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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 loT dalam inventori gudang 

menggunakan MQTT protokol dicadangkan sebagai sesuatu penyelesaian untuk 

mengantikan kerja menjejak inventori secara manual. Message Queuing Telemetry 

Transport (MQTT) protokol mempunyai sifat automatik dalam menghantar data terkini yang 

dapat dijejak melalui telephon bimbit. Keupayaan Seni bina MQTT protokol dikaji 

menggunakan aplikasi berlainan dalam mempapar mesej dari MATLAB ke Raspberry Pi 

dan MATLAB ke ThingSpeak. Kedua-dua seni bina MQTT mempunyai keupayaan kerana 

data mempapar adalah sama dengan data diterima. Selain itu, ThingSpeak juga boleh 

menghantar a.maran kepada pengguna semasa terdapat kekurangan kuantiti inventori yang 

tetap. Amaran ini dapat mengelakkan kekurangan inventori dalam kilang. Kajian ini juga 

akan melaksanakan kecekapan analisi dan kos 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 IoT-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 mobile device. The MQTT Protocol architecture is study the capability in 

using different applications such as publishing data from MATLAB to Raspberry Pi and 

MATLAB to ThingSpeak. 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-mail 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. KN KAL MALAYSIA t:.LAt\A 
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CHAPTERl 

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. 

~p.l.A /'4 

" 11~ ~ ( 

l'~ 

1.1 Research Background :1> 

In this age of globalism, 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 the warehouse inventory between the 

buyers or customers have to be maintained. (Laxmi & Mishra, 201 8) 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. 
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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 Identification (RFID) technology offers 

effective inventory tracking by exposing the physical placement of inventory to digital 

systems (Aishwarya Raj Laxrni, 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 as a scalable pay-per-use data storage solution. 

The outbreak of Corona Virus Disease 2019 (COVID-19) has devastated economic 

sector especially supply chain. (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. 
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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 inventory tracking will improve efficiency as workers can then be tasked 

with more impactful duties. ~ 

1.3 Objectives 
n ___ _ 

The objectives of the project are as below: YSIA MELAKA 

(a) To investigate current IoT-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. 
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1.4 Scopes of the Research 

The project scopes ofresearch are shown as below: 

(a) Research will be conducted on the loT-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. 

(b) The study on the IoT-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. 

( c) Appropriate method to develop MQTT protocol is studied and the comparison 

is made between different type of Cloud service provider. 

( d) Extend the existing warehouse management system by enhancing the system 

into Cloud Based service that can accessed by different users in a software-

based. .. .. -.. 
vc SITI TEKNIKAL MALAYS A MELAKA 

1.5 Rational of Research 

The rational of project research are shown as below: 

(a) 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. 

(b) Different type of IoT components have different system requirement. 

characteristic and working principle of each components have to be weighed 
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when deciding a suitable component in implementing an loT system that can 

c01mect to the mobile phone with suitable Cloud Service provider. 

(c) To construct a reliability alert system ofThingSpeak to notify the user when 

low inventory occurred. 

1.6 Organization of the Study 

An IoT based RFID inventory tracking system using MQIT 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 its 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 5. 

.. .. \4-;._.·~ ~- r;,J u .. .. 1.,.;1.. v .. .. 
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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. 
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CHAPTER2 

LITERATURE REVIEW 

This chapter is a compilation of work done by other researchers on topics related to 

the proposed project. Infonnation that are relevant to inventory tracking and management, 

along with Internet of Things (loT) using Message Queuing Telemetry Transport (MQTT) 

protocol is presented and discussed. 

~ 

2.0 Warehouse Inventory System 

Warehouse Management System (WMS) is Software that is designed for optimizing 

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

.. .. .. .. ~·· v ~ .. ,,, .. 

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 oflarger 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 
Manual 

Semi-automated 
Fully-automated (RFID) 

System (Barcode) 

Efficiency Low High High 

Consistency of result Low High High 

Data Storage A Paper-Work System with Low System with High Capacity 
Capacity 

Challenges Human Error Unreadable Label That Low-Cost effectiveness 
Is Damaged (maintenance & testing) 

TECHNOLOGY ROADMAP: THE INTERNET O F THINGS 

Technology Reach~ .. .. 
UN VERSITI T 

Software <igenis and 
ftdVancf'd sensor 

'11iniaturization power~ fus1or .. ~ 
efficient elec;troriics, and 
uvallabfe spectrum teleoperation an 

tolepresence: Abllily to 
monitor and control 

Ability of devices locr-n:-1c_d--.--...tt//jdl!i~st;::a=n=t :::;-obi·ects __ _j Indoors 10 roco1vo 
goolocat on signals Locatiflg pooplo and Physical Wortd Wet> 

Cost r&ducllon leading eve ryday ob,ects 
to diffusion into ~nd Surveillance urily Ublquh.ou• PoslOont"9 

wave o' applications healthcare, t~ansport ' 
Demand for expedited food salety, document 
logisllcs managemenl 

' RFID lags for Ver1oc ... M•rt<•t Appllc:•toons 

fao l11ating routing, 
inventorying and loss 

reveni on 

2000 2010 2020 Year 

Figure 2.2 Technology roadmap for Internet of Things (IoT) (Tejesh & Neeraja, 201 8) 
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Besides, Mathaba et al (2017) states the IoT 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 IoT 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 (loT} 

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) 

• •e WSN Medical Tt ansportation Emergency Services Mob lie 
Applications Applications Appllcatlons Applications 

RFComms Gateway 
(Zogbee. DSRC. Bluelooth. WoFI. 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 IoT 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 loT 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.l Barcode 

Barcode is a method to encode infonnation 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 scanning and decoding it through a bar code scanner, and performing a look 

up of the code in a registered database. (Putra Yudha et al. , 201 8) 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) 

I I 

036 001 914 2 

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. 
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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) 

Barcodo lnvontory Control System 

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

Phiri, 201 7) 

Table 2.2 Pros and Cons of Barcode Sensor 

Concerns Pros Cons 

Cost concern • It is inexpensive as it can be • High Overhead cost as the inventory 
designed and print, extremely to be tracked is a lot. 
flexible to implement, and can 
be used in other aspects. 

Time concern • Time efficiency in less training • Low time efficiency in finding the 
time needed for operator to inventories as it needs to be referred 
familiar. to on the spreadsheet manually. 

Performance concern • Can automatically send data to • Short rage 
cloud-based. • Does not have read or write 

• Almost no privacy issue capabilities 
involved in use. • Human error would happen 

• Damaged I Blurred barcode over 
time. 

10 



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.(K.han & 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 (Open CV) and ZBar libraries are used to identify the QR code 

while deep learning text detection is performed using Tesseract library. 
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Camera and 
Lens 

Software 

Conveyer 
(Robotics) system 

~~~~~~ 

Obj ect 

Figure 2.6 Detection process of the object or image (Robotics Tomorrow) 

~Table 2.3 Pros and Cons of Computer Vision 

Concerns Pros Cons 

Cost concern High-cost efficiency because it is High-cost implementation for high 
independent as it does not require a technology infrastructure. ,,. 
transponder like RFID tags or any 

~ 
printed object to attach on the target I 
product. 

Time concern Time efficiency in reducing operator Time needed in recheck of the undefined 
training time as it is easy to use. picture that captured by the camera 

vision. 

Performance • Accuracy as it does not have • Short range 
concern limitation like as human • Bad Picture Quali ty reduce the 

perception. performance and accuracy in collect 
• Simplicity infrastructure that can the data. 

upgrade and replace easily. • Cannot perform when it got 
obstacle block of the camera. 

2.2.1.3 Radio Frequency Identifier (RFID) 

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

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 Al wadi et al.(201 7), RFID technology is easily scalable for 

use with general development of algorithms in smart inventory systems. The electromagnetic 
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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 <:==:=::::>- stave 
command commM-d 

Applic.atlon 

'· 
·1 Reader L ·1 Tag 

ru!sponse Response 

Ma~ter <: > Slave 

t et.ta flow t 
Figure 2.7 The components of RFID system (Tejesh & Neeraja, 2018) 

:'I~ 
" Integrated 

Antenna 

Tag 

Figure 2.8 RFID tag (Adcbarcode,2017) 

.. 
A 

) 

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 

ta_gs 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 

Cost concern 

Implementation 
concern 

Security concern 

Pros 

Low operating costs as RFID tags can be 
reuse. 

• Less labour needed for replace manual 
keeping track work into automated 
provide real-time data. 

• Less error occurs as it is a automated 
system with high accuracy of read 
rate. 

• High Efficiency with the high 
accuracy given in real-time and user 
can monitor all inventory details that 
keep in RFID code. 

Secure than Bar code 

2.2.1.4 Conclusion n ___ _ 

Cons 

High investment cost needed as it 
need new Infrastructure and 
equipment. 

• Difficulties in getting the 
information in metal or liquid 
environment. 

• Collision happens between tags 
when respond at a same time. 

• Collision happens between 
reader when the signal is 
overlap and tag unable to 
respond. 

• Smaller tag will be hidden or 
missing. 

DoS Attack against RFID Reader. 
Encryption of information and 
authentication ofRFID 

The uses and working principle of sensor type is studied. The use of RFID is more 

suitable than computer vision and barcode. In cost, the barcode 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 loT Gateway 

Application 
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Network 
domain 

Sensing 
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User Interface Devices [ i[jd M~itorong 

Tablet, Smart Watch, etc. 
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Figure 2.9 General feature of IoT Gateway (Kang et al., 2017) 

The IoT gateway acts as a communication protocol that enables massive sensors and 

machine can be connected to transmit 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 

" <lPIOll> 
GPIO' 
GP104 
OPtOO 

OPI014 
GPI012 
Of'I01.J 
OP1016 
tWIC3 
CWI01 

Figure 2.10 NodeMCU (Paveesha et al. , 2020) 
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The Wi-Fi communication in an IoT based project is processing by usmg 

NodeMCU and it can be said as IoT 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-I 0) 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 I/O pins and analog pins, a power connector, a microcontroller 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 VO 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 tills 

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 and Pi OS as its operating system. Besides that, it comes with a set of GPIO 

(General Purpose Input/Output) pins which allows the control of electronic components for 

physical computing. (Open Source) It 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 5 V 

power supply and operates at 3.3V logic level for its General-Purpose Input/Output (GPIO) 

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? 

Raspberry Pi 1 Model B 
R2014a - Current No 

(discontinued) 

Rasgberry Pi 1 Model B+ R20 l 4b - Current No 

Rasgbe!IY Pi 2 Model B R2014b - Current Yes 

Rasgbe!IY Pi 3 Model B R201 6a - Current Yes 

Rasgbe!IY Pi 3 Model B+ R20 I Sb - Current Yes 

Rasgbe!IY Pi 4 Model B R2020a - Current Yes 

Raspberry Pi I Model A, No support No support 

2.2.2.4 Conclusion 

In conclusion, the overa11 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 

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. Through 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 amount of energy, which further enhances compatibility with IoT 

and M2M applications. (Octaviani & Ce, 2020) Some security threats of Bluetooth 

technology include Pin cracking, MAC spoofing, Man-In-The-Middle (MITM) Attack. 

MITM attack is an exploit that interrupts the connection during Secure Simple Pairing (SSP) 

to steal infonnation from the connected device. (Zeadally et al., 201 9) 

2.2.3.2 Wi-Fi 

TM 

Figure 2.1 4 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 IoT applications where 

high communication bandwidth is required. (Yiiksel, 2020) Wi-Fi can wok in 2 different 

band which is UHB band with 2.4GHz (lOOMHz) 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. (Alonso-Zarate & Dehler, 2016) There is some treat when Wi-Fi hotspot is 

activated, such as sniffing, DNS Spoofing and Hijacking. (Susila et al., 2017) 

80% 

• Sniffing • ONS Spoofing • Hijacking 

Figure 2.15 Percentage of successful activity of the attacks (Susi la 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 lOOm 
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 infonnation 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) 

TCPn P Layers lo T Protocols 

I CoAP I MOTT !Others! Appllcatlon 
~ AMQP 

Tran1pon TCP UDP on.s 

Internet TCP ) (11.o-..! []EJ 

IEEE 8'l2.15.A 

Nttwo<I< 
~EEEI02.11/b/i!!!!1c/1d/1hlul 
l lEEE 842.l Ethernet I 

GSM i Q!!J 11.J'WANI 

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 (Y okotani & 

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.(Dizdarevic et al., 2019) 

I ~cc I l~QlfSl.-- ----
HlTP R!:.51'()\( I ••· ..... 

+ • •••••• • •• ••u••••• 

.~·· 
Figure 2.17 Architectural of HTTP (Y okotani & Sasaki, 2017) 

.. ..... "' 
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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. 

(Dizdarevic et al., 2019) 
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Figure 2.18 Comparison between architecture of Co AP and HTTP (Devopedia, 2019) 

2.2.3.8 MQTT 

The Message Queuing Telemetry Transport (MQTT) was releasing in 1999 and it 

has modified into may version throughout the years and the latest is MQTT v5 which get 

OASIS standard in 2019 by upgrading its performance in term of simplicity to implement. 

(B. Mishra & Kertesz, 2020) OASIS is Non-profit organization (NPO) approve the standards 

for advanced projects. 
l \/ - ~. . 
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Figure 2.19 The MQTI 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 oflarge 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;Yokotani & Sasaki, 2017)) 

Control 
Commands 

Proce1Hd 0.t• 

O.ta center 
(proceulnc, 1nalyllnc. 

1torac1,_ ) 

Internet 

Actions 

[ Sensors, A<tuetors, Oevlc11 ... Final U11rs (tablet, ] 
smert phone, 11ptop ... I 

Figure 2.20 Architecture ofMQIT Protocol (Pham & Hoang, 2021) 

MQTT broker can communicate in many-to-many that allow can exchange data 

between several clients by several publisher (Valente & Neto, 2017) and also in different 

type of communication. (Jaloudi, 2019) It is connected via a TCP which can transmit the 

data continuously 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, 2020; Pham & Hoang, 2021) 

Quality of Service (QoS) Description 

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 I) 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, 201 8) 

Next, the MQTT have high security due to the MQIT brokers need to sign in with usemame 

and password authentication from clients to connect. (Kaya! & 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 MQTI can be summarized into: 

T bl 2 8Ad a e vantages o fMQTT 

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. Kaya I & Perros, 20 I 7; Mishra Devesh et al., 2019 

High Secure Kayal & Perros, 2017; Rebecca Deprey,2020 

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

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

MQ11 
BROKER 

(RPi) 

Topic: shipment 
tracking(goods) 

sub cribed topic 

~~QTT -ELA 

Subscribe/Clie11t 

Publish data of 

Figure 2.2 1 MQTT Protocol on tracking shipment 

2.2.3.9 MQTT vs Other Communication Protocol 

HTIP 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 MQIT is shown in Figure2.23 . The overall comparison of HTTP, CoAP and MQIT by 

Jaloudi (2019) is shown in the Table 2.8. 

0 e o 
Client Server Client Server 

TCP SYN TCP SYN 

"rren{ 
_ Request _ Request< 

lmn Reply -= --- Replies~ TCP FIN 

~IN 
TCP SYN 

~'''{ 
Requests -Repl ies - _ Request J CoAP - -- Reply 

TCP FIN -
Figure 2.22 Request and Respond model used by HTTP and CoAP 

0 0 
Publisher Broker Subscriber 

Publish (Topic, data) 

Subscril><(Topic) 

Publish (Topic, data) 

Figure 2.23 Publish and Subscribe model used by MQTI 

Table 2.9 MQTT compared with others Communication Protocol (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 DILS SSL, TLS 

From the studied of Dizdarevic 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) 

26 



2.2.3.10 Conclusion 

The MQIT 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 ofYokotani & Sasaki, 2017 in comparing the bandwidth required in HTTP and MQIT 

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 HITP 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, MQIT which is a one-to-many protocol is selected to reach the objective we 

need to connect to different users. 

2.2.4 Cloud Service Application 

2.2.4.1 MIT App Inventor 

.. .. ..... ...... -- - - - ·- . -

l N&ERSITI T KNIKAL M 
·-·-·-·-·­o-
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I 
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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 
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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) 

·­.... ·­... ·­·-·­·-... _ . ._ 
"· 

·­·-. ..,_ 
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••• 
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i 

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 across various platforms such as Android and iOS by creating 

a layout using different widgets such as button shown in Figure 2.27. It also supports storing 

and displaying sensor data. 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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Figure 2.27 Schematic of the Blynk's component 

2.2.4.3 ThingSpeak A 
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Figure 2.28 Sensor output on Thing View Free APP (Tapakire & Patil, 2019) 
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ThingSpeak is loT platform developed by Math Works, 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 Thing View application. 

!J';JLA v_J.A .~ ... ·~_.:; ~- r~) 
.. .. v .. .. ~.. v .. . 
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2.3 Relevant Works 

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

Author and 
Research tittle Method used Result obtained 

year 

Saha D, Warehouse • QR code and • Able to perform text detection 
Agarwal P Management Using numerical code. using Tesseract OCR. 

(2019) Real-Tin1e QR-Code • Open-source • Save cost by using paper for the 
and Text Detection computer vision label. 

Bing& Design and • Barcode with Digital Able to increase the scanning speed 
Yang, development of image processing and accuracy of the barcode 
(20 19) inventory system technology recognition. 

based on barcode 
scanning technology 

Putra Yudha Applications of goods • Sensor type: Barcode • Able to get information and status 
et al. (2018) inventory system that • Android of the inventory. 

uses barcode scanner • phone reader • Able to exchange data using phone 
on Android by connecting to the sever. 

Alfian et al. Application ofRFID • Computer Vision and • Able to avoid misreading and 
(2017) and Computer Vision RFID ghost reading problem by 

for the Inventory • IP Camera 
,_ 

combination of 2 sensors. 
Management System • PC core i3 r 

Lakshmi IoT based food - ·-. Load cell 

II~ 
• Able to track real time and history 

Narayan, S. inventory tracking = ·- Arduino inventory through windows and lo• 17 -
P., system. • NodeMCU Android application. 

Kavinkartik, In Communications in 
I_. 

Able to develop analytic tool for • MQTT protocol - . ~ • 

E.,& Computer and • 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 • Raspberry Pi different warehouse locations. 
(2018) using Internet of • Cloud MQTT broker • Able to develop data analytic tool. 

Things (loT) • MQTT Subscriber • Able to implement an user friendly 
supported by GUI MQTT broker with the Cloud-

based MQTT broker. 

Valente & Intelligent Steel • RFID • Able to come out a special RFID 
Neto (2017) Inventory Tracking • MQTT tag for metal product 

with IoT I RFlD • iBeacon 

Mathaba, On the use of the • 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 • Arduino • Able to received notification on 
Oladosu, J. , management. • HTTP real time inventory status. 
& Oki, 0. • Beachcomber 

(2017). • Twitter 

Gopi Design and • Raspberry Pi . Able to provide inventory data 
Krishna et development of bi • NodeMCU . Able to analyze data. 
al., 20 18 directional IoT • Mosquito - MQTT 

gateway using broker 
ZigBee and Wi Fi 
technologies with 
MQTT p rotocol 
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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 loT 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 c01mection 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 experiment at home with their ow PC. 

In additional, to own a wider range of monitoring, Wi-Fi is chosen instead ofBluetooth 

as the network connection in this prototype. It can be easily to set up with the wireless Lan 

built in in Raspberry Pi. Wi-Fi also can provide more people to connect on to a same sever. In 

the studies on various type of communication protocol, the MQTT is chosen as rather than the 

benefits in fast transmission, the pattern of one-to-many etc. 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 

pl'1:tform that suitable in the small scaled project in this prototype. 
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CHAPTER3 

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 

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. 

( Start 

i 
Project Research 

~ 
Problem 

Statement 

i 
Idea Generation 

r Propo .... sal Submit 

No " 
~ Approve? 

I 
Yes 

"' 

Report Writtin~ Tl TEKNI 

Find Resource 

l l 
Internet Book 

Statisfy? 

Design of Proposed Inventory Sys tem 

Framework with MQTT 
1--~ 

Detennine The Technologies In 
Implementation of MQTT protocol 

i 
Implementation of loT-based Inventory 

System Simulation using CompeliaSim 

.. 
Implementation Of Raspberry Pi And 
Thingpeak Architecture Using MQTT 

Protocol 

Connected 
No 

Yes 

MQTT "Test Run In RaSj)beny Pi And 
Thing Speak 

i 
Alert System lnThingSpeak 

... 
Efficiency Analysis 

Cost Anaysis 

i 
Project Presentation 

Report Submission 

l 
( End ) 

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

ASRS 

, ____ ASRS --+1~1.--• - Da1•l>a,. -"+11------ RFID Rtodu K• 

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 connected to the Raspberry Pi' s USB port. Set up the Wi-Fi on 

Raspberry Pi to connect to the ThingSpeak. The user can monitor the data in ThingSpeak and 

get notified from ThingSpeak. 

3.3 MQTT Protocol Architectural :t: · ~ ~ v:,.;, J .. 
u N IVERSITI TEKN I KAL MAL~~--M-Q_TT_S-ub-sc-ribe-----. 

MOTT Publisher 

Publish 
data to 
Topic X 

..-------. Subscribe 
MQTT Broker to topic X 

Data 
published 
oo topicX 

• 

Figure 3.4 MQTI Protocol architectural 

, , 

'I 
ThingSpcak.com 

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 o,ut the 

new system such as loT things. 

Hence, 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 coding that is similar to the real-time scenario . 

.... 
V' 

Hardware components needed to 
capture the Inventory 

·L-
~ · -

.____Pc _ ___,! I Raspberry Pi I 

Be 
Replaced 

Software to simulate on 
random picked of inventory 

I.> .. .. 
SA 

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. 

Level 

2 

3 

Table 3.2 Technologies in implementation of MQTT protocol 

Description 

Controllers 

Connectivity 

Data 
Accumulation 

Components 

MATLAB 

MATLAB. 

Gigabit Ethernet Cable 5 meters 
5 Meter 

Function 

• It is used to write a code set to 
stimulate the MQTT protocol 
in publishing data to 
Raspberry Pi and ThingSpeak. 

• It is used to connect the router 
with Raspberry Pi to receive the 
WIFI. 

It is used to connect the Matlab 
to ThingSpeak 

.. ~ v .. .. 

Raspberry Pi 3 B 

Cloud Service - Thingspeak 

QThingSpeak 
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• It can be connected to the WIFI 
using it a special IP address. 

• It is the version that the 
MATLAB can support. 

• It is a platfom1 to receive data 
from the publisher. 

• It is a platform for the users to 
monitor the data. 

• It offers visualization and 
analysis of the real-time data 

• It can also send alerts vis e-mail 
to the user on the inventory 
level. 

• Every 15 seconds of updating 
time. 



MATLAB Analysis 

MATLAB. 

4 Data Abstraction Mobile Device 

• It is used to write a set of 
MATLAB code to notify the 
user from ThingSpeak Alerts. 

• It is a user's application to 
subscribe or publish topics to 
Thing Speak. 

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

3.6 Implementation of IoT-based Inventory System Simulation 

A'Y I 

Due to this project being Software-based, GoppeliaSim offers a better illustration in 

understanding the proposed loT-based Inventory Management system. The environment in 

CoppeliaSim will be set up with four different shelves that contain stocks, Machine Type-B 

(MTB) robot as shown in Figure 3.6, conveyor belt, and PG. The MTB is used to pick up those 

stocks from the shelves and place them on to the conveyor, and the RFID reader will scan the 

stocks. 

UNIVERSITI TEKNIKAL MALAYS A MELAKA 

Figure 3.7 shows the general idea of the algorithm to construct the IoT-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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Create the formula in MATLAB to 
calculate the angles 91 and 92• 

Determine the position of the stocks 
and the conveyor based on the MTB 

robot in CoppeliaSim. 

Input the parameters of x, y, 11 and 12 

Into the quatlon In MATLAB 

--< Error in '>--
Yes MATLAB? / No 

p.. 

"?":" ~ 
- ~ 

Function call the MTB too pick up 
the stock from shelf 

< Stock Picked Up? >-No 

1 
Yes • 

1 
Function call the MTB to place stock 

on the r nveyor I 
< Stock Placed? >-No---' 

T 
Yes ... 

RFID Reader and limit sensor 
scanned the stock 

t 
Increase the speed of Conveyor to 

deliver the stock 

_ i_ 

...:: 
~ 

~ Figure 3.7 Algorithm of the simulation in CoppeliaSim 

MTB robot is a two-degree-of-freedom (DOF) robot. The angle ofrotation of the joints 

to reach the desired place is determined by the inverse kinematics, which is the position and 

orientation of the end-effector. The end-effector at ZJ is static. The equation of the cosine 02 

( c2) of the axis at the second joint is given as Equation 3. I : 

x2 + yz + Li + l~ 
Cz = 2l1l2 

Equation 3. I 

Where x and y refer to the x-axis and y-axis at ZJ, respectively, 11 and hare the lengths 

of the first and second links of the MTB robot. By using the trigonometric equivalent value, 

we obtain the equation of sine 02 (s2) Equation 3.2: 

d +si = 1 

si = ±j1 -ci 
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The angle of 02 can be obtained from the arctangent function in MATLAB with the 

Equation 3.3 : 

()2 = atan2(s2, c2) Equation 3 .3 

In order to find the angle of 01 , 2 parameters are introduced, k1 and k2. The new 

parameters is Equation 3.4 and Equation 3.5: 

kl = l1 + l2C2 

k2 = l2s2 

Equation 3 .4 

Equation 3.5 

The angle of 01 is calculated with the arctangent function in MATLAB with the 

Equation 3.6: 

()1 = atan2(y,x) - atan2(k2,k1) Equation 3.6 

As the angle of 01 and 02 are determined, the end-effector's position can be determined. 

The Equations 3.1 to Equation3.6 are crea ed in MATLAB to calculate the angles 01 and 02. 

(Math Works, 2016) Those inputs will be inserted to get the position that MTB robot can reach. 

j ~·· ) 

3.7 Raspberry Pi Implemented with MATLAB using MQTT A 

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 

M~UI Pyl;?li~!u:r MQTT Broker Subscribe MOTT Subscriber 
to topicX 

~ 
rJj pi@raspberrypi-QGow5pKtlf: -~ ~ -:--

Publish Data 
data to published 

MATLAS TopicX I Raspberry Pi I onTopicX I Raspberry Pi I 

Figure 3.8 MQTI Protocol between MATLAB and Raspberry Pi 
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MQIT 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 MQIT using its 

IP address. Then, MATLAB is configured as an MQIT 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 MQIT function in constructing this function. 

3.7.2 MQTT Publisher 

The warehouse inventory quantities update is stimulated by MATLAB act as MQIT 

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 

hand-pick stocks randomly from four different shelves with the different initial number of 

stocks as in Table 3.3. The stocks will randomly decrease by one from stock labeled A, B, C 

or D for 20 times and publish to the MQIT subscriber in receiving the updated quantities . 

.. 
,...~,., ,.._,._.,w 

Function Connect Pause 0.5s 
UN V Matlab to Raspberry Pl A 

T 

+ Publish message to Function Connect 
Matlab to Raspberry Pl specified topic and field 

via MQTI in MQIT configuration. 

+ + 
Create 4 different topics 

publish(myMQTl',T 
opicA, nun2str( s t 
ockA), ' • , 0) 

+ • Define the quantities of 
stocks for 4 different Construct and Update 

shelves Stock left in table 

+ t 
Random Pick 1 stock ~ i=20? > 

from the shelves No 

I 
Yes 

t End ) 

Figure 3 .9 Algorithm of the coding in MATLAB connected to Raspbeny Pi 
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Table 3.3 Initially quantities of stock in Raspberry Pi implementation 

Stock Label Initially Quantities 
A 3 
B 6 
c 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 to 

Figure 3 .10 Set up Raspberry Pi connect to MQIT in Matlab 

'"nn-"·---
To connect between MATLAB and Raspberry Pi, several steps are carried out, as in 

Figure 3.10 shown. First, Raspberry Pi has to be activated and connected to the Wi-Fi . Then, 

the installation of a support package of Raspberry pi in MATLAB for the libraries of MATLAB 

functions. Next, function call to connect the raspberry pi with MATLAB and generate the 

coding in MQIT configuration to send the message using MQIT. 

3.7.4 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 Pu TTY. 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 usemame and ' raspberry' for the password 

as in Figure 3.13. 

= LAN Scan Scan 

WI-Fl NETWORK (4) 

raspberrypi·QGowSpKtl f 

I 8 1 15 
Raspberry Pi round31on 

b8 27 eb Oa 74'69 > 

Figure 3 .11 Scanning IP address of Raspberry Pi 

~ PuTIY Conf1gurat1on ? x 

~.A'Y~ 1- Session ~ 

I Loogno 
~ Terminal 

Keyboard 
·1 Be11 
~ Features=----'= 
~ \Afindow 

I 
~- fi»pearance 
; BehaviOur 

1 ~ Translation 
I ~ - Selection 
I i Colours 

Fl Comection 
' Data 

l··- Proxy 
$· SSH 
!···· Serial 
!-· Telnet 
~-- Rlogin 
! .. suPOUP 

I TE 

[ He~ 

Basic options for YOU" Pu TTY session 

Specify the destnation you want to comect to 

Host Name (OI' IP address) ~Po_rt ,___ 

192.168.115 jl-22 __ _, 

Comection type: 

@ SSH Q Serial 

Load. save °' delete a slored session 

Saved Sessions 

I 
. • · # rY-:) .. "-? ·· I .. 

Def aul Settings 
LAYS AM Load 

Save 

Delete 

Oose v.indow on exi: 
0 .AJways 0 Never @Only on dean exit 

Open 

Figure 3.12 PuTTY Configuration 

f9l pi@raspberrypi-QGow5pKtlf: -

ifl l _ ;:..:. "": ! -
if! r--:-~:. _ .:c._,_:;.•,, '-"=,,,._:J: 

0 x 

, ~~-'..::~ :c.=;-: . .c::;r :..-;::::_,:::.r:·L::: s . .;.s_-,,.-_ L~~~ 5!·'.F !·'. :: ;,_,· __ .::~°'=-~ :o.:: :_:: " 

Figure 3.1 3 Interface of the command-line of Raspberry Pi 
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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. 

MOTT Publisher 

ThfngSpeakcom 

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 
B 
c 
D 

Total 

( Start ) 

• Function Connect 
Matlab with Thi~Speak 

using MQIT 

Create topic in MQIT 
configuration 

Define the quantities rl 
stock tor 4 different 

shelves 

Pause 15 s 

Construct ar'K:I Update 
Stock left in table 

t 
-< i=20? ::::: - Yes 

6 
9 

20 
11 
46 

Read the data from the 
ThingSpeak by construct a 

Ti meTalle 

j 
End 

Figure 3.15 Algorithm oftbe coding in MATLAB connected to TbingSpeak 

3.8.3 MQTT Subscriber 

ThingSpeak and Thing View 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 Thing View 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 1592390 

Name Inventory Quant,~es 

Description To updatestoc:k labels A, B, C, and D into 

• 

Field l 

.!.bJ 
Field 4 / Stod<D • ./ 

!) 
Figure 3 .16 Creating channel in ThingSpeak 

UNIVc. ...... I ... &..l"'\KA 

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 password. Figure 3.21 shows that the channels entitle with 'Inventory 

Quantities' are given authority to access and publish data. 

Figure 3.1 7 Get MQIT under 'Device' 

46 



Q ThingSpeakT" Channels· Apps • Devices· 

MOTT Devices 
Add Device• 

Add a new device 

Start here to add a new MQTI 

device. 

Figure 3.1 8, Add a new device under MQIT Device 

Device Information 

Name lr1vr.11tory Ll\/ll Countrng 

Description Upd~te the ~tock :ivarlablQ 10 11'11 warehou~e 

Figure 3.19 Fill up the details in the following column 

..... 
~ 
~ 

MOTT Credentials 

,!) Username 

PClssword 
UNIV 

Figure 3.20 Specific MQIT credentials for the channel. 

Authorize channels to access 0 

•• Seie<l a {.hJrlOea 

Authorized Channel 0 Allow Publish Allow Subscribe 

Inventory Quantities 1592'390) 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 Thing View APP in mobile phone. Fill 

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

-(t') Add new channel 

https://thi ngspeak. com 

Channetto 

Public 

Figure 3.22 ThingView in subscribing channels 
, . 

3.9 Alert System in ThingSpeak KAL MALAYS A MELAKA 

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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( Start J • Getting Data from 
specific channel 

..----- t .. 
NLo i_ 

Q.Stock <5 > 

.. 
i JNo 

< Q.Stock <5 

-No------<!! time = 5 mins 

~ 
Yes 

I 

Serxt Alert via Email 

Figure 3.23 Algorithm of the alert system in ThingSpeak 

3.10 Efficiency Analysis 
r1 TEKNIKAL MALAYS A MELAKA 

Then, a comparison of the performance of Raspberry Pi and ThingSpeak on the time taken 

m 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 

Independent 
1. Raspbeny Pi is connected using Ethernet. 
2. ThingSpeak is connected wireless. 

Dependent 
1. Time interval between 2 messages. 
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 Raspbeny 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 - academic use 

HOME PLOTS APPS EDITOR PUBLISH VIEW 0 Search Documentation 

0 l:J ~ ~Find Files ¢ Insert ~ fx Bi] ... Ul 
N- Open Save 

[1iJ Compare • ¢1 Go To• Comment % kl ;7.~ Breakpoints 
... ~ Print• U,. Find • Indent [I~~ ... 

~ Run Section fir 
Run Run and ~ Advance Run and 

Advance Time 

FILE NA!llG.ITE EDIT BREAY.POINTS 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 subscriber without any missing 

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

UN V Data output 
---.-- x 100% = Efficiency 
Data mput 

KA 

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 MQIT needed. The Price 

of the component is taken from cytron (httos://my.cytron.ioL). 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 

MQTT 
Broker: ThingSpeak O(Free) 

API: ThingView O(Free) 

Total RM167.90 

UN VERSITI TEKN KAL MA AYS A ELAKA 
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CHAPTER4 

RESULT AND DISCUSSION 

This chapter is going to discuss about the result of the developing of IoT-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. 

4.0 Implementation of loT-based Inventory System 

d 
Figure 4.1 IoT-based inventory system 

Developing an IoT-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 ann to the conveyor belt. 
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The MTB robot is not located on the or.igin 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) = 0.2 

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

y-axis 0.8 0 (O) - (0.8) = -0.8 
c x-axis -0.25 -0.8 (-0.8) - (-0.25) = -0.55 

y-axis 0.6 0 (O) - (0.6) = -0.6 
D x-axis -0.21 -0.8 ( -0.8) - (-0.21) = -0.59 

y-axis 0.325 0 (O) - (0.325) = -0.325 

The equations to calculate the angle of joint 1, 01 and joint 2, 02 are generated in 

MATLAB. Figure 4.2 shows the example of the picking position of Stock A. The values x, y, 

l1 and Li are inputted into the equation to get the 'thetaldeg', 01 and 'theta2deg', 02 easily. 

However, the original calculated by MATLAB is in radian units while CoppeliaSirn uses 

degree. Thus, the answer is changed to radian with the line 'rad2deg'. 

\L..- . c ~ . .. . . 
:>~ 4N". ~ ..l"~J 

clear; close 1i~1 ; clc -; ... ~ •• V ' _. .. 
A IKAL MALAYS A 

" • tJ 8, 
11 • 0.467; 
12 • 0.-'005; 

c2 • (xA2+yA2· llA2·12A2) I c2• 11• 12); 
s2 • sq-t (l·c2A2) ; 

tneta2rad • atan2 (s2,c2) ; 
t neta2dei • rad2de1(t neta2rad) 

kl • ll+U•c2; 
kl • 12*s2; 

t netalrac! • atan2 (>•,x) · atan2 (k2,k1) ; 
t hetaldei • rad2de1(t netalrad) 

theta2de& • 

t netalde& • 

Figure 4.2 Coding in MATLAB to calculate the angle 91 and 92 
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Figure 4.3 shows tlie ' thetaldeg', 01 (-92.6696) and ' theta2deg', 02 (36.2898) are 

substituted into MTB language to run the MTB robot in picking and placing the stock A as in 

Appendix D. 

CLEARBIT I 

SETROTVEL 90 

SETLINVEL 0.1 

REM CLOSE GRIP: 

SETBIT I 

WAIT 1500 

MOVE 77.8691 95.9058 0 -151 (Place Stock A at conveyor) 

REM open the gripper: 

CLEARBIT I 

WAIT 1500 

Figure 4.3 Part of the MTB language 

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 MQTT. Then, inventory can be tracked automatically and access by 

mobile devices using Thingspeak application. 

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 ofRFID. 
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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 MQTI 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 MQTI configuration by showing 'Raspberry Pi 3 Model B' connected 

using the device address (192.168.1.15). 
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rpi • 

raspi with propt!rtios: 

DeviccAddrcss: ' 192.168. 1. 12' 
Port: 18734 

8o•rd'f .. t': 'Raspbt'rry Pi 3 Hodel 8' 
AvallablcLEDs: {' lcde •} 

AvailableOi git alPins: [ 4, 5, 6, 12, 13, 14, 15, 16, 17, 18, 19. 20, 21, 22, n, 24, 25. 26, 27 I 
AvallableSPIChannel s : { ' CE0' , 'Cll ' } 

Avaihbl eI2CBuses: { '12c- e', 'i2c- 1'} 
Availablewebca•s: {) 

I2C8usSpeed: 

<a hrcf •"Olatlab: raspi. internal. hclpVic,.( "r aspberrypiio', 'RaspiSupporLcdPeriphorals') ">Supported peripherals</•> 

Figure 4.8 Properties of Raspberry Pi in Matlab 

Figure 4.9 shows MQTI 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). 

A 'Y re)lt~TT :: 

:'I~ 
Mqtt with proper iei;: 

Brok~Addres~ : "1cp:/ / 
Por : 1883 

C'l I f:\r"tlO : 
Ti eout: 

Connect ed: 1 

~n l<~pAlive: 60 

Figure 4.9 Connection between Raspberry Pi and Matlab using MQTT 

UN VERSITI TEKNIKAL MALAYS A MELAKA 
L"'tS • 

(."\ I No. of stock beiDg pick~d \!J......., __ _ 

No. of stock beiDg pick~ 

Tobl number of stocl.: left 

3 

stoet.D • 

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. 

20 r--~~~~~r--~-Re_a_l·t_im_e_Urpd_a_~_o_n_~_e_St_oc~k~Q_u_an_ti_tie_s~--.r--~~~~--, 

18 

16 

i5 14 
.9 
(/) 12 
£ 
"' Cl> 
0 10 
I/) 
Cl> 

~ 8 

"' ::> 

a 6 

4 

2 

Figure 4.11 Real-time inventory update for four stock in Raspberry Pi 

Table 4.2 Stocks quantities updated of Raspberry Pi for 20 Times 

Pick up Cycle Stock A StockB Stock C Stock D Accumulate quantities 
1 3 6 19 11 39 
2 3 6 18 11 38 
3 3 6 17 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 15 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 JO 7 22 
19 1 4 10 6 21 
20 1 3 10 6 20 

I 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 MQTI publisher and MQTI 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 MQTI publisher and MQTI subscriber 

are capable as they can update the stocks ' quantities successfully via MQTI. 

Besides, the graph generated by MATLAB can acknowledge the engineer on the 

quantities of the stock left. The data tabulated can easily define where the stock has been picked 

up. The Raspberry Pi implemented with the MATLAB via MQTI protocol is ease for user to 

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

' L MALAYS A ELAKA 
4.1.3 Capability of MQTT Subscriber 

The capability of the MQTI subscriber (Raspberry Pi) is defined as the ability to 

receive the message from MATLAB via MQTI for 4 different topics. In getting 4 messages 

from 4 different topics, 4 PuTIY 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 PuTIY configurations. 

Figure 4.1 2 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 MQTI 

publisher and subscriber are both capable. 
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t!Jl pi@raspberrypi-QGowSpKtlf: -

Figure 4.12 Data Received of Topic A in Raspberry Pi 
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Figure 4.13 Data Received of Topic Bin Raspberry Pi 

61 



1'J> pi<l!lraspbt!rrypi-QGow5pKtlf: -

Figure 4.14 Data Received of Topic C in Raspberry Pi 
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i}J pi@raspberrypi·QGowSpKtlf: -

Figure 4.15 Data Received of Topic Din 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, usemame, password and port are the keys to accessed the 

data via MQTT. 

63 



Inventory Quantities 
Chonnd 10· 1592390 PSM Test ng2 

A1.1thor: 2'l '"TO 

Accosso Public 

PriYote \11ow Publi:: Yin. Ch•rvwl Settings Sharing APt Keys D•U lmpon / Expon 

Channel Stats 
Crcotcd. @bout a month ogQ 
Entnes 0 

MATU\8 V.....:illzabon 

Channel 3of3 < > 

f1<1d 1 Cl1N1 CZ D ' x field 7 Clwrt c:l D ' x 

Stock A Stock B 

fltldlClwrt Iii ~ ... 
Stock 0 ~ StockC 

~~ "'''n ... ---------~ 

.!J;JVa l__.L \f-=:,u• .. ~ ~. /'~) 
.. "--' .. ~ .. '-".. v ' ... 

0 

UNIV SITI TE.,'! .,JKAL MALAYS A MEL: KA 

Figure 4.16 Interface of the ThingSpeak with 4 fields 

[JThingSpeak · O>•nnth . Aw<. o....ocH· S..ppott . CommHc.Mu,.. Howtoeuy · .. 

MOTT Devices 

OtiluD.UU1 

lnvtntory L vt Coutit ng 
Upd.ito CM $bell &vadaltc m tnc 

.. -
llQTl ti 10110 

Figure 4.1 7 MQTI credential 
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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. 

myMOTT -

~with properties: 
Bro kerAddress: "tcp : //mqtt3.th1nqspeAk. com" 

Port : 1883 
ClientID: "ETclK1YzKDOXLCsSAAMNKCA" 

Tilt.eout : 5 
Connected : l 

KeepAl.ive: 60 

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 layer of Transmission Control Protocol (TCP) which connect to the 

ClientID with port '1833'. 

.st.octc.A • 

6 

5t0Ckll • 

s t ock'C • 

20 

s t ockD • 

ll 

Stockno2 (Stocl.'.B) is 
being pid.:ed 

<::1-.----. l ToWnumber o: stod:ld 
KA 

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. 

65 



x 
u 
.9 

20 

18 

16 

14 

Ul 12 
{i 

"' ., 
0 10 

"' ., 
~ 8 

"' ::> 
0 

X1 
Y6 

2 
Stock 

3 4 

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

The Figure 4.20 shows the bar chart of 'Real-Time Update on the Stock Quantities ' 

generated from the MATLAB 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 quantities of stock decreased by one for 20 times. The data from the 

graph can be tabulated in Table 4.3 for tallying the data received in ThingSpeak. 

Table 4.3 Stocks quantities updated of Thingspeak for 20 Times 

Pick up Cycle Stock A Stock B Stock C StockD Accumulate quantities 
1 6 8 20 11 45 
2 6 8 19 11 44 
3 6 8 18 I I 43 
4 6 8 17 1 I 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 37 
10 6 7 15 8 36 
II 6 7 14 8 35 
12 6 7 13 8 34 
13 5 7 13 8 33 
14 4 7 13 8 32 
15 3 7 13 8 31 
16 3 6 13 8 30 
17 3 6 13 7 29 
18 3 5 13 7 28 
19 3 5 13 6 27 
20 3 5 12 6 26 

I 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 81h cycle is the first 

one to be read. 

d ata = 

39 x.g timetable 

Timestamps StockA StockB Stocke StocltD 

25- J an- 2022 17:40 : 31 NaN 7 NaN NaN 
25- Jan-2022 17:40:47 NaN NaN H NaN 
25-Jan-2022 17:41 : 06 NaN NaN NaN 8 

25-Jan- 2022 17:41 : 17 6 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 1 7 :42 :05 NaN NaN NaN 8 

25-Jan- 2022 1 7: 42:16 5 NaN NaN NaN 

25-Jan-2022 1 7:42 : 33 NaN 7 NaN NaN 
25- Jan-2022 17:42:46 NaN NaN 13 NaN 
25-Jan- 2022 17:43:01 NaN NaN NaN 8 

25-Jan-2022 1 7 :43:16 .g NaN NaN Na N 
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 s 
25-Jan-2022 17:44:16 3 NaN .. NaN ..I NaN 
25-Jan-2022 17:44:34 NaN 7 NaN Na N 
25-Jan- 2022 17:44:46 NaN NaN A 13 NaN 
25-Jan-2022 17 : 45 : 02 NaN NaN NaN 8 

25 -Jan-2022 17:45:16 3 NaN NaN NaN 
25-Ja n-2022 17:45 : 32 Na N 6 NaN NaN 
25-Jan-2022 17: 45: 4·6 NaN NaN 13 NaN 
25-Jan-2022 17:46 : 01 NaN NaN NaN s 
25-Jan-2022 17:46:16 3 Na N NaN NaN 
25-Jan-2022 1 7:46:31 NaN 6 NaN NaN 
25-Jan- 2022 17:46:46 NaN NaN 13 NaN 

25- Jan- 2022 17:47 : 01 NaN NaN NaN 7 

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-Ja n- 2022 17:48 : 01 NaN NaN NaN 7 
25-Jan-2022 17 : 48 : 16 3 NaN NaN NaN 
2 5-Jan-2022 1 7:48 : 31 NaN 5 NaN NaN 
25-Jan- 2022 17:48:46 NaN NaN 13 NaN 
25- Jan-2022 17 : 4 9 :03 NaN NaN NaN 6 

25- J an-2022 1 7:49: 1 6 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-J an-202 2 17:50 :03 NaN NaN NaN 6 

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: .allauU.m.OAlh.ago 
Last entry: ab.aut.~n.h1m.c.aga 

Entries: so 

ftcld 3 Chart CT 0 ' x 

Stock C 

u 20 

~ 
.:;; 
'li 
i IS 

~ 
6 

17)5 17 40 17 4S 

O..t 
nw.,.. ....... 

Stock D 

0 .. 
1' 
.:;; . 
'O 
~ g 

.L 
17 40 170 11·so 

O..t 
,......._u.c""' 

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. 
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4.2.2.2 ThingView 

To achieve objective 2, the Thing View 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 Thing View 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. 

17' . ~) ThingView : 

Inventory Quantities 
https //thmgspeak com/channels/1592390 Q 

<-:'i" 
~ Figure 4.23 Front page interface of Thing View 
lie 
w .... 
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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 (Math Works, 2022a). 

My Profile 

b051820074@student.utem.edu.my 

... 
Time Zone ;.GM 

ARI KeysEKN KA MALAYS A 

UserAPIKey 
GJ1~30QXIPXFISU78 

Alerts API Key 
TAK91UQPF~12998XQ41ZV4 

Figure 4.25 Profile of the ThingSpeak 

4.3.2 Performance of the Alert system 

ELA KA 

• • 

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 successfull)'. 

Apps MATLABAnalysis lllV!!ntoryAlert Edit 

Name 

Inventory Aler11 

MATLAB Code 

1 ~ Enter your ~IATLAB Code belo~ 
2 channelID • 159239&; 

alertApiKey • 'TAK&1UQPFK2998XQ41ZV4 ; 
4 options= ~eboptions ("HeaderFields" , ["ThinjSpeak-Alerts-API-Key" , al ertApiKe 
s aler t url = ·~ttps /1api.thinespea .cOl'l/alerts/send"; 
6 alerteody = stock e is now 7 stocK left ; 

aler tsubject • sprintf("Please checK on the stock B ") ; 

Figure 4.26 MATLAB code successfully run 

Alert: Please check on the Stock 
A 

Mo ln•:entory m 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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Figure 4.28 Last update of the Stock A's quantities 
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4.3.3 The Efficiency of the Alert System 

The notification is sent with a time interval as short as 5 minutes as shown in Figure 

4.29, by setting 'Time Control'. This feature can replace manual reminders frequently, so 

the worker can focus more on another task. Lastly, produce higher productivity of the workers. 

• 
• 
• 
• 

KAL MALAYS A MELAKA 
ThingSpeak Alerts 

Al , P e&:.~- c ... on the Stock A 

No Inventory in Stoc'· A Now 

ThingSpeak Alerts 

Al.. . P t;aS... c I on t he Stock 8 

No Inventory in Stoc~ A Now 

ThmgSpeak Alerts 

Al · P east: <.,.. 011 the Stod: A 
No Inventory in Stoc•· A. Now 

P1ingSpeak Alerts 

Al • P ·- .eek on the Stock 6 
No lnver:tory in Stock fl. Now 

+ 5 mins 
+ intervals 

00:39 

00:14 

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 Raspbeny Pi MQTT with ThingSpeak 

Total Time 
used 

Time 
interval 

between 2 
messa es 

Efficiency 

Profde Summaiy (Total time: 18.547 s) 

•Flam. Gr11ph 

____ ,. -...--- ---
Figure 4.30 Total time taken of the MQTT 

protocol with Raspbeny Pi 

u.. 
..... 

u 

20 
- x 100% = 100% 
20 

Profile Summary (Total time: 1210.422 s) 

•Flame Graph 

Figure 4.31 Total time taken of the MQTT 
protocol with Raspbeny Pi 

1210.422s 

I 5 s 

20 
- x 100% = 100% 
20 

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 Pi, 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 Thing View. 

The total cost to set up the Raspberry Pi with MQTT protocol is RM 167 .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' ofThingSpeak is shown in Figure 4.32. The cost of the ' Standard Version' 

is USD 710.00/year (RM2,974. l 9/year) 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 with adding 7 more channels is cost USD 4150/year (RM 17,384.35) as Figure 

4.34 shows. The ROI is needed to be calculated before implementing the system. 

UN VE 

Sc;alable for larger projects 

Number of messages 

Message update Interval limit 

Number of channels 

MATlAB Compute Timeout 

Private channel sharing 

Technical Support 

!.l!rv1ce 

)( 

No. Annual usage is capped. 

3 million/year 

(- 8,200/day}(Z) 

Every 15 seconds 

20seainds 

Limited to 3 shares 

Community Support 

STANDARD 
For all commercial, government and revenue 

generating activities 

33 million/year per unit 

90,000/day pe unit)" 

Every second 

250 per unit 

60seconds 

Unlim ited 

Standard MathWorks support 

Figure 4.32 Comparison of 'Free version' and 'Standard version' ofThingSpeak (Math Works, 2022b) 
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Pricing calculator 

Cuaenlly: 3 seconds v 

lobe added. 

Calculated number of chaM•ls nffded: 10 

Purchase 

Licen~e type: 

ThingSpeak umts; 

Total: 

Standard 

xUS0710.00 

price/umt/ year 

USO 710.00/year 

Figure 4.33 Features of the 'Standard Version' which cost USO 710.00/year 

Pricing calculator 

How many c.hannels?' How onen will they collect dat.a? 

CunenUy: 3 seconu v 

Tobe added 7 

Purchase 

License type: Standard 

ThingSpeak units: 10 

x USD415.00 

price1umt /year 

(6-49 uni ts) 

USO 4,150.00/ year 

Figure 4.34 Features of the ' Standard Version' which cost USO 4,150.00/year 

UNIVERSITI TEKNIKAL MALAYSIA MELAKA 
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CHAPTERS 
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 

A'Y I 

There are numerous of issues in current 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. These kinds 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. 
L MALAYS A MELAKA 

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 protocol has successfully connect with different type of applications in this 

study. Therefore, this system can be fully implemented in the real-time inventory system to 

figure out its full benefits. The integration of IoT with MQTT protocol are not a strange thing 

anymore. It just needs more time in implemented the entire system. The recommendation of 

the system for the future work can be modified as below: 

1. The loT-based inventory system with MQTT protocol is suggested to construct using a 

QoS 2 in sending the data even it is 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 Platfonn 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. 
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5.2 Improvement of the System 

Although the MQIT Protocol with IoT in tracking the inventory is done in the software­

based, this study also proves that the using ofloT-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 

MQIT protocol 1s 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 the online. 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 ?192.168.l.8?374C) 
rpi=raspi(" l92.168 . 1 .15 " , "pi " , " raspberry ") 
%Connect to MQTT 
myMQTT=mqtt(' tcp : //192 . 168 . 1 . 15' , ' ClientID ' , ' myClient ') 

%SDefine Topic's Name 
TopicA ' InventoryA ' ; 
Topics 'InventoryS ' ; 
TopicC ' InventoryC ' ; 
TopicD 'InventoryD ' ; 

a=[l , 1 , 1); 
b=[2 , 2 , 2 , 2 , 2 , 2) ; 
C= [ 3 I 3 I 3 I 3 I 3 I 3 r 3 I 3 r 3 I 3 I 3 I 3 I 3 I 3 r 3 I 3 r 3 I 3 I 3 I 3) ; 
d= [ 4 I 4 I 4 r 4 r 4 r 4 r 4 r 4 f 4 f 4 I 4 ) ; 
all=[a , b , c , d) ; 

% Random take rr~m 
for i=l : 20 

St.imes 
< 

r = randi ([Size(all)) , 
all (r) 

,,. 
1) . '1--

1 l> 

all(r) = []; 
size(all) 

namel=' Stoc Jt '; 
name2=' S oc} ~ '; 

name3=' S oc l' ; 
name4=' S o ac 

%Categories 

I • 
I 

n 

stockA sizeffind(all '> 
stocks size(find(all > 
stockC size(find(all > 
stockD size(fi nd(all > 
x=l : 4; 

pause(0 . 5) 

0 & all 
1 & all 
2 & all 
3 & all 

% Rasult 
A=[namel,' 
S=[name2,' 
C=[name3 , ' 
D=[name4 , ' 

' ,num2str (stockA)) ; 
' , num2str(stockS)) ; 
' , num2str(stockC)) ; 
' , num2str(stockD)) ; 

To publish to Raspberry Pi 
publish(myMQTT, TopicA, A, ' Qos ' , 0) 
publ ish(myMQTT , TopicS , S , ' Qos ' , 0) 
publish(myMQTT, Topi cC ,C, ' Qos ' , 0) 
publish(myMQTT, TopicD, D, ' Qos ' , 0) 

%Construct Table in Figure 

< 2) I 2) 
< 3) I 2) 
< 4) I 2) 
< 5) I 2) 

YSIAMELAKA 

bar(x, [stockA, stockS,stockC , stockD)) , xlabel(' Stock '),ylabel(' Quantities of 
each S k ') , title(' Real-time Update on the St I QuanLt.:.e ') ; 

hold on 
end 
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Appendix B 

Coding to publish data to ThingSpeak from MATLAB. 

clc ; 
clear ; 
close all ; 

9- Connect to MQTT 
myMQTT=mqtt(' tcp : //mqtt3 . thingspeak . com ' , ' Cl~entID ' , ' ETclKiYzKDQXLCsS 
AAMNKCA ' , ' Username ' , ' ETclKiYzKDQXLCsSAAMNKCA ' , ' Password ' , ' 148WOU7Uy74 
xjPLO+A9wf 4yD ' , ' Port ', 1883) 

%SDefine 
Top icA 
TopicB 
TopicC 
TopicD 

Topic 's Name 
' c hannel s /1592390/publish/fields /fieldl' ; 
'channels /1592390/pub lish /fields/field2 ' ; 
' channel s/1592390/publish/fields/field3 ' ; 
' channels/1592390/publish/fields/field4 ' ; 

a = [l , 1 , 1 , 1 , 1 , 1) ; 
b=[2 , 2 , 2 , 2 , 2 , 2 , 2 , 2 , 2) ; 
c= [ 3 , 3 , 3 , 3 , 3 , 3 , 3 , 3 , 3 , 3 , 3 , 3 , 3 , 3 , 3 , 3 , 3 , 3 , 3 , 3) ; 
d= [ 4 , 4, 4, 4, 4 , 4 , 4, 4, 4 , 4, 4 ] ; 
all=[a , b , c , d]; 

.a•::..::---":;.'."! 

" ~~ % Random take !r.om 4 s helf ~5t i 
f o r i= l : 20 '1-

r = randi ([s i ze (all)] , JI) ; 
all (r) 
all(r) = (] ; 
size(all) 

''''n ----%Categorie,s' 
stockA =size(find(all > 0 
stockB =size(find(all > 1 
stockC =size(find(all > 2 
stockD =size(find(all > 3 

x=1 : 4 ; 

& 

& 

& 

& 

all< 2), 2) ~vY:J 
all < 3), 2) 

all < 4 )' 2 ' ) A MELAKA 
all < 5) , 2) 

% To publ i sh to ThingSpea k 
publish(myMQTT , TopicA, num2str(stockA) , ' Qos ' , 0) 
pause(15 . 0) 
publish(myMQTT , TopicB, num2str(stockB) , ' Qcs ' , 0) 
pause(15 . 0) 
publish(myMQTT , TopicC, num2str(stockC) , ' Qos ' , 0) 
pause( 15 . 0) 
publish(myMQTT , TopicD, num2str(stockD) , ' Qcs ' , 0) 
pause(15 . 0) 

%Construc t Table in Figur~ 
bar(x , [stockA , stockB , stockC , stockD)) , xlabel(' Stock ') , ylabel(' Quant~ 

es 1 e ch S k ') , title ( ' R d - ~me 1pdate 'n the S k Quan ·ties ') ; 
hold on 

end 

data= ThingSpeakRead(1592390 , ' Fields ' , [1 , 2 , 3 , 4) , ' NumMinutes ' , 10, 
' OutputFormal ' , ' 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 
channelID = 1592390; 
alertApiKey = 'TAK01UQPFM2998XQ41ZV4' ; 
options = weboptions( "HeaderFields" , [ "ThingSpeak­
Alerts-API-Key" , alertApiKey ]); 
al~rtUrl = "https://api.thingspeak.com/alerts/send" ; 
alertBody = ' Stock Bis now 7 stock left ' ; 
alertSubject = sprintf( "Please check on the Stock B 
" ); 

[timestamps,StockA]= 
thingSpeakRead(channelID, 'NumMinutes' ,12, 'Fields' ,1); 
[timestamps,StockB] = 
thingSpeakRead(channelID, 'NumMinutes' ,12, 'Fields' ,2); 

%Set the outgoing message 
if StockA < 5 

alertBody = sprintf ('Your Stock has less than 5 
stocks now. Please top up the stock A ' ); 
alertSubject = sprintf( "Please check on the Stock A 

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

alertSubject, options); 
try 

webwrite(alertUrl , "body", alertBody, "subj_!=ct" , 
alertSubject, options); .. .. ~ .. 

catch someExcepti on MELAKA 
fprintf( "Failed to send alert: %s\n" , 

someException.message); 
end 

end 

if StockB<S 
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 

87 



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); 

catch someException 
fprintf( "Failed to send 

someException.message); 
end 

end ~~ 

,, '''ll 
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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 lST 

PROGRAM BEGIN LABEL - -

CLEARBIT 1 

SETROTVEL 90 

SETLINVEL 0.1 

MOVE -92.6696 - 0.025 -151 REM Pick from shelf red 

REM CLOSE GRIP: 

SETBIT 1 

WAIT 1500 

MOVE 77.8691 liililo -151 REM Place on conveyor 

REM open the gripper: 

CLEARBIT 1 

WAIT 1500 
''''n ---

REM 2ND 

PROGRAM MIDDLE LABEL AL MALAYSIA MELAKA 
- -

CLEARBIT 1 

SETROTVEL 90 

SETLINVEL 0.1 

MOVE -117.1058 i:::=~l= 0.025 -151 REM Pick from shelf yellow 

REM CLOSE GRIP: 

SETBIT 1 

WAIT 1500 

MOVE 77.8691 

REM open the gripper: 

CLEARBIT 1 

WAIT 1500 

0 -151 REM Place on conveyor 
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REM3TH 

CLEARBIT 1 

SETROTVEL80 

SETLINVEL 0.1 

MOVE-151.1870 - 0.025 -151 REM Pick from shelf green 

REM CLOSE GRIP: 

SETBIT 1 

WAIT 1500 

MOVE 77.8691 - 0 -151 REM Place on conveyor 

REM open the gripper: 

CLEARBIT 1 

WAIT 1500 

CLEARBIT 1 

PROGRAM MIDDLE LABEL - -

CLEARBIT 1 

SETROTVEL 90 

SETLINVEL 0.1 

MOVE -186. 7732 

REM CLOSE GRIP: 

~ .~ ... ·~_.:; ~- r~) 
.. v .. .. ~.. v .. . 

ITI TEKNIKAL MALAYS A MELAKA 

SETBIT 1 

WAIT 1500 

MOVE 77.8691 

REM open the gripper: 

CLEARBIT 1 

WAIT 1500 

0.025 -151 REM Pick from shelf purple 

0 -151 REM Place on conveyor 
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Appendix E 

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

as in Table B 1 and Figure B 1. The Table B 1 shows the RFID can be read by the antenna in a 

range of -120 cm to 160 cm. 

Table E Result of Data Analysis 

Outdoor Centre Indoor 
Distance -180 -160 -140 -120 -100 -80 -60 -40 -20 0 20 40 60 80 100 120 140 160 180 
(cmY Test 

Test 1 0 0 0 l 1 l l l l l 1 l l l 1 l l 1 0 
Test2 0 l l l 1 l 1 l 1 I I I I l I 1 0 0 0 
Test3 0 0 I 1 I I 1 I 1 I 1 1 1 1 1 I I 1 0 

Graph Reading Vs Distance 

O•hot-..td 

• ,!;y~ . 
'Figure E Graph Reading versus Distance (cm) 'J 
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· Appendix F 

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

System using CoppeliaSim and the Implementation ofMQTT Protocol with Raspberry Pi and 

Th!ngSpeak in sending and receiving data. ( https://youtu.be/8Kb3xRgEN9A ) 
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