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Abstract

The purpose of this report is to present the development of an electrical autonomous
shopping cart prototype that can follow a customer in a grocery store, facilitating
daily shopping. After a literature study, the development of such a cart was divided
into three main work areas; the rst focusing on locating the customer, the second
on avoiding collisions, and the third on designing and assembling a prototype cart.
To locate a customer, ultrasonic sensors were mounted on an aluminium frame to
triangulate the location of a handheld device. A camera based system capable of
image processing was implemented to detect and avoid collisions. The camera was
also mounted on the frame, as well as a drive train consisting of components for
propulsion, steering, and control. In its nished state, the prototype cart is able to
slowly follow a person carrying a handheld device. It also stops when encountering
obstacles. These results prove that the systems could be adapted to a full scale
system after further development.
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1 Introduction

The fast development in electri cation and autonomous systems is expanding into
more elds, for instance in daily shopping. While shopping for groceries, the
shopping cart can often become quite heavy and hard to manoeuvre. To a number
of customers an electrically assisted cart could therefore be helpful in steering and
manoeuvring an otherwise heavy cart. To implement such an aid, there are many
possibilities. One idea is facilitating the propulsion by somehow reducing the force
a customer needs to apply on a cart in order to move and steer it. Another idea is
to completely eliminate the physical e ort behind manoeuvring a cart, by having an
autonomous cart that follows the customer in the store while he or she is shopping.
The latter described implementation was chosen to be the subject of this bachelor
thesis.

1.1 Aim

The aim of this project is to design and assemble a prototype of an autonomous
electrical shopping cart. This prototype will be a smaller scale model which

represents a full sized shopping cart, that is able to autonomously drive, make turns,
follow a customer in a grocery store and avoid collision with objects. The purpose
of the prototype is to develop and test collision detection, collision avoidance, and
following a customer autonomously.

In the following list some more speci ¢ goals for the project are listed. These are
standalone goals set to help achieve the aim. The goals for the prototype cart are:

Distance measuring from the cart to a customer, both sideways direction and
forward direction.

Modular design to facilitate in its testing purposes. This means assembling
and disassembling are quick, and there are space available for easily adding
and relocating components.

Detect objects in the direct path between the cart and a customer.

Be able to drive around any detected object in its path towards a customer.
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1.2 Problem Description

This subsection identi es the problems in the work towards ful lling the aim and
goals of the project.

A challenge regarding the design process is to construct some kind of basis,
where all the required components can be attached. Since this will be the
foundation of the prototype cart, and will carry the load of all the other
components, it is necessary that a durable material is chosen.

How the framework is assembled is also of importance. The construction
needs to be solid and keep the components locked in place.

To enable the cart to drive towards a customer, an electric drive train has to
be designed, implemented, and controlled with a control system.

The intended environment for the cart is a grocery store. This means that
there is a risk for objects blocking the path between the cart and the customer.
A system for avoiding these collisions will therefore have to be created.

The cart needs to keep track of the customers position, as the customer moves
around.

Regardless of how solutions to the above problems are solved, there is also a problem
of hardware and software interaction. Software implementations are limited to the
hardware and its design, and especially limited to hardware provided data. Hence,
the hardware solutions should satisfy the software requirements and vice versa.

1.3 Limitations

Due to budget and time constraint, some limitations was set to the project. The
budget was 5000 SEK and the time frame was 20 weeks. This entails constraints
on the level of complexity of the possible solutions.

The size of the prototype was limited to carry an ordinary shopping basket.

With a smaller prototype size a dedicated system for braking was not consid-
ered necessary as this prototype have a relatively low weight.

No automatic charging system was considered. Battery charging must there-
fore be done manually.

In calculating the torque required for the motors, an evenly distributed load
was assumed.

The operating environment for the cart is assumed consist of a at monochrome
surface with an inclination of less than one degree.

The lighting inside a grocery store is assumed to be good, thus only problems
caused by slight changes in lighting will be handled. Problems such as soft
shadows.
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1.4 Proposed Solutions

With some limitations set, a search for possible solutions to the problems described
in the previous section could begin. The following list presents these solutions.

Building the basis of the prototype out of square steel tubes was at rst
considered. The idea was to weld the tubes together into a rectangular frame.
A steel tubes is heavy by itself and would contribute to a high overall load,
and welded joints would make the prototype less modular compared with
screw joints.

Setting up multiple cameras on the ceiling could be used to set up a grid that
the cart and customer can be placed in and then use simple XY-coordinates
to follow the customer. Due to the amount of cameras needed, this solution
was deemed too expensive and extensive, therefore it was not chosen.

Ultrasonic sensors could be used to measure the distance and angle of the
customer relative to the cart. Ultrasonic sensors are very cheap and work
well in the intended range. The same method could also be implemented
using infrared diodes. Due to the simplicity of ultrasonic sensors, this sensor
type was chosen.

A solution for detecting obstacles could involve a camera and computer for
image processing.

1.5 Related Work to Similar Projects

There are other similar project to this one. A company that has been developing
this type of product idea is LG Corporation]l]. There are also people who have
been looking into human following robots, like the engineers B. Heckendorn and
J. Robinson P], who built an autonomous luggage robot. There have also been
some peer reviewed papers written on this subject. For exampB}, [where B. V.
Pradeep, E. S. Rahul, and R. R. Bhavani propose using a smartphone to track
the movement of the customer and sending the customers positional data to a
cart via Bluetooth, or Q. K. Dang and Y. S. Suhfl] who evaluate the usage of an
infrared camera in a Wii remote to communicate position and change in position
between a robot and a person. They also speculate that a possible use for them is
implementing it in shopping carts. There are multiple other examples of similar
ideas, like Amazons smart shopping carf], that shows the interest in products
like this. Further related work for following a customer and avoiding a customer is
presented in section 3.1 and 5.1 respectively.
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1.6 Report Outline

In this section the contents of each chapter is presented in the list below.

Chapter 2 - the structure of the project is given, and is presented as four
project phases; plan, develop, assemble and assess.

Chapter 3 - gives an in depth description of the development process of an
ultrasonic based triangulation system.

Chapter 4 - describes how the cart moves towards the customer.

Chapter 5 - focuses on development of a camera based system for detecting
and avoiding obstacles.

Chapter 6 - describes the design process of the prototype, explaining and
visualising the design choices.

Chapter 7 - describes how the components are assembled, and how the FTC
and CA systems are integrated into a complete system.

Chapter 8 - presents the results a prototype cart, in terms of its movement
and some performance data.

Chapter 9 - includes a discussion about the results, both regarding ful Iment
of the goals as well as environmental and ethical aspects.

Chapter 10 - includes a conclusion and discussion about potential further
development and future work.
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2 Project Structure

In this chapter, an overview of the how the project was structured is given. The
structure include four project phases: planning, development, assembly, and assess-
ment, and can be seen in gure 2.1 below.

Figure 2.1: Project structure.

In the following subsections a more detailed description of what the di erent project
phase means is given.

2.1 Project Planning

The rst phase was project planning, where the goals previously presented in
chapter 1 of the project were decided. A work plan for reaching the goals was
established, where the project was divided into three work areas. Two of the work
ares was the development of two software systems, one for following a customer,
and one for avoiding collisions. The third work area was designing the prototype
cart. Organising the project this way increased time e ciency, as di erent work
tasks could be completed simultaneously. An overview of the projects work areas
can be seen in gure 2.2 below.

Figure 2.2: Project work areas.

A literature study was presented in the planning stagef]. In this study, several
solutions related to the speci ed problems were mentioned. The solutions considered
viable were selected for further investigation in the development stage.
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2.2 Development of the Sub-Systems

The second project phase was designing and developing solutions for solving
the identi ed problems as previously described in section 1.2. The development
emanated from the proposed solutions given in section 1.4. The development was
also split up between group members according to the three work areas described
in the previous planning phase. This resulted in the development and design of
three sub-systems; a Follow the Customer (FTC) system, a Collision Avoidance
(CA) system, and a physical prototype.

2.3 Assembly of the Sub-Systems

The third phase was to assemble the individual solutions in the development
phase into a complete system. The hardware assembly was a continuous process.
When parts had arrived and were ready, they could be mounted. The software
was developed separately for each subsystem and integrated after the hardware
assembly was completed.

2.4 Assessment of the Completed System

The last phase of the project was to evaluate the complete system, by testing how
the prototype behaves in operation, and assess if the aim was properly achieved.
The evaluation phase included evaluation of how the di erent systems operate both
individually and as a single unit. With the subsystems merged into one system, it
was possible to begin testing if the prototype performs as expected. A complete
assembly also facilitated for further adjusting and re ning. Another aspect of
the evaluation was to conclude, and discuss what potential there is for further
development.
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3 Follow the Customer System

One vital part of making the prototype cart follow a customer, is the communication
of customer location relative to the prototype cart. In this chapter, the development
of a FTC-system, as introduced in section 2.2, will be presented. The solutions
to this will be described, as well as how the solutions changed from the planning
phase.

3.1 Related Work

After searching for solutions regarding position tracking, two relevant options were
found. These options were to use ultrasonic sensors to triangulate the position of a
person as seen ir2], and to use positional data from a persons mobile phone via
Bluetooth, as seen in3]. The Bluetooth option would require the cart to create
and follow a path based on the positional data from the phone, while the option
with ultrasonic sensors only required two microcontrollers, one on the cart and one
in a in the customers hand, in a customer unit, to get su cient data to keep track
of a person. When reviewing these options, it was argued that the Bluetooth option
was more di cult, and would thus require more time compared to the ultrasonic
option, which led to the ultrasonic option being chosen, and the Bluetooth option
was discarded.

3.2 System Requirements

The FTC-system has two required outputs, the angle of the customer relative to
the cart, and the distance between the cart and customer. The measured distance
requires an accuracy of 10 cm, and the angle 10. These requirements were
based on the intended use of the prototype, as it was argued thatlO cm does
not make a di erence when a customer is reaching for the cart. An additional
requirement was that the angle and distance could be updated at least once per
second.

3.3 Hardware Description

For the FTC-system, two types of sensors were chosen, ultrasonic transceivers and
radio communication modules. For the ultrasonic sensors, SparkFun HC-SRU% [
was chosen. This sensor has a transmitter and a receiver, and can be seen in gures
3.1a and 3.1b below. The microcontrollers used with the sensors are an Arduino
Nano for the customer unit, and an Arduino Mega on the cart. The customer unit

is a handheld device which can communicate with the cart.
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