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ABSTRACT

Home grocery buying and listing is a crucial aspect of household management, ensuring that
the kitchen is stocked with all the necessary items. The classic pen-and-paper grocery list
is ineffective since it is time-consuming and prone to human error (i.e., omitting items in a
grocery list). Therefore, in this study, we proposed a microcontroller-based home grocery
listing system using speech recognition and a barcode scanner. The proposed system is im-
plemented using ESP32-S3, speech recognition, and barcode scanning module. The system
receives user input through four methods: speech recognition and user entry via a mobile
phone, as well as barcode scanning and user entry via a hardware keyboard. The data cap-
tured through these methods is stored in memory and subsequently transmitted via a WiFi
connection to the mobile application of the home grocery listing system. The mobile appli-
cation is developed using MIT App Inventor. This system gives a new satisfying experience

to the users and a convenient way for them to make a home grocery list.



ABSTRAK

Pembelian dan penyediaan senarai barangan dapur merupakan aspek penting dalam penguru-
san rumah tangga untuk memastikan dapur sentiasa dilengkapi dengan barangan keperluan.
Penggunaan kaedah tradisional seperti senarai barang menggunakan kertas dan pen kurang
berkesan kerana memerlukan masa yang lama dan terdedah kepada kesilapan manusia (con-
tohnya, tertinggal barangan dalam senarai). Oleh itu, dalam kajian ini, kami mencadan-
gkan sistem penyediaan senarai barangan dapur berasaskan mikropengawal menggunakan
pengenalan pertuturan dan pengimbas kod bar. Sistem yang dicadangkan ini dilaksanakan
menggunakan ESP32-S3, pengenalan pertuturan, dan modul pengimbasan kod bar. Sistem
ini menerima input pengguna melalui empat kaedah: pengenalan pertuturan dan kemasukan
data melalui telefon mudah alih, serta pengimbasan kod bar dan kemasukan data melalui
papan kekunci perkakasan. Data yang diperoleh melalui kaedah ini disimpan dalam memori
dan dihantar melalui sambungan WiFi ke aplikasi mudah alih sistem senarai barangan dapur.
Aplikasi mudah alih ini dibangunkan menggunakan MIT App Inventor. Sistem ini mem-
berikan pengalaman yang lebih memuaskan kepada pengguna serta cara yang lebih mudah

dan efisien untuk menyediakan senarai barangan dapur di rumabh.
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CHAPTER 1

INTRODUCTION

This chapter describes the project background, problem statement, objectives, and scope
of work in developing a microcontroller-based home grocery listing system using speech

recognition and barcode scanner.

1.1  Grocery Listing and Management Behaviour

Choosing and buying groceries is frequently assisted by a list to make sure nothing is
forgotten. Grocery listing and inventory management have become focal points of study due
to the dynamic shifts in consumer behavior. Unplanned grocery shopping may necessitate
multiple journeys to the supermarket and could take a lot of time. Many people frequently
forget what they meant to buy. Figure 1.1 depicts the survey outcomes conducted in [4] which
show that 40.6% of shoppers forget about what they have planned to buy and some wind up
being unhappy with their purchases [4]. The findings show that improper decision-making

and management behavior on grocery lists have a detrimental effect on the consumer.

To overcome unplanned grocery shopping, people tend to create grocery lists and
employ various methods such as paper lists, memorization, and smartphone applications [4].
Each approach has its advantages and drawbacks. Most people still use a piece of paper
as a grocery listing method as depicted in Figure 1.2. Grocery listing using paper offers a
significant visual reminder but can be easily lost or forgotten. Memorize is a convenient and

1
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Figure 1.1: Forgetfullnes ratio during grocery shopping.

easiest grocery listing method but prone to forgetting items. Smartphone applications enable
efficient grocery listing management, recommendations, and location-based features but re-

quire device access. Therefore, the choice depends on individual preferences and lifestyle

needs.
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Figure 1.2: Grocery listing method.



1.2 Problem Statement

When planning for grocery items shopping, consumers always face difficulties in
choosing an efficient method to do grocery items listing or management. With the current
situation of rising grocery prices, an efficient method of grocery listing is demanded such that
consumers can have better grocery budgeting. An inefficient method of grocery listing leads
to unnecessary buying or missing items during grocery shopping which can cause stress and
frustration. Consumers require a systematic and efficient grocery listing system that helps

them buy only the necessary items according to the budget of the particular month.

Several techniques have been proposed in the past to develop the grocery listing sys-
tem which mainly focuses on using sensors [4, 5, 2, 6, 3], smart-phone and IoT applications
[7, 8, 1, 9, 10]. Nevertheless, the previous techniques experience major drawbacks such as
sensor inaccuracies, high cost due to hardware complexity, and inefficient techniques. To
overcome the aforementioned issues, therefore, in this project, we proposed a home grocery
listing system that is developed based on a barcode scanner and speech recognition tech-
niques. The grocery listing system is also equipped with a mobile application developed

using the MIT app inventor. Users can simply check the listed groceries via smartphone.

1.3  Project Objectives

The main aim of this project is to propose a microcontroller-based home grocery
listing system using speech recognition and a barcode scanner. Specifically, the objectives

are as follows:



1. To develop the hardware of the home grocery listing system using barcode scanner and

ESP32-S3.

2. To design a mobile application for listing the grocery using MIT App Inventor includ-

ing the speech recognition feature.

3. To integrate the hardware and mobile application of the home grocery listing system

and verify their functionality.

1.4  Scope of Work

The project scope of developing a microcontroller-based home grocery listing system

using speech recognition and barcode scanner is as follows:

1. The project focuses on implementing a barcode scanning feature and speech recogni-

tion feature to enable users to add grocery items to their lists.

2. The project should incorporate a speech recognition that uses the English language to

interpret and process user speech for adding items to the grocery list.

3. MIT App Inventor is used to develop the mobile application.

1.5  Report Outline

Chapter 2 provides an overview of the previously proposed techniques for the home
grocery listing system. The advantages and disadvantages of the previously proposed tech-

niques are also discussed in this chapter.



Chapter 3 describes the methodology and design steps to develop a home grocery
listing system. Each design step to achieve the objective is illustrated in the flow chart dia-
gram and it is thoroughly discussed in this chapter. Besides, the top-level block diagram of

the developed system and the Gantt charts are also presented in this chapter.

Chapter 4 discusses the implementation and validation of the proposed home grocery
listing system. The system is developed based on the speech recognition and barcode scanner.

The performance of the proposed system is analyzed and presented in this chapter.

Chapter 5 concludes the project findings in this report. Suggestions for future work

directions and potential commercialization are also provided.



CHAPTER 2

LITERATURE REVIEW

This chapter provides a broad overview of the project related to the topic in this report.

Besides, the relevant literature is critically discussed and presented later in this chapter.

2.1 Barcode

A barcode is a machine-readable representation of text and numbers, consisting of
bars and spaces. These stripes are commonly found on product packaging in convenience
shops, supermarkets, and other retail establishments. Barcodes are made up of gaps and
bars that can be read by an optical barcode scanner and have different widths. Currently,
barcodes are the most widely used method for automatically communicating package and
object information. Both the academic and business worlds have shown a great deal of
interest in barcode identification and analysis. Despite its initial proposal being made more

than seven decades ago, barcode technology is actively and extensively utilized today [11].

Barcodes provide an encrypted data visualization method. Conventional one dimen-
sional (1D) barcodes use parallel line widths and spacing to express data. Two-dimensional
(2D) barcodes offer an improved form of barcode known as matrix codes, which are repre-
sented in various forms. The distinctive patterns of 2D barcodes allow them to store data
on both vertical and horizontal axes, offering greater data storage capacity than that of 1D

barcodes.



2.1.1 Types of Barcode Technology

Today, 1D or linear barcodes are still the most common types of barcodes. They are
typically used on retail items and product packaging. Traditional 1D barcodes use paral-
lel lines to encode data. While linear barcodes have many benefits, they also have several
fundamental drawbacks. These include limited data storage capacity and crucial encoding
problems related to barcode breakage and distortion. Some examples of popular 1D barcodes
include the Universal Product Code (UPC), extensively utilized in North America, and the
European Article Number (EAN), which is more commonly found in Europe and other parts
of the world [12]. However, the increasing demand for enhanced data storage, versatility,
and improved scanning capabilities is driving a noticeable shift from 1D barcodes to 2D

barcodes.

Figure 2.1 depicts the EAN barcode which widely recognized in Europe and the most
commonly used barcode in Malaysia [13]. According to [14], this type of barcode is part of
the Global Standard 1 system, which is widely used for retail products globally and has the
capacity to encode up to 13 digits. EAN-13 barcodes are recognized for their 13-digit format,
which includes a country code, manufacturer code, and product code. Malaysian products
typically use the country code prefix 7955 within the EAN-13 barcode. This system ensures
compatibility with international retail and logistics systems. The widespread use of EAN-
13 barcodes helps streamline product identification and inventory management in Malaysian

retail environments.
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Figure 2.1: EAN barcode.

A similar barcode used primarily in North America is the UPC, also known as the
Global Standards 1. UPC is a widely used barcode symbology that helps track trade items
in stores worldwide . These codes consist of bars and spaces arranged in a specific pattern,
representing a particular product as illustrated in Figure 2.2. The UPC format typically
has 12 digits and is used in countries like the United States, Canada, the United Kingdom,

Australia, and New Zealand [12]. Despite newer technologies, UPCs remain popular due to

123456

Figure 2.2: UPC barcode.

their simplicity and cost-effectiveness.




According to [15], 2D barcodes are essential part of modern data encoding and track-
ing systems. Unlike traditional 1D barcodes, which encode data in a linear format, 2D bar-
codes use patterns of squares, hexagons, dots, and other shapes to represent information.
These 2D barcodes can hold significantly more data while still appearing physically smaller.
Quick Response (QR) code as depicted in Figure 2.3 is the most widely used 2D barcodes
globally [15]. These matrix barcodes can store various data types, including alphanumeric
and binary data. They are extensively used on mobile devices. A single QR code can accom-
modate 1,817 Chinese characters, 4,296 Latin letters, or 7,089 integers. QR codes have four
error correction levels [16], which means that even if damaged, they can often still be read

correctly.

Figure 2.3: QR code.

In Malaysia, the most commonly used barcode for products is the EAN-13 barcode.
This type of barcode is part of the GS1 system, which is widely used for retail products glob-
ally. EAN-13 barcodes are recognized for their 13-digit format, which includes a country

code, manufacturer code, and product code. Malaysian products typically use the country



code prefix “955” within the EAN-13 barcode. This system ensures compatibility with inter-
national retail and logistics systems. The widespread use of EAN-13 barcodes helps stream-

line product identification and inventory management in Malaysian retail environments.

2.1.2 Benefits of Using Barcode

Barcodes offer significant advantages in terms of efficiency and accuracy [17]. When
products are labeled with barcodes, they can be quickly scanned at checkout counters, inven-
tory management systems, and warehouses, reducing the time spent manually entering data
and minimizing human error. Barcodes also enable real-time tracking of inventory levels, en-
suring that businesses can maintain optimal stock levels without overstocking or running out
of essential items. Whether in retail, logistics, or healthcare, barcodes enhance operational

efficiency by automating data capture and reducing the risk of mistakes.

Implementing barcode systems can lead to cost savings for businesses by automating
inventory management and reducing labor costs associated with manual data entry and inven-
tory tracking [11]. Barcodes also facilitate better decision-making by providing accurate and
up-to-date information. Businesses can analyze sales trends, monitor stock levels, and iden-
tify slow-moving items more effectively. Additionally, barcode data can integrate seamlessly
with other systems, such as point-of-sale terminals, supply chain management software, and
customer relationship management tools. Overall, the adoption of barcodes improves data

accessibility, enhances decision-making, and contributes to overall cost efficiency.

10



2.2 Speech Recognition vs Voice Recognition

Voice recognition technology is a form of dynamic technological development that
utilizes biometric systems from the human voice. Voice recognition technology goes beyond
transcribing spoken words; it focuses on analyzing vocal traits to verify individual identities.
Each person has a distinct voiceprint, which encompasses factors such as pitch, tone, accent,
and speech patterns. Voice recognition systems learn and recognize these individual profiles.
It can also be developed and applied to support the automation of household appliances, such
as automatically cooling the room, opening doors, turning on lights, and activating electronic

devices [18].

Computers can now translate spoken language into written text thanks to a technical
miracle called speech recognition, sometimes referred to as automated speech recognition
(ASR) [19]. It entails the steps of audio input analysis, spoken word extraction, and written
word transformation. Sophisticated algorithms and linguistic models are employed by speech
recognition systems to attain precise transciption. Though speech and voice recognition
operate in distinct ways, they are tightly connected to offer a wide range of cross-functional

features that enhance our everyday lives and open up new avenues for development.

The main difference between speech recognition and voice recognition is their pur-
pose. Speech recognition is focused on transcribing spoken words, while voice recognition
aims to identify and authenticate a person based on their vocal traits. Voice recognition sys-
tems prioritize identifying individuals based on their voiceprint, while speech recognition

systems are mainly concerned with accurately transcribing spoken words. Voice recognition

11



technology relies on complex algorithms to assess and compare sound parameters for verifi-
cation, while speech recognition technology requires strong language models and extensive

training to effectively convert speech into written text [20].

2.2.1 Algorithm: Speech to Text Conversion

Speech-to-text conversion, or the capacity to turn spoken words into written text, is
becoming a crucial feature of many modern applications, from interactive voice response
systems and virtual assistants to accessibility supports and transcription services. In addition
to improving user experience by allowing hands-free control, this technology increases ac-
cessibility to digital material for people with physical or hearing disabilities. ASR, a complex
system that combines acoustic modeling, feature extraction, and language processing to re-
liably transcribe spoken words into text, lies at the heart of this transformational technology
[21]. With improvements in accuracy and efficiency, particularly in deep learning, machine

learning has led to a considerable evolution in ASR systems.

The speech recognition system receives audio input through a microphone or other
audio equipment. The audio input undergoes pre-processing to minimize background noise,
enhance clarity, and standardize the audio signal. Using acoustic modeling techniques, the
system interprets and analyzes the audio input. This involves breaking down speech into
smaller segments called phonemes and matching each phoneme to a representation in lan-
guage. The output of speech recognition is written text, which facilitates text-based analysis,

data input, and transcription [21].

12



2.2.2 Language Modeling

One of the crucial elements of voice recognition systems is language modeling, which
predicts the likelihood of a sequence of words. This process assigns probabilities to word
sequences, helping the system understand and generate human language, and enabling voice

recognition software to tell apart context and structure.

Language models come in two main types: traditional statistical models and modern
deep learning models. Statistical models such as Hidden Markov Models (HMMs) and n-
grams rely on the frequency of word sequences in a given dataset to predict the next word.
While these models are computationally efficient and straightforward, they often struggle

with long-range dependencies and words not present in the training set.

On the other hand, deep learning models, particularly those based on neural net-
works, have revolutionized the field of language modeling. Techniques like transformers,
long short-term memory (LSTM) networks, and recurrent neural networks (RNNs) enable
the understanding of complex linguistic structures and the capture of long-term relationships
[22]. These models, leveraging vast amounts of data and processing power, significantly
enhance the accuracy and flexibility of voice recognition systems by learning the complex

patterns of human language.

13



2.3  Known Techniques of a Home Grocery Listing System

Several techniques of home grocery listing systems have been proposed in the past.
Kaur et al., [1] proposed IoT-based grocery level monitoring using a load cell sensor. Multi-
ple nodes in a load sensor are constructed to relay the weight of various grocery items. The
collected data is sent remotely by uploading the grocery level via the internet. Figure 2.4
depicts the top-level block diagram of the proposed grocery level monitoring system in [1].
Similar study was also found in [7] which uses a similar load cell to detect the weight of
grocery items. Nevertheless, both studies have a major drawback in which only applicable to

specific types of containers and could falter when other plastic or metal containers are used.

WiF
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Database
\ storage e
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. ™,
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Application

Figure 2.4: Top-level block diagram of the grocery level monitoring system [1].

In a study, Rezwan et al., [5] proposed an IoT-based smart inventory management
system (SIMS) for the kitchen using weight sensors, light dependent resistor (LDR), light-

emitting diode (LED), Arduino Mega, and NodeMCU ESP8266 integrated with a website

14



and mobile application. SIMS streamlines kitchen inventory management through auto-
mated reordering and real-time tracking, accessible via a website and mobile application.
Users can monitor inventory, place orders, track order history, and receive notifications, en-
hancing convenience and efficiency in grocery shopping and inventory management. Figure
2.5 illustrates the SIMS prototype featuring smart compartments with sensors to monitor
grocery levels, enabling users to generate lists, track inventory, and receive notifications for

low stock. While the system is designed to be efficient and accessible, the system may face

technical challenges related to sensor accuracy.

‘ll . ||I-m 4

Figure 2.5: SIMS prototype.

In a recent study, Kiruthika et al., [2] proposed a technique of using an IoT-based

smart inventory management system using HX1711 load cell amplifier, a 24-bit analogue to

15



digital converter (ADC), and the NodeMCU ESP9266. The load cells are employed to mea-
sure the weight of the grocery container, providing accurate data for monitoring inventory
levels. The cloud service ThingSpeak is used to send load cell data, enabling users to receive
notifications on their smartphones through the Blynk application when inventory levels drop
below a specified threshold. Figure 2.6 depicts the top-level block diagram of the proposed
inventory management system in [2]. A similar study was also found in [3], which uses a
similar load cell to detect the weight of grocery items. Figure 2.7 depicts the prototype of
the proposed system in [3]. Nevertheless, both of the load cell-based inventory management
systems above suffer similar limitations in the capacity of the load cells, as the force applied

to load cells over their maximum capacity may cause damage to load cells.

Cloud

=
NodeMCU *

Power
Supply

Smartphone

Figure 2.6: Top-level block diagram of the smart inventory management system [2].
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Figure 2.7: Load cell based inventory management system [3].

Elsewhere, a technique of using an ultrasonic sensor for smart grocery level man-
agement system is proposed in [6]. Each container has an ultrasonic installed in the lid to
determine the level of grocery. NodeMCU ESP8266 is used to measure and process the
sensed data. Subsequently, the data is kept on a cloud platform and linked to ThinkSpeak
as depicted in Figure 2.8, in which the users can monitor the data online. A similar study
is found in [9] which uses a similar ultrasonic sensor to detect the grocery level in a con-
tainer. A temperature sensor is also used to monitor the temperature in the grocery container.
Nevertheless, both techniques above suffer a limitation in sensor accuracy in detecting the

accurate level of remaining grocery in the container.
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Figure 2.8: Grocery level measurement using ultrasonic sensor.

Firoz et al., [4] proposed a grocery list management application using smartphone and
augmented reality (AR). The system employs a two-component approach: a mobile applica-
tion for users and a web-based application for supermarkets, facilitating grocery item main-
tenance and tracking. The mobile application is developed using a cross-platform framework
for Android accessibility with a cloud database storage and AW S-hosted MySQL integration
for data management. The proposed solution utilizes AR to map supermarket items, assign-
ing each a unique AR tag for easy identification and location within the store, triggered by
a QR code for indoor navigation assistance as shown in Figure 2.9. The AR application

requires camera and AR devices, hence it is costly and not suitable for everyone.
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Camera Input

|

Reality space

AR space « Virtual content

Display

Figure 2.9: Concept of AR application in grocery management.

Elsewhere, a technique for using mobile technology and data mining techniques is
proposed in [8]. The developed application known as ‘Smart Shopping List’ addresses the
traditional methods of grocery list creation, helps users find the ideal supermarket to pur-
chase most of their items in one place by using geolocation services, and utilizes the Ariori
algorithm to recommend items to the user based on pattern matching recognition. Neverthe-
less, the smart shopping list system suffers from a drawback in location data accuracy, which
may lead to less effective recommendations. In a study, Katuk et al., [10] proposed a grocery
listing system using mobile application known as SMART LIST. SMART LIST is developed
using rapid application development (RAD) method. RAD is an adaptive software develop-

ment approach involving prototyping to gather system requirements for applications. RAD
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methodology consists of four main phases: requirements planning, user design, construc-
tion, and cutover as depicted in Figure 2.10. Nevertheless, the proposed technique suffer a

drawback that is the maintanance could be complex and costly.

Requirements
Planning

User Design Construction

!

Cutover

Figure 2.10: Four phases using RAD approach.

Based on all the above, common limitations of the previously proposed techniques
are related to sensor accuracy and high setup cost. Therefore, in our study, we propose a
microcontroller-based home grocery listing system using speech recognition and barcode

scanner. All the previous techniques as discussed above are summarized in Table 2.1.
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24  Summary

In this chapter, an in-depth analysis is conducted on the research related to the project
as well as the techniques previously proposed for a home grocery listing system. The pri-
mary objective is to examine and evaluate various approaches to identify the most effective
solution for planning and executing the overall development of this project. The compre-
hensive research findings will be instrumental in ensuring that all the necessary components
are required for the successful development and implementation of the home grocery listing

system.
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CHAPTER 3

METHODOLOGY

This chapter describes the methodology and design steps to develop a microcontroller-based

home grocery listing system using speech recognition and a barcode scanner.

3.1  Description of Methodology - Sustainable Development

Our main goal is to develop a microcontroller-based home grocery listing system
using speech recognition and a barcode scanner with a focus on sustainable development.
Figure 3.1 depicts the top level of the proposed system. The ESP32-S3 microcontroller acts
as the main brain in this system, which utilizes barcode scanning or user entry via a hardware
keyboard to process grocery items with barcodes and either speech recognition or user entry
via a mobile phone to list grocery items without barcodes. Moreover, the user can monitor the
listed grocery items by using a mobile application and LCD. To design the proposed system
as shown in Figure 3.1, this project is divided into three main parts which are developing the
hardware of a home grocery listing system using barcode scanner and ESP32-S3, designing
a mobile application using MIT App Inventor including speech recognition, and integrate the
hardware and mobile application of home grocery listing system. The above three main parts

are elaborated in the next sections.
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User Input Processing Units User Monitoring

1234567890

—)

—)

Figure 3.1: Top-level block diagram of the home grocery listing system.

3.2  Hardware Design: Barcode Scanner

Figure 3.2 illustrates the design steps to develop the hardware of the home grocery
listing system. In our study, ESP32-S3 is used as a microcontroller which connected to a
barcode scanner module, and a 16x2 LCD. Figure 3.3 depicts the aforementioned hardware
components. The barcode scanner is used in our study to provide an alternative method for
listing grocery items. Users can directly scan their grocery items’ barcodes using the bar-
code scanner. The barcode scanner adds redundancy and improves accuracy, ensuring that
no grocery item goes unnoticed. This design process harmoniously combines microcon-
troller versatility, and a practical barcode solution, resulting in an efficient and reliable home

grocery listing system.
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Figure 3.3: Major hardware components in developing the grocery listing system.
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3.3  Mobile Application Development

Figure 3.4 illustrates the design steps to develop a mobile home grocery listing appli-
cation using MIT App Inventor. It begins with designing the login page interface, ensuring
users can securely access the application. Next, the main menu page is designed to display
the grocery list which also includes a “Clear Items” buttons for easy items removal. An ad-
ditional interface is then created to show the total amount of grocery items added to enhance
the user experience. The final step involves evaluating if the mobile application’s menu func-
tions as expected; if not, designers are directed back to make necessary adjustments until it

meets expectations.

Speech recognition is implemented using the Speech Recognizer feature in the MIT
App Inventor. This software processes verbal grocery lists, converting spoken words into
text. The system uses Automatic Speech Recognition (ASR) to analyze audio signals and
match them to predefined patterns. Fine-tuning parameters like ambient noise and speech

clarity enhances recognition accuracy, ensuring the system accurately captures grocery lists.

3.4  Integration of Hardware and Mobile Application

Figure 3.5 depicts the design steps of integrating the mobile application with the
hardware of the home grocery listing system. Application programming interface (API)
is used to link the mobile application and hardware. API allows secure communication
between the mobile application and hardware like microcontroller and barcode scanner. The

mobile application frequently updates its data from the hardware system. It can periodically
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Figure 3.4: Design steps of a mobile home grocery listing application.
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poll the hardware for changes. This ensures that users always have an accurate view of
their grocery inventory. In the end, the design process approach combines smart application
development, seamless API integration, real-time data sync, and user-friendly interactions to

create a reliable home grocery listing system.

v

_| Link mobile application with |
hardware system

No

Successfully linked

Able to sync and
display required data in
mobile application

Figure 3.5: Design steps of hardware and mobile application integration.

3.5 Gantt Chart

In Projek Sarjana Muda 1 (PSM 1), the focus was on the literature review, definition
of the objective, definition of the problem statement, definition of the scope of work, def-

inition of methodology, and preliminary results. Figure 3.6 depicts the timeline of project
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implementation in PSM 1. The literature review mainly focuses on barcode scanning tech-

nology, speech recognition techniques, previous

techniques of home grocery listing systems,

and mobile application development using MIT App Inventor.

Study the previous techniques of home grocery listing system

Study the barcode scanning technology and speech recognition technique
Study the mobile application development using MIT App Inventor
Define background, objective, problem statement, and scope of project (Chapterl)
Literature review (Chapter 2)

Define methodology and design steps (Chapter 3)

Hardware purchase (preliminary result)

Preliminary result - Mobile application with speech recognition feature
First draft submission (Completed Chapter 1, 2 and 3)

Second draft submission (Completed Chapter 4 and 5)

Final correction of report

Submit report via e-psm (<30 % turnitin)

BDP Presentation (27th and 28th June)

Week

s |7 s [ofJw[nulir[n]us

|
N
N
[ |

Figure 3.6: Time-line for PSM 1

In PSM 2, the focus is on hardware integration, mobile application development,

testing, and validation of the proposed system.

implementation in PSM 2.
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Figure 3.7 depicts the time-line for project
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Hardware purchase (i.e., remaining required hardware)

Development of a home grocery listing hardware system

Integration of the hardware system, mobile application, and cloud database.
Functionality verification of the whole system

Correction of (Abstract, Chapter 1, 2 and 3)

Mobile application development using MIT App Inventor _
]
G
|
|

Report writing (Chapter 4 and 5)

First draft submission

Second draft submission

Submit report via e-psm (<30 % turnitin)

BDP Presentation (March)

Figure 3.7: Time-line for PSM 2

3.6 Summary

This chapter describes the design steps to develop a home grocery listing system.

Hardware such as ESP32-S3, barcode scanner module, and 16x2 LCD are used to develop the

home grocery listing system. The system allows users to easily input and track their grocery

items. Moreover, the mobile application is also developed using MIT App Inventor, in which

users can display the grocery list, and recent items, and show the total amount of grocery

items and speech recognition feature, providing a convinient and hands-free experience. This

integrated approach ensures a seamless experience for users as they manage their grocery

shopping needs.
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CHAPTER 4

RESULTS AND DISCUSSION

This chapter presents the results and analysis on the development of a microcontroller-based

home grocery listing system using speech recognition and a barcode scanner.

4.1 Home Grocery Listing Mobile Application Design

As mentioned in Section 3.3, MIT App Inventor is used to design the mobile appli-
cation of home grocery listing system. Figure 4.1 depicts the user interface of the devel-
oped grocery listing mobile application which prioritizes simplicity and functionality. The
arrangement of the primary page makes it simple to navigate and quickly access key func-
tionality. User may add grocery items by key-in the grocery names in the “Item:” area and
press “Add” button. User also can remove the grocery from the list by pressing “Clear items”.
Moreover, a microphone icon is provided to allow voice input, accommodating users who

require or prefer this way of adding grocery to the list.

32



7 BROCERY 22

25 LIST AT : r

Item: Enter Add @  ConnecttoScanner

NEXT CLEAR

] O O

Figure 4.1: Main user interface of home grocery listing mobile application.

Figure 4.2 depicts the block-based coding of creating “Item:” and “Add” features.
An empty list called “item” is created as a global variable to store the grocery items. When
the “addItemBtn” button is clicked, the application retrieves the text from the “itemTxt”
input field and adds it to the global items list. This updated list is then stored in the TinyDB
database with the tag “itemsinDB”. After that, the “ListView1” element, which displays the
list of items, is updated to show the current state of the global items list, and the “itemTxt”

input field is cleared.
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initialize global[= 15 to . (] create emply list

U= addlitemBtn < B

do (o] additemsitolist list | get FIEELER
itemn N Text - |

call StoreValue
LR itemsinDB
valueToStore -get
S0 Listview1 + W Elements + ROl . global items
| sel (CIEED (CED o (@

when AfterPicking
do | remove listitem list | get EEENELEED
(i Listview] « [ Selectionindex -
call StoreValue
=L itemsinDB f
valueToStore .get
Gl Listview - B Fleme GG global items -

Figure 4.2: Block-based coding of creating “Item:” and “Add” features.

To remove an item, when a user selects an item from the “ListView1”, the “After-
Picking” event is triggered, which removes the selected item from the global items list based
on its index. The updated list is then saved back to the TinyDB database under the same
tag “itemsinDB”, and the “ListView1” element is refreshed to display the updated list. This
feature ensures that the grocery list is constantly updated and securely stored, providing a

smooth user experience.

Users can remove a grocery item by pressing the “Clear Items” button. The “Clear
Items” function was created using a series of block-based coding in the MIT App Inven-
tor, as shown in Figure 4.3. When the “Clear Items” button is clicked, the code first sets
the “global items” variable to an empty list. Then, it calls the “ClearAll” function of the
“TinyDB1” component, which is a database. Finally, it updates the “Elements” property of

the “ListView1” component to display the updated “global items” list, effectively clearing
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the displayed list of items. This design ensures that the application is not only easy to use
and visually appealing but also functional. Action buttons are brightly coloured to guide
the user’s attention to important features and the layout is kept simple and uncomplicated to

avoid confusion or overwhelming graphics.

Ly clearBin + ST

set CIREEELERS to | (o] create emply list
call REEEES . Clearall
W ListView1 « B8 Elements = B3 =0 global items -

Figure 4.3: Block-based coding of clearing items using TinyDB in the grocery listing appli-
cation.

4.2  Speech Recognition Configuration

User may add grocery into the list by using speech recognition feature. Figure 4.4
depicts the block-based coding design to enable speech recognition feature in mobile appli-
cation. When the user clicks the “voice” button, the application requests voice input from
the user using the “SpeechRecognizerl” component. User must say the word “add” followed
by the grocery name. “SpeechRecognizerl” is coded to receives the voice input and able to
distinguish the word “add” and grocery name. For example, when the user says “add apple”,
“SpeechRecognizerl” recognizes “apple” and add it to the grocery list. Figure 4.5 depicts
the speech recognition functionality in the mobile application view. The speech recognition
feature has been fully tested and validated to evaluate its accuracy, efficiency, and reliability.

This included testing with different voices, slang, gender, and other variables.
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index 9
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Figure 4.4: Block-based coding design for speech recognition.

Try saying something

Figure 4.5: Speech recognition function.
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4.3  Nutrition Facts App Design

The ‘Nutrition Facts’ is an additional feature in home grocery listing mobile appli-
cation, designed to provide additional functionality on a separate screen as shown in Figure
4.6. This new feature allows users to search and view nutritional details of grocery items
added to their list. After creating their grocery list on the main screen, users can navigate
to the Nutrition Facts screen to check specific information about items such as serving size,

calories, protein, fat, carbohydrates, fiber, sugars, and sodium.

Enter Item Name SEARCH

SERVING SIZE :

CALORIES :
PROTEIN :
FAT :
CARBOHYDRATES :
FIBER :
SUGARS :
SODIUM :

2}

-4 oo ,
A ) =) = -

PREVIOUS SCREEN

< O O

Figure 4.6: User interface of nutrition facts mobile application.

The interface for this feature includes a text box where users can enter the name of
an item and a “Search” button to find its nutrition details. Once the user inputs an item name,

such as “Milo”, and presses the “Search” button, the app fetches and displays the nutritional
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details dynamically, as shown in Figure 4.7 . The results include values for each nutritional
attribute, displayed in a structured format, ensuring clarity for the user. Additionally, the
“Previous Screen” button allows users to return to the main Grocery Listing screen seam-

lessly.

Milo SEARCH

Default Serving Size :1 sachet (20g)

Calories :120 kcal
Protein :4 g
Fat:2.5¢g
CARBOHYDRATES :20 g
FIBER:1g
SUGARS :12 g
SODIUM :150 mg

PREVIOUS SCREEN

d

O
O

Figure 4.7: Nutrition facts screen showing item details after user input.

For data management, this extension uses Google Sheets as a backend database to
store and retrieve nutritional data. When users search for an item, the app sends a request
to Google Sheets using the Web component in MIT App Inventor. The nutritional details
are fetched and displayed dynamically on the screen. Figure 4.8 depicts the block setup to
handles the logic for retrieving data and updating the interface. The blocks use the Web
component to send a request to a Google Sheets script URL, retrieve the relevant nutritional

information in JSON format, and parse it. Each key-value pair (e.g., “Calories”, “Protein”)
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is then mapped to the corresponding labels on the screen. If the searched item is not found
in the database, a “Not found” message is displayed to the user. This block configuration
ensures seamless integration of the user interface with the database, enabling users to view

accurate and updated nutritional information.

when [TZIER GofText

(11 em ||~ L W] giobal responseData - }
do | (o) if [ contains - F5% W

Figure 4.8: Block-based coding design for handling data retrieval and updating the interface
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4.4  Barcode Scanner, LCD, and Keyboard Configuration

Figure 4.9 depicts the hardware which was designed using Fritzing software to effec-
tively illustrate the connections and layout. Key components include the ESP32 microcon-

troller, barcode scanner, LCD display, and keyboard.

Figure 4.9: Schematic Diagram for Grocery Listing System Hardware.

The connectivity of the components in the system is structured to ensure functionality,
reliability, and efficient communication. The barcode scanner is linked to the ESP32-S3
microcontroller via a UART interface, which facilitates quick and precise data transmission.
This connection, as detailed in the Table 4.1, involves connecting the RX pin of the barcode
scanner to GPIO 16 and the TX pin to GPIO 15 on the ESP32-S3. The LCD display is
connected using the I12C protocol, simplifying the wiring and ensuring stable communication.

As shown in the Table 4.2, the SDA pin of the LCD is connected to the default I2C SDA pin
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(GPIO 8) on the ESP32-S3, while the SCL pin is connected to the default I2C SCL pin (GPIO
9). Additionally, the LCD is powered using a 5V supply, and the ground connection ensures

electrical stability.

Barcode Scanner Pin | ESP32-S3 Pin

RX GPIO 16

X GPIO 15

Table 4.1: Connectivity of barcode scanner to ESP32-S3.

LCD Pin | ESP32-S3 Pin
SDA GPIO 8
SCL GPIO 9

Ground Ground
5V 5V

Table 4.2: Connectivity of LCD to ESP32-S3.

The USB host interface is integrated into the system to allow connections with exter-
nal devices, offering flexibility for both manual and automatic data entry. According to the
Table 4.3, the USB D+ and D- pins are connected to GPIO 20 and GPIO 19 on the ESP32-S3,
respectively. The USB host also utilizes the 5V power supply and shares the common ground
to enhance electrical stability and minimize interference. The entire system is powered by a
common 5V supply, with all components grounded to improve electrical stability and reduce

interference. The connections were designed with a focus on functionality and reliability,
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guaranteeing smooth communication between all hardware elements while maintaining op-

erational efficiency.

USB Host Pin | ESP32-S3 Pin
D+ GPIO 20
D- GPIO 19
Ground Ground
5V 5V

Table 4.3: Connectivity of USB host to ESP32-S3.

4.5 Integration of Hardware and Mobile Application

The mobile application was integrated with the hardware system through the ESP32’s
web server capabilities over a Wi-Fi network. This arrangement allowed for real-time com-
munication and data synchronization between the physical components and the mobile in-
terface. The prototype integrates hardware components with a mobile application to create
an efficient grocery management system, as shown in Figure 4.10. The system includes a
barcode scanner, a 20x4 LCD display, and a USB keyboard connected to an ESP32 micro-
controller. The ESP32 acts as a web server and main controller, enabling communication
between the hardware and the mobile app via a Wi-Fi network. This integration created
an efficient grocery listing solution, allowing users to operate the system easily from their

smartphones.
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Figure 4.10: Home grocery listing system prototype.

When a product’s barcode is scanned or entered manually, the ESP32 processed the
information and displayed it on the LCD. At the same time, the system transmits this data to
the mobile application via the HTTP protocol. The mobile apps serves as a client, enabling
users to view the registered items, check the item’s quantities, and interact with the system
remotely. The mobile app utilizes the Webl component to retrieve data from the designated
server as shown in the Figure 4.11. When the ConnectButton is pressed, the Web1.Url is as-
signed with the URL’s value of http://192.168.1.183/, and a GET request is initiated through
the Web1.Get method. Once a response is received in the Web1.GotText event, the response
code is evaluated. If the code is 200" (indicating a successful request), the response content

is divided by commas and populated into the ListView1 component. If the request success, a
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notification appears via Notifierl.ShowMessageDialog, stating "Data fetched successfully!”
with the title ”Success” and an "OK” button. This illustrates the process of retrieving and

displaying data from a web server in a user-friendly list format.

=i ConnectButton + 18]le s
s BEEE Web1 - B Url ~ IRIESE hip://192.168.1.183/ &

éa\l Get

when _GotText

url | responseCode  responseType  responseContent

3P «[=4 responseCode * [ = ~ I8N 200 B
then  set : L split ~ REAE 4 responseContent - |
‘8"

-
else  call .ShowMessageDialog
) EEEG M "Data fetched successfullyl
tile |
buttonText

!
=

Figure 4.11: Implementation of Web1 component to retrieve and display server data.

4.6  Functionality Verification

This section describes the functionality verification of the developed hardware and

mobile application of home grocery listing system.

4.6.1 Data Entry of Grocery Items Without Barcode

The system was evaluated for scenarios where no available barcode for the grocery
items. The menu options feature displayed on the LCD is triggered by pressing the “Tab”
button on the USB keyboard, providing users with easy access to system controls. The
menu includes options such as Manual for manually entering product details, Clear to reset

the current grocery list, On and Off to control the system’s power state, Exit to return to
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the main menu or terminate the session, and Stats, which displays useful information such
as Wi-Fi connection details, the number of items registered, and the memory usage. The
manual data entry provides convenience experience to the user as not all grocery items come
with the barcode, e.g., vegetables, meat, poultry, and fish. Table 4.4 below summarizes the
process of manual data entry, from activating manual mode to entering the product details,
displaying the information on the LCD, and synchronizing it with the mobile application.
This functionality enhances user interaction by offering control and monitoring options in a

simple and efficient manner.

Test Case Action System Response Outcome

1 User select option ”1” to | System prompts the user | Manual mode activated
activate manual mode in | to enter product informa- | successfully.
Menu Option tion

2 User enters product infor- | System displays entered | Product information accu-
mation (name and quan- | data on the LCD and up- | rately recorded and dis-
tity) dates the webserver played.

3 Data entered manually for | Data displayed on LCD | Successful synchroniza-
a product and synchronized with the | tion between hardware

mobile application and app.

Table 4.4: Data analysis for manual mode testing

In the Menu Options, users can switch to Manual Mode by selecting option “1” on
the menu displayed on the LCD screen. Upon entering Manual Mode, the system prompts
the user to input the name of the item via the connected keyboard. The name is displayed on
the LCD screen as it is being typed. Once the item name is provided, the system asks for the
quantity of the item. After entering the quantity, the system processes the new item by storing
its details, including the item name and quantity, in the internal database. The details of the
registered item are then displayed on the LCD screen, confirming successful entry. Figure
4.12 depicts interface of Option Mode and functionality flow of Manual Mode, including the

process of entering item details via the keyboard, displaying prompts and feedback on the
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LCD screen, and registering the item in the internal database. The system functions effec-
tively and aligns with the design specifications, as demonstrated by the successful activation,

data entry, and synchronization processes detailed in Table 4.4.

TDHH Ortions: Manual Mode Marual Mode Enter auantitail

Manual 2.Clear Enter name: Enter namet lirbalm

(a) Menu options for sys- (b) manual mode activated. (¢) Product’s name entry. (d) Quantity entry. (e) Product registration suc-

tem modes and operations. cessful.

Figure 4.12: Screens displayed on the 16x2 LCD during Manual Mode operation.

4.6.2 Data Entry of Grocery Items With Barcode

For the first-time entry of an item that is not yet registered in the system, scanning
the barcode triggers a prompt on the LCD screen, requesting the user to input the product
name and quantity manually. The system displays a clear message, guiding the user through
the input process step by step. This ensures that the item details are recorded accurately.
Once the user enters the product name and quantity using the connected keyboard, the system
validates the data and saves the item details in both the internal memory and the webserver for
future reference. This dual storage mechanism ensures data redundancy and synchronization
across platforms, allowing the item to be accessed seamlessly in subsequent sessions. The
entire process, from the prompt to the confirmation message displayed on the LCD screen, is
illustrated in Figure 4.13, which highlights the efficient workflow for registering a new item

in the system.
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(a) System prompts for (b) Product name and quan- (c) Item registration con-

product name. tity entry. firmed.

Figure 4.13: Screens displayed on the 16x2 LCD during Manual Mode operation.

In contrast, items that already stored in the system provided immediate product in-
formation on the LCD and automatically adjusted the quantity after scanning using barcode
scanner. This streamlined process enhances efficiency and minimizes manual input for fre-
quently scanned items. The corresponding system behavior is illustrated in Figure 4.14,

which depicts the automatic detection of stored items and the quantity entry prompt.

(a) Registered item displayed (b) Registered item with quan-

with quantity 2. tity updated to 3.

Figure 4.14: Registered items displayed with updated quantities.

For testing purposes, we configured the system with five new items and five pre-
registered items stored in both the internal memory and the webserver. The list of these
items is detailed in Table 4.5. During the testing process, each item was scanned, processed,
and appropriately handled by the system according to its registration status. The system

prompted for manual input of product details for new items, while pre-registered items were
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automatically detected and updated with the entered quantity. All ten items were successfully
scanned and logged into the system, with their data reliably transmitted to the mobile appli-
cation. This demonstrates that the system is capable of handling both new and pre-registered
items with consistency and accuracy. The successful synchronization of this data with the
mobile application is visually represented in Figure 4.15, which displays the complete list of
items as seen in the app. This confirms the system’s ability to ensure seamless integration

between hardware and software components

Barcode ID Reg. Product Name Qty. System Action Outcome

9556724810021 | Yes Milo 1kg 1 Displayed details on | Successful scan; inven-
LCD, updated quantity | tory updated.
automatically.

9557932010584 | Yes Maggi Curry 5-pack 2 Displayed details on | Successful scan; inven-
LCD, updated quantity | tory updated.
automatically.

9551028334217 | Yes Ayam Brand Sardines | 3 Displayed  details on | Successful scan; inven-
LCD, updated quantity | tory updated.
automatically.

9557124832123 | Yes Dutch Lady Full | 1 Displayed  details on | Successful scan; inven-

Cream Milk 1L LCD, updated quantity | tory updated.
automatically.

9556103456712 | Yes Gardenia Classic | 1 Displayed details on | Successful scan; inven-

Bread LCD, updated quantity | tory updated.
automatically.

9558943127645 | No Adabi Oyster Sauce 2 Prompted user to input | Product added to
product name and quan- | database; inventory
tity. updated.

9556782910314 | No Baba’s Fish Curry | 4 Prompted user to input | Product added to

Powder product name and quan- | database; inventory
tity. updated.

9558896723419 | No F&N Sweetened Milk | 8 Prompted user to input | Product added to
product name and quan- | database; inventory
tity. updated.

9557819231406 | No Maggi Tomato | 1 Prompted user to input | Product added to

Ketchup product name and quan- | database; inventory
tity. updated.

9556128347601 | No Cap Tangan Cooking | 1 Prompted user to input | Product added to

Oil 1L product name and quan- | database; inventory
tity. updated.

Table 4.5: Analysis of data entry for grocery items with barcode.
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Item: [Enter Add @  connecttoScanner

Milo Tkg - x1
Maggi Curry 5 pack - x2

Ayam Brand Sardines - x3

Dutch Lady Full Cream Milk 1L - x1
Gardenia Classic Bread - x1

Adabi Oyster Sauce - x2

Baba Fish Curry Powder - x4

FN Sweetened Milk - x8

Maggi Tomato Ketchup - x1

Cap Tangan Cooking Oil 1L - x1

NEXT CLEAR

d O

Figure 4.15: Corresponding list in the mobile application.

4.6.3 Voice Recognition Data Entry using Mobile App

Users can utilize the voice recognition feature within the mobile application to list
grocery items conveniently. This feature allows users to speak product names and quantities
directly through the app. To test the reliability of this feature, five individuals were selected
as user samples. Various speech variations, including differences in speed, clarity, and pitch,
were tested to evaluate the robustness of the system. The products used during the testing
process are detailed in Table 4.6, showcasing a diverse range of grocery items. The results
highlighted the system’s ability to recognize and process most inputs accurately, even with
variations in speech patterns. This testing also identified areas for improvement, such as

enhancing recognition for low-pitched voices or very rapid speech
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User ID Product Name Quantity | Speech Speed / | System Action Outcome
Clarity
User 1 Prawn 5 Normal Processed voice com- | Successful; correct prod-
mand, logged details uct and quantity recorded
User 2 Cabbage 3 Fast Processed voice com- | Successful; correct prod-
mand, logged details uct and quantity recorded
User 3 Soy Sauce 2 Slow Processed voice com- | Successful; correct prod-
mand, logged details uct and quantity recorded
User 4 Lipbalm 1 Normal Processed voice com- | Successful; correct prod-
mand, logged details uct and quantity recorded
User 5 Cucumber 3 Clear Processed voice com- | Successful; correct prod-
mand, logged details uct and quantity recorded

The testing results indicate that the system effectively processes voice commands and
accurately records both product names and quantities, even with varied speech characteris-
tics. As shown in Table 4.6, all five users successfully interacted with the system, regardless
of differences in speech speed or clarity, demonstrating the reliability of the voice recogni-
tion feature. The system consistently logged correct product details and quantities without
errors, confirming its robustness in handling diverse voice inputs. Additionally, the grocery

list corresponding to these results was successfully synchronized with the mobile app, as

Table 4.6: Analysis of voice recognition data entry.

shown in Figure 4.16, illustrating the complete grocery list displayed in the app.
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Prawn - x5
Cabbage - x3
Soy Sauce - x2

Lip balm - x1

Cucumber - x3

NEXT CLEAR
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Figure 4.16: Corresponding list in the mobile application.

4.7  Comparison with Previous Techniques

The proposed home grocery listing system improves user input efficiency compared
with the previous methods. Table 4.7 lists the relevant techniques that have been proposed
in the past. All the previous techniques have low efficiency in which users have a limited
methods of user data entry. In contrast, this project stands out by incorporating four methods
of user data entry; barcode scanning or manual entry using keyboard through a hardware
system and voice recognition or manual entry through mobile application. These options
allow users greater flexibility and ensure the system can handle a wide range of grocery items
efficiently. This variety of input methods reduces errors, improves usability, and makes the
system adaptable for different scenarios. With four methods of user data entry, this project

achieves a very efficient rating, setting it apart as the most effective solution in comparison
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to previous techniques. By using cost-effective hardware like the ESP32-S3 and creating
a mobile application through MIT App Inventor, the proposed system achieves capabilities
that improved accessibility and affordability. The proposed system combines the strengths
of previous techniques while addressing their drawbacks, offering an accurate, user-friendly,

and cost-efficient solution for home grocery listing.

System Design Number of User Inputs | Efficiency Level
Kaur et al., [1] Low efficiency
Rezwan et al., [5] Moderate efficiency
Firoz et al., [4] Moderate efficiency
Katuk et al., [10] Moderate efficiency
Patil et al., [9] Moderate efficiency
Our Work Very efficient

A DN D —

Table 4.7: Efficiency comparison with the previous techniques.

4.8 Summary

The grocery listing system has been developed which consists of hardware and a mo-
bile app. User can perform data entry by using hardware (i.e., barcode scanning or manual
entry using keyboard) or mobile app (i.e., voice recognition or manual entry). The mobile app
is also comes with a feature to check or obtain nutrition information. This feature helps the
user to obtain nutrition information and encourage users towards a healthy lifestyle. Thor-
ough testing and evaluation have been conducted to ensure the system’s functionality and

reliability.
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CHAPTER 5

CONCLUSION AND RECOMMENDATIONS

5.1 Conclusion

The project has been divided into three main objectives as described in Section 1.3.

The accomplishment of each objective is described and concluded in this chapter.

The first objective has been achieved. The hardware of the home grocery listing
system was developed by integrating the ESP32-S3, a barcode scanner module, and an LCD,

allowing efficient data input and display for managing grocery items.

The second objective was achieved by designing and developing a mobile applica-
tion using MIT App Inventor, which enables users to list grocery items. Additionally, the
application integrates a speech recognition feature, allowing users to input product details
hands-free. Furthermore, a nutrition facts screen feature was added to the app, enabling
users to search and view detailed nutritional information for specific items, such as serving

size, calories, protein, and more, enhancing the app’s functionality and user experience.

The third objective has been achieved. The hardware of the home grocery listing sys-
tem was successfully integrated with the mobile application, enabling seamless functionality.
Data from the hardware through barcode scanning or manual data entry, is transmitted to the

mobile application via the ESP32-S3’s web server capabilities over a Wi-Fi network. This
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allows users to view and manage their grocery lists in real-time, ensuring an efficient and

user-friendly experience.

5.2 Future Works

The development of a home grocery listing system holds immense potential for fur-
ther enhancements and innovations. As we look ahead, several key areas can be explored to

elevate the system’s functionality and user experience.

* Investigate the adoption of MatrixScan technology which allows simultaneous scan-
ning of multiple barcodes in a single sequence. This advancement can significantly

reduce the time required for inventory counts and enhance accuracy.

* Develop a system that can seamlessly translate speech recognition and product infor-

mation across different languages other than English.

* Enable users to add grocery items directly from smart home devices such as smart

refrigerators or voice-controlled assistants.

5.3  Project Commercialization

This project is suitable for commercialization because people do grocery shopping
very often. It has the potential to revolutionize the grocery management system and con-
tribute to commercial efficiency. All things considered, the home grocery listing system’s

successful commercialization depends on a comprehensive strategy that blends cutting-edge
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technology, user-centered design, and potential marketing techniques. We can present the

system as a vital tool for contemporary homes by addressing these aspects.
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APPENDICES

Appendix A: Full code of grocery listing system

1 #include <EspUsbHost.h>

2 #include <LiquidCrystal_I2C.h>
3 #include <Wire.h>

4 #include <Preferences.h>

5 #include <WiFi.h>

6 #include <WebServer.h>

7 #include <map>

9 // WiFi credentials

10 const char* ssid = "POCO";
11 const char* password = "1234567";
12

13 // Web server and LCD

14 WebServer server (80);

15 LiquidCrystal_I2C 1cd(0x27, 20, 4);
16

17 // Custom EspUsbHost class

18 <class MyEspUsbHost : public EspUsbHost {

19 public:

20 MyEspUsbHost () : 1lcd(0x27, 20, 4) {}

21

22 void onKeyboardKey(uint8_t ascii, uint8_t keycode, uint8_t modifier) override {
23 if (’ ? <= ascii && ascii <= ’7’ && modifier == 0) {

24 // Check if ’7° is pressed and trigger adjust mode

25 if (ascii == ’7°) { // ’7’ key pressed

26 isAdjustingQuantity = true; // Enable adjust mode

27 lcd.clear ();

28 lcd.setCursor (0, 0);
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29

30

3]

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

61

lcd.print ("Adjust Qty Mode")
lcd.setCursor (0, 1);

lcd.print ("Enter new qty:");

B

} else if (isMenuMode) { // Check if in menu mode

handleMenuSelection(ascii);
} else {
Serial.printf ("%c", ascii);
lcd.print ((char)ascii);
inputBuffer += (char)ascii;
}
} else if (ascii == ’\r’) {
Serial.println();
handleInput ();

inputBuffer = "";

} else if (keycode == 0x2A) { // Backspace key

if (!inputBuffer.isEmpty ()) {

inputBuffer.remove (inputBuffer.length ()

lcd.clear ();
lcd.setCursor (0, 0);
lcd.print ("Enter:");
lcd.setCursor (0, 1);
lcd.print (inputBuffer);

}

} else if (keycode == 0x2B) { // Tab key for menu

// Handle menu selection

isMenuMode = true; // Set menu mode

displayMenu();

void handleMenuSelection(char key) {
lcd.clear ();

switch (key) {
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62

63

64

65

66

67

68

69

70

71

72

73

74

75

76

77

78

79

80

82

83

84

85

86

87

88

89

90

91

92

93

94

case

case

case

case

case

,1):
isMenuMode = false; // Ezit menu mode
isManualMode = true; // Set manual mode

lcd.setCursor (0, 0);
lcd.print ("Manual Mode");
lcd.setCursor (0, 1);
lcd.print ("Enter name:");
break;

F 2.2
clearWebServerItems ();
lcd.setCursor (0, 0);
lcd.print("List Cleared");
delay (2000);
break;

’37:
lcd.backlight ();
lcd.setCursor (0, 0);
lcd.print("System: ON");
delay (2000);
break;

740
lcd.noBacklight ();
lcd.setCursor (0, 0);
lcd.print ("System: OFF");
delay (2000);
break;

’67:
isMenuMode = false; // Ezit menu mode
lcd.setCursor (0, 0);
lcd.print ("Exiting Menu");

delay (2000);

lcd.clear(); // Clear LCD after displaying the message

lcd.setCursor (0, 0);
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95 lcd.print ("Barcode Scanner"); // Return to mormal mode

96 break;

97 case ’6’: // Check WiF1i

98 isMenuMode = false; // Ezit menu mode
99 displayWiFiStatus ();

100 showStats () ;

101 break;

102 default:

103 lcd.setCursor (0, 0);

104 lcd.print("Invalid Option");

105 delay (2000) ;

106 break;

107 }

108 if (!isManualMode && !isMenuMode) {

109 lcd.clear ();

110 lcd.setCursor (0, 0);

111 lcd.print("Barcode Scanner");

112 }

113 }

114

115 void showStats () {

116 lcd.clear ();

117

118 // Number of registered items

119 int registeredItems = barcodeltems.size();
120 lcd.setCursor (0, 0);

121 lcd.print("Items Registered: " + String(registeredItems));
122

123 // Free memory

124 int freeMemory = ESP.getFreeHeap();

125 lcd.setCursor (0, 1);

126 lcd.print ("Memory: " + String(freeMemory) + " Bytes");
127
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128

129

130

131

132

133

134

135

136

137

138

139

140

141

142

144

145

146

147

148

149

150

151

152

153

154

155

156

157

158

159

160

delay (4000); // Display stats for 4 seconds

lcd.clear ();

lcd.setCursor (0, 0);

lcd.print ("Barcode Scanner");

void displayWiFiStatus () {

lcd.clear ();

if (WiFi.status() == WL_CONNECTED) {

lcd

lcd.

lcd.

lcd.

lcd.

lcd

} else {
lcd.

lcd.

}

.setCursor (0, 0);

print ("WiFi Connected");
setCursor (0, 1);
print ("IP: " + WiFi.localIP().toString());

setCursor (0, 2);

.print ("Signal: " + String(WiFi.RSSI()) + "

setCursor (0, 0);

print ("WiFi Not Connected");

delay (4000); // Display the status for 4 seconds

lcd.clear ();

lcd.setCursor (0, 0);

lcd.print ("Barcode Scanner");

void handleInput () {

if (inputBuffer.equalsIgnoreCase ("manual")) {

isManualMode = true;

lcd

lcd.

lcd.

lcd

lcd.

.clear ();

setCursor (0, 0);

print ("Manual Mode");

.setCursor (0, 1);

print ("Enter name:");
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161

162

163

164

165

166

167

168

169

170

171

172

173

174

175

176

177

178

179

180

181

182

183

184

185

186

187

188

189

190

191

192

193

return;

if (inputBuffer.equalsIgnoreCase("clearlist")) {

clearWebServerItems ()
lcd.clear ();

lcd.setCursor (0, 0);

H

lcd.print ("List Cleared");

delay (2000) ;
lcd.clear ();

return;

if (inputBuffer.equalsIgnoreCase("on.")) {

lcd.backlight ();
lcd.clear ();

lcd.setCursor (0, 0);

lcd.print("System: ON");

delay (2000) ;
lcd.clear ();

return;

if (isAdjustingQuantity && currentStep == 0) {

int newQuantity = inputBuffer.toInt();

adjustQuantity (currentBarcode, newQuantity);

isAdjustingQuantity = false;

// Disable quantity adjustment mode

currentStep = 0; // Reset step

return;

}

if (isRegisteringItem ||

if (currentStep == 0)

isManualMode) {

{

64



194 currentItemName = inputBuffer;

195 currentStep = 1;

196 lcd.clear ();

197 lcd.setCursor (0, 0);

198 lcd.print ("Enter quantity:");

199 } else if (currentStep == 1) {

200 currentQuantity = inputBuffer.toInt();

201 processNewItem(currentItemName, currentQuantity);
202 currentStep = 0;

203 }

204 ¥

205 }

206

207 void processScannedBarcode(const String& barcode) {

208 if (barcodelItems.find(barcode) != barcodelItems.end()) {
209 currentBarcode = barcode; // Set the current barcode
210 barcodeltems [barcode] .second++;

211

212 webServerItems [barcode] = barcodeltems [barcode];

213

214 lcd.clear ();

215 lcd.setCursor (0, 0);

216 lcd.print("Item:");

217 lcd.setCursor (0, 1);

218 lcd.print (barcodeltems [barcode].first + " x" + String(barcodeIltems[barcode].second));
219 } else {

220 currentBarcode = barcode; // Set current barcode for manual registration
221 isRegisteringltem = true;

222 lcd.clear ();

223 lcd.setCursor (0, 0);

224 lcd.print ("Not found:");

225 lcd.setCursor (0, 1);

226 lcd.print ("Enter name:");
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227

228

229

230

231

232

233

234

235

236

237

238

239

240

241

242

243

244

245

246

247

248

249

250

251

252

253

254

255

256

257

258

259

void processNewItem(const String& name, int quantity) {
if (name.isEmpty () || quantity <= 0) {
Serial.println("Invalid item or quantity.");

return;

// Handle manual or scanned ttems

if (isRegisteringltem && !currentBarcode.isEmpty ()) {
barcodeItems [currentBarcode] = {name, quantity};
webServerItems [currentBarcode] = {name, quantity};
saveBarcodeItem (currentBarcode, name, quantity);

} else if (isManualMode) {

String manualBarcode = "manual_" + String(manualCounter++);
barcodeItems [manualBarcode] = {name, quantityl};
webServerItems [manualBarcode] = {name, quantityl;

saveBarcodeltem(manualBarcode, name, quantity);

// Display the registered item
lcd.clear ();

lcd.setCursor (0, 0);

lcd.print ("Registered: ");

lcd.setCursor (0, 1);

lcd.print (name + x" + String(quantity));
currentBarcode = "";

isRegisteringltem = false;

isManualMode = false;
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267
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269

270
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273
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275

276

271

278

279

280

281

282

283

284

285

286

287

288

289

290

291

292

void saveBarcodeItem(const String& barcode, const String& name, int quantity)

preferences.putString(barcode.c_str (), name);

preferences.putInt ((barcode + "_qty").c_str(), quantity);

String barcodelist = preferences.getString("barcodelist", "");

if (barcodelist.index0f (barcode) == -1) {
barcodelist += (barcodelList.length() > 0 7 "," : "") + barcode;
preferences.putString("barcodelList", barcodelist);

b

webServerItems [barcode] = {name, quantityl}; // Save to webServerItems

void loadBarcodelItems () {

String barcodelList = preferences.getString("barcodelList", "");

if (barcodeList.isEmpty()) return;

int start = 0, end = barcodelList.index0f(’,’);

while (end != -1) {
String barcode = barcodelist.substring(start, end);
String name = preferences.getString(barcode.c_str(), "");

int quantity = preferences.getInt ((barcode + "_qty").c_str(), 0);

barcodeItems [barcode] = {name, quantityl;
webServerItems [barcode] = {name, quantity};
start = end + 1;
end = barcodelList.index0f(’,’, start);

}

String barcode = barcodelist.substring(start);

if (!barcode.isEmpty ()) {
String name = preferences.getString(barcode.c_str(), "");

int quantity = preferences.getInt((barcode + "_qty").c_str(), 0);
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294

295

296

297

298

299

300

301

302

303

304

305

306

307

308

309

310

311

312

313

314

315

316

317

318

319

320

321

322

323

324

325

barcodeltems [barcode] = {name,

quantityl};

webServerItems [barcode] = {name,

}

void adjustQuantity(const String& barcode,
// Debug output for tracking
Serial.println("Adjusting quantity..."

Serial.println("Barcode: " + barcode);

quantityl};

int newQuantity) {

);

Serial.println("New Quantity: " + String(newQuantity));

// Check 4if the barcode exists

if (!barcode.isEmpty () && barcodeltems.find(barcode)

if (newQuantity > 0) {
// Update the quantity
barcodeIltems [barcode] .second =

webServerItems [barcode].second

newQuantity;

newQuantity;

// Save the new quantity to preferences

preferences.putInt ((barcode + "_qty").c_str(),

// Display success message on LCD

lcd.clear ();
lcd.setCursor (0, 0);
lcd.print ("Updated:");

lcd.setCursor (0, 1);

barcodeItems.end()) {

newQuantity);

lcd.print(barcodeItems [barcode].first + " x" + String(mnewQuantity));

delay (2000);

} else {
lcd.clear ();
lcd.setCursor (0, 0);
lcd.print ("Invalid Qty");

delay (2000);
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327
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329

330

331
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333

334

335

336

337
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340

341

342

343

344

345

346

347

348

349

350

351

352

353

354

355

356

357

358

} else {
lcd.clear ();
lcd.setCursor (0, 0);
lcd.print("Item Not Found");

delay (2000);

// Return to default display
lcd.clear ();
lcd.setCursor (0, 0);

lcd.print ("Barcode Scanner");

void clearWebServerItems () {

webServerItems.clear ();

preferences.clear(); // Clear stored preferences

Serial.println("Webserver list cleared.");

void displayMenu() {
lcd.clear ();
lcd.setCursor (0, 0);
lcd.print ("Menu Options:");
lcd.setCursor (0, 1);
lcd.print ("1.Manual 2.Clear");
lcd.setCursor (0, 2);
lcd.print ("3.0n 4.0ff");
lcd.setCursor (0, 3);

lcd.print ("5.Exit 6.Stats");

static String currentBarcode;

static std::map<String, std::pair<String,
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360

361

362

363

364

365

366

367

368
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371
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373

374

375

376

371

378

379

380

381

382

383

384

385

386

387

388

389

390

391

static

std::map<String, std::pair<String,

LiquidCrystal_I2C 1lcd;

String inputBuffer =
String currentlItemName =
int currentQuantity =

int currentStep =

static

static

static

static

static

static

String MyEspUsbHost::currentBarcode =

std:

std:

:map<String,

:map<String,

.
0;

0;
Preferences preferences;
bool isManualMode;
bool isMenuMode;
bool

isRegisteringltem;

bool isAdjustingQuantity; // Tracks

int manualCounter;

nn .,
s

std::pair<String,

std::pair<String,

Preferences MyEspUsbHost::preferences;

bool MyEspUsbHost::isManualMode = false;

bool MyEspUsbHost::isMenuMode = false;

bool MyEspUsbHost::isRegisteringltem = false;
bool MyEspUsbHost::isAdjustingQuantity = false

int MyEspUsbHost::manualCounter =

1;

MyEspUsbHost usbHost;

HardwareSerial ScannerSerial (2);

void setup() {

Serial.

ScannerSerial.begin (9600,

begin (115200);

SERIAL_8N1, 15,

usbHost .begin ();

usbHost.lcd.init ();
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int>> webServerltems;

1f in quantity adjustment mode

int>> MyEspUsbHost::barcodeltems;

int>> MyEspUsbHost::webServerItems;

B
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392 usbHost .lcd.backlight ();

393 usbHost.lcd.clear ();

394 usbHost.lcd.print ("Barcode Scanner");

395

396 MyEspUsbHost ::preferences.begin("barcode-db", false);
397 usbHost .loadBarcodeItems (); // Load stored items

398

399 usbHost.lcd.clear ();

400 usbHost.lcd.setCursor (0, 0);

401 usbHost .lcd.print ("Connecting to WiFi..");

402

403 WiFi.begin(ssid, password);

404 unsigned long startAttemptTime = millis ();

405 const unsigned long connectionTimeout = 10000; // 10 seconds timeout
406

407 while (WiFi.status() != WL_CONNECTED && millis() - startAttemptTime < connectionTimeout) {
408 delay (500);

409 Serial.println("Attempting to connect..");

410 }

411

412 if (WiFi.status() == WL_CONNECTED) {

413 usbHost.lcd.setCursor (0, 1);

414 usbHost.lcd.print ("WiFi Connected");

415 delay (2000);

416

417 // Start the web server

418 server.on("/", [10) {

419 String response = "";

420 for (const auto& item : MyEspUsbHost::webServerItems) {
421 response += item.second.first + " - x" + String(item.second.second) + "\n";
422 }

423 if (response.isEmpty ()) {

424 response = "No items in the system.";

71



425 }

426 server.send (200, "text/plain", response);
427 1)

428 server.on("/clearlist", [J(O) {

429 usbHost.clearWebServerItems ();
430 server.send (200, "text/plain", "Webserver list cleared");
431 1)

432

433 server.begin () ;

434 Serial.println("Web server started");
435 } else {

436 usbHost.lcd.clear ();

437 usbHost.lcd.setCursor (0, 0);

438 usbHost.lcd.print ("WiFi Not Connected");
439 delay (2000);

440 }

441

442 usbHost.lcd.clear ();

443 usbHost.lcd.setCursor (0, 0);

444 usbHost.lcd.print ("Barcode Scanner");

445 3}

446

447  void loop () {

448 usbHost .task();

449 server .handleClient ();

450

451 if (ScannerSerial.available()) {

452 String scannedBarcode = ScannerSerial.readString();
453 scannedBarcode.trim();

454 usbHost .processScannedBarcode (scannedBarcode);

455 }

456
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Appendix B: Block codes in MIT App Inventor

do | open another screen screenName

initialize globall Jto ( (=] create empty list

Ui addlitemBtn -« FLETES
do (%] additemstolist list | get CIEELEES
item | EEFES - RS
call StoreValue
tag | RENEL
valueToStore ¢ =1 global
2me N global items -
' to 2

when EEETET 8 AfterPicking
do | remove list item list oet
index

call [QUTEEEIED StoreValue

valueT

0 | global items -

when .Click
set FIEEELERS to | (=] create empty list
call QuyieiEES ClearAll

set
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\"Z - SpeechRecognizer! v WAICEE e [

result partial
do | (] if select listitem list . split at spaces [ get fEnng EBB
e I
then | set to |, selectlistitem list  split at spaces [, get [EiLd
index B3
set to [, selectlistitem list = split at spaces (, get [N
index 9
(¢) add items to list list | get
item join get

s[51¢ global quantity ~
to [2f global items *

else if select list item list = split at spaces [, get [Enng E58
e © I

then | remove listitem list e[t global items

index index in list thing select list item list split at spaces get

index

[T S global

when .GotText

url responseCode responseType responseContent
ey <[ responseCode -~ Il = * I8 200
then | set e[ ERC 0 to /21 responseContent ~ |

else | call N7 .ShowMessageDialog
message
title

buttonText

when _Click

do  set el

 call  Web1 + e
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when _GotText

url responseCode responseType

L[l BT global responseData + Kot BEET JsonTextDecode

jsonText

responseContent

v—for each m in list
do [ (&) if

l+[51¢ global responseData *

text

get [ELNS
| TextBox2 + I Text « |
 Label1 - M Text ~ K&

get value for key

get value for key
in dictionary

or if not found
piece

(@) join

in dictionary

or if not found

get value for key
in dictionary

or if not found

get value for key
in dictionary

or if not found

in dictionary

or if not found

get value for key
in dictionary

or if not found

get value for key

in dictio

get value for key
in dictionary

or if not found

get value for key
in dictionary

or if not found

Label1 * o Text + Ml = -
(38 Label1 ~ M Text v K&
38 Label2 + M Text K6
S5 Label3 + M Text ~ G
:et Label4 » BN Text v &)
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get

i) Calories (kcal)

get item v




	ABSTRACT
	ABSTRAK
	ACKNOWLEDGMENTS
	TABLE OF CONTENTS 
	LIST OF TABLES
	LIST OF FIGURES
	LIST OF ABBREVIATIONS
	LIST OF APPENDICES
	1 INTRODUCTION
	1.1 Grocery Listing and Management Behaviour
	1.2 Problem Statement
	1.3 Project Objectives
	1.4 Scope of Work
	1.5 Report Outline

	2 LITERATURE REVIEW
	2.1 Barcode
	2.1.1 Types of Barcode Technology
	2.1.2 Benefits of Using Barcode

	2.2 Speech Recognition vs Voice Recognition
	2.2.1 Algorithm: Speech to Text Conversion
	2.2.2 Language Modeling

	2.3 Known Techniques of a Home Grocery Listing System
	2.4 Summary

	3 METHODOLOGY
	3.1 Description of Methodology - Sustainable Development
	3.2 Hardware Design: Barcode Scanner
	3.3 Mobile Application Development
	3.4 Integration of Hardware and Mobile Application
	3.5 Gantt Chart
	3.6 Summary

	4 RESULTS AND DISCUSSION
	4.1 Home Grocery Listing Mobile Application Design
	4.2 Speech Recognition Configuration
	4.3 Nutrition Facts App Design
	4.4 Barcode Scanner, LCD, and Keyboard Configuration
	4.5 Integration of Hardware and Mobile Application
	4.6 Functionality Verification
	4.6.1 Data Entry of Grocery Items Without Barcode
	4.6.2 Data Entry of Grocery Items With Barcode
	4.6.3 Voice Recognition Data Entry using Mobile App

	4.7 Comparison with Previous Techniques
	4.8 Summary

	5 CONCLUSION AND RECOMMENDATIONS
	5.1 Conclusion
	5.2 Future Works
	5.3 Project Commercialization

	REFERENCES
	APPENDICES



