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Requirements

Communication System

Specifications

Functional
 Receive data input from the scanner or weight scale
 Allow user to bring a shopping list from their home on a
smartphone.
 Store product data at a separate location.
 Allow users to modify/delete the items in their cart at any
time.
 The system should have an adequate power supply.

The following table lists the system specifications for
SmartKart. Most importantly, they pertain to the barcode
scanner, weight scale, and general use of the system.

Non-Functional
 The shopping cart must be always connected to the server.
 A scanned or weighed item should be displayed on the
screen within less than 1 second.
 A scanned or weighed item should be displayed on the
screen within less than 1 second.
 Customer must be presented with a display screen that provides an outstanding UI.
 The total price should be updated within 1 second of an item
added to the cart.
 The final bill generation should include a total list of items
with individual prices, taxes and total price.

Specifications

Min

Avg.

Max

Unit

Long Range Communication Distance

90

300

-

m

Short Range Communication Distance

5

10

-

m

Viewing distance of the screen

30

35

40

cm

Weight Tolerance

0.1

--

11

Pounds (lbs.)

Barcode Scanning Distance

0.13

0.38

0.76

m

Scanning Angle

-65

-

65

Degrees

Storage Temperature

-40

-

80

Degrees Celsius

Database

30

--

1500

Items

Battery Life

6

8

10

hours

SmartKart
Motivation
To make shopping faster and easier for customers
To help customers better manage their money
To assist customers in purchasing all of their desired products
The Solution
Created a shopping cart with ‘Smart’ functionality.
 Have an LCD screen to allow customers to interact with
the system
 Have a phone application that allows users to create
shopping lists and synchronize it with SmartKart
 Shopping cart with both a barcode scanner and weight
scale to add items to the cart

Data Flow
Using SmartKart, the customer
will be able add items to their
cart using the barcode scanner
or the weight scale.

System Interpretation of Weight

Long Range Communication — ESP8266

Short Range Communication — Laird LB652

The W-Fi module connects to the MCU via UART, which is
a computer hardware device for asynchronous serial communication. The Wi-Fi module had to be configured
through the use of AT commands which are sent to Wi-Fi
module from the microprocessor in order complete the
various functions.

The purpose of the Bluetooth is to send the checklist from
the phone application to the LCD display via Bluetooth.
SPI communication was chosen for this purpose as it
offers very fast data rates (up to 50MBPS).

AT Commands
AT+CWMODE_DEF
AT+CIPSTATUS
AT+CIPMODE
AT+CIPMUX
AT+CWJAP_DEF
AT+CIPSTART
AT+CIPSEND

Functionality and Use
Set up the Wi-Fi module as client to connect to the server.
Check the status of the Wi-Fi module.
Set the transfer mode of the Wi-Fi module.
Set the Wi-Fi as a single connection module.
Connect the Wi-Fi module to the network router.
Start a TCP connection with the server via the router.
Send strings of characters from the Wi-Fi to the server it is connected to.

Server
Utilize MySQL and Python to implement a database that will contain all product information. A request is sent
from the PIC18F46K22 containing the product UPC. This product code will be matched with an existing product
in the database and product information such as name, price and tax eligibility will be sent back to be displayed
on the screen.

How?
SmartKart is a product that has been created through the interconnection of numerous modules and peripherals. The
diagram below covers the functional breakdown of the system, and the basic components it relates to.
The table on the left lists the functional breakdown, and
goes further into the exact components we have chosen for
our design.

System Interpretation of Barcode Data

Data Input

Processing

Testing and Results
Communication
Network

Weight Scale Results
The table below shows the weight scale test results. The expected
weight columns are obtained from the product packaging; these are
used as the control weight. The third column, measured weight is
obtained form the weight scale. As is seen below, weight was received with 2% accuracy for the majority of items.

Function

Component

Part Number

Data Processing

Microcontroller

PIC18F46K22

Wi-Fi

ESP8266

Server

eMachines Laptop

Database

MySQL

Bluetooth

BL652

Long Range
Communication

Wi-Fi to Server
The oscilloscope reading below shows the response
time between a signal transmitted to the server by the
Wi-Fi module, and the response received by the Wi-Fi
module from the server.

Short Range
Communication

Screen

Riverdi-RVT7

Controller

FT-813

Smartphone

Phone Application

Android

Scanner

1-D Barcode Scanner
(RS-232)

Symbol LS4208

Load Cell

5KG Strain Gauge

Load Cell Amplifier

HX711

Logic Level Shifter
Bidirectional (3.3V
& 5V)

TXB0108

3.3V Regulator
5V Regulator

LD1117V33
L4940V5

Battery

7.4V LiPo

Data Input
Weight Scale

Power Allocation
Power System

Power Source

PCB Design

System Level Test Results

The figure display shows the PCB (Printed Circuit Board) design that
was created for this project. The PCB was designed and implemented with two copper layers; green represents the front layer, and red
representing the back. This PCB design features a “ground” plane
(red; back) and a “power” plane (green; front).

The following table lists a number of system level tests
that were performed to validate the core functionality of
SmartKart.

Software Tools
 AutoCAD
 MPLAB-X
 Proteus
 KiCad (Eeschema & PCBnew)
 RealTerm: Serial/TCP Terminal
 Python
 Android Studio
 Arduino

Feasibility?

Grocery Stores

For SmartKart to be implemented within grocery stores, it is important that it
be economically feasible. The figure below represents a bulk purchasing cost
analysis; for every extra SmartKart purchased, the unit cost decreases.

Consumer Benefit
According to a recent study from the University
of Pennsylvania, shopping without a list can increase your grocery bill by 23% due to unplanned
purchases.

Capture, translate and output a numerical sequence
from printed barcodes. Conventionally, they consist of a
light source, a lens and a light sensor translating optical
impulses (the barcode) into electrical ones.

Hardware Tools
 Tektronix Oscilloscope
 FTDI Serial to USB Cable
 Arduino

Target Market?

To increase customer satisfaction and loyalty.
Happy and satisfied customers will reward retailers who best meet their needs for information
and services.

A strain gauge load cell was chosen to be used within
our weight scale, were we expect all items placed on the
scale to vary between 1-10lbs.

Software and Hardware Tools

Social and Economic Implications

Why would be this be a great investment?

Barcode Scanner— Symbol LS4208

This is a mechanical element that senses force through
deformation of one or many of the strain gauge on the
element. It consists of an aluminum beam with 4 strain
gauges bonded at the hinge area.

LCD Display
User Interface

Weight Scale—5KG Strain Gauge Load Cell

Power
Both 3.3V and 5V devices are used in the system, so we
need a way to power them from the same power source.
The solution to this problem is using voltage regulators,
which step down the voltage to the desired level.

Processing
One of the most important components in the execution
of this project is the microcontroller. A microcontroller
contains one or more CPUs (processor cores) along with
memory and programmable input/output peripherals.
The MCU chosen for this project is from the PIC18F 8-bit
series.

In order to dissipate heat within the casing of our design,
it was important to design a heatsink that will be used in
conjunction with the voltage regulator. For this reason, a
T0-220 package was chosen.
This MCU features two hardware UARTS, is capable of SPI
communication, and has enough GPIO’s and memory
available for this application.

