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This paper presents the design and implementation of a low-cost basket based on an ARM
system on chip architecture using Raspberry Pi single board computer. The inspiration of this
research is how to support the traditional low-income retail store in Thailand driving the local
micro-business deal with the economic impacts of survival business from the global retailers.
The concept of a smart basket system is to use the open-source software in order to save the

Keywords: budget with the free update system. For the product design, the kansei engineering and form
Low-cost smart basket follows function theory are applied. The low-cost basket consists of hardware design based on
Smart basket the system on chip architecture and software design using the proposed smart basket algorithm
ARM and user interface. Experimental results show that the proposed smart basket implementation

can be convenient for lifestyle shopping experience in the local mini mart. This basket will
replace the traditional one, which will help consumers maintain the social distancing and will
support the local low-income merchant while running the local business during the COVID-19
pandemic.

System on Chip (SoC)

1 Introduction

Recently, the modern trade from global retailer changes and affects
the traditional low-income retail store in Thailand. Survival strat-

egy for business is how to adapt the traditional business following ulbbl
the digital lifestyle. According to Thailand 4.0 model [1], the eco-
nomic prosperity is the one of objectives to create a value economy
by innovation, technology and creativity supported the well-being
style.

The internet of things (IoT) and radio frequency identification
(RFID) with the low-power microprocessors and systems on chips
are a highly important development used for the communication
technology that change people’s life in the digital lifestyle [2]. The
most important challenges of high-performance embedded system
and portable devices are how to manage the power consumption
of microprocessors. Moreover, IoT architectures [3] have been
upgraded every day to reduce data transmission, latency, power
consumption, and bandwidth usage for several applications.

Figure 1: The use of smart basket in traditional retail store
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Figure 2: The use of smart basket

According to the embedded system, RISC platform that supports
floating-point arithmetic. ARM SoC architecture is embedded in
the various industrial control systems, IoT portable devices, and
smartphone [4].

In this research, the main objective is to deploy the proposed
smart basket for the traditional low-income retail store against the fi-
nancial crisis and global retailers as shown in Figure 1. The concept
of proposed smart basket system is to use the open-source software
in order to save cost and easy to update system shown in Figure 2.
Design and implementation of a low-cost smart basket should be
convenient to improve the lifestyle shopping experience against the
COVID-19 at the local supermarkets.

2 Background and Related Work

There are various smart shopping carts and baskets with the RFID,
IoT, and embedded system. Nowadays, the effects of coronavirus
disease (COVID-19) pandemic living for people around the world
has made the changing lifestyle especially shopping at the conve-
nience store and supermarket. In [5], the demonstration experiment
of the RFID automatic checkout solution by Panasonic has been
proposed. Customers can automatically checkout while walking
through the checkout lane with the RFID on basket containing prod-
ucts. In [6], an application on a mobile application to search the
shopping shelf in the supermarket has been presented to manage the
shopping list.

The utilization of cost-effective smart IoT-based shopping cart
has been used in the department store [7]. The development of a
smart shopping basket using a barcode reader on a mobile device has
been presented in [8]. A smart shopping basket provides a hand-free
and hassle-free shopping experience in the supermarket, as detailed
in [9]. In [10], an automatic billing on android application for
smart shopping has been presented. An automatic WooCommerce
application generator framework has been introduced in [11].

There are many researches based on an ARM system such as the
spherical magnetic robot using multi-single board ARM computer
for controlling and communication [12] and a Mini-UAV for indoor
surveillance project in [13]. The advantages of ARM system are
affordable to create, low-power consumption, support multiprocess-
ing, and simple circuits.
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Figure 3: Research framework

For this research, we aim to minimize the production costs of
a proposed basket by using the local products in Thailand. The
contributions of this paper are summarized as follows: 1) to propose
the design and implementation of the low-cost hanging basket based
on the kansei engineering and 3F theory for the product design,
and 2) to deploy a low-cost basket including with a Raspberry Pi 3
Model B+ SBC, a 1-dimension barcode reader, and a 7-inch TFT
LCD display monitor touch screen connected inside the basket by
using the online purchase application on the Raspbian operating
system for payment.

The rest of this paper is organized as follows. Section 3 presents
the proposed low-cost smart basket based on an ARM SoC archi-
tecture. Section 4 presents the smart basket algorithm. Section 5
presents the user interface. Section 6 details the experimental results
and Section 7 concludes this research.

3 Proposed Low-cost Smart Basket Based
on ARM System on Chip Architecture

Proposed low-cost smart basket is used the ARM SoC as a general-
purpose processor in a Raspberry Pi SBC architecture to improve the
convenience life shopping experience. The design and implementa-
tion of a low-cost smart basket are made from plastic, lightweight,
durable and suitable for both dry and wet surfaces.

3.1 Proposed Framework

The research framework is divided into three parts as shown in
Figure 3. Part 1 is the main contribution of the design process.
Kansei engineering and 3F theory are used to construct an overall
evaluation system using a hierarchical model including the attribute
and evaluation levels.
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Figure 4: The system architecture of proposed smart basket
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Figure 5: ARM Cortex-A53 processor configuration [15]
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Attribute level consists of three levels as the functional attributes:
ease to use, durable, comfortable; the aesthetic attribute: design,
size, ergonomics; and the commercial attribute: accuracy /valida-
tion, reduce time for payment. In part 2, there are two types of
evaluation as an objective evaluation and a subjective evaluation. In
part 3, the questionnaires are used by the experimental verification
for the subjective product evaluation.

3.2 System Architecture

The proposed system architecture of smart basket design as shown
in Figure 4 is based on the embedded system and network system.
This system architecture can be separated into the retail store and
the online banking as follows.

The retail store block divides two parts including as:

1. Network system part includes a WLAN, a router, a server,
and the cash machine.

2. Low-cost smart basket part consists of the Raspberry Pi 3
Model B+ SBC with 1.4GHz ARMvS8 SoC, 1GB DDR2 low-
power memory, a 64GB micro-SD storage, a full size of
high definition multimedia interface (HDMI), and 2.4-5GHz
IEEES802.11.b/g/n/ac wireless LAN. The DC power supply
10,000mAh 5V-2.5A, a 1-dimension barcode reads, and the
7-inch TFT LCD display monitor 800x480 of resolution with
the capacitive touch screen control are installed. The Rasp-
bian is used as the operating system. The component of
Raspbian includes a Linux kernel 5.10.17 based on the De-
bian Linux, which is installed on a micro-SD storage in the
Raspberry Pi.

The online banking block with the online purchase application
for payment develops by the C/C++, XAMPP as a PHP development
environment, HTML, and JavaScript are described in the Section 4.
Figure 5 shows an ARM Cortex-A53 processor configuration with
four cores and an AXI Coherency Extension (ACE) or the Coherent
Hub Interface (CHI) Master Interface.

The 64-bit address version of ARM [14] is used. The Cortex-
AS53 processor is a mid-range and low-power processor installed
the ARMvVS architecture. In this research, the 4-core Cortex-AS53
processor is used with an L1 memory system and a single shared
L2 cache [15]. There are several low-end IoT devices using ARM
as a main processing unit [16] such as OpenMote, LSN50, Memsic
Lotus, nRF51 DK, and Arduino MKR1000.

3.3 Design Process and Implementation

Kansei engineering (KE) has been used for the product design fol-
lowing the customer’s feeling and needs in the product function [17].
Following the KE concept, we set the adjectives of these influenc-
ing factors for evaluation as “weak to strong” on the 5-point scale.
Following [18], the product design can be generally divided into
three fundamental components as the appearance, functionality, and
quality. The form follows function (3F) theory has been associated
with the 20" century architecture, engineering, and industrial design
related on the function or purpose.
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Table 1: Model of proposed smart basket design using the kansei engineering and 3F
theory.

Basket Level of Basket Design Design tools
management | decision decision process
Smart basket | Strategic Problems to UX/UI 1) Concept of
definition solve with smart basket
shape and 2) KE & 3F
usage theory
Brainstrom Descriptive 1) Question-
statistics naires
2) User
Experience
Basket Operational | Formalization | Creation/ Form
image usage specification
in 3D
Smart basket | Operational | Positioning/ System C/C++,
on embedded Installation architecture | XAMPP,
system HTML,
PHP
Inventory & Stock
sales report payment

Model of the proposed smart basket design using the kansei
engineering is shown in Table 1. There are three steps of smart
basket management as the smart basket definition, basket image,
and smart basket on the embedded system. Level of decision can be
divided into two parts as the strategic and operational level.

The basket design process using the kansei engineering and 3F
theory are five steps including:

1. Discussing plans and brainstorming for launching a basket:
In this step, researchers are surveying about a basket used in
the supermarket. Then, they are discussing and selecting a
set of baskets. Finally, they make a decision about size of
30x41x22cm shown in Figure 6(a).

2. Defining the pain points of consumers and solutions: In
this step, researchers are looking for three different sizes
and weights of a basket sold in the hardware stores.
Type I, II and III are made from hard plastic mate-
rial with 30x41x12cm/0.6kg, 17%x27x21cm/0.2kg, and
44%33%25cm/0.7kg as shown in Figure 6(b).

3. Developing the strict requirements of basket using 3F theory:
In this step, researchers are collecting the information from
questionnaires. After that, design and implementation of pro-
posed basket are deployed by 3F theory with all components
as shown in Figure 6(c).

4. Production implementation: Prototype white plastic basket is
implemented and developed with a size of 30x38%22cm and
weight of 2.9kg as shown in Figure 6(d).

5. Testing and modifying: This step is concerning with the user

experience to modify and improve for real usage in the future
as shown in Figure 6(e).
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(a) discussing plans and brainstorming

Type I Type I1

Type I11

(b) defining pain points of the customer and solutions

(e) testing and modifying

(d) product implementation

Figure 6: Proposed basket design process using kansei engineering and 3F theory

3.4 User Interface and User Experience

User interface (UI) and user experience (UX) [19] are the stage
of product interactive development by users. Ul is how users can
interact with application and tools. UI provides the meaning of input
as allowing the users to control the system and output as enabling
the system to inform users. UX is an experience and a person’s
perception related on a system and service that can provide the
satisfaction and comfort.
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Figure 7: Flowchart of the proposed smart basket

4 Smart Basket Algorithm

In this section, the smart basket algorithm is introduced to manage
the stock, database and payment. Flowchart of proposed algorithm
is shown in Figure 7.

Basic concept of database system is used as the simple stock
management for Thai merchant understanding how to manage and
monitor the real-time stock item and sales reports in the small retail
store. Smart basket on hand will show the current stock item and
reflect the financial plan and forecast, which can prevent the out of
stocks happening.
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Figure 8: Overall system of the distributed information

The smart basket algorithm can be divided three parts as: add a
product, delete a product, and payment.

1. Add a product part: This customer part chooses the product
by scanning a barcode. When the Raspberry Pi SBC receives
the number of barcode and display the details on a monitor.

2. Delete a product part: At the part of deleting the product,

nsnindonaendaidosnslaim

\\\lIlII/

when customers scan the barcode more than one from a bar-

code reader and require to delete. So, the customers will mark

the empty box in front of the product and then confirm to

delete.

3. Payment part: When the customers finish the shopping, there
are two options of payment as the online and offline. The
summary of products in the basket will send to cashier for

payment.

Figure 8 shows the unified modeling language (UML) diagram

(a) new customer registration page

of overall system. The components of UML diagram consist of the
stock basket, basket active, report, employee, stock item, and reset

password.
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5 User Interface of Smart Basket

The user interface for a smart basket design for Thai people cus-
tomers composes of nine pages: 1) a smart basket selection page is
shown in Figure 9(a), 2) the product details page is shown in 9(b),
3) a new customer registration page is shown in Figure 10(a), 4)
the customer login page is shown in Figure 10(b), 5) the products
or stock management selection page ss shown in Figure 11(a), 6)
the product management page is shown in Figure 11(b), 7) stock
management page for tracking and monitoring stock ss shown in
Figure 12(a), 8) the customer satisfaction questionnaires page is
shown in Figure 12(b), and 9) the payment page is designed for
customers to purchase items easily and securely in Figure 13.

6 Experimental Results

Experiments of the proposed low-cost smart basket are composed
of the hardware and software tests.

There are three types of hardware test repeated 100 times as
weight, drop impact test and battery life. Hardware experimental
results are shown in Table 2. It is concluded that the maximum
weight capacity of proposed basket hold is around 12 kg. Drop
impact tests simulate the drop of proposed basket to guarantee the
safety of basket during shopping at the maximum height of 30cm.
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Table 2: Hardware experimental results of the proposed smart basket

Weight Drop impact testing Battery life

Maximum 30cm Maximum 6 hours

Maximum 12 kg.

B Life
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S \\\
o 401 KX
o \\\
207 e
0 : e ‘
1 2 3 4 5 6 7
Hours
Figure 14: Battery life
P PayPal
| lonerora
 E——

(a) product deleted testing

(b) online payment testing

Figure 15: Example of software experiments

For the battery life, a cycle of 10,000mAh battery last is about
six hours. Figure 14 shows that the trend of percentage of battery
life declines gradually within six hours.

Software test is repeated 100 times concerning with
added/deleted products, registration/login and payment. Example
of deteted product and online payment tests are demonstrated in
Figure 15. The real usage of proposed basket is tested at the local
supermarket shown in Figure 16.

Additionally, the results of 100 Thai customers satisfaction ques-
tionnaires of the low-cost smart basket that consist of six parts: size,
durability, design, application response, appropriate for the super-
market, and comfort are shown in Figure 17(a) to Figure 17(f),
respectively. There are five levels of satisfaction including the very
satisfied, satisfied, well-done, dissatisfied, and very dissatisfied.

Figure 17 shows the satisfaction from online survey of 100 peo-
ple with 6 key questions of the use of proposed basket. It can be
seen that over 43% of these surveys feel very satisfied for applica-
tion response to user while shopping in the supermarket. Another
42% gets satisfied for design. In conclusion, it is evident that most
customers feel satisfied for ease of application used, while they were
shopping.
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Figure 16: Testing at the local supermarket in Bangkok, Thailand
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Figure 17: Results of Thai customer satisfaction questionnaires using the low-cost
smart basket.

7 Conclusions

In this paper, the design and implementation of a low-cost basket
based on an ARM SoC architecture with Raspberry Pi single board
computer has been proposed based on the 3F theory of the product
design applied for a hanging shopping basket. Hardware design
has been applied by ARM system on chip architecture, while the
proposed smart basket algorithm has been introduced in the soft-
ware design to control the user interface and database. Experimental
results show that the proposed smart basket implementation can be
convenient for the lifestyle shopping experience in the supermarket.
This innovation will replace the traditional one, which will help
consumers maintain the social distancing during the COVID-19
pandemic.
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