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Abstract — This paper presents the design methodology
utilized to design, construct, and test an autonomous
shopping cart that utilizes motion and proximity sensors so
that no physical touching of the cart is involved in order to
navigate to a desired location. The motivation for this project
stems from inspiration in the wave of “smart” technology.
The main goal of this project is to create a device that’s
accessible for all types of people, mainly for those that have
some sort of physical impairment due to an injury while also
keeping the overall budget for the unit as cheap as possible.

Index Terms — Autonomous vehicles, infrared sensors,
microcontrollers, motors, shortest path problem, sonar
detection.

1. INTRODUCTION

With technology advancing faster than people can adapt,
the future of retail and grocery shopping will soon be
inundated with digital monitors, scan-and-go mobile apps,
and cashier less checkout services. Despite some of the
negative stigmas this may bring forward, it ultimately will
provide shoppers with the swiftest and most efficient
shopping experience.

Not only will these technological advancements increase
overall effectiveness, it will aid those customers that are
physically unable to go shopping for themselves or require
some sort of assistance due to a handicap, injury, or any
other impediments that they may face on a daily basis. So
now we ask: How can we make shopping fast and easy for
those that need help while still holding on to some of the
more traditional shopping characteristics?

Our project idea is a self-driving shopping cart that
would utilize motion and proximity sensors so that no
physical touching of the cart is involved in order to
navigate to the desired location.

The design would work where the customer chooses
which grocery items they want on an LCD screen, and
based on this, the cart would navigate to where these items
are by using the shortest distance possible. This would
utilize proximity and motion sensors to navigate.
Proximity would be used to ensure the cart doesn’t run
into objects, or other customers, and the motion sensors
would be used to ensure that the cart driver is following
behind, if not, the cart would stop until the driver resumes
walking. The cart would also automatically adjust to
anyone’s walking speed.

The power source for the cart is to be based on solar
cells since they’re environmentally friendly and would be
a quiet power source in comparison to a gas motor. The
solar cells will convert the energy from the sun and store
them into rechargeable batteries which will power on the
cart. Solar energy would work especially well for a
shopping cart since when they’re not in use, they’re most
likely outside, sitting in the sun, and gaining energy. The
cart is perfect for any shopper while also benefiting the
environment, and a great alternative to the classic cart
design.

Tinjac could be considered nothing short of an
improvement into the shopper’s experience. Once fully
functional and having implemented the above components
into the system as a whole, Tinjac would create a friendly
environment where the user could simply walk hands-free
to their destination, accident free.

II. EXISTING PRODUCTS AND RELEVANT TECHNOLOGIES

There are a number of smart inventions that help to
improve the shopping experience for customers. This
inspiration was initiated in response to Amazon’s new
store, Amazon Go, where the most impressive feature of
the store is that it’s completely cashier-less. The customers
can simply just walk out of the store with their items, as
the items are already scanned and then automatically billed
to the customer through the Amazon app. By using a series



of cameras and sensors, the inventory management is able
to determine which item is picked up, based on weight,
location, image analysis, and a shopper’s checkout history
[1].

Along with Amazon, Walmart has brought the most
interesting advancements to the table. In 2016, Walmart
unveiled their plans in development that includes a
driverless shopping cart which guides customers to the
items they desire, and robots that scan the shelves to check
the stock, as well as the ability for customers to be tracked
through the usage of wearables [2]. Walmart has also put
into place some measures to ensure that every item is in
stock by having tower like robots roam the store and take
pictures of the shelves and analyze them to check if a
product is missing [3].

III. REQUIREMENTS SPECIFICATIONS

The requirement specification section covers the
intended features of the Tinjac. It goes over the core
features that the group decided should be implemented
into the Tinjac design and that it should be fully functional
when it is finished.

e An LCD display that allows a user to select from
a given list of grocery items. The cart then takes
the customer to each item. Items are able to be
added/removed from the grocery list even after
the initial list is inputted.

e The shopping cart will have a selected store’s
display programmed to know where items on the
list are located.

e The shopping cart should be able to avoid
obstacles using IR and sonar module sensors to
calculate the shortest path to gather all the items
on the list.

e The cart should be able to know when the user
steps away from it and will stop accordingly.

e The battery on the shopping cart is rechargeable
and will use a solar panel to supplement this as
well.

e Solar panel to supply 12V to a rechargeable
battery.

e The weight should be kept under 15lbs, with the
weight of the cart being 10 Ibs. or less.

e Cart should be able to hold at least 50 lbs. and
still function without slowdown.

e Dimensions are 21 by 24.5 inches. A regular
sized cart won’t be used due to budgeting.

IV. COMPONENT SELECTION AND PROTOTYPE DESIGN

A. Component Selection

In order for our shopping cart to be as fully autonomous
as possible, we must be able to strategically pick out each
single component and determine the compatibility it would
have on the other parts of the system. This may be
determined by numerous factors such as: cost, power
usage, force (or rotational force), physical size, and more.

Figure 4.1 and Figure 4.2 show the specific parts that we
finalized on our choices. In Figure 2.1 it is apparent which
of the main components we chose for the system as a
whole, but neglects some other (less impactful) parts such
as the cart frame itself. Figure 4.2 is the specific details of
the model and functionality of the specific core
components we decided to go with. This is listed to help
provide insight to why we chose these specific models
over some of the competing choices. Once a fully-
functioning prototype is designed we may alter these
decisions and adapt them to meet realistic restraints that
we did not foresee.
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Figure 4.1 Individual Components



Part Description
ExpertPower EXP1270 A lead acid battery that is
Battery capable of being recharged.
MSP430F5529 The microcontroller being used

to control the whole system.

L293D Motor Driver

A 16 pin motor driver that will
be used to help regulate the two
motors.

Anself Charge Controller

The charge controller that was
chosen to be able to regulate the
power coming from the solar
panel to the battery without
overcharging.

Gowoops E18-D8ONK

The infrared sensor module to
be used to detect objects. There
will be 7 of these placed on the
cart.

HC-SR04 Sonar

The ultrasonic sonar module to
be used to help detect motion
and the lack of motion. There
will be 2 of these placed on the
cart.

Riorand LCD

This display will be used to act
as a user interface when paired
with some buttons.

Sunnytech Solar Panel

A small solar panel capable of
charging the battery chosen.

12V 146RPM DC Motor
w/Encoder

This motor was chosen based
on the high torque it has and

the low rotations per minute to
meet walking speed.

Figure 4.2 Table of components selected and their descriptions

B. Prototype Design

Tinjac will be utilizing a microcontroller to run the code
which is a large part of this project. Because the map
layout of the grocery store will be hard coded, we will be
able to accurately measure distance traveled so that it can
reach the destinations provided by the users. It should also
be able to calculate the shortest path to gather all the
items. The primary method in which the user will interact
with Tinjac is to use the LCD display which will allow
users to add and remove items to their shopping list.

Two different types of sensors will be used to detect
obstacles: IR sensors and sonar sensors. Once an obstacle
is detected by Tinjac, it will proceed to travel around the
object and continue on its path to the next item on the list.
The sensors will also be used to detect when the user steps
away from Tinjac so that it knows to stop and wait for the
user to return.

The power supply that Tinjac will use is a 12V battery
that will be recharged using solar panels. In order to
prevent overcharging, a solar panel charger control will be
used to stop charging the battery once it is completely
charged. This battery will be used to power everything on
Tinjac including the motors. Displayed below is the raw

design of Tinjac and how it will look like once everything
has been integrated into place.
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Figure 4.3 Prototype Design Architecture

V. HARDWARE DESIGN

This section details the hardware schematics of Tinjac.
Included is an overall schematic that will be used to create
a printed circuit board (PCB), as well as schematics that
give more detail on the individual subsystems and how
they function individually..

A. Overall Schematic Design

Figure 5.1 below shows our complete schematic design
of all the necessary connections needed in order to get the
most out of each requirement’s functionality.

Figure 5.1 Overall Schematic Design

B. Printed Circuit Board Design

Figure 5.2 below shows what the printed circuit board
looks like based on the schematic. The footprints in the
printed circuit board provides easy access to the pins so
that all the devices will be connected to the board with no



problems. A ground pour was added onto the printed
circuit board so that all the ground connections could be
easily connected, and it would cause the board to be a lot
more accurate, with less noise. For viewing, the ground
pour was left unfilled so that the PCB can be seen easier
above. The ground pour uses thermal connections so that
soldering onto the board will be easier.

Figure 5.2 PCB Schematic

C. Subsystem I - Detection

The first subsystem of Tinjac is the network of sensory
modules on the cart. The sonar and the IR sensors
communicate with each other, then back to the
microcontroller. In Figure 5.3, we connected the two types
of sensory tools Tinjac will be optimizing (they are set up
in separate circuits, but displayed here as a single picture).
We wired each pin the sensory tool uses to properly test
the accuracy and functionality of each part.

Figure 5.3 Sensor Modules

The code within the microcontroller handles the input
taken in from the first subsystem and uses it to produce
any necessary outputs to other subsystems depending on
the configuration. The main thing this subsystem needs to

accomplish is collision detection to prevent the cart from
running into obstacles in front of it. Once an obstacle is
detected, it should then begin its routine to bypass the
obstacle and get around it. Its secondary function is that
the sensors on the back of the cart should be able to notice
when the user of the cart steps away from the cart and
should produce the appropriate response which is to stop
and wait for the user to return. In order to accomplish
these tasks, there will be multiple sensors placed on the
cart.

D. Subsystem II - Motion

Our second subsystem is composed of our system of
motors and triggers to enable/disable them. Part of this
subsystem also includes the code functions that control the
direction of the motor as well as enabling/disabling them
through the microcontroller. The motor driver chip acts as
the middle-man between the motors and the
microcontroller, only turning on the motors when they
receive the proper signal from the microcontroller.

While the motor has an internal encoder to manipulate
the speed and direction of the motor, we are actually using
a motor driver chip instead to be able to control the motor
(as it was actually much more simple to integrate than
using the encoder itself).

AN
Figure 5.4 Motor and Motor Drives

E. Subsystem III — User Interface

The third subsystem of our project is the user interface.
The user interface allows the user to input the items they
would like to shop for. It can also communicate any issues
with the user during the cart’s progress.



Figure 5.5 LCD User Interface with Buttons

The LCD panel itself will connect directly to the
microcontroller and will be updated through the pins that it
connects to on the microcontroller. It will also get any
error or warning notifications pushed to it from the
microcontroller as well. The module will be powered
through one of the microcontroller pins dedicated to
voltage supply.

In the displayed picture (Figure 5.5), we made a simple
circuit to connect the LCD display to a few pins to be able
to detect that it can receive and input signal. We also put
into view the buttons we intend on using for our early
prototype designs of Tinjac.

F. Subsystem IV - Power

The fourth subsystem is our powering functionality.
Tinjac uses a large battery to allow maximum amount of
usage before needing to recharge. The connected solar
panel allows the battery to be recharged when the cart is
not being used.

The solar charge module is what prevents the battery
from being overcharged from the solar panels. It also
provides other useful information, like the battery life
remaining, when its charging and also when load can be
turned on. The battery will supply power to all the other
subsystems in Tinjac, including the motors (which require
the most amount of power).

To show both the variation in a large and a small solar
panel for Tinjac, Figure 5.6 shows the two types of solar

panels connected to our charge modules which is then
connected to our battery source.

Figure 5.6 Solar panel and Solar charge module connected to the battery

G. Subsystem V - Frame

The last division of our major system is the actual
skeleton of the system. Composing of the cart and
modified wheels, the physical framing of Tinjac is what
holds all the other subsystems together and allows them to
connect directly.

The back wheels of the system will have to be custom-
made and designed to fit our motors so they can move and
turn with pinpoint precision. The front wheels of the cart
will have to be modified to allow smooth turning and
avoiding alterations to our straight path design. The
bottom of the cart will be modified so that it can house the
solar panel at the base, but still allow items to be placed on
top. This will allow the cart to have an ideal center of
gravity for movement, while also allowing the cart to
recharge properly when the journey is complete (and the
cart has been emptied).

Figure 5.7 shows the base foundation for what we intend
to use as Tinjac’s skeletal system.
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Figure 5.7 Base Frame of the Shopping Cart



VI. SOFTWARE DESIGN

Using the MSP430 microcontroller, our software
structure will be solely constructed using the C language
and using the standard ‘Divide and Conquer’ approach that
we have decided to utilize in order to break down each
objective into smaller necessary functions. After each core
objective is broken down into smaller functions, a simple
flowchart can map out how the function will work at a
basic level. The five main core functions are:

1. User Interface

2. Create Path
3. Run Cart
4. Obstacle Detection
5. Movement Correction
Obstacle_Detection Moument_l:wreclion‘
-The detected obstacle is <The pathway is altered
checked and determined fo move around the
ifitis an actual detected obstacle, then
! L "
paen 3, s Prbrtaivate
Movement_Correction, original pathis
returns otherwise
—
| User_Interface Create_Path
“Takes in initial input <The struct is received Run_Cart
Start from user, from the

5| o structand sendsto | —7] ¢ optimal pathis <Qnce the proper path is made,
Create_Path calculated the cart starts it journey;
- checking the distance traveled

while also checking for any
abstackes in the way

~User s prompted to
continue, user presses
button to continue on
path.

Figure 6.1 Software Function Flowchart

The above flowchart (Figure 6.1) is an illustration on
exactly how Tinjac will work in an optimal setting using
all of the core functions.

A. User Interface

This function will be tasked with taking in the user input
from the physical buttons on the physical panel of Tinjac
and update the LCD in accordance with which button was
hit. In order to properly display every grocery item
available to purchase, we will have an array of grocery
type objects (such as “Eggs”, “Milk”, “Cereal”, etc.). The
items are programmed beforehand (similarly to how we
will already have a predetermined store layout), and we
will print it to the LCD screen by traversing the array.
Once an item is selected, it will be removed from the array
and placed in a separate array of “Chosen Items”. This
new array of items that the shopper selects will be filled
and sent to the Create Path function.

Display_Warnings

If any indication is needed

to prompt the user, this will
update the LCD or warning
lights to inform shopper of

potential issue.

N—
User_Interface is Called —_—

Capture_Inputs

Called Checks what arguments
were passed, passes it to
——>| sub-functions as needed

Detects when a user is
inputting data, and will
update the LCD
accordingly and also store
any selections made for
groceries.
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Pass_Array

Sends the stored grocery
information out for path
determination or path
alteration (such as stopping
mid-route if pause button is
hit)

Figure 6.2 User Interface Basic Functionality

As displayed above, the user interface function will be
designed to handle several user-related function calls, as
well as system management related functions. This will be
divided into sub-functions for easier management and
error avoidance.

B. Create Path

This function takes in a struct of all the grocery items
that the shopper wishes to add to the cart, then calculates
the absolute shortest path. It will reference a
predetermined layout of the store, with entrance and
checkout locations.

Since this would consist of very few possible
combinations of possibilities, the type of algorithm we use
to find the shortest path will have little real-life impact on
performance and calculation. However, for a compromise
between efficiency and simplicity, we will implement a
basic Dijkstra algorithm to find the optimal path. Once an
accurate path is made, it is passed to the Run Cart
function, so that continuous progress can be monitored.



Calculate_Shortest Path

Takes the list of desired
stops within the market,
then determines the route
of best fit for shopping.

Create_Path is Called

Takes in the input for the

Caled array that will need to be
—>] sorted to find the shortest
path to take

Add_Checkpoints

Once the path has been
made in terms of directions,
individual points will be
layered on top to ensure if
anything happens the cart
can pick up from the
nearest checkpoint

Pass_Array

Sends the stored grocery
information out to have the
cart begin moving along the
newly create route of
function.

Figure 6.3 Create Path Basic Functionality

Once a list of the items we want to obtain is inputted,
the cart will begin to calculate the shortest path and
proceed to the locations.
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Figure 6.4 Example of store layout and each stop point

Figure 6.4 is a rough sketch of optimal pathing we
envision Tinjac to be able to determine on its own. The
algorithm that is being implemented is Dijkstra’s shortest
path algorithm. This algorithm essentially takes a starting
point and an adjacency matrix that lays out which point is
where in relation to one another, and then calculates the
shortest path to each point. We have modified the
algorithm to find the most optimal points between just one
point and the starting point. This cycle continues as the
cart moves to the next item on the user’s list.

Each circle represents a “stop” needed by the shopper in
order to grab all of the groceries that are needed to
complete their trip to the store.

C. Run Cart

As the cart physically moves forward, we will use
distance detection along with collision checks to monitor
when the cart arrives at each checkpoint. A “checkpoint”
is simply a designated point within reach of one of the
items the shopper entered. Once the next point in the path
is reached, the cart will stall until the user prompts that
they are ready for the next stop in the path. If any obstacle
occurs during this process, the Obstacle Detection function
is called mid-run until the specific collision is resolved.

( Run_Cartis Called W ( Move_ Mators \ (c’“k—cmw“’-‘ ) r Finished_Journey N

Every time a checkpoint is Once the cart finishes it's

Called Takes in all the information Cart continually moves a h ol &
create o begin the actual Iitte bit forward, whie teached by the cart, e path of goods and takes
process, then effective rapidly checking f any User_Interface will be the shopper to the check-
alows the cart to move colision may occur. If so called with an alert for the outline, it considers s job
forward this is handied in shopper and await to finished and heads to the

continue. If done, it moves starting location to begin

Movement_Correction then
fetumed here

on to Finished_Joumey \again.

—

Obstacle_Detection
Function

Figure 6.5 Run Cart Basic Functionality

D. Obstacle Detection

The obstacle detection function has a single, yet
invaluable, task. We structured the Object Detection
function to work in combination with every form of
detection on the cart. Since we are using both sonar and IR
detecting modules, we have broken this function up into
sub-methods so we can accurately check to see that the
obstacle being detected is definitively a threat to the path.

When each module senses an object in its field of
detection, the microcontroller is then able to call any
appropriate sub-function and will use the combination of
detection modules to pinpoint where the obstacle is in
relation to the cart’s position. This information gets passed
to the movement correction function. If the object is
determined not to be a threat to the path, then the Obstacle
Detection simply sends that information back out so the
cart can continue its journey.

Check_Detection

Obstacle_Detection | ( Check_Detectors

Depending on the
configuration of the
modules that detect an
obstacle, either
Movement_Correction will
be called or it will be
considered "non-
obstructing” and pass on

||

Movement_Correction
Function

Checks all connect
detection modules to see
how many are reading an
obstacle is being detected.

Called | Gets called to check and

see if there is a potential
obstacle that may obstruct
| the view

Return

Figure 6.6 Obstacle Detection Basic Functionality



E. Movement Correction

Using the detection modules, the Object Detection
function checks if there is an obstacle and where it is in
relation to the cart. The Movement Correction function
will take this relative position and trigger the motors in the
specified way needed to move the cart out of the way of
the obstacle, but still on the path towards the objective.

Once this correction has been made, the Movement
Correction function will use the distance traveled to
calculate how much further along the path the cart has
travelled. Then it will exit out and return all the way back
to the Run Cart function with the updated distance so the
checkpoint can continue to be accurately monitored.

Moves the cart depending
on the path chosen, then
calculates how much
further from the original
path the cart traveled.

Movement_Correction \ ( Calculate_New_Path )

Called when an obstacle is
Caled detected, and how far from
cart

Depending on where the
blocking is and how many
modules detect it, a whole
new path may be created,
or simply a work-around.

Retum

Figure 6.7 Movement Correction Basic Functionality

VII. CONCLUSION

In this ever-changing society where technology affects
the way we live, learn, and work, there will always come
advancements that aim to facilitate the many processes of
human behavior. Our self-driving shopping cart aims to
help those that require assistance by removing the physical
burden of having to push around a shopping cart and by
allowing the customer to simply input the desired location
of where it wants the cart to go. We wanted this project to
help improve the lives of others while trying to maintain a
hold on the evolving technology around us.
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