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ABSTRACT

This project aims to design and develop a prototype of an automated motorized
shopping cart, capable of trailing shoppers along with the extensive ability to avoid

obstacles with its built-in intelligence.

This feature has enabled the study of embedding the extensive ability of trailing
shoppers in a shopping complex. Given a situation with obstacles in a complex mall,
the shopping cart would have the ability to evade them. This can be done because of
the system is governed by a simple micro-controller (Arduino Mega 2560), with
ultrasonic positioning system (Transmitter and Receiver based approach) for
identifying and locating the target person, and infrared sensors system to measure the
direction of obstacles. In hope of adding intelligence values the shopping cart would
be design in such a way that, the purpose of extending convenience service and safety

to the customer can be delivered.

Keywords: Smart shopping cart, shopping trolley, automation motorized shopping
cart
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CHAPTER 1

INTRODUCTION

1.1. Background of Study

In this rapidly changing era, the innovation of technologies evolves at an
exponential rate. Many companies are investing into developments which ensure
satisfaction for all stages of consumers. One of the most common development is
technologies in customer service which promises new and robust systems for

shoppers.

Shopping carts, which are also commonly known as shopping trolleys are a method
of transportation of goods temporarily before cashing out. Shopping carts have
limited changes made since its invention. Most of the expansions have been done
is to modify its capacity and weight. However, due to the improvement of
technology, some of the company’s research have been developed a convenient
shopping system to customer. For example there is a touch panel and bar code
scanner attached on the shopping trolley, the customer can be informed about the
promotion and location of goods from the touch panel. Besides that, the bar code
scanner will scan the purchasing item when the customer place it into the trolley,
and the amount of the bill will be displayed on the touch panel display. The
customer will just have to perform the payment based on the amount on the display

to the cashier without the long queue of payment procedure.

The improvement of shopping cart as mentioned can save shopping time of
customer, but it requires manually navigation by the customer. Therefore, the
purpose of this project is to allow hands free shopping experience to the customer,
so that the need of self-driven and artificial intelligence shopping trolley is

inevitable.



1.2. Problem Statement

This project's challenges are inclusive of elimination of accidents caused by
shopping trolleys operated by humans. Human error in this matter, as we all know,
causes minor collisions frequently bumping to toes and feet as well as racks and
shelves in the mall. Meanwhile, the carelessness of human may contribute to more
serious accidents involving trolleys with loaded goods, children and other shoppers.
We are hopeful to eradicate these accidents using our proposed solution.

1.3. The Relevancy of the Project

Relevancy of the project includes structured programming. The language which
governs the system will be in C language. Aside from structured programming,
electrical machines will be incorporated because there will be need of calculating

torques for motor usage for the trolley drive wheels.

1.4. Objective and Scope of Study

The objective of this project is to design and develop a prototype of an automated
motorized shopping cart, capable of trailing shoppers along with the extensive

ability to avoid obstacles with its built-in intelligence.

The scope of study for this project is to study and apply the suitable method for
human tracking, obstacles avoid and interface the whole system with

microcontroller.



CHAPTER 2

LITERATURE REVIEW

Automation is basically the delegation of human control function to technical
equipment. It is the use of control systems such as computers, Programmable Logic
Controller (PLC) and microcontrollers are the common devices that use to control
machinery and processes to reduce the need for human sensory and mental

requirements as well.

There is the comparison between Programmable Logic Controller (PLC) and
microcontroller (JuC) as shown in the table below.

Table 1: Comparison between Programmable Logic Controller (PLC) and
microcontroller (C)

Programmable Logic )
Microcontroller (C)
Controller (PLC)
Most work with 24\VVDC or )
Power supply Most work with 5VDC
230VAC
Programming Ladder diagrams, Assembly,
language Statement list C, C++, Basic
o Designed for industrial Designed for used in
Application .
purposes consumer electronic system
Current
driving Large Small
capacity
Size Large Small
Cost High Low




In order to design and develop automation system, we need input for the system.
For example, switches, timer, thermocouple, sensor and etc. Sensor is a
complicated device, it converts the physical parameter such as pressure,
temperature, proximity, etc. into a measured electrically signal. It is often used to
detect and respond to electric or optical signal due to its characteristic.

The idea is to detect the objects that are nearly placed without any point of contact
IS using proximity sensors. Proximity Sensors are using high frequency oscillation

to detect metal and nonmetal objects that nearly to the sensors.

The main principle of proximity sensor is it emits signal such as infrared light,
sound wave, radio wave, etc. and receives and evaluates the returned signal or echo.
For example, when the time interval between the signal emitted and received is

long, this determines the object is far away from the sensors.

There are different types of proximity sensor in the market, such as ultrasonic
proximity sensor, capacitive proximity sensor, inductive proximity sensor,

photoelectric sensor, and so on.

Ultrasonic sensors utilize the reflection of high frequency sound waves to detect
parts or distances to the parts; capacitive proximity sensors use the variation of
capacitance between the sensor and the object being detected. Inductive proximity
sensors use currents induced by magnetic fields to detect nearby metal objects;

photoelectric sensor use light sensitive elements to detect objects.



In order to track target users, the very first step for the system is to determine the
position of target. There are several methods that have been used to detect the
position of target. Based on the research of Nagumo and Ohya[1], the target person
carries 2 Light Emitting Device (LED) which fixed perpendicular on a stick, the
camera on the robot will capture the image of it. After that, they were using the
direction of LED on the captured image to compare with the central axes and

determined the distance and direction of target.

Light-emitti b
device LED
X .
LED P

p 8 d u‘l L

. v 3

LED

RN . NE—

Figure 1: Human Following Using Light Emitting Device [1]

Besides that, vision based target detection were used in the study of Yoshimi et. al
[2]. In the beginning, the robot identifies an individual with its image processing
system by detecting a person's region and identifying the registered color and
texture of his/her outfits. Although vision based system enables obtain of various

kinds of information, but computing the image processing is complex.

© Notable features (closer and further)
[[] Extracted area of target individual
@ Center of target individual

Finding the person ( gl\ ) Processing image

Figure 2: Vision Based Target Detection [2]




Other than that, the method that used by Kohtsuka et.al [3] to recognize the target’s
position is by calculating the central angle and the boundaries of target which the

data obtained from the Laser Range Sensor (LRS).

g 2 Search area
Owner center

eft boundary Right boundgfy

) / i Detection area
e 240° 4m
= i
/\ gl :I

Shopping cart robot

Figure 3: Target Recognize Using Laser Range Sensor [3]

Figure 4: Example of Data Obtained from the Laser Range Sensor [3]

According to the research of Schulz et al. [4] we can get high range finding
accuracy and high resolution of target by using Laser Range Finder (LRF), but it
has a major disadvantage where it could not recognize the specific target whenever
there are more than 1 target in the detection range. Thus, we have to combine other

functions with the method in order to detect target by using distance sensors.



There is an example research [5] that uses 2 different types of sensors: large range
sensor and Kinect sensor to detect target. The advantage of Kinect sensor is that it
can perform tracking of target and large range sensor can monitor in wide range,
thus this combined application of sensors results a wide range of tracking

performance.

Another method that used by Bigos et al. [6] is transmitter-receiver based approach.
The target user wears the Infrared (IR) emitter bracelet, and mounted 2 IR detectors

on the robot, so that the robot can detect the target user.

P (x.y)

KEY

v = b{x-w)
t = IR Detector

‘ +— IR Emitter
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w.o_)/ R (w/2,0) &W_(y X

Figure 5: IR Triangulation [6]



CHAPTER 3

METHODOLOGY/ PROJECT WORK

3.1. Research Methodology

In methodology, the first step was to do the feasibility study which is intending to
be a preliminary review of the facts to see if it is worthy of proceeding to the
analysis phase. It is because the feasibility analysis is the primary tool for

recommending whether to proceed to the next phase or to discontinue the project.
The aims of the smart shopping cart are:

i.  Dbe safe,

ii.  be user friendly,
iii.  able to tracking and follow target user, and
iv.  able to avoid obstacle.

Automation is the use of control systems to control processes, reducing the need
for human intervention. Due to human error and/or carelessness of the customer
while control their trolley causes incident happen. Thus, the use of robotics and

automated equipment is an effective way to prevent injuries.



Next, design the project. The method of 4W1H (What, Who, Where, Why and
How) which is a question and answer based method has been use to starting the

project design.

Table 2: The Question and Answer Based Method of Project

No. Question and Answer

1. | Q: What does the modern shopping experience need?

A: An intelligent automatic operation of shopping cart.

2. | Q: Who will use this smart shopping cart?

A: Shopping customers and consumers.

3. | Q: Where is this project applied at?

A: In uncrowded shopping environment.

4. | Q: Why doing this project?

A: To allow hands free shopping experience to the customer.

5. | Q: How is the project work?
A: The author gets and studies the knowledge and information from
research, evaluate from experience supervisor, and then comes out a

prototype design of intelligent automatic operation of shopping cart.




The following components are selected, after studied and analyzed the literatures

and references as mention in previous chapter (Chapter 2).

i.  Microcontroller (Arduino Mega 2560) as the control system device,
because of its user friendly capability, low power consumption and low in
cost, compare with computer and PLC.

ii. Battery as the power supply due to the application of shopping cart is
dynamic, not stationary in a place/point.

iii.  DC motors to drive the wheels of shopping cart.

iv.  Ultrasonic sensor as tracking function element, because we can specific the
frequency of ultrasonic for each of the individual user, thus the system can
keep tracking the specific user easily.

v. Infrared sensor as obstacle detection element, because it can detects most

of the object in the shopping mall, user friendly and low in cost.

10



Figure 6: Shopping Cart Figure 7: 24V DC Motor
(100 Liter Capacity) and Driver

P—

Figure 8: 12V Battery Figure 9: Infrared Sensors

Figure 11: Ultrasonic Transmitter Figure 12: Ultrasonic Receiver

Circuit Circuit
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Motor —
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Arduino Ultrasonic
Y Uno " Transmitter Unit

Target User

Figure 13: System Block Diagram

Figure 13 shows the block diagram of the system. The ultrasonic transmitter circuit
in the target user part contains battery, Arduino Uno, and ultrasonic transmitter unit.
The battery will power up and activate the controller (Arduino Uno), and the
controller is connected to the ultrasonic transmitter unit. Therefore, the ultrasonic
transmitter unit will transmit the signal according to the frequency that set in the

controller while the power is ON.

Power unit (battery), Arduino Mega 2560, motor drivers, motors, infrared sensors,
and ultrasonic receiver circuits are the essential components. The battery will
power up the motors, motor drivers and the controller (Arduino Mega 2560). The
ultrasonic receiver circuit is to receiver the signal that transmitted from the target
user. The infrared sensor is to detect the position of the obstacle. The controller is
to analyze the data/signal from the infrared sensors and ultrasonic receiver circuits,
and feedback the shopping cart movement by sending signal to the motor drivers
to control the motors.

12



3.2.Electrical/Electronics

3.2.1. Ultrasonic Sensor Circuits

The ultrasonic sensor circuits design (both transmitter and receiver circuits) are
referred the “Ultrasonic Transmitter Receiver Circuit Ideas” [9] which prepared by
the HobbyTronixStore EBAY STORE. Aside from this prototype ultrasonic
sensory circuit, there are also commercialized sensory circuits manufactured with
higher accuracy readings and suitable in term of functionality which is suggested

to be used to enhance the performance of the smart shopping cart’s sensing ability.

3.2.1.1. Transmitter

U.T = Ultrasonic Transmitter VEC

VCC=9vDC

555 =555 Timer 18k 0.01u

vee vee

Figure 14: Ultrasonic Transmitter Circuit Diagram

In this transmitter circuit, the single pull single throw switch (S1) is to allow or cut
off the power to the circuit; the 555 timer (555) is using to create a transmission
frequency; the ultrasonic transmitter (U.T) is to transmit signal; and the red LED

indicator is to indicate the power supply of the circuit.

The components that determine the frequency and duty cycle of the 555 timer in
astable mode are: the resistor (R1) between VCC and pin No. 7, the resistor (R2)
between pin No. 6 and 7, and the capacitor (C).

13



Calculation of 555 timer in astable mode:

1
0.693 XC X(R1+2R2)

Frequency =

1
"~ 0.693 x(0.01)X[1.8k+2(1.8K)]

1
37.422u

=26.72 kHz
~27 kHz

Time ON
Time ON +Time OFF

Duty Cycle =

14

_ 24948 us
37.422 us

x100% =

Time ON = 0.693 (R1 + R2) C
= 0.693 (3.6 k)(0.011)
= 24.948 |5

Time OFF = 0.693 (R2) C
= 0.693 (1.8 k)(0.011)

= 12.474 |5

x100% = 66.67%



3.2.1.2. Receiver

U.E = Ultrasonic Raceiver NEE

VCC=5VDC

WEL

2Haz222

chZ222
0.1uF

15

Figure 15: Ultrasonic Receiver Circuit Diagram

In this receiver circuit, there are 4 stages of operation, which are 3 amplifier stages
and 1 comparator. Each stage is coupled by a capacitor to get rid of the DC
component or remove the bias. The first 3 stages with NPN transistor (2N222) are
the amplifier stage which is to amplify the received signal, and the last stage with
amplifier chip (LM386) is the comparator. The function of the comparator is to set
a threshold value, whenever the received signal is strong enough to exceed the
threshold value, a square wave will get at the output. The LED indicator which
placed at the output stage is to indicate whether the received signal exceed the
threshold value. (LED will illuminate if the received signal exceeds the threshold

value, otherwise the LED will not be illuminate).

15



3.3.Programming

3.3.1. Motors Movement
There is several movements of the shopping cart:

I.  When the shopping cart is in idle mode, the both motors will stop and are
freewheel;

ii.  In order to move the shopping cart to forward, the left motor has to rotate
in clockwise (CW) direction, at the same time the right motor has to rotate
in counter-clockwise (CCW) direction;

iii.  In order to make a left turn, the left motor has to brake, at the same time
the right motor has to rotate in CCW direction;

iv.  Inorder to make a right turn, the left motor has to rotate in CW direction,
at the same time the right motor has to brake.

void freewheel() wold forward()

i {
digitallrite imotorLl  HIGH) ; I digitallrite (motorLl, LOW) ; L
digitalllrite (motorLE, LOW) ; f4 0 Gtop digitallrite (motorLe,LOW) ; 4 Move CUW
digitallirite (motorL3, LOTTY ; £ digitalWrite (motorL3,LOW) ; I
analogirite (motorL5,200) ; i analogiirite (motorLS, 2000 ; i
digitalllrite (motorRl HIGH) ; L digitallirite (motorRLl,LOT) L
digitalllrite (motorR2 , LOW) ; ff Gtop digitalllrite (motorB2,LOW) ; £ Mowe CCW
digitalllrite (motorR3, LOW) ; i digitallrite (motorR3, HIGH) ; £
analoglirite (motorRS,200) 2 Iz analogiritce (motorRS, 200) ; 2

} }

woid left() void righti)

{ i
digitalllrite (motorLl,LOW) ; i digitalWrite motorLl, LOW) ; i
digitalWrite (motorL2 HIGH) 2 /¢ Brake digitalWrite(motorL2,LOW) ; 44 Mowe CW
digitallrite (motorL3,LOW) ; i digitalWrite (motorLd, LOW) /i
analoglirite (motorL5,200) ; i analogiirite (motorLs,200) ; i
digitalirite {motorRl,LOW) ; i digitaliirite (matorRl, LOW) ; o
digitallrite {motorR2,LOW) ; /4 Move CCW digitalWrite (notorR2, HIGH) ; /4 Brake
digitaliirite motorR3, HIGH) ; y digitaliirite (motorR3, LOW) ; £
snaloglrite (notorRS, 200 ; 17 analoglirite (motorR5, 2000 ; 17

} +

Figure 16: Programming Code of Motors Movement

16



3.3.2.

Human Tracking

The idea for the design of human tracking is analyze the output of the ultrasonic

receivers, (which the receivers are placed at the front left and front right of the

shopping cart) and responds to the motor movement as followed:

If the target user is in front of the shopping cart, both of the ultrasonic
receivers will get HIGH output, then the forward function will be executed
and the shopping cart will move forward towards the target user.

If the target user is at the front right of the shopping cart, the left ultrasonic
receiver will get HIGH output, and the right ultrasonic receiver will get
LOW output, then the right function will be executed and move the
shopping cart to the right towards the target user.

If the target user is at the front left of the shopping cart, the left ultrasonic
receiver will get LOW output, and the right ultrasonic receiver will get
HIGH output, then the left function will be executed and move the shopping
cart to the left towards the target user.

If the target user is not in the detectable range of the shopping cart, both of
the ultrasonic receivers will get LOW output, then freewheel function will

be executed and the shopping cart will stop and stay in the place.

if | [sensorWalueUL == HIGH) && [(sensorWValuelUR == HIGH) |

{

forward();
}
elzse 1f [ (sensorValuelUl == LOW] && [(sensorValuelR == HIGH) )
{
right():
'
else 1f [ [sensorValuelUL == HIGH) && (sensorValuelR == LOW) )
{
lefti);
}
else
{
freewheel () ;

i

Figure 17: Programming Code of Human Tracking

17




3.3.3. Obstacle Avoidance

The idea for the design of obstacle avoidance is to analyze the output of the Infrared
sensors, (which placed at left and right side of the shopping cart) and responds to

the motor movement. As following:

i.  Ifthe obstacle appears in front of the shopping cart, then freewheel function
will be executed, and the shopping cart will stop and stay in the place.

ii. If the obstacle places at the front left of shopping cart, then the right
function will be executed, and the shopping cart will make a right turn if
there is no obstacle places at the turning direction as well.

iii.  If the obstacle places at the front right of shopping cart, then the left
function will be executed, and the shopping cart will make a left turn if

there is no obstacle places at the turning direction as well.

if [ [ sensor¥aluell == LOW) && [ sensorValueRl == LOW) 1 // path block
{

freewheel (]

PR
if | [ sensorValuell == LOW) && [ sensorWalueRl == HIGH) | // left hit
{
right():
}
elze if [ [ sensorValuell == HIGH] && [ sensorValueRl == LOW) ) // right hit
{
lefti):

}

Figure 18: Programming Code of Obstacle Avoidance

18



3.4. Mechanical

3.4.1. Calculation of Drive Wheel Motor Torque Required

Design criteria

* Total shopping cart weight : 30 kg (66.14 1b)
* Number of drive wheel D2

» Weight on each drive wheel 8.6 kg (18.96 Ib)
* Radius of wheel . 62.5cm (2.46 in)
* Desired top speed : 1.5 ft/sec

* Desired acceleration time : 1sec

* Maximum incline angle . 2degree

» Worst working surface . concrete (good)

This calculation is referred from the manual of drive wheel motor torque calculation
prepared by MAE Design and Manufacturing Laboratory [7]. In order to select the
motors capable of producing enough torque to move the shopping cart, the motors
torque must be greater than or equal to the calculated wheel motor torque. Hence
the selected motor for this project is VEXTA AXH Series Brushless DC Motor
systems (AXH230KC-30) which can produces the torque up to 3.1 Nm (27 Ib-in).
(For more information about the selected motor please refer to Appendix 3).

The calculation steps are shown as the following:

Step 1: Determine Rolling Resistance (RR)

Rolling resistance = Total shopping cart weight > Surface friction
=66.14 Ib x<0.01
=0.6614 Ib

Step 2: Determine Grade Resistance (GR)

Grade resistance = Total shopping cart weight <sin (Maximum incline angle)
=66.14 Ib xsin (29
=2311Ib

19



Step 3: Determine Acceleration Force (FA)
Total shopping cart weight x Top speed

Acceleration force = i
32.2 (5—2) X Acceleration time

66.141b X 1.5 %

T 322 (f—zt)x 1s

=3.081b

Step 4: Determine Total Tractive Effort (TTE)
Total tractive effort = Rolling resistance + Grade resistance + Acceleration force
=RR+GR +FA
=0.6614 Ib + 2.31lb + 3.08 Ib
=6.0514 Ib
~6.051b

Step 5: Determine Wheel Motor Torque

Wheel motor torque = Total tractive effort < Radius of wheel xResistance factor
=6.051b x2.46in x<1.1
= 16.37 Ib-in
=1.85Nm

Step 6: Reality Check
Maximum tractive torque = Weight on wheel <Friction coefficient between wheel
and ground xRadius of wheel
=18.96 Ib <0.4 <2.46 in
= 18.66 Ib-in
=2.11Nm

Noted:
* The wheel motor torque must be less than the maximum tractive torque for all drive

wheels to avoid slipping occur.
** An appropriate acceleration time must be chosen such that the required
Wheel motor torque < (Maximum tractive torque <number of drive wheels)

20



3.4.2. Assembly Motor With Wheel to Shopping Cart

Figure 19: Modifying Shopping Cart’s Wheels

The top left of Figure 19 shows the original design of the shopping cart, and the
modified shopping cart is showing in the top right of Figure 19. The wheels of the
trolley were not originally designed for electricity driven, therefore, modification
is performed to the wheels in order to allow automatic function to be applied. The
shaft of the motors were modified additionally with coupling method to
mechanically suite the wheels. The coupling method is used to attach the motor
and the wheel. A steel base is also mounted underneath the trolley which act as the

platform to secure the control system of the automatic shopping cart.

21



3.5.Flow Chart

No
Power supply
Yes [

User within
detectable

distance
Trolley stop

Yes
Trailling (motors ON)

No

Obstacle
Yes |

Pause

Avoid
(If obstacle on left side, left motor ON and
right motor brake;
If obstacle on right side, right motor ON and
left motor brake)

<
<

Yes Power supply

No I

Figure 20: Flow Chart of Smart Shopping Cart
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At initial stage, when there is power supplied, the ultrasonic transmitter starts to
transmit signal, and the ultrasonic sensor (receiver) from shopping cart will then
start to detect the signal from the user’s tag (ultrasonic transmitter). When the
target user is within the detectable range, the sensor will send the signal to the
microcontroller, and the microcontrollers will activate the motors to move the
trolley towards the user; otherwise, the microcontrollers will remain idle and the

shopping trolley will stay in place.

The Infrared (IR) sensor will identify any objects within the distance range of the
shopping cart, if there is an object close to the shopping cart, the sensor will
communicates with microcontroller, and the microcontroller will collect the other

IR sensor signal to respond and evade the object.
For example, if:

i.  There is an obstacle close to the left side of the shopping cart, the shopping
cart will make a right turn to avoid/ keep a distance from the obstacle (the
microcontroller will activate the left side motor and deactivate the right side
motor, in order to make a right turn).

ii.  There is an obstacle close to the right side of the shopping cart, the
shopping cart will make a left turn to keep a distance from the obstacle and
evade it (the microcontroller will activate the right side motor and

deactivate the left side motor, in order to make a left turn).

After passing the obstacle, the shopping cart will carry on its operation until the

power supply is OFF.
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3.6. Project Key Milestones

The milestones of project as shown in the following:

Table 3: Project Milestones

Progress

Selection of project topic

Preliminary research work

Analysis about the project

Preparation and submission of extended proposal

Preparation and presentation of proposal defense

Preparation of project materials list

Preparation of project materials (purchase, borrow from EE store and labs)

Circuit design and assembly

Modify the base of shopping cart and made coupling to attach motor with

wheel

Programming design and writing

Performance testing and troubleshooting

Preparation and submission of reports and technical paper
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3.7. Project Timeline (Gantt Chart)
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3.8. Summary of Project Progress & Activities

The progress of project is divided into 4 levels as shown in the following:

Y V V V

vV V V V V

A\

1% level (FYP 1)
Research and development for the project.
Gathering of informative source about the topic from multiple sources, such
as books, journals, internet and also magazines.
Analysis about the project and at the same time search for solutions for this
project.
Held meetings with supervisor to get the guidelines so the project could be

implemented according to the planning.

2" level (FYP 1)
Finalization of the proposal.
Held discussions with supervisor about the materials preparations
Preparation of material list to obtain the needed material.

Understanding about the hardware development.

3 level (FYP 2)
Collecting project materials.
Hardware designing.
Hardware assembly and construction.
Source code design and writing.

Integration of the developing hardware and software.

Final level (FYP 2)
Performance testing of developed prototype.
Locate, analyse and troubleshooting if there is any problem occurred during
the performance testing.
Finally, the smart shopping cart project is complete and functioning, and then

final report preparation.
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CHAPTER 4

RESULT AND DISCUSSION

4.1. Result/ Experiment

41.1. Ultrasonic Transmitter Circuit

Figure 21: Ultrasonic Transmitter Circuit OFF (Left); Ultrasonic Transmitter
Circuit ON (Right)

This experiment is to verify the functioning of the transmitter circuit. The figure
21 shows an LED indicator that indicates the power supply of the circuit. When
the circuit is ON, the 555 timer will operate and starts transmitting signals. Figure
22 shows the output waveform of the circuit under different conditions. The
leftmost figure is the output waveform of the 555 timer in OFF mode; the second
left figure is the waveform of output of 555 timer in ON mode; the second right
figure is the waveform of the positive (+ve) terminal of transmitter unit; the

rightmost figure is the waveform of the negative (-ve) terminal of transmitter unit.

Figure 22: Output Waveform of the Transmitter Circuit
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4.1.2. Ultrasonic Receiver Circuit

Figure 23: Experiment of Ultrasonic Receiver Circuit

Several experiments has been performed to verify the capability of the receiver circuit.
The figures above shows the procedure of this experiment. Figure 23 (left most) shows
that, the LED in the receiver circuit is OFF, as the transmitter circuit is in OFF mode,
therefore no signal is transmitted, and the receiver circuit will not receives any signal;
The middle figure shows the transmitter circuit is in ON mode, there is signal
transmitting, and the receiver circuit is receiving the signal, so the LED in the receiver
circuit is ON; The right figure shows the transmitter circuit is in ON mode and
transmitting signal, but there is an obstacle blocking the transmitted signal and causes
the receiver circuit could not receives any signal, therefore the LED in the receiver
circuit is OFF. Figure 24 (left) shows the output waveform of the circuit when
receiving signal; right figure shows the output waveform of the circuit when there is
no signal is received (either there is no signal transmit from transmitter circuit or the

transmitted signal has been blocked by the obstacle).

Figure 24: Output Waveform of the Receiver Circuit
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4.1.3. Human Tracking Experiment without Obstacle Between the

Shopping Cart and the Target User

Y I
A\l 1] l?'
LEGEND: — — — — — —
) TARGET USER
CART MOVEMENT
SHOPPING CART [ ) L] ®
WALL

Figure 25: Experiments of Smart Shopping Cart in Obstacle Free Situation

In this section, there are some experiments implemented to verify the ability of the
human tracking system in an obstacle free situation. The figures above show the
procedure of this experiment. The shopping cart attempts to follow when the target
user is moving, and finally keeps itself within a certain range when the target user
stops. The shopping cart will stop and stay in the place, if the target user is out of
the detectable range. According to the result of this fundamental test, the
completeness of the normal human tracking ability performed by the shopping cart

is ensured.
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4.1.4. Obstacle Recognize/Detection Experiment

LEGEND: —
[ ] TARGET USER

NON-TARGET USER
Q OBSTACLE

DETECTED
SHOPPING CART .
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Figure 26: Obstacle Detection Experiment of Smart Shopping Cart

In this section, the experiments were carried out to verify the ability of the
shopping cart to implement obstacle recognise/detection. The figure above shows
the procedure of this experiment. The experiment shown that the shopping cart will
recognised all of the objects where nearby it as obstacle. According to the result of
this fundamental test, the completeness of the obstacle detection ability performed

by the shopping cart is ensured.
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4.1.5. Human Tracking Experiment with Obstacle Between the Shopping
Cart and the Target User
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Figure 27: Experiment with Obstacle at the Side of the Front

In this section, the experiments were carried out to verify the ability of the
shopping cart to implement obstacle avoidance during human tracking. The first
experiment corresponding to Figure 27 is to test the behaviour of shopping cart
when the shopping cart encounters an obstacle at the side of the front (left front or
right front) during human tracking. When the shopping cart detects the obstacle,
it will makes an opposite turn where the obstacle is, until the obstacle is out of the
detectable range, and then turn towards to the target user, if the target user is in the
detectable range. Otherwise, the shopping cart will stop and stay in the place if the

target user is not in the detectable range.

LEGEND:

@  TARGERUSER

@  OTHER CUSTOMER

SHOPPING CART

GOODS DISPLAY
RACK

Figure 28: Experiments with Obstacle at the Both Sides of the Front

B

The next experiment corresponding to Figure 28 is the obstacle is at the both sides
of the front in the human tracking task. The experiment states that the shopping

cart will stop and stay in the place unless the obstacle has been remove.
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4.1.6. Smart Shopping Cart (Integrated System)
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Figure 29: Actual Design of Smart Shopping Cart

Figure 29 shows the actual design of the smart shopping cart. The ultrasonic
transmitter tag (first row left of Figure 29); the overview of the smart shopping cart
(first row right of Figure 29); the ultrasonic receivers and 4 infrared sensors are
mounted on the front of shopping cart (second row left of Figure 29); and the
batteries, motor drivers and controller (Arduino Mega 2560) are mounted at the

back of shopping cart (second row right of Figure 29).

At initial stage, when there is no power supplied, the shopping cart is staying in

place, and both motors are in freewheel mode.

When there is power supplied, the ultrasonic transmitter starts to transmit signal,
and the ultrasonic sensor (receiver) from shopping cart will then start to detect the
signal from the user’s tag (ultrasonic transmitter). When the target user is within
the detectable range (approx. 60cm), the sensor will send the signal to the
microcontroller, and the microcontrollers will activate the motors to move the
trolley towards the user; otherwise, the microcontrollers will remain idle and the

shopping trolley will stay in place. The result is shown in the following table:
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Table 5: Output Response of Shopping Cart

Transmitter’s | Receiver’s | Receiver’s | Motor’s Motor’s Cart’s
Position Output Output Condition | Condition | Movement
(Left) (Right) (Left) (Right)
Left High (1) Low (0) Brake Rotate Turn Left
CW
Right Low (0) High (1) Rotate Brake Turn
CCw Right
Centre High (1) High (1) Rotate Rotate Move
CcCw Cw Forward
Missing Low (0) Low (0) | Freewheel | Freewheel Stop

*CW = Clockwise; CCW = Counter-Clockwise

The Infrared (IR) sensor will identify any objects within the distance range of the
shopping cart, if there is an object close to the shopping cart, the sensor will
communicates with microcontroller, and the microcontroller will collect the other

IR sensor signal to respond and evade the object.
Results:

i.  Whenever there is an obstacle close to the left side of the shopping cart, the
shopping cart will make a right turn to avoid/ keep a distance from the obstacle
(the microcontroller will activate the left side motor and deactivate the right side

motor, in order to make a right turn).

ii. Whenever there is an obstacle close to the right side of the shopping cart, the
shopping cart will make a left turn to keep a distance from the obstacle and evade
it (the microcontroller will activate the right side motor and deactivate the left side

motor, in order to make a left turn).

The shopping cart will carry on its operation until the power supply is OFF.
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4.2. Discussion
The smart shopping cart has been tested under two conditions:

I.  When the target user takes a small turn - Passed
The shopping cart was able to follow the target user as the “User Detector”

(ultrasonic sensors) was able to still locate the user.

LEGEND: — — — —
. TARGET USER

CART MOVEMENT

SHOPPING CART . .

WALL

Figure 30: Small Turn

ii.  When the target user takes a turn on a corner — Pending

When the target user takes a turn on an obstacle/wall, the shopping cart needs
to be implemented with “Automated User Finding” program/function to
automatically find back the target user. In order to implement such program,
the “User Detector” which depends on the ultrasonic device was not versatile
enough to detect the user for it has exited it line of detection which results in
the system being unable to further locate the user. With this, the “Automated
User Finding” program could not be implemented thus this condition is yet
to be achieved.

LEGEND: — —
@ TARGETUSER

USER'S MOVEMENT

SHOPPING CART .
0 9

9 9
GOODS DISPLAY . . . .
e

Figure 31: Corner Turn

Possible solution: A better type of ultrasonic sensors should be replaced with
the current sensors to increase the range of detection. This will allow the

“Automated User Finding” program to execute and continue finding the user.
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However, as the results/experiments shown, the smart shopping cart has been
motorized and also automatize. This results the need for human intervention to
operate with the shopping cart is reducing, it provides the customer hand-free
shopping experience during shopping which is the experience that the normal

shopping cart cannot be provide to the customer.

Besides that, the safety of smart shopping cart has been ensured. This shopping
cart will provide safer operating compare to the normal shopping cart, as it is able
to avoid the obstacle when the obstacle is at the side of the front of it, and also stop

when there is obstacle at the both sides of the front of it.

There is a big challenge of creating a human tracking system in the project. There

are two main issues associated with this challenge.

The first issue is to equip the system with proper sensory devices so that it is able
to identify and locate the target person in real time. Various approaches have been
investigated and also studied by many researchers in literature, including infrared
sensors, ultrasonic sensors, vision, and other approaches. The second issue is to
control and navigate the shopping cart so that it follows the target user within a

certain distance. This seems simple, but in reality it is a fairly difficult task.
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CHAPTER S5

CONCLUSIONS AND RECOMMENDATIONS

5.1. Conclusion

The main objective of this project to design and develop a prototype of an
automated motorized shopping cart, capable of trailing shoppers along with the

extensive ability to avoid obstacles with its built-in intelligence.

In order to accomplish this objective, the following goals have been achieved in

this project:

1. Created the interface between the ultrasonic positioning system and the
control system in the operating program.

2. Developed the system that able to simultaneously avoid obstacles and track
the targeted user.

3. Completed human tracking experiment when there is no obstacle between
the shopping cart and the target user.

4. Completed human tracking experiment when there is obstacle between the
shopping cart and the target user.

According to the results of several experiments in previous chapter (Chapter 4),
the goals have been reached. Since all the goals have been achieved, the feasibility
of the main idea in this project was verified, which is the smart shopping cart is

able to perform human tracking and obstacle avoidance tasks simultaneously.
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5.2. Recommendation/ Future Work

Since the feasibility of developing a human tracking system using an ultrasonic
positioning system has been ensured, but there are several limitations with this

shopping cart.

The circuitry involving transmitter and receiver as smart shopping carts sensory
system is a straight forward method for human tracking is bound to unforeseen
limitations. It might not be the most suitable circuitries when there exists large
obstacles between the target user and the shopping cart. This might be due to the

fact that the transmitted signal will be fully blocked by the obstacle.

Additionally, the effective target bearing for the system to detect the target signal
has limited range. Thus, the system may fail to track the target if the target person
intentionally moves out of this range. In other words, whenever the target user
moves away from the line of sight of the shopping cart, the shopping cart unable
receive the signal. Thus, the next step of improvement in terms of efficiency of this
project is the evaluation of replacing better ultrasonic sensors or other types of

Sensors.

In order to improve the efficiency of the human tracking system, there are many
types of approach, such as Radio Frequency (RF), Bluetooth, vision based
approach, and others. In recommendation works, perhaps the combination of these

human tracking system may generate more efficient outcomes.

Other than that, the smart shopping cart needs to be implemented with “Automated
User Finding” program/function to automatically find back the target user, when
the target user is not in the detectable range after takes a corner turn or blocking
by a big obstacle.

It is possible to add other features/functions to the shopping cart to make it smarter.
For example, additional of function of “items finder” to the system shall be
introduced, so that the shopping cart could guide the customer to find the desired

items in the shopping mall.

Additionally, the queue-less payment can be installed onto the shopping cart where

it can calculate the bill of shopping goods after the customer place the goods into
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the shopping cart. This can enhance the time of shopping and the features of the
smart shopping cart. By adding these features, the shopping cart will be “smarter”

and more convenient for the customer to use.
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APPENDICES

Appendix 1: Design Concept
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Appendix 2: Actual Project Design

Transmitter Tag

Overview of Smart Shopping Cart
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Back View of Smart Shopping Cart

42



Close View of Mounted Motor
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Appendix 3: ELECTREX Poster

SMART SHOPPING CART

UNIVERSITI
TEKNOLOGI
PETRONAS

Problem Statement E&§} What is this?

Human error and/or carelessness of
the customer while control their trolley
causes incident happen.

To build a prototype of automated
motorized shopping cart which able to
trailing shopper and avoid obstacles.

How does it function? [~

'" ‘N, ‘.’ ries

Co\\\ﬂ)“"" | .ll Controller
Jo— \

'/ This is an automated

in intelligence, o ==

motorized shopping cart,
capable of trailing shopper
along with the extensive ability
to avoid obstacles with its built-

= k|
-

Receiver U \
1 -—"G;&adab‘e' \
/‘\ |‘ rect the rargeted |‘
e\ D2 with other 1
nfrared 500 \ shopP s Kinec \
. cha e
1 device: oth device
M | _amera, Bl 1
otor
- d etC. ; 1
Automation is the use of control systems to 1 GPS e other function 1y
control processes, reducing the need for 1 .add on ds guider; d‘|
human intervention. Thus, the use of y such a8 9 ymeni, anty
robotics and automated equipment is an \ queue‘\es e
effective way to prevent injuries. ‘\—etc' ______——
-
NAME: KOK LIANG YI N/
ID: 15291 ELECTRE /N
SUPERVISOR: DR. SYED SAAD AZHAR ALI e———

44




Appendix 4: Specification of VEXTA AXH Series Brushless DC Motor Systems [8]

M Specifications A RNCE
Model Gaared TypaCombination Type AXHO15K- AXH230KC-) AXHA50KC-) AXHST00KC-()
Rownd Shalt Type AXHO15K-A AXH230KC-A AXHAS0KC-A AXHS5100KC-A
_ Rated Output Powes P W) | 1/50(15) 1725 (30) i 115 (54) 178 (100)
ol - Voitags 24VDC = 10%
Rated Ingut Curtent A 10 21 31 60
Madmum lnput Cutrent A 20 35 50 $0
Rated Torgue ardn (Nm) 7.1(00%) 1740.12) 28(0.20) 56 (0.40)
~ Starting Torque aa (Nm) 106 {0.075) 21(0.15) 34 (024) 71(0.50)
Permissible Load Inertia J * qar(x10° g ') 27(08) 98(18) 18.1(33) 31(58)
Maamum Speed 1 3000
Rated Speed 1/man 3000 | 2500
Vatiable Speed Range tinsin 1003000 (30:1)
Load = 1% Max. (0~ rated Torque, at rated spoed)
Speed Regulation  Vioitags = 1% Max (Power supply voltage = 10%, 3! rated speed with no load)
Temparature = 1% Max, {327~ 122°F |['C~ + S0C] 2t rated spded with no oad)

* Tha parmissible koad inertia speciied above is coly applicable for roend shaft type. Permissibie Load Inertia for Geared Type and Combination Type -+ Paga B-61
© Entar the gear rabho i the box () with the modal nams.
© The values for sach item Is for the motor only

Il Common Specifications

Item

Specifications

Any one of the following methods.

Speed Control Method 1. By buili-in potentiometer 2. By external potentiometer

3. By DC voltage (0~5VDC)

C-MOS negative logic L: (ON):0-0.5VDC H: (OFF) : 4~5VDC
START/STOP input L: START H: STOP

Input Signals Bfake input ) L: RUN H: Instantaneous stop
Direction of rotation input L: CW H: CCW
Speed sefting method L: Internal H: External
Alarm reset L: Reset H: Normal

: Open collector output External use conditions 26.4 VDC, 10 mA Max.
Quiput Signals

Speed Signal Output (SPEED OUT) 30 P/R, Alarm Signal Output (ALARM OUT)
When the following are activated, the alarm signal will be output and the motor will come to a natural stop.
» Overload Protection: Activated when a load exceeding the rated torque is applied to the motor for approximately 5 seconds or more.
® Out-of-Phase Protection: Activated when the sensor wire inside the motor cable is disconnected.
o Qvervoltage Protection: Activated when the voltage applied to the driver exceeds 24 VDC by approximately 15% or more.
» Undervoltage Protection: Activated when the voltage applied to the driver falls at least 25% below 24 VDC.
® Over Speed Protection: Activated when the motor rofates at an abnormal speed above 3500 r/min.

Class E [248°F (120°C)]

Continuous

Protection Functions®'

Motor Insulation Class *
Rating
1 With the AXH Series the motor speed cannot be controlled in applications where the motor shaft is turned by the load, as in lowering operations.

Also, the motor will stop naturally if the load exceeds the permissible load inertia or the overvoltage protection function is activated during load lowering operations.
#2 Motor insulation is recognized as class A [221°F(105°C)] by UL and CSA standards.

M General Specifications
Item

Driver

100 Mc2 or more when 500 VDG megger is applied between the power
supply input and the frame after continuous operation under normal
ambient temperature and humidity.

Motor

100 Mc2 or more when 500 VDG megger is applied between the
windings and the frame after continuous operation under normal
ambient temperature and humidity.

Insulation Resistance

Sufficient to withstand 0.5 KVAG at 50 Hz applied between the
windings and the frame for 1 minute after continuous operation under
normal ambient temperature and humidity.

90°F (50°C) or less measured by the thermocoupler method after the
temperature of the coil has stabilized under normal operation at the
rated voltage and frequency under normal ambient temperature and
humidity, with a connected gearhead or equivalent heat radiation
plate.*

Sufficient to withstand 0.5 KVAC at 50 Hz applied between the power
supply input and the frame for 1 minute after continuous operation
under normal ambient temperature and humidity.

Dielectric Strength

Temperature Rise

32°F—122°F (0°C~+50°C) (nonfreezing)
85% maximum (noncondensing)
No corrosive gases or dust

15W Type: IP 40
30W--100W Type: P65 (except for the mounting surface)

Ambient Temperature
Ambient Humidity
Atmosphere

Degree of Protection IP 00

* Size of heat radiation plate (Material: Aluminum)

AXH230KC-A: 453 in. x 453 in. (115 mm < 115 mm}, 0.20 in. (5 mm) thick
AXHA50KC-A: 531 in. x 531 in. (135 mm > 135 mm}, 0.20 in. (5 mm) thick
AXH5100KC-A: 7.87in. x 7.87in.(200 mm > 200 mm), 0.20 in. (5 mm) thick

Features B-58) System Configuration B-59) Specifications B-60 (Characteristics B-62.
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M Gearmotor — Torque Table (Geared Type/Combination Type)

Unit = Upper values: Ib-in/Lower values: N-m

ol e orton | do-m | @roo) | oot | @ioon | ooom (oo | 052
Gear Ratio 5 10 15 20 30 50 100 200
wowo | @ [ |8 p | B -
AXH230KC- 051 i e 52 1 52 0 80
AXHASOKC- 09 s 37 35 52 85 b s
AXHS100KC (] b 2 a4 72 03 72 % ]

® Enter the gear ratio in the box (CJ) within the model name.
® A colored background indicates gear shaft rotation in the same direction as the motor shaft; a white background indicates rotation in the opposite direction.
* Values inside parentheses ( ) are for the AXHO15K-[1 model.

M Permissible Overhung Load and Permissible Thrust Load

® Geared Type/Combination Type

Permissible Overhung Load Permissible Thrust Load
Model Gear Ratio | 0.39 in. (10 mm) from shaft end | 0.79 in. (20 mm) from shaft end
Ib. N Ib. N Ib. N

AXHO15K-] 5-100 1.2 50 — — 6.7 30
5 22 100 33 150

AXH230KC-[] 10~-20 33 150 45 200 9 40
30-200 45 200 67 300
5 45 200 56 250

AXHA450KC-[] 10~-20 67 300 78 350 22 100
30-200 101 450 123 550
5 67 300 90 400

AXH5100KC-J | 10-20 90 400 112 500 33 150
30-200 112 500 146 650

® Enter the gear rafio in

® Round Shaft

the box ((J) within the model name.

Type

Permissible Overhung Load

Model 0.39in. (10mm) from shaftend | 0.79 in. (20 mm) from shaft end
Ib. N Ib. N
AXHO15K-A 11.2 50 — —
AXH230KC-A 15.7 70 22 100
AXH450KC-A 27 120 31 140
AXH5100KC-A 36 160 38 170

® Permissible Thrust Load: Avoid thrust loads as much as possible. If thrust load is unavoidable, keep it to no more than half the motor weight.

M Permissible Load Inertia J for Geared Type/Combination Type

Unit = Upper values: oz7-in? /Lower values: > 10 kg-m?

Model Gear Ratio 5 10 15 20 30 50 100 200
AXHO15K-] 04 7 i 7 157 a7 87 -
AXH230KC L 58 2 140 243 5 55 s i
AXHASOKE-) o % 25 ® o ) ] w0
AXH5100KC-] 12357 153 é 1 2223;) %‘10833 499503 123560?;;5 1 235607;]5 1235%’05

® Enter the gear ratio in the box (CJ) within the model name.
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[l Connection and Operation
® Connection Diagrams
& 15W,30 W, 50 W

Driver
Power supply connection 2 | GND
24VDC (+ 10%
PmmarSL(mp : +24V Em
Black 12| N.C. —
. . jac
StartStop Input [JiihietrSan L——— 44 | START/STOP
Brake Input [ 015l e ) :’“'m 10| RUN/BRAKE
- NPUt LOF :Brake | ;
Enng T (855 %) — | 9 | OW/CCW
Shiecton tapr (bl e 8 | INTVRJEXT. Input
Alarm Resel Input QLo Reeet 1 PUPIEN 2| o) ngng REGET Input| o2
6 | VRH (Y0)
External DC | p~5VDC qjﬂ 5 | VRM
Power Supply | 1 mA min. Yellow
< o 4 | VRL
) Rm‘:ge 3 | GND
Speed Output 212 | SPEED Output
Alarm Output Brown 1 | ALARM Qutput —
INTVR. _ CN3
Motor

Motor

—

& 100W
Driver
VoG (eto [ 1 GND TN
Power Supp | 2 | t24V —
Alarm Qutput Izo:'n 1 | ALARM Qutput —
Speed Output ———————— | 2 | SPEED Output CN2
enD Orange| 3 | GND Pin No.
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® When the motor cable needs to be extendad, use an optional extension cable [sold separately, 4.9 ft. (1.5 m)].

Extension Cable—Page B-69

® Timing Chart

= Max. 10 ms 2-speed switching/stop

Run/Brake  Rotation direction switching

I |
! 2500rfmi|n

CW (Clockwise)

Motor operation pattern
CCW {Counterclockwise)

OFF {H level) —| &
START/STOP Input : - R
P N (L level) j:STim: [ [ETART :
— o L | | 1
OFF (H level) | oo o !
CW/CCW Input Hlevah & gy ‘COW ] oW |
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: ool le R :
OFF (H level) 1§ ' [ [ - :
RUN/BRAKE Input o' " : ZUN::M* I .HHN,l T] R :
OFF (H level) i R :**" - |
ove : . iRy !
INTVRJEXTOPUL gy gy (X1 | WTVR] BT I‘ﬂ MR [ R
i I i o | 1

OFF (H level)

SPEED Output ON (L level)
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® Run/stop, instantaneous stopping and rotation direction
switching operations can all be controlled with the
START/STOP, RUN/BRAKE and CW/CCW signals.

® [f both the START/STOP signal and the RUN/BRAKE
signal are set to ON (L level), the motor rotates. At this
time, if the CW/CCW signal is set to ON (L level), then
the motor rotates clockwise as seen from the motor
shaft side; if the CW/CCW signal is set to OFF (H
level), the motor rotates in the counterclockwise
direction.

® |[f the RUN/BRAKE signal is set to OFF (H level) while
the START/STOP signal is ON (L level), the motor stops
instantaneously. If the START/STOP signal is set to
OFF (H level) while the RUN/BRAKE signal is set to ON
(L level), the motor stops naturally.

* Wait for 10 ms before switching the other input signals.

* Do not switch different input signals simultaneously.
Wait for 10 ms before switching the other input signals.



Appendix 5: Arduino Project Programming Code (Transmitter part)

#include <NewPing.h>

#define SONAR_NUM 1 // Number or sensors.

#define MAX_DISTANCE 200 // Maximum distance (in cm) to ping.

#define PING_INTERVAL 33 // Milliseconds between sensor pings (29ms is about
the min to avoid cross-sensor echo).

unsigned long pingTimer[SONAR_NUMY]; // Holds the times when the next ping
should happen for each sensor.

unsigned int cm[SONAR_NUM]; /' Where the ping distances are stored.

uint8_t currentSensor = 0; /I Keeps track of which sensor is active.

NewPing sonarf[SONAR_NUM] ={ // Sensor object array.
NewPing(6, A0, MAX_DISTANCE) // Each sensor's trigger pin, echo pin, and max
distance to ping.

¥
void setup() {
Serial.begin(115200);
pingTimer[0] = millis() + 75; /I First ping starts at 75ms, gives time for the

Arduino to chill before starting.
for (uint8_ti=1; i< SONAR_NUM; i++) // Set the starting time for each sensor.
pingTimer[i] = pingTimer[i - 1] + PING_INTERVAL;

void loop() {
for (uint8_t i =0; i < SONAR_NUM; i++) {// Loop through all the sensors.
if (millis() >= pingTimer[i]) { /1 1s it this sensor's time to ping?
pingTimer[i] += PING_INTERVAL * SONAR_NUM,; // Set next time this sensor
will be pinged.
if (i == 0 && currentSensor == SONAR_NUM - 1) oneSensorCycle(); // Sensor
ping cycle complete, do something with the results.

sonar[currentSensor].timer_stop(); I/l Make sure previous timer is canceled
before starting a new ping (insurance).

currentSensor = i; /I Sensor being accessed.

cm[currentSensor] = 0; /I Make distance zero in case there's no ping

echo for this sensor.
sonar[currentSensor].ping_timer(echoCheck); // Do the ping (processing
continues, interrupt will call echoCheck to look for echo).

¥
¥

Il The rest of your code would go here.

}

void echoCheck() { // If ping received, set the sensor distance to array.
if (sonar[currentSensor].check_timer())
cm[currentSensor] = sonar[currentSensor].ping_result / US_ROUNDTRIP_CM;

¥
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void oneSensorCycle() { // Sensor ping cycle complete, do something with the results.
for (uint8_ti=0; i< SONAR_NUM; i++) {
Serial.print(i);
Serial.print("=");
Serial.print(cm[i]);
Serial.print(*cm ");
¥
Serial.printin();

}
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Appendix 6: Arduino Project Programming Code (Shopping cart part)

#include <NewPing.h>

#define SONAR_NUM 2 // Number or sensors.

#define MAX_DISTANCE 200 // Maximum distance (in cm) to ping.

#define PING_INTERVAL 33 // Milliseconds between sensor pings (29ms is about
the min to avoid cross-sensor echo).

unsigned long pingTimer[SONAR_NUMY]; // Holds the times when the next ping
should happen for each sensor.

unsigned int cm[SONAR_NUM]; /' Where the ping distances are stored.

uint8_t currentSensor = 0; /I Keeps track of which sensor is active.

int sensorValueUL=-1; //Left ultrasonic receiver's status
int sensorValueUR=-1;  //Right ultrasonic receiver's status
int sensorValueUL _a=0; //Left ultrasonic receiver's status
int sensorValueUR_a=0; //Right ultrasonic receiver's status

int motorL1=2; /Ipin-11 (Start/Stop)of Left Motor Driver is connected to
Arduino digital pin2

int motorL2=4; /lpin-10 (Run/Brake) of Left Motor Driver is connected to
Arduino digital pin4

int motorL3=5; /lpin-9 (CW/CCW) of Left Motor Driver is connected to
Arduino digital pin5

int motorL5=3; /Ipin-5 (VRM) of Left Motor Driver is connected to Arduino
digital pin3

int motorR1=13; /Ipin-11 (Start/Stop)of Right Motor Driver is connected to
Arduino digital pinl3

int motorR2=12; //pin-10 (Run/Brake) of Right Motor Driver is connected to
Arduino digital pinl12

int motorR3=11, /Ipin-9 (CW/CCW) of Right Motor Driver is connected to
Arduino digital pinll

int motorR5=8; /Ipin-5 (VRM) of Right Motor Driver is connected to Arduino
digital pin10

int sensorL.1=48; //Front Left IR sensor is connected to Arduino digital pin48
int sensorValueL1;

int sensorL.2=39; //Left IR sensor is connected to Arduino digital pin39

int sensorValuelL2;

int sensorR1=49; //[Front Right IR sensor is connected to Arduino digital pin49
int sensorValueR1,

int sensorR2=40; //Right IR sensor is connected to Arduino digital pin40

int sensorValueR2,;

int ground=24;

int a;

NewPing sonarf[SONAR_NUM] ={ // Sensor object array.
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NewPing(41, 42, MAX_DISTANCE), // Each sensor's trigger pin, echo pin, and max
distance to ping.
NewPing(44, 45, MAX_DISTANCE)
h

void setup()

{
pinMode(motorL1,OUTPUT);
pinMode(motorL2,OUTPUT);
pinMode(motorL3,0UTPUT);
pinMode(motorL5,0UTPUT);
pinMode(motorR1,0UTPUT);
pinMode(motorR2,0UTPUT);
pinMode(motorR3,0UTPUT);
pinMode(motorR5,0UTPUT);
pinMode(ground,OUTPUT);
digitalWrite(ground,LOW);
pinMode(sensorL1,INPUT);
pinMode(sensorL2,INPUT);
pinMode(sensorR1,INPUT);
pinMode(sensorR2,INPUT);

Serial.begin(115200);

Serial.begin(115200);

pingTimer[0] = millis() + 75; /I First ping starts at 75ms, gives time for the
Arduino to chill before starting.

freewheel();
¥

int count_hl=0,count_hr=0,count_I1=0,count_Ir=0;
void oneSensorCycle() { // Sensor ping cycle complete, do something with the results.

if(cm[0] <=105 && cm[0] !'= 0){ count_hl++;count _II=0;}

else{ count_IlI++;count_hl=0;}
if(count_hl>=2){sensorValueUL =1;}
if(count_II>=7){sensorValueUL = 0;}

if(cm[1] <= 105 && cm[1] != 0){ count_hr++;count_Ir=0;}

else{ count_Ir++;count_hr=0;}
if(count_hr>=2){sensorValueUR = 1;}
if(count_Ir>=7){sensorValueUR = 0;}

Serial.print(*1 =");
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Serial.print(" ");
Serial.print(sensorVValueUL);
Serial.print(" ");
Serial.print(cm[0]);
Serial.print(* 2=");
Serial.print(" ");
Serial.print(sensorValueUR);
Serial.print(" ");
Serial.print(cm[1]);

Serial.printin();
¥

void loop()
{

a=1,
for (uint8_ti=0; i < SONAR_NUM; i++) {// Loop through all the sensors.

if (millis() >= pingTimer[i])
{
pingTimer[i] += PING_INTERVAL * SONAR_NUM; // Set next time this
sensor will be pinged.

if (i == 0 && currentSensor == SONAR_NUM - 1) {oneSensorCycle();}

sonar[currentSensor].timer_stop(); /I Make sure previous timer is canceled
before starting a new ping (insurance).

currentSensor = i; /I Sensor being accessed.

cm[currentSensor] = 0; // Make distance zero in case there's no ping

echo for this sensor.

sonar[currentSensor].ping_timer(echoCheck); // Do the ping (processing
continues, interrupt will call echoCheck to look for echo).

}

sensorValueL1 = digitalRead(sensorL1);
sensorValuelL2 = digitalRead(sensorL2);
sensorValueR1 = digitalRead(sensorR1);
sensorValueR2 = digitalRead(sensorR2);

a=1;

I/l Low = Missing
if (sensorValueUL == 1 && sensorValueUR ==1) // at mid

// High = missing

if (sensorValueLl == HIGH && sensorValueR1 == HIGH) // path clear
{
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forward();

¥
else if (sensorValueL1l == LOW && sensorValueR1 == HIGH) // left hit

if (sensorValueR2 == HIGH)
{right(); }
else { freewheel();}

¥
else if (sensorValueL1l == HIGH && sensorValueR1 == LOW) // right hit

{
if (sensorValueL2 == HIGH)

{left(); }
else { freewheel();}

}
else  // left nright hit OR front hit

freewheel();

¥
¥

else if (sensorValueUL == 1 && sensorValueUR ==0) // at left

// High = missing
if (sensorValueLl == HIGH && sensorValueR1 == HIGH ) // front clear

{
if (sensorValueL2 == HIGH)

{ left(); }

else { freewheel();}

}

else

freewheel();

¥
¥

else if (sensorValueUL == 0 && sensorValueUR == 1) // at right

// High = missing
if (sensorValueL1 == HIGH && sensorValueR1 == HIGH) // front clear

{
if (sensorValueR2 == HIGH)

{right(); }

else { freewheel();}
else

{

freewheel();
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}

¥
else if(sensorValueUL == 0 && sensorValueUR ==0) // MISSING

freewheel();

¥
ki

void forward()

{
digitalWrite(motorL1,LOW); Il
digitalWrite(motorL2,LOW); /I Move CW
digitalWrite(motorL3,LOW); 1
analogWrite(motorL5,200); /l

digitalWrite(motorR1,LOW); Il
digitalWrite(motorR2,LOW); /I Move CCW
digitalWrite(motorR3,HIGH);  //
analogWrite(motorR5,90); I

}

void left()

{
digitalWrite(motorL1,LOW); //
digitalWrite(motorL2,HIGH); // Brake
digitalWrite(motorL3,LOW); //
analogWrite(motorL5,200);  //

digitalWrite(motorR1,LOW);  //
digitalWrite(motorR2,LOW);  // Move CCW
digitalWrite(motorR3,HIGH);  //
analogWrite(motorR5,90);  //

}
void right()
{

digitalWrite(motorL1,LOW);  //
digitalWrite(motorL2,LOW);  // Move CW
digitalWrite(motorL3,LOW);  //
analogWrite(motorL5,200); Il

digitalWrite(motorR1,LOW);  //
digitalWrite(motorR2,HIGH); // Brake
digitalWrite(motorR3,LOW);  //
analogWrite(motorR5,90);  //

¥

void freewheel()

{
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digitalWrite(motorL1,HIGH);
digitalWrite(motorL2,LOW);
digitalWrite(motorL3,LOW);
analogWrite(motorL5,100);

digital Write(motorR1,HIGH);
digitalWrite(motorR2,LOW);
digitalWrite(motorR3,LOW);
analogWrite(motorR5,100);

}

void brake()

{
digitalWrite(motorL1,LOW);
digitalWrite(motorL2,HIGH);
digitalWrite(motorL3,LOW);
analogWrite(motorL5,100);

digitalWrite(motorR1,LOW);
digitalWrite(motorR2,HIGH);
digitalWrite(motorR3,LOW);
analogWrite(motorR5,100);

I
/Il Stop
I

1

I
/I Stop
I

I

Il
/| Brake
Il

1l

Il
/I Brake
Il

Il

void echoCheck() { // If ping received, set the sensor distance to array.
if (sonar[currentSensor].check_timer())

{ cm[currentSensor] = sonar[currentSensor].ping_result/ US_ROUNDTRIP_CM,;

k
¥
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