.2 Technologies in implementation of MQTT protocol

Level Description Components Function
1 Controllers MATLAB e Itisused to write a code set to
stimulate the MQTT protocol

in publishing data to

4 MATLAB° Raspberry Pi and ThingSpeak.

2 Connectivity Gigabit Ethernet Cable 5 meters e [t is used to connect the router
5 Meter with Raspberry Pi to receive the
WIFI.

Wi-Fi e It is used to connect the Matlab
to ThingSpeak
3 Data Raspberry Pi3 B e It can be connected to the WIFI
Accumulation using it a special IP address.
' e It is the version that the
MATLAB can support.
e It is a platform to receive data
from the publisher.
Cloud Service — Thingspeak e It is a platform for the users to

monitor the data.
a e It offers visualization and
m T h 'ngspe ak analysis of the real-time data
e Itcan also send alerts vis e-mail
to the user on the inventory
level.
e Every 15 seconds of updating
time.
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MATLAB Analysis e Itisused to write a set of

MATLAB code to notify the
i user from ThingSpeak Alerts.
4 Data Abstraction Mobile Device e Itisauser’s application to
subscribe or publish topics to
ThingSpeak.

e It shows the data of the
inventory and alert message.

(MTB) robot as shown’ An F‘ig}:rrciﬁ;corweyof-belt- aﬁé PC. T‘he M'T‘B s used to pick up those
stocks from the sheres and placc thcm on.to the cnnveyor and theRFI,D reader will scan the

stocks.
UNIVERSITI TEKNIKAL MALAYSIA MELAKA
Figure 3.7 shows the general idea of the algorithm to construct the loT-based Inventory
System using a Machine Type-B (MTB) robot in pick and place the stocks and scanned by the
limit switch to control the conveyor speed. Besides, it is assumed that there is an RFID Reader
to read the tag of the stocks in a close range and a PC that is connected with ThingSpeak to get
the data.

Figure 3.6 Machine Type-B (MTB) robot
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to reach the desn‘e%e is deté{'guwe kinem glc?_, a\ﬂ;l}:h is the position and

orientation of the end-effector. The he end-effector at Za is jlanQ._TheLequatlon of the cosine 62

(03 of the axis at HOMMERSSEH TR ALAYSIA MELAKA

" 2 +yr+ 1+ 13 Equation 3.1
¢ 2Ll

Where x and y refer to the x-axis and y-axis at Z3, respectively, I and > are the lengths
of the first and second links of the MTB robot. By using the trigonometric equivalent value,

we obtain the equation of sine 0> (s2) Equation 3.2:

cZ+si=1

s2=+ ’1 —c2 Equation 3.2
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The angle of 8> can be obtained from the arctangent function in MATLAB with the
Equation 3.3:

6, = atan2(5‘2,c2) Equation 3.3

In order to find the angle of 61, 2 parameters are introduced, k; and k.. The new

parameters is Equation 3.4 and Equation 3.5:

ki =1+l Equation 3.4
ko = 138, Equation 3.5

The angle of 0, is calculated with the arctangent function in MATLAB with the
Equation 3.6:

8, = atan2(y,x) — atan2(k,, k) Equation 3.6

As the angle of 6; and 0; are determined, the end-effector's position can be determined.
The Equations 3.1 to Equation 3.6 are created in MATLAB to calculate the angles 0 and 6.
(MathWorks, 2016) Those inputs will be inserted to get the position that MTB robot can reach.

3.7 Raspberry Pi Implemented with MATLAB using MQTT

This is to stimulate how the MQTT work between MATLAB and Raspberry pi, which

can offer better analytics of the data sent between publisher and subscriber using MQTT.

3.7.1 MQTT Protocol Architectural

MOTT Publisher MOTTBroker | Subscribe T R
(@) to topic X
o i
‘ = R = #® pi@raspberrypi-QGowSpKtif: ~
&
Publish | N4 pen | e
data fo ublished
TopicX | [RaspberyFi] | gn Topiox Raspbery i

Figure 3.8 MQTT Protocol between MATLAB and Raspberry Pi
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MQTT protocol will be set up between MATLAB and Raspberry pi using MATLAB
coding. Figure 3.8 shows that raspberry pi will be connected to MATLAB by MQTT using its
IP address. Then, MATLAB is configured as an MQTT publisher to publish the real-time
inventory quantities of each stock under four topics named regarding the stock label. For
example, publish stock A’s quantities under Topic A. Numerous specific coding needs to

present the MQTT function in constructing this function.

3.7.2 MQTT Publisher

The warehouse inventory quantities update is stimulated by MATLAB act as MQTT
Publisher to puBlish the inventory quantities to a raspberry pi. Figure 3.9 shows the algorithm
of the coding generated (Appendix A) in MATLAB to illustrate the scenario of the worker
from four different shelves with the different initial number of
' stock labeled A, B, C
the updated quantities.

hand-pick stocks random

stocks as in Table 3.3.

or D for 20 times a

T

Figure 3.9 Algorithm of the coding in MATLAB connected to Raspberry Pi
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Table 3.3 Initially quantities of stock in Raspberry Pi implementation

Stock Label Initially Quantities
A o
B 6
G 20
D 11
Total 40

3.7.3 MQTT Broker

Raspberry pi is the MQTT broker which offers MQTT clients to communicate. It is a
media between publisher and subscriber to receive a message from the publisher, filter it and

post it to subscribers.

Generate coding in
MQTT configuration
to connect between

Generate coding to

Connect :
connect between

to the

Wi-Fi i a —— 7 raspberry pi and

MATLAB

To connect. between MATLAB -and' Raspberry P1 ~several steps are carried out, as in
Figure 3.10 shown Flrst Raspberry P1 has to be actlvated and copn,ected to the Wi-Fi. Then,
the installation of a support package of Raspberry p1 in MATLAB for the libraries of MATLAB
functions. Next, function call to connect the raspberry pi with MATLAB and generate the
coding in MQTT configuration to send the message using MQTT.

3.74 MQTT Subscriber

PuTTY is used to access the Raspberry pi that can run on the laptop with a command-
line interface. The IP address of the raspberry pi is the key to access the PuTTY. Raspberry pi
needs to be activated to determine the IP address using the network scanner, as shown in Figure
3.11. Then, insert the IP address (192.168.15) with the Port ‘22’ using SSH, as in Figure 3.12

shown.
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As there are 4 topics published, so it is necessary to open 4 PuTTY configurations to
subscribe the topic. Then, sign in using ‘pi’ as the username and ‘raspberry’ for the password

as in Figure 3.13.

LAN Scan

WI-FI NETWORK (4)
raspberrypi-QGowSpKtlf

15 : A 9 >

' B
Figure 3.11 Scanning IP address of Raspberry Pi

:g PuTT I
Categongy 3
—| Session \ Basic options for your PuTTY session
Elﬂ Teml::glghg f Specify the destination you want to connect to
T L Kantioned * HostNamefor IPaddess)  Pot
L gl - [192.168.1.5 |27
- Features : Connection type:
‘ , A 8 B B
| O | @85H. (O)Seial () Other; | Telnet v
| | T-Appearaice !
Behaviour I Load, save or delete a stored session
Translation S oot ilone
[t T Selection [ r 1
i Colours o — e = !
= Connectior | | Default Settings [\ Load
fi K] T
- Proxy Save
- SSH
- Serial Delete
. Telnet -
| - Rlogin
[ - SUPDUP Close window on exit:
| (O Aways (O MNever (8 Only on clean exit
About Help Open Cancel
Figure 3.12 PuTTY Configuration

EP pi@raspberrypi-QGowSpKtlf: ~ = O X
& login as: pi

Figure 3.13 Interface of the command-line of Raspberry Pi

43



3.8 ThingSpeak Implemented with MATLAB using MQTT

This architecture stimulates how the MQTT works for the small industry that uses a basic

IoT implementation that requires only Wi-Fi connectivity and the ThingSpeak platform.

3.8.1 MQTT Protocol Architecture

MQTT protocol will be constructed between MATLAB and ThingSpeak. Figure 3.14
shows the MATLAB directly connecting to ThingSpeak in sending and receiving messages.
MATLAB is configured as MQTT publisher to publish the real-time inventory quantities of

each stock under four topics named in MQTT configuration.

\Y 54 . MQTT Subscriber
i L e
MQTT Publisher > Yy b
: Subsenbe to <
_ ~ 3 =1
I?*
1 -
o X o —m—
= t—1 I
A\ nh i
[ ThingSpeak com |

Figure 3.14 MQTT Protocol between MATLAB and ThingSpeak

3.8.2 MQTT Publisher

The warehouse inventory quantities update is stimulated by MATLAB act as MQTT
publisher to publish the inventory quantities to ThingSpeak. Figure 3.15 shows the algorithm
of the coding generated (Appendix B) will be set up using MATLAB in MQTT configuration
using the Read API Key to publish the inventory data of the stocks after the stocks decrease by
one from random stock for 20 times with the initial quantities as in Table 3.4. This illustrates

the scenario of the worker to hand-pick stocks randomly in the real-time.
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Table 3.4 Initially quantities of stock in ThingSpeak implementation

Stock Label | Initially Quantities
A 6
B g
& 20
D 11
Total 46
Start

Figure 3.15 Algorithm of the coding in MATLAB connected to ThingSpeak

3.8.3 MQTT Subscriber

ThingSpeak and ThingView are MQTT subscribers that receive the data published from
MATLAB and generate it into an analytic graph. ThingSpeak is accessed via the online browser
(ThingSpeak.com) while ThingView accesses the data using the application (APP) that can get
it free from ‘Google Play Store’.
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3.8.3.1 ThingSpeak

The steps to set up the ThingSpeak channel are shown as below:

1. Register E-mail address in ThingSpeak

2. Create a new channel with a tittle and description and 4 fields in the channel
represent the Stock A, B, C and D as in Figure 3.16.

3. Save the Channel.

| Channel Settings

! Percentage 50%

[ complete

Channel ID 1592350

Name inventory Quantities
|
A'Y 5 Description Toupdate stock labels A, B, C, and Dinto
£y the field respectively. ]
— &
Field1 ‘ Stockh y B
Felda | swde i »
\ Field 3 [ Stockl } /]
el

} Eield 4 StockD

Figure 3.16 Creating channel in ThingSpeak

The setting connecting MATLAB and ThingSpeak via MQTT is shown step by step
from Figure 3.17 to Figure 3.21. Figure 3.19 shows that ThingSpeak has offered the MQTT
properties in ‘Devices’. Figure 3.20 shows the MQTT Credentials consisting of their unique
client ID, username, and passwofd. Figure 3.21 shows that the channels entitle with ‘Inventory

Quantities’ are given authority to access and publish data.

Q ThingSpeak ™ Channels~ Apps~ Devices~ | Supports

' MQTT

Figure 3.17 Get MQTT under ‘Device’
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l:_‘ Thingspeak i Channels - Apps « Devices ~

MQTT Devices

Start here to add a new MQTT
) device. ;

———

Add a new device

Figure 3.18, Add a new device under MQTT Device

Device Information

Name | Inventory Live Counting |

Description Update the stock available in the warehouse

LY T R, =, ooy e o a)
) ¥'Username... ; i . - ‘3,.-?...9-&5,4‘/3,.:-:.1‘/;

o

UNIVEERSTI TEKNIKAL MALAYSIA MELA

Figure 3.20 Specific MQTT credentials for the channel.

Authorize channels to access @
-- Select a Channel -- v
Authorized Channel @ Allow Publish  Allow Subscribe
Inventory Quantities (1592390) /] a

Figure 3.21 Add channels to allow publish and subscribe
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3.8.3.2 ThingView

The data can be accessed more easily by using the ThingView APP in mobile phone. Fill

in the channel ID that wants to subscribe as in Figure 3.22 shown.

L 8
LN) Add new channel

https://thingspeak.com

Channel ID
Public

. Figure3.22 ThingView in subscribing channels

3.9 Alert System in ThingSpeak

ThingSpeak has implemented an alert system that can notify the user by sending the
E-mail to avoid the out of stock happening. The code (Appendix C) will be generated to alert
the user. The process flow to set up Alert System in MATLAB Analysis:

1. Get the ThingSpeak Alert API key from my Profile.
2. Then go to Apps then MATLAB Analysis and generate the code based on the
algorithm in Figure 3.23 by connecting to the Time Control.

3. Click Save and Run, and the notification can be received after a few moments.

Figure 3.23 shows the data is getting from Field 1 and Field 2 in a channel. When the
inventories level is lower than 5, it will send the data to the E-mail. After 5 minutes, if the

inventory is still lower than 5 quantities, it will send the alert message again.
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Stock A Stock B
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3.10 Efficiency Analysis
UNIVERSITI TEKNIKAL MALAYSIA MELAKA

Then, a comparison of the performance of Raspberry Pi and ThingSpeak on the time taken
in receiving the data is carried out to determine which applications (Raspberry Pi or

ThingSpeak) use lesser time is preferred. The variables will be tabulated in Table 3.5, and the

result will be recorded in Table 3.6.

Table 3.5 Variables in comparison of the performance of Raspberry Pi and ThingSpeak

Variables | _ Description
1. Raspberry Pi is connected using Ethernet.
Ingspendent 2. ThingSpeak is connected wireless.
Dicoénidini 1. Time interval between 2 messages.
P 2. Total time taken in receiving all the data.
1. WIFI 2.4 GHz is used
Controlled 2. MATLAB platform in publish data
3. 20 message is published
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Table 3.6 Result of the performance of Raspberry Pi and ThingSpeak

Result MQTT in Raspberry Pi

MQTT in ThingSpeak

Total time used

Time interval between
2 messages

Efficiency

The total time taken of completing the transmission of data using MQTT protocol is taken
by using the ‘run and time’ in the MATLAB’s editor, as Figure 3.24 shows.

4\ MATLAB R2020b - 2cademic use

HOME PLOTS APPS PUBLISH VIEW el 3 @ B Search Documentation
=] [JFindFiles <@ o° nsert 5 fx 5l v E= L=
ED: 3 = c % % % = l> [Z] Run Section @
o - v b y. 5
New Open Save sl Compars Wicolo amment. 8 743 2 Breakpoints Run  Runand [} Advance Run and
v - v = Print ¥ (4 Find ¥ Indent [5] &5 |54 v »  Advance Time
FILE A BLANSGATE EDIT BREAKPOINTS RUN

Figure 3.24,_‘Run and Time” in Matlab (Editor)

The Efficiency Analysis of the MQTT protocol of Raspberry Pi and ThingSpeak is carried
out to ensure the data sent by the publisher is all received by the subseriber without any missing

or different value. The formula to calculate the value of efficiency is given as below:

Data ourput'x T Eff , L
— = icienc
Data input ! 4

The data output only collected when the data is tallied with the data input. Next, the

parameter of this study is defined as in Table 3.7 to determine the efficiency of the system
based on the value obtained.

Table 3.7 Parameter of the efficiency

Parameter Result
100% Efficient
<100% No efficient and need to be revised
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3.11 Cost Analysis

To give investors the best idea of how much the project will cost and whether it can fit
into their own budgets. Table 3.5 shows the cost of implementation MQTT needed. The Price
of the component is taken from cytron (https://my.cytron.io/). Hence, the total price is
RM167.90.

Table 3.8 Implementation Cost

Items Cost (RM)
Gigabit Ethernet Cable 5 meters 12.90
Raspberry Pi 3 Model B 155
Broker: ThingSpeak O(Free)
MQTT
API: ThingView 0(Free)
e | Rwierso
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CHAPTER 4
RESULT AND DISCUSSION

This chapter is going to discuss about the result of the developing of loT-based
Inventory System using MQTT protocol and the result of analyses in evaluating the
performance and efficiency The final consequence of this project is measured to assure the
system achieves the objectives. Besides, the video simulation can be viewed in Appendix F for

better understanding on the algorithm of the coding interpreted based on the result get.

whLES/4

Figure 4.1 IoT-based inventory system

Developing an loT-based Inventory System with MQTT protocol is one of the key
objectives in this project by implementing MTB robot in collecting stock. Figure 4.1 illustrates
4 blocks representing 4 shelves with a different color. The stock will be carried out randomly

by the robotic arm to the conveyor belt.
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The MTB robot is not located on the origin of the simulation world but in a coordinate
of (-0.8, 0). Therefore, the release location needs to be determined considering the offset of the
MTB robot. Otherwise, the release location will be inaccurate. Thus, Table 4.1 indicates the

correct coordinate of x and y.

Table 4.1 True coordinate on x-axis and y-axis.

Stock Coordinate World MTB Robot (MTB Robot) — (World) = (True)

A X-axis -1 -0.8 (-0.8)—-(-1)=10.2
y-axis 0.8 0 (0) — (0.8) = —0.8

B x-axis -0.7 -0.8 (—0.8) — (—-0.7) = —0.1
y-axis 0.8 0 (0) — (0.8) = —0.8

C X-axis -0.25 -0.8 (—0.8) — (—0.25) = —0.55
y-axis 0.6 0 (0) — (0.6) = —0.6

D X-axis -0.21 -0.8 (—0.8) — (—0.21) = —0.59
y-axis 0.325 0 (0) — (0.325) = —0.325

The equations to ‘callpulate the angle of joint 1, 8, and joint 2, 02 are generated in
MATLAB. Figure 4.2 s.hows the example of the picking pesition-of Stock A. The values x, v,
ly and L, are input_t_éd into the equaﬁon to get the “thetaldeg’, 0, and ‘theta2deg’, 6 easily.
However, the original caleulated by MATLAB is in radian units while CoppeliaSim uses
degree. Thus, the ans;wi:r' is changed to radian with the line ‘rad2deg’.

clear; close all ;. .clc

% Bick ug.pogition in.stock @
1l

11 = 9.467;
12 = @.40205;

€2 = (x"2+y*2-1172-1272) / (2*11*12);
s2 = sgrt(1-c2”2);

tnetalrad = atan2(s2,c2);
tnetaldeg = rad2deg(thetalrad)

kl = 11+12%c2;
k2 = 12*52;

thetalrad = atan2(y,x) - atan2(k2,kl);
thetaldeg = rad2deg(thetalrad)

thetaldeg =

thetaldeg =

Figure 4.2 Coding in MATLAB to calculate the angle 6; and 6,
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Figure 4.3 shows the ‘thetaldeg’, 6: (-92.6696) and ‘theta2deg’, 8 (36.2898) are
substituted into MTB language to run the MTB robot in picking and placing the stock A as in

Appendix D.

CLEARBIT |
SETROTVEL 90

‘ SETLINVEL 0.1
MOVE [BIRR0E BEIEE08 0.025 -151 (Pick up Stock A)
REM CLOSE GRIP:
SETBIT 1
WAIT 1500
MOVE 77.8691 95.9058 0 -151 (Place Stock A at conveyor)
REM open the gripper:
CLEARBIT 1

WAIT 1500
LAY

wh 4
¢ 4.3 Part o

oLAg

B IR PN Y
W EQQL

Figure 4.4 Initial environment of simulation (left) and end environment of simulation (right)

Figure 4.4 shows the environment of the start and end. At the start, the 4 different stocks with
different color representing the label A, B, C and D are placed in respectively rectangular. Once the
stimulation begins, the MTB robot is move to pick up the stock A (red) and placed on the conveyor.
This process is repeated on stock B, C and D. Lastly, they will accumulate at the floor. The sequence
of the MTB robot is predefined as it does not have any technology to take the stock randomly. Many
industries prefer the inverse kinematics as the solution is very direct. All in all, CoppeliaSim is very

helpful for students and engineers to simulate the projects and it is also a user-friendly application
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Figure 4.5 Stock is scanned and loaded onto conveyor belt

Figure 4.5 shows there is a RFID reader at the front side of conveyor belt that can read
the RFID tags that attached at the stocks. Then, the data will be updated to the ThingSpeak
from the raspberry pi via MQ(TT. Then, inventory can be tracked automatically and access by

o .

514

mobile devices using Thii
i

Figure 4.6 The RFID active area for reading RFID

The RFID system has a long bandwidth, so it will be easily scanned the stock around that
area. Hence, the RFID system needs to be defined to secure the only stock on the conveyor to
be scanned. Based on the references in Appendix E, it should be allocated in a 2.89-meter
square (1.7m x 1.7m) as in Figure 4.6 shown. The limit of the range is to ensure the stock can

be scanned and to prevent it from the disturbances of the database system of RFID.
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4.1 MQTT Protocol Architecture with Raspberry Pi

To achieve objective 2, Raspberry Pi is used as one of the applications in tracking the

inventory quantities via MQTT protocol.

4.1.1 Setup Raspberry Pi

The MQTT Hand-Pick Stock Randomly Scenario outlined in the previous chapter has been
implemented to connect to the raspberry pi through the MATLAB in Software-based. The
raspberry pi is set up by connecting the Wi-Fi router via Ethernet cable wire and is activated

by the power supply as shown in Figure 4.7.

Figure 4.7 Wi-Fi set-up of Raspberry Pi

4.1.2 Capability of MQTT Publisher

The capability of the MQTT publisher (MATLAB) is defined as the ability to publish
the message to raspberry pi via MQTT. Once the coding (Appendix A) run, the result is
interpreted as shown in Figure 4.8 to 4.11, and they will be discussed.

Figure 4.8 shows the connection between raspberry pi and Matlab has successfully
implemented using the MQTT configuration by showing ‘Raspberry Pi 3 Model B’ connected
using the device address (192.168.1.15).
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rpd =
raspi with properties:

DeviceAddress: '192.168.1.12°
Port: 18734
BoardName: 'Raspberry Pi 3 Model B'
AvailableLEDs: {'lede'}
AvailableDigitalPins: (4,5,6,12,13,14,15,16,17,18,19,20,21,22,23,24,25,26,27]
AvailableSPIChannels: {'CE@','CE1"}
Availablel2CBuses: {’'i2¢-0','i2¢c~-1'}
Availablewebcams: {)
I2CBusSpeed:

<a href="matlab:raspi.internal.helpView("raspberrypilo’,'RaspiSupportedPeripherals’)>Supported peripherals</a>

Figure 4.8 Properties of Raspberry Pi in Matlab

Figure 4.9 shows MQTT is successfully called out. It shows there is only one device
(raspberry pi) connected to the raspberry pi using the transport layer of Transmission Control
Protocol (TCP).

| | | ~ o A "o .
Figure-4.9.€ meetionbet a ;*anw—qurr

UNIVERSITI TEKNIKAL MALAYSIA MELAKA

@/ No. of stock being picksd

stock being picksd

mgb/of

ATOCKA =

Total manber of stock left

3

atock =

mockl =

i

stockD =
11

Figure 4.10 The inventory quantities update in MATLAB
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Figure 4.10 shows the blue circle indicates the answer for the stock label being chosen,

yellow circle indicates the quantity of stocks being picked and red circle indicates the total

number of stock left, and the rest is the latest update of the inventory quantities of Stock A,

Stock B, Stock C and Stock D. The function in Figure 4.10 is continued for another 19 times.

Real-time Update on the Stock Quantities
T T

Quantities of each Stock

Stock

Figure 4:1] Real-time inventory update for four stock in Raspberry Pi

Table 4.2 Stocks quantities up&éﬁed of Réspbérr; Pifor 20 Times

Pick up Cycle |, .Stock A, g ﬁw@m {12 Stock D Accumulate quantities
1 R ' 6 i ‘;':1'gé' EE 11 39
2 3 6 18 11 38
3 3 6 1 1 37
4 3 5 17 11 36
5 3 5 16 11 35
6 2 5 16 11 34
7 2 5 16 10 33
8 2 5 115 10 32
9 2 5 15 9 31
10 2 5 14 9 30
11 2 5 13 9 29
12 2 5 13 8 28
13 2 5 12 8 27
14 2 5 11 8 26
15 2 4 11 8 25
16 1 4 11 8 24
17 1 4 10 8 23
18 1 4 10 7 22
19 1 4 10 6 21
20 1 3 10 6 20

| The stock that has picked up.

|
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Figure 4.11 shows the bar chart of ‘Real-Time Update on the Stock Quantities’
generated from the MATLAB for better visualization of the stock’s quantities updated for 20
times in four different stocks: Stock 1, Stock 2, Stock 3 and Stock 4, which represent Stock
A, Stock B, Stock C and Stock D. The legend consists of 20 data which means the stock
quantities decreased by one for 20 times. The data from the graph can be tabulated in Table 4.2
for better analysis on the tally with the data received in Raspberry Pi.

By comparing the data between MQTT publisher and MQTT subscriber, the number of
data received by Raspberry Pi from Topic A, B, C, and D is the same as the number of data
published (20 times) by MATLAB. Besides, the quantity of the stock updated by MATLAB
each time is tally with Raspberry Pi. Hence, both the MQTT publisher and MQTT subscriber
are capable as they can update the stocks™ quantities successfully via MQTT.

Besides, the 'graph generated byy MATLAB can acknowledge the engineer on the
quantities of the stock left. The data tabulated can casily define where the stock has been picked
up. The Raspberry Pi implemented with the MATLAB viaMQTT protocol is ease for user to

view on the real-time data by subseribing the Topic using the window terminal in laptop or PC.

4.1.3 Capability of MQTT Subscriber

The capability of the MQTT subscriber (Raspberry Pi) is defined as the ability to
receive the message from MATLAB via MQTT for 4 different topics. In getting 4 messages
from 4 different topics, 4 PuTTY configures are opened and subscribed to 4 different topics
respectively using ‘mosquitto_sub -d -t InventoryA’ and changed the ‘InventoryA’ into

InventoryB, C and D in the other 3 PuTTY configurations.
Figure 4.12 till Figure 4.15 show 4 topics are successfully subscribed and received

the update of stock’s quantities 20 times without any missing data. In short, the MQTT

publisher and subscriber are both capable.

59



& pi@raspberrypi-QGowSpKtif: ~

Figure 4.12 Data Received of Topic A in Raspberry Pi
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r0-raspberryp received

J-raspbe

Figure 4.13 Data Received of Topic B in Raspberry Pi




@‘ pi@raspberrypi-QGow5pKtif: ~

raspberryp Celiv PUBLISH

raspberryp

Figure 4.14 Data Received of Topic C in Raspberry Pi




@ pi@raspberrypi-QGowSpKtif: ~

Figure 4.15 Data Received of Topic D in Raspberry Pi

4.2 MQTT Protocol Architecture with ThingSpeak

To achieve the objective 2, the ThingSpeak introduced as an application that can be used
as one of the applications in tracking the inventory quantities via MQTT protocol. The
ThingSpeak account is registered and successfully creating an interface of the channels with
the ID (1592390) as shown in Figure 4.16. It consists of 4 Fields which represents Stock A, B,
C and D. Next, the MQTT devices is successfully created as shown in Figure 4.17 to get the
credential that consists of client ID, username, password and port are the keys to accessed the

data via MQTT.
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Inventory Quantities

Channel 10: 1592390 PSM Testing 2
Author: mwa0000020055170
Access: Public

Private View Public View Channel Settings Sharing AP Keys Dataimport [ Export

e I I

Channel30f3 ¢
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Tragsakem

Figure 4.16 Interface of the ThingSpeak with 4 fields

L JThingSpeak

MQTT Devices

Device Datails Authotized Channeis and Permissions: MQTT Client 1D

Inventory Live Counting Inventocy Quantities (1532390 #publish ¥ subseribe ETCIAVZROQNLLISAAMMELA Fest
Update the stoch available in the

warvhoune

Figure 4.17 MQTT credential



4.2.1 Capability of MQTT Publisher

The capability of the MQTT publisher (MATLAB) is defined as the ability to publish

the message to Thingspeak via MQTT.

Once the coding (Appendix B) run, the result is

interpreted as shown in Figure 4.18 to 4.20 and will be discussed.

myMQIT =

Mgtt with properties:

BrokerAddress:
Poxrt:
ClientID:
Timeout:
Connected:
Keephlive:

"tcp://mgre3.thingspeak.com”
1883
"ETclKiYzKDOXLCsSARMNKCA"

5

1

€0

Figure 4.18 Successfully connected between MATLAB and ThingSpeak via MQTT

Figure 4.18 shows the ThingSpeak is successfully connected to the MATLAB via

MQTT using transport "l'a:'yer of Transmission Control Protocol (TCP) which connect to the

ClientID with port “1833°.

ALS ™

]

ans’ =

stockh =

€

stockB =

o

stockC =

Stock no2 (Stock B) is
being picked

Quantity of stockbeme | |
picked

Ty ‘
Totzl number of stock left

Figure 4.19 The inventory quantities update in MATLAB

Figure 4.19 indicates the meaning of the result presented in the MATLAB. The function

in Figure 4.19 is continued for another 19 times.
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18

16
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-
N

Quantities of each Stock
© >

Stock

Figure 4.20 Real-time inventory update for four stock in ThingSpeak

The Figure 4.20f showsthéfbar chart of ‘Real-Time Update on the Stock Quantities’
generated from the MATLAB for 2011mes in four different stocks: Stock 1, Stock 2, Stock 3
and Stock 4 whlchrepresent Stock-A, Stock B, Stock C and Stock D. The legend consists of
20 data which means the quantities of stock decreased by one :for 20 times. The data from the
graph can be tabulated 1n Table 4.3 for tallying the data received in ThingSpeak.

Table 4.3 Stocks quahtities updated of Thingspéak for 20 Times

Pickup Cycle | Stock A ||| Stock B ||| ' Stock€ | | " 'Stock D' ' | Accumulate quantities
1 6 8 20 11 45
2 6 8 19 11 44
3 6 8 18 11 43
4 6 8 17 1 42
5 6 8 17 10 41
6 6 8 17 9 40
7 6 8 16 9 39
8 6 7 16 9 38
9 6 7 15 9 J7
10 6 7 15 8 36
11 6 T 14 8 35
12 6 i 13 8 34
13 5 i 13 8 33
14 4 q 13 8 32
15 3 q 13 8 31
16 3 6 13 8 30
ili7 3 6 13 il 29
18 3 5 13 7 28
19 3 5 13 6 27
20 3 5 12 6 26

| | The stock that has picked up. |
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From the Table 4.3, it shows the highest picked up rate of the Stock is Stock C and the
lowest is Stock A. Besides, Figure 4.21 present the result of the ‘ThingSpeakRead’ which can
easily to determine when is the stock decrease at which type of stocks. The data start to read
after 20 data has been updated and due to some latency, the nearest data 8™ cycle is the first

one to be read.

data =

39x4 timetable

Timestamps StockA StockB StockC StockD
25-Jan-2022 17:40:31 NaN 7 NaN NaN
25-Jan-2022 17:40:47 NaN NaN 14 NaN
25-Jan-2022 17:41:06 NaN NaN NaN g
25-Jan-2022 17:41:17 € NaN NaN NaN
25-Jan-2022 17:41:31 NaN 7 NaN NaN
25-Jan-2022 17:41:46 NaN NaN 13 NaN
25-Jan-2022 17:42:05 NaN NaN NaN 8
25-Jan-2022 17:42:16 5 Na¥N NaN NaN
25-Jan-2022 17:42:33 NaN 7 Nal NalN
25-Jan-2022 17:42:46 Nal NaN 18 NaN
25-Jan-2022 17743501 NaN NaN NaN g
25-Jan-2022 17:43:16 g NaM NaN NaN
25-Jan-2022 17:43:32 NaN 7 NaN NaN
25-Jan-2022 17:43:46 NaN NaN 13 NaN
25-Jan-2022 17:44:04 NaN NaN . NaN, 8
25-Jan—-2022-17:44:16 - 3 HaN ‘ NaN Nal
25-Jan-2022 17:44:34 NaN 7 NaN NaN
25-Jan-2022 -17:44: 46 ) ||| MaN | Nall o B A K NaN
25-Jan-2022 17:45:02 NaN NaN NaN 8
25-Jan-2022 17:45:16 3 NaN NaN NaN
25-Jan-2022 17:45:32 NaN 6 NaN NaN
25-Jan-2022 17:45:46 NalN NaN 13 NaN
25-Jan-2022 17:46:01 NaN NaN NaN g
25-Jan-2022 17:46:16 3 NaN NaN NaN
25-Jan-2022 17:46:31 NalN 6 NaN NaN
25-Jan-2022 17:46:46 NaN NaN 13 NaN
25-Jan-2022 17:47:01 NaN NaN NaN 3
25-Jan-2022 17:47:16 3 NaN NaN NaN
25-Jan-2022 17:47:31 NaN 5 NaN NaN
25-Jan-2022 17:47:46 NaN NaN 13 NaN
25-Jan-2022 17:48:01 NaN NaN NaN 7
25-Jan-2022 17:48:16 3 NaN NaN NaN
25-Jan-2022 17:48:31 NaN 5 NaN NaN
25-Jan-2022 17:48:46 NaN NaN 13 NaN
25-Jan-2022 17:49:03 NaN NaN NaN €
25-Jan-2022 17:49:16 3 NaN NaN NaN
25-Jan-2022 17:49:31 NaN 5 NaN NaN
25-Jan-2022 17:49:46 NaN NaN 12 NaN
25-Jan-2022 17:50:03 NaN NaN NaN €

Figure 4.21 Time-Table generated by function call ThingspeakRead in Matlab
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4.2.2 Capability of MQTT Subscriber

The capability of the MQTT subscriber (ThingSpeak and ThingView) is defined as the
ability to receive the message from MATLAB via MQTT for 4 different topics or fields.

4.2.2.1 ThingSpeak

Once the coding is run, the quantities of stocks are published to the ThingSpeak

without any missing of data. Each of the topics has been updated 20 times, hence the total
entries are 80 as shown in Figure 4.22.

Channel Stats

Created: abaut,a.month.age
Lastentry: about.an.houcaga
Entries: 80
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Figure 4.22 Graph generation by updating the data from MATLAB to ThingSpeak in different fields

Figure 4.22 shows the Stock A in Field 1 has decreased from 6 to 3, Stock B in Field 2
has decreased from 8 to 5, Stock C in Field 3 has decreased from 20 to 12, and Stock D in Field
4 has decreased from 11 to 6. The data updated in ThingSpeak are the same as the data

stimulated in MATLAB. Hence, the MQTT publisher and MQTT subscriber are capable as the
data published and received are accurate.



4.2.2.2 ThingView

To achieve objective 2, the ThingView is used to access the real-time update of the data
using a phone that offer ease in tracking the inventory. After subscribing to the Channel, it will
show the respective channel on the front page of the ThingView as shown in Figure 4.23. Figure
4.24 shows the view of Fields 1 (Stock A), Field 2 (Stock B), Field 3(Stock C) and Field 4

(Stock D) are same as a result shown in ThingSpeak. Hence, ThingView is also a capable

subscriber to use for IoT applications.
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Figure 4.23 Front page interface of ThingView
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Figure 4.24 Screenshot from the phone
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4.3 Send E-mail Alerts from ThingSpeak

The sending of E-mail alert from ThingSpeak is one of the objectives as the notification

system can be sent out when low inventory.
4.3.1 Implementation of Alert System

From the Figure 4.25, the ThingSpeak of the Alert system is collected and the E-mail
shown is where the alert message publishes to. The alert system is limited for 2 alerts for this
free trial. Hence in generate the coding, two variables have been set. If more than 2 requests

made in once, the system will shoe “Error’ as the requests will be limited (MathWorks, 2022a).

My Profile

Email’ " S/q  b051820074@student.utem.edu.my
“Edit MalbWoshs Accouni beitings

‘ . B O e e e ‘

Time Zone ' MOS0 ERste A TIMG (USE Cagada) »
' o N |
+ Usemame - ¥ ] 1

APl Keys

User API Key

GIW30QXIPXFISU78 |

AP
Aests APy ey TAK@1UQPFM2998X041ZVA

Figure 4.25 Profile of the ThingSpeak

4.3.2 Performance of the Alert system

After coding (Appendix C) is successfully run as in Figure 4.26, the E-mail notification
is received as in Figure 4.27 after a few moments due to there is no any further update of the
quantity of stock A after the last update as in Figure 4.28. The alert system is highly dependent

for the engineer in instant decision making to cope with the low inventory problem
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MATLAB code ran successfully.

Apps | MATLAB Analysis | Inventory Alert1 | Edit

Name

inventory Alet 1 - ’ ]

MATLAB Code

| 1/ % Enter your MATLAB Code below \

| 2| channelID = 1592338;

| 3| alertapikey = 'TAKBLUQPFH2998XQ41IVA";

| a| options = weboptions("Headerrields”, ["ThingSpeak-Alerts-API-Key", alertapik ‘
| 5| alerturl = "https://api.thingspeak.com/alerts/send”;

| &/ alertBody = ' Stock @ is now 7 stock left '; |
[ alertsubject = sprintf("Please check on the Stock B "); ‘

Figure 4.26 MATLAB code successfully run

sNG [ BN vt ) il S A ) —
o T IV
© [EMathWorks Logo - 2.V >0

’ Alert: Please check on the Stock '
A

\ No Inventory in Stock A Now

Time: 2022-01-17 00-44-32 983 +08:00 |

Figure 4.27 Notification sent to e-mail when low inventory
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4.29, by setting “Time’ Contrral"'r}us_feéture can replace manual rerﬁinders frequently, so
the worker can focu_s more on another task. Lastly, produce higher productivity of the workers.
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Figure 4.29 ThingSpeak Alerts in every 5 minutes
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4.4 Efficiency Analysis
Both of the MQTT protocols implemented with Raspberry Pi and ThingSpeak are
capable; hence this analysis analyses the efficiency of both of the MQTT architectural. Table

4.4 shows the comparison between MQTT with Raspberry Pi and ThingSpeak.

Table 4.4 Result of the performance and efficiency of Raspberry Pi and ThingSpeak

Result MQTT with Raspberry Pi MQTT with ThingSpeak
Profile Summary (Total time: 18.547 s)
~Flame Graph
Profile Summary (Total time: 1210.422 s)
~ Flame Graph
Total Time !
used :
i . e ra_|titke [xta_|yla.
Figure 4.30 Total time taken of the MQTT | _ Figure 4.31 Total time taken of the MQTT
protocol with Raspberry Pi protocol with Raspberry Pi
18.547s 1210.422s
Time -
interval —
{4 0.5 15s
messages
. 20 ' ' Y ('
Efficiency T X100% =100% 20 x 100% = 100%

The MQTT with sending the data from MATLAB to Raspberry Pi takes 18.547 seconds
which is shorter than the MATLAB to ThingSpeak as it takes 1210.422 seconds (20.17minutes).
The total time used included the time connected to the application respectively (Raspberry Pi
and ThingSpeak).

In MQTT with Raspberry P1i, it takes almost 18 seconds in connecting to Raspberry Pi,
and sending data as short as 0.5s for each data update. While, MQTT with ThingSpeak, it takes

a longer time due to the ThingSpeak has limit the free user to update data every 15 seconds.

Both of the implementation of MQTT is efficient as the data publish is all same as the

data received, hence, this implementation is success and reliable.
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4.5 Cost Analysis

This cost analysis aims to determine whether the implementation of this demonstration is
worth with the value cost. Even though the project is software-based, there is still involved of

the hardware setup in Raspberry Pi and the free applications used: ThingSpeak and ThingView.

The total cost to set up the Raspberry Pi with MQTT protocol is RM167.90 which is more
than enough on constructing low-cost computing of Raspberry Pi using MQTT protocol.
Besides, a lot of money can be saved by using the free version of ThingSpeak, but the time

taken to receive the data is longer as the data update is limited by every 15 seconds.

In running real-time inventory tracking, the ‘Standard version’ is needed as it can update
the data every second and more channels can be created. The comparison of ‘Free version” and
‘Standard version’ of ThingSpeak is shown in Figure 4.32. The cost of the ‘Standard Version’
is USD 710.00/year (RM2,974.19fyear) by improving the updating time into 10 seconds with
adding 7 more channels added as shown in Figure 4.33. The upgrading of the updating time
into 1 second withxradding 7 more-channels is cost USD 4150/year (RM 17,384.35) as Figure
4.34 shows. The ROl'1s needed to-be calculated before implementing the system.

FREE' STANDARD

R LIRSS PRI =N EREN RS For all commercial, govemment and revenue
service generating activities
Scalable for larger projects x v

No. Annual usage is capped.

Number of messages 3 million/year 33 million/year per unit
(~8,200/day)@ {~90,000/day per unit)®
Message update interval limit Every 15 seconds Every second
Number of channels B 250 per unit
MATLAB Compute Timeout 20 seconds 60 seconds
Private channel sharing Limited to 3 shares Unlimited
Technical Support Community Support Standard MathWorks support

Figure 4.32 Comparison of ‘Free version’ and ‘Standard version’ of ThingSpeak (MathWorks, 2022b)
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Pricing calculator Purchase

m G License type: Stl;\diid B

ThingSpeak units: 1

How many channels?” How often will they collect data?
|y e " x USD 710.00
Cumently: 3 Every 1 10 h Saconds price/unit/year
To be added: 7 ] Total: USD 710.00/year

Calculated number of channels needed: 10 -

Figure 4.33 Features of the ‘Standard Version’ which cost USD 710.00/year

Pricing calculator Purchase

i Gy e

ThingSpeak units: | 10

How many channels?” How often will they collect data?
x USD 415.00
Currently: 3 price/unit/year
' {6-49 units)

USD 4,150.00/year

UNIVERSITI TEKNIKAL MALAYSIA MELAKA
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CHAPTER 5
CONCLUSION AND RECOMMENDATIONS

This chapter is to give an overall significant of study that the conclusion is made to

fulfil the objective in Chapter 1.

5.0 Conclusion

There are numerous of issues in cirrent inventory tracking. The involvement of human
is non-efficiency caused by the consumption of time in completing task is longer, and also the
lack of awareness on the accuracy of data collected. Theserkinds of problems indicate that the
issues must be handled properly with-an appropriate method. Hence, the literature review in
studying the IoT-based Warehouse inventory management system-using MQTT protocol is

carried out which fulfilled the Objective 1.

Due to some limitation in using lab in faculty, the project is successfully carried out in
software-based. The IoT warehouse inventory management is successfully developed by
simulated by CoppeliaSim which replacing the manual work into MTB robot in carry out the
pick-and -place for a better understanding on the real-time scenario. Next, the, inventory
system using MQTT protocol in between of MQTT subscriber (Raspberry Pi, ThingSpeak) and
MQTT publisher (MATLAB) has successfully designed and run by using generation of code
and setup of hardware. The system is capable as the data published from MATLAB are the
same as the data received by Raspberry Pi and ThingSpeak. Besides, ThingView also offers
the accessibility to track the inventory quantities using mobile phone. Hence, the Objective 2

is achieved.
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In this project, it is not only providing the solution in using MQTT protocol but the
efficiency and performance of the MQTT protocol in sending all the data of stock A, B, C and
D for 20 times is evaluated and the objective 3 is achieved. The efficiency of both of MQTT
architecture are 100% regarding to the number of updating and receiving is tallied. While the
sending of data to ThingSpeak has about 15 seconds latency which the data only publish after
15 seconds. Those data publish within the 15 seconds will not be received. The notification has
successfully sent to the E-mail address when low inventory happens. It also offers an efficient

way in informing the user in every 5 minutes when there is still no update in the Stock.

5.1 Recommendation

This MQTT protogcel has successfully connect with different type of applications in this
study. Therefore, this system canbe fully implemented in the real-time inventory system to
figure out its full benefits. The integration of IoT with MQTT protacol are not a strange thing
anymore. It just needs more time in-implemented the entire'system. The recommendation of

the system for the futﬁre‘work canbemodified as below:

1. The IoT-based inventory system with MQTT protocol is suggested to construct using a
QoS 2 in sending the'data even it 15 offline, the data still can be stored and it will be

published after connected to Wi-Fi.

2. Raspberry Pi is suggested to become a gateway in interact with the RFID sensor and
ThingSpeak as a more flexible methods for big factory in connecting with different type

of protocol such as Bluetooth, Lora-Wan etc.

3. ThingSpeak is suggested to upgrade to be more reliable while the cost is too high.
Hence, it will be great in trying to implement with Google Cloud Platform which offers

a lot of features and variety of interface.

4. From the inventory quantities collected, generate an analysis to forecast the inventories

that need to be buy in or giving promotion regarding on the market strategy.

77



5.2 Improvement of the System

Although the MQTT Protocol with IoT in tracking the inventory is done in the software-
based, this study also proves that the using of loT-based inventory warehouse management is
efficient to track the inventory through mobile device is very convenient. However, there is

some improvement that can be made which are:

1. Install the features of reconnect the Wi-Fi automatically when lost connect in
Raspberry Pi. Hence, when the Wi-Fi is not stable and might be disable, the

connection can be renewed in few seconds.

2. The Micro SD card is suggested to have at least 32GB for install of the libraries and

more capacity to let the program run.

5.3 Sustainability

MQTT protocol is a low power consumption-application which can give a greater
sustainability of cost in a long term by saving a little from every month. By tracking of the
inventory using IoT, the paper-based record can be eliminated, thus replacing with the

interphase from thelonline: This reduces the impact on'the environment from logging.
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APPENDIX

Appendix A
Coding to publish data to Raspberry Pi from MATLAB.

clc;
clear;
close all;

% Connect to Rasp Pi 2192.168.1.82374C)
rpi=raspi("192.168.1.15", "pi","raspberry")

%$Connect to MQTT

myMQTT=mqtt ('tcp://192.168.1.15"', 'ClientID’', "'myClient')

$SDefine Topic's Name

TopicA = 'InventoryA';
TopicB = 'InventoryB';
TopicC = 'InventoryC';
TopicD = 'InventoryD';
a=[1,1,1];
b=[2,2,2,2,2,2];
c=[3,3,3:,3,3,3,: 3,3
d=[4,4,4,4,4,4,4,4
all=[a,b,c,d]l;
% Random take frgp
for i=1:20

r = randi (

all(r)

all(r) = [

size(all)

&
namel=‘StockA“§hH”
name2="StockB"';

( - -

name3='StockBl} | . o 2 v ;

i A . S P
named= Stoe-k-dllg"a "-"-*-“-”-L" », 3 i ﬁ?"’”u/“}-:’}*
$Categorie
stocka ~ stUIMERSITL TEKMKALMALAYSIA MELAKA
stockB = size(find(all > 1 & all < 3), 2)
stockC = size(find(all > 2 & all < 4), 2)
stockD = size(find(all > 3 & all < 5), 2)
x=1:4;
pause (0.5)
% Rasult
A=[namel,' ',num2str(stockA)]:
B=[name2,' ',num2str (stockB)];
C=[name3, ' 'y,num2str (stockC)];
D=[named,' ',num2str(stockD)];

% To publish to Raspberry Pi

publish (myMQTT, TopicA,A, 'Qos', 0)
publish (myMQTT, TopicB,B, 'Qos',0)
publish (myMQTT, TopicC,C, 'Qos',0)
publish (myMQTT, TopicD, D, '"Qos"',0)

$Construct Table in Figure

bar (x, [stockA, stockB, stockC, stockD]),xlabel ('Stock'),ylabel ('Quantities of
each Stock'),title('Real-time Update on the Stock Quantities');

hold on
end
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Appendix B
Coding to publish data to ThingSpeak from MATLAB.

eles
clear;
close all;

%Connect to MQTT
myMQTT=mgtt('tcp://mgtt3.thingspeak.com', 'ClientID"', 'ETc1KiYzKDQXLCsS
ABMNKCA', 'Username’', '"ETclKiYzKDQXLCsSARMNKCA', 'Password', '148W0U7Uy74
xj)PLO+A9wfdyD', "Port', 1883)

$SDefine Topic's Name
TopicA = 'channels/1592390/publish/fields/fieldl’;

TopicB = 'channels/1592390/publish/fields/field2';
TopicC = 'channels/1592390/publish/fields/field3’';
TopicD = 'channels/1592390/publish/fields/field4’;
a=[1,1,1,1,1,
b=[2,2,2,2,2,

=[3+3; 3,33,
d=[4,4,4,4,4,

all=[a,b,c,d]

all(r)
all(r) =
size(all)

%Categoriegy |

stockA =siee(Fi ﬁﬁ%&&tki 0:;:E§§“€:§¥:1?3 ”"*N /.4“23!

stockB =size(find(all > & all' < 3}, 2%
Stoorn —cuNIVERSITT TEKAIR LJ’E%,%’)“S'A MELAKA

x=1:4;

% To publish to ThingSpeak

publish (myMQTT, TopicA, num2str (stockA), 'Qos',0)
pause (15.0) .
publish (myMQTT, TopicB, num2str (stockB), 'Qos',0)
pause(15.0)

publish (myMQTT, TopicC, num2str (stockC), 'Qos',0)
pause (15.0)

publish (myMQTT, TopicD, num2str (stockD), "Qos',0)
pause (15.0)

%Construct Table in Figure
bar(x, [stockA, stockB, stockC,stockD] ), xlabel ('Stock'),ylabel ('Quantiti
es of each Stock'),title('Real-time Update on the Stock Quantities');
hold on
end

data = ThingSpeakRead (1592390, 'Fields',[1,2,3,4], 'NumMinutes',10,
"OutputFormat', 'TimeTable")
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Appendix C
Coding to send alert notification to E-mail via ThingSpeak’s MATLAB Analysis.

% Enter your MATLAB Code below

channellID = 1592390;

alertApiKey = 'TAK@O1UQPFM2998XQ41ZV4';

options = weboptions("HeaderFields", ["ThingSpeak-
Alerts-API-Key", alertApiKey ]);

alertUrl = "https://api.thingspeak.com/alerts/send";

alertBody = ' Stock B is now 7 stock left ';
alertSubject = sprintf("Please check on the Stock B
");

[timestamps,StockA]=

thingSpeakRead(channellID, 'NumMinutes',12, 'Fields',1);
[timestamps,StockB] =

thingSpeakRead(channellD, 'NumMinutes',12, 'Fields',2);

#Set the outgoing message
if StockA < 5

alertBody ' sﬁrintf ('Your Stock has less than 5
stocks.how. Please top up“the stock AL")j
alertSubject = sprintf("please eheek,on the Stock A
")J -
webwrlte(alertUrl »— body™, alertBady, "subject",
alertSubject, -options); '

try Vg —

webwrite(alerturl”, "body", alertBody, "subject”,

alertSubject, options); : oy ™

cateh someException| .
fprintf("Failed to send alert %s\n",
someException.message);
end
end

if StockB<5

alertBody = ' Your Stock has less than 5 stocks
now. Please top up the stock B.';

alertSubject = sprintf("Please check on the
Stock B ");
try

webwrite(alertUrl , "body", alertBody, "subject”,

alertSubject, options);

catch someException
fprintf(“Failed to send alert: %s\n",
someException.message);
end
end
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if isempty(StockA)
alertBody = ' No Inventory in Stock A Now ';
alertSubject = sprintf("Please check on the Stock
A");
try
webwrite(alertUrl , "body", alertBody, "subject",
alertSubject, options);

catch someException
fprintf("Failed to send alert: %s\n",
someException.message);
end
end

if isempty(StockB)

alertBody = ' No Inventory in Stock B Now ';

alertSubject = sprintf("Please check on the Stock B
")
try

webwrite(alertUrl , "body", alertBody, "subject",
alertSubject, options);

W L \ L . " '
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Appendix D

Coding of MTB robot in defining the pick and place positions of the stock from different
shelves red, yellow, green and purple.

REM 1ST

PROGRAM BEGIN LABEL

CLEARBIT 1

SETROTVEL 90

SETLINVEL 0.1

MOVE -92.6696 BGB8O8 0.025 -151 REM Pick from shelf red
REM CLOSE GRIP:

SETBIT 1

WAIT 1500

MOVE 77.8Q9I_Q -151 REM Place on conveyor
REM open the gripper:

CLEARBIT 1

WAIT 1500,

REM 2ND

PROGRAM MIDDLE L'ABEL "

CLEARBIT 1

SETROTVEL 90

SETLINVEL 0.1

MOVE -117.1058 #8861 0.025 -151 REM Pick from shelf yellow
REM CLOSE GRIP:

SETBIT 1

WAIT 1500

MOVE 77.8691 - 0 -151 REM Place on conveyor
REM open the gripper:

CLEARBIT 1

WAIT 1500
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REM 3TH

CLEARBIT 1

SETROTVEL 80

SETLINVEL 0.1

MOVE -151.1870 HOIGOIS 0.025 -151 REM Pick from shelf green
REM CLOSE GRIP:

SETBIT 1

WAIT 1500

MOVE 77.8691 B5I9058 0 -151 REM Place on conveyor
REM open the gripper:

CLEARBIT 1

WAIT 1500

REM 4TH- '

CLEARBIT 1

PROGRAM ‘MIDDLE LABEL

CLEARBIT1,

SETROTVEL 90

SETLINVEL 0.1

MOVE -186.7732 #8890 0.025 -151 REM Pick from shelf purple
REM CLOSE GRIP:

SETBIT 1

WAIT 1500

MOVE 77.8691 8519058 0 -151 REM Place on conveyor
REM open the gripper: -
CLEARBIT 1

WAIT 1500

Delta degree 1, 0;
Delta degree 2, 0>
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Appendix E

The study of distance analysis of the RFID system from the previous project is illustrated

as in Table B1 and Figure B1. The Table B1 shows the RFID can be read by the antenna in a

range of -120 cm to 160 cm.

Table E Result of Data Analysis

Qutdoor Centre Indoor
Distance -180 | -160 | -140 | -120 | -100 | -80 | -60 | -40 | -20 0 20|40 | 60| 80 | 100 | 120 | 140 | 160 | 180
(cm) Test
Test1 1] 0 0 1 1 1 1 1 1 1 1{1 111 1 1 1 1 0
Test2 0 1 1 1 1 1 1 1 1 1 1]1]1]1 1 1 0 0 0
Test 3 4] 0 1 1 1 1 1 1 1 1 1)1 1 1 1 1 1 1 0
Graph Reading Vs Distance
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Figure E Graph Reading versus Distance (ct)
" Appendix F

Here is the video simulation of implementing loT-based Inventory Warehouse Management

System using CoppeliaSim and the Implementation of MQTT Protocol with Raspberry Pi and

ThingSpeak in sending and receiving data. ( https://youtu.be/8Kb3xRgENIA )
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