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1.0 Abstract

HEE: :
Figure 1 - The Semi-Autonomous Rescue Team, 2015 &
2017

The SemiAutonomous Rescue Team
(herein known as the S.A.R.T{figure 1)is a
small group of Robotics and Information
Technology enthusiasts formed in late 2015
with the intent of creating Robotcapable of
competing inthe 2016Rapidly Manufactured
Rescue League (RMRL) at RoboCup in
Leipzig, Germany.

The project strted with the basiRobot
design and specifications supplied by Curtin
University in Western AustraliaThe idea was
to use this as a starting point onto which teams
could innovateand rework into theirown
Robot The originalS.A.R.T.Robotconsisted
of the basic chassis design from Curtin
Universityk nown as t hepaited mu
with a Raspberry Pi B+ and DynamixakX -
12A servo motors Over the past eighteen
months the initial designhas transitioned to a
fully custom designed and 3D printed chassis,
an Intel NUC to replace the Raspberry Pi as the
main control board, an Arduino Nano for
collecting sensor data and an oCam 5
megapixel USB camera for streaming the
Robot s poi nt @aContrel iPanal t
Interface over enterprise grade -Wi With

these improvementshe team has experienced
great success competition including:

1 Tied 1st Place Rapidly Manufactured
Rescue League, RoboCup 2016,
Leipzig, Germany

i 1st Place— Rapidly Manufactured
Rescue League, RoboCup 2017,
Nagoya, Japan

1 Open Source Award- Rapidly
Manufactured Rescue League,
RoboCup 2017, Nagoya, Japan

2.0Introduction

After forming in late 2015, the Semi
Autonomous Rescue Team entered its first
competitive event in 2016 at RoboCup in
Leipzig, GermanyTheRobot s
was basedon the specifications and design
supplied by Curtin University in Western
Australia for the Emu Mini 2.This design s
improved before the competition to include
streaming camera footaff@m a Raspberry Pi
Camera to a computer and controlling the
Robot itself over a shortange Bluetooth
connection using a PlayStation 3 controller.
The camera streamenabled the remote
operation of thdRobotwhen the operator does
not have a direct line of sight, or, in the case of
RoboCupwhenthe operator cannot look at the
Iﬂa?otgvhile mpeting.

Gne 6f the major issues with tRebot
while competing in Germany was the latency of
the video stream due to the massive congestion
in the wireless radio environmentthe delay
made it difficultto navigate th&kobotthrough
the courseaccurately Thecongestedvireless
environmeninspireda greatly improvedVi-Fi
network utilising an industrial grade Access
Point (AP). Implementation of such a bulky

evice would require aenclosure, as well as a

original

de


mailto:Graham.Stock@sfx.act.edu.au
mailto:Matthew.Pham@sfx.act.edu.au
https://www.sfxrescue.com/

computer to control it, so @ontrol Panelith

a mini PC, AP, Uninterruptable Rer Supply
(UPS) for the Powerwer Ethernet (BE) and
related peripheralas constructed The UPS
also allows theControl Paneto be portable so
theRobotcan beoperatedn remote conditions
or without access to stable powe©bserving
the performance ofother Robos at the
competition inspired changes to theRobot
itself. One such improvement was to modify
the chassis foupgradedinternal components
arrangedn such a way that the space inside the
chassis was used more efficiently tne more
powerfulhardware.

After observations of theRobot s
performance and the performance of other
teams in the RoboCup 20t@mpetition it was
concluded that Robotperforms better with a
longer wheelbase anidrger wheels, up to a
point. Having an excessively lowgheelbase
limits theRobot s mobi I ity in
the maximum size of the wheels directly
correlates with the length of the wheelbase.
Other improvements to the software side of the
Robot s
tracking and image regaition as well as more
accurate temperature and distance

measurement, as the current temperature sensor

can only reliably indicate a dramatic change in
temperature rather than the quantitative value.
The Infrared (IR) distance sensors cannot seem
to be onfigured to return an accurate
measurement that makes sensAs for the
Robot s movement, t dves
direction and speedfforded by theControl
Panelwas helpful in navigating through the
courses The improved controls allow the
operator tadrive theRobot efficiently through

a course or turn it around by flipping over
against a wallo travelin the opposite direction
without having to spin on its axis a confined
space

3.0 System Description
3.1Hardware

3.1.1Robot

3.1.1.1 Chassi®esign

The phystal design for th&obotwent
through nineteen different iterationsf the
chassis and wheels order tomake it suitable

to be rapidly manufacturecbn commercially
available 3D printers

The basis of our original design
objective of creating aRobot chassis for this
competitionwas to make something modular,
sothat different componesitouldbe swapped
out if broken or ifthe use case called fon@ore
specialisedpart Everything was to be self
contained and capahbd¢ being put together like
Lego, with modules attaching with a universal
‘snap i n’ Afreea fbvaprotos/pas
were designed and 3D printedwas concluded
that while theRobotwas modular, the physical
dimensions were too large fit in the maze
Additionally, the singular point of contact for
the snap in connector was mobustenough to
withstand what we would consider normal use.
The additionalparts to 3D printdrove up the
manufacturing time andctost Overall we
determined that as a proof of concept,
tmodularity coo this ecsle waanprdctical for
realworld applications.

Starting from scratch, we looked at the
original designof the Open AcademicRobot

oper at i otime matienl u dKit’s EneudMini 2. Consideringits pros and

cons,werealisedthattheform factorwasideal
for navigatingthrough the competition maze
andthewheelbasallowedit to turnonthespot.
With all the new hardwarewe intendedto use
in the Robot a total redesignwas requiredto
ensureeverything couldfit in asimilar footprint
to the original EmuMini 2. Simulatedtestfits
wererunonthenineteerdifferent prototypesof

f thacerrentchassisnodel,whichinvolvedusing

3D modelsof thecomponentgsuchasthelntel
NUC, SSD, Camera,Arduino and battery) to
verify that everything would fit inside the
smallestpackagepossible.

While thebasicrectanguladesignwas
inspired by the Emu Mini 2, some of the
originalfeaturesvereomittedin favourof other
featuresthat we consideredmore important.
Oneof the morenotablemodificationswasthe
exclusionof amechanicahrmsothattheRobot
was symmetricalon bothtop andbottom. The
rationale behind this decision was that the
Robot could drive up againsta wall and flip
over. In ourtesting we discoveredhatthiswas
quicker than turning around especiallywhen
thedimensionf the competitionmazearetoo
small for the Robotto spin on its axis. The
other notable changefrom the original Emu
Mini 2 wasthe versatility of the servomounts
Servos on the Emu Mini 2 could only be
mountedn asingleorientationdueto thescrew



holesandpower/datacablepassthroughholes
(Figure?2).

Figure 2 - The original servo mounts (from the Emu Mini
2) only allowed the servos to mount in a single
orientation.

The Emu Mini 2 designdiffers to the
design that we created which had a single,
larger cablepassthroughhole andmorescrew
holeswherethe servos mounted,giving us the
flexibility to orient the servos however we
wanted(Figure3).

Figure 3 - The new design for a dual orientation servo
mount. The only shortcoming of this design is the
reduced strength of the chassis as a result of the
rectangular holes in the side s where the greatest
twisting forces are experienced .

Our designgave us three options for

wheelbasédength potentially having a short
mediumor long wheelbasédy simply changing
theorientationof individud servos.
Unlike the Emu Mini 2, we did not add any
extra holes or unnecessargmbossedext as
theyprovidedanentrypointfor foreignobijects,
increasedrint time andmadeit morelikely to
fail.

The final chassis consietl of a
rectangular box ofimensions 221.10mm long,
150mm wide and 50mm higRigure 4)

Figure 4 - (Top View) The dimensions of the final Robot
chassis.

It had cutouts for attaching the servoat two
orientations and a lid that prevered the
internalcomponentdrom falling out or foreign
objects from entering the chassithe physical
size was the smallest that we could make it,
given that we had to fit more powerful and
larger hardwarento it — mainly thesmallform-
factor computer, SSD, powdelivery, battery,
camera and the multitude of sensors, pass,
accelerometer, gyroscope and Arduino.

3.1.1.2 Internal ComponentqFigure 5)

b,

Figure 5. The inter:;al components of th-e Robot.

The main computational comparteof
the Robot (i.e. The brain) is the Intel
NUC5CPYH which features a 6GHz dual
core IntelCeleronN3050processar The more
powerful brain (compared to the Raspberry Pi
we used in20152016) allows for highframe
rate high bitrate and high resolution streaming,
which also takes advantage of the supeaiut
interchangeabléVi-Fi antenna on the NUC
compared to thiixed antenna on theaspberry
Pi.

The sensors liffrared distance,
gyroscope, compass, accelerometemrected
to an Arduino Nano which, like the camera was



connectedto the Intel NUC via USB. This XR620 Access PointBreezeliteFanless Mini
means swapping out different components uses PC, AOC widescreen LED monitor and a
a backwards compatible, universal standard Microsoft wireless keyboard and trackpad all
connectoy and, is what we used to interface the  contaned in a Rlican carrying cas@-igure 7)
servos with the NUC via @SB2AX.

Power was suppliedoy a lithium
polymer battery with a capacity of1.3 Ah
giving around an hour of continuous use,
powering the servos and NUC while streaming
to a single clientThe limited power supply was
onereason thathe NUCGCPYHwaschosenas
it had a good power consumption to
performanceatio, whereas Pentium, i3or i5
modelwouldrequirea larger capacity battery to
run for the samperiodof time.

The camera was th@Cam 5MP USB
3.0 Camera Although it haghe capability for Figure 7 - The S.A.R.T. Control Panel showing all the
image processing built in, we only used it for  internal components.

streaming.  In the future,some image The BreezeLiteMini PC was chosen
processing carbe offloadedto the camera based on itslow power consumption and
rather than the NU®Gr Control Panel variety of 1/Q solid state flash storage, small

Under our open source philosophy, form factor and itgpassive cooling capability
e/erything was made free to use under the It features a quad core Intel Atorm5-Z23250
GNU-GPL license on the 3D model sharing  Processorpart ofthe lowestpower consuming
website Thingiverse. Also uploaded to skew of I ntel aonly@dbof | e pr o
Thingiverse was editable versions of the  typical power consumption.The solid state
wheels, chassis and belts so other people can flash storage meant that there were no mgvi
use the S.A.R.T designs as a starting point for ~parts thatould be damaged if ti€ontrol Panel
their own Robosk or as a source of inspiration ~ €xperienced a shock, unlike hard drivesere

or modification. a sigrificant shock or drop can cause the head
and spinning platter to misalign and, as a result
3.1.2Control Panel not function correctly or at allThe small form
The idea behind the S.A.R.Tontrol factor of the BreezeLite Mini PC meant thiat

: : Id fit inside thecase, leaving enough room
Panelis that everything needed to operate the cou . ’ .
Robotis containedwithin a single package for the Access PointJPS and power delivery

Fiqure 6 apparatus.
(Fig ) The Xirrus XR620 Access Point was

chosen for our applications based on its
customisabilityand reliability, providing dast,
stable connectiondespite a considerale
amount of external wireless interference.
Despitethe fact that it is a higher end Access
Point and being rather expensive, it was given
to us by our school so weould nat have any
issues with Wi-Fi unreliability, range or
dropped connections.

The decision of thespecific model of
UPS we chose for thed@trol Panetame down
to how long the battery would last based on our
workload within the size constraints of the
Pelican caseln Japan, we founidaving a UPS

Figure 6 - A conceptual render of the S.A.R.T. Control

Panel, created to aid the communication of the idea immensely helprtO convert 110 volts tthe
before construction began. ) 240V Australianstandard that we required for
Inside the Control Panel is an everything to work properlywith the aid of a

Uninterruptable Power Supply (UPSXjrrus transformer



The <reen we used was a generic
1600x900 resolution display that was chosen
simply because ivould fit inside thelid of the
caseand because it had a VGA connector which
we used to connect it to the BreezeLite Mini
PC. The advantage of using a display over
VGA rather than HDMI élsosupported by the
BreezelLite) was that VGA cables have screws,
so the cable would not come looBem the
screen or BreezeLitduring the competitian
The wireless keyboard used to control the
BreezelLite Mini PC (and subsequently the
Robo) was a generic Microsoft device chosen
mainly for its slim form factor(allowing the
Control Panellid to close witlout having to
remove the keyboard)and the included
touchpad negating the necessity for a mouse.
The operatorcan simply usea finger to point
aroundthe screen, whereas a mougguires
operatorsto potentially have to deal with
uneven or poor reflective surfaceésat can
cause tracking problems with traditional
opticalmouse.

Despiteour use of a dedicatedontrol
Pane] any device can beonnected and used to
operatethe S.A.R.T. as long athe Robothas
been previously instructed to automatically
connect to the same network asdesice used
to control it. This is becausethe Control
Interfaceis hostedon theRobot s  Iwelc a |
server and all the user needs to deeigter the
Robot s | P atthed URE Dar ofitheir
browser and have access to the control,
streaming and data collection functionality.

3.2 Software

3.2.1Robot

Ubuntu 16.04 LTSwas usedas the
Robot s
lightweight and more operalternative to
Windows operating systems, and as a friendlier
alternative to other Linux distributions.Its
x86/64 architecture made it capable of running
on the desktojgrade hardware in the Intel
NUC. Choosing a free operating system also
allows others to replicate our project without
having to pay for amperating system such as
Windows

The codewe runon top of Ubuntuis
coded in Python chosen because of its
versatility, ease of usend popularity Some
additionalPython libraries were instigd, such
as Pyax12, AsynclQ WebSockets and
OpenCV

oper atltwagchesgnsas @ m

There are 6 main Python scripts run on
the S.AR.T.

motion_tracking_filtered.py is a
motion detection and tracking scriptt takes
frames from the video streamnd analyses
them for objects that change position over time
If detected, it bounds the object in a box for easy
identification.

performance_party _data.py collects
system performance data using the Python
library psutil. The information is formatted an
sent to the Control Interface via WebSockets,
where it undergoes further formatting aisd
displayedn thesystem monitoring section.

gr-read.pyis a QR code readdhat
takes frames from the video stream diggplays
decoded text in almost real time.

sensor_party_server.pyis a simple
WebSocketserver that listens fosensordata
fromt he Ar dui no NA&heddtas
is formatted and sent on to the Control
Interface.

servo_party.pycontains a WebSocket
server that waits for instructions from eth
Control Interface.Whena key press halseen
received the instructions for the appropriate
actionare sento the Dynamixel servos.

servo_party data.pyis a WebSocket
server that readsemperature and supply
voltage data from every connected seride
data is formatted andent to the Control
Interface, where it is used to calculate battery
life statistics and repogervo temperatures to
the operator.

In addition to the servo control spt$
and software, thd&kobot runs Motion, a free
software pachige designed for home
surveillance and motion detection It is
important to make the distinction between
motion detection, where the program simply
detects a change in pixels, and motion tracking,
where the program is intelligent enoughrack
somethinghroughout the scene and interpret it
as a single object We had originallyuseda
branch of Motion specifically for the Raspberry
Pi called MotionPiso when we migrated to the
NUC in late 2016 wecontinued to us#&lotion
(albeit the master branch raththan the Ri
specific version). We chose to continue with
Motion because of our experience and because
the Control Interfacevasalready working with
the software.

TheRobotruns thepopularweb server
Apache 2to serve theNeb Control Interface.
The interfacewas originally writtenin PHP,



CSS and HTML. With the recent adoption of
WebSockets for communication, PHP has been
phased out and replaced with JavaScript for the
majority of communication and processing.

Like our 3D models, all our code wa
made free to usand editunder the GNLUGPL
license orGitHub, where we encouraged other
teams to contribute to or find inspiration in our
solutions.

3.2.2Control Panel

The Control Panel(in the context of
software) canbe definedas any device that
connects to the S.A.R.Robotand can load the
interface in a web browseiSuch a device can
run any operating systemobile devicesnay
work theoretically, given a keyboard is paired
with the device, although this is untegte@he
officially supported browser is Google Chrome,
which allows the user taise all features of the
Robot Mileage may vary when using other
browsers.

Additional functionality may be
unlockedby using theofficial S.A.R.T.Control
Pane] as it includes lcal software for extra
features The official Control Panelruns
Windows Serveto manage a DHCP server to
assign IP addresses to devices connecting via
the XirrusAP, howevey any operating system
will work if a DHCP serveiis installed The
official Control Panelalso includes a default
gateway systenwith informationthat aids the
user in setting up th&obot A built-in IP
scanner allows the user to check whatthe
Robot is connectedto in the event thathe
DHCP server is not functioning.

No other software is necessary on the
Control Panelas the interface itsaff hostean
theRobot kcalwebserver

3.3 Communications

The backbone of our network is the
industral gade Xirrus XR620 Access Point
with  hundreds of configuration options
allowing us to edit our networkas we please
The basic communication settings we used
duringthe RoboCup 201@ompetition were as
follows:

Band: 5GHz

Wi-Fi Mode: A

Channel: 44

Channel bonding Disabled
Antenna count: Up to 4.

The settings we used in the competition
are by no means the |
capability. It is capable aunning 2.4GHz to
5GHz WtFi bands in modes ranging froac,

a, b, g and n and delivering transfer speeds of
up to 1.7Gbpgo 240 individual clients. It is
also capable of filtering out other Wi
networks to ensure that it is the dominant
network which could be useful in a congested
area. It can dynamically change channels
depending on the congestion and traffic and
also can bond those channels together for a
more stableand reliable connection for greater
rangeand signal strength

TheControl Panetunsa DHCP server
that has allowed us to connedvicesto the
network atrandom. This also means we dut
have tomanuallyassign a devican IP address
as the DHCP servetloesthat automatically.
Another advantage this gives us is to set
reserved IP addresseshis is doneto lock the
Robotto one IP address thatalwaysassigned
to the same devicel he statidP addressneans
that scripts thatcommunicate between the
Robot and Control Paneldo not haveto be
updatedwith newIP addresvariables

The advantage of using an industrial
grade access poiigtthat with all the bandwidth
is concentrated on a single client, meaning that
it is less likely to experience an outage.
Because access points of this class are designed
to be reliable in congested areas, the benefit to
using this access poins because it helps
guarantee a moredaile, reliable and stronger
signal, even im congestednvironment similar
to the one experienced at RoboCup 2017.

3.4Human-Robot Interface

First responders in a rescue situation
rate ease of use highth what they want from
a confined space rescRebot. They need to be
able to control th&kobotwith minimal codirg
experience and prior training This design
philosophy was incorporated into the S.A.R.T.
from day onewith the humarRobotinterface
built from the ground up with ease of use in
mind.

The culmination of this effort is a web
basedControl Interface that cabeusedon any
devicewith a compatible web browseit is a
completefront endexperiencehat removes the
operator from the bare bones of the operating
systemnvia a sleek interfac@-igure8).



; The Video Stream (Figure 1)
Conta lntertace powered by a highly customisedsoftware
<4 package called Motion Our modifications
: disable the motion detection (not motion
tracking) features for faster processing, and
modify the quality to size ratios for optimal
streaming performancelhe result is a kzncy
freg high-quality videoof everything thé&Robot

1L

Figure 8 - The main page of the S.A.R.T. Control can segstreamed directly to the operator in real
Interface time.

TheWASD keys, the most popul&aft-
hand key mapping for arrow keyare used to
control the Robot s basic Theve
number row (1 through to 0 on the keyboard) is
used to adjustthBRobot s speed i n
of 10%, affording fine control to balance
torque, speand momentum during a mission.
A keystroke collection service runs the
background, meaning the openatanuse these

Figure 11 - The video stream shows the operator what

controls while Viewing any number of the Robot can S.,ee in the middle. of a.missior?. .
draggable and rearrangeable winda®ure Audio Communication (Figure ) is

9). This ability to choose what is displayed and @ relatively new feature, only implemented
where allows the operator tmee only the during RolmCup 2017. A Text to Speech
information they want on the screen, with no  System allows the operator to talk to a victim
distractions. nearby theRobot while the Speech to Text

system allows the victirto talk to theoperator.
In the future, this systenwill be further
streamlinedusing the VolP protocol to allow
bi-directional communication similar to a
phone or Skype call.

YOOL -

Figure 9 - A possible use case of the rearrangeable s
windows. In this case, the operator chose to view the
raw data, video stream and log at the same time.
[ <ce |

The Control Interface features 10 main
distinctive features.

The SSH Terminal (Figure 10),
powered bySheIIInABox gives the operator Figure 12 - The audio feature allows the operator to
complete access to t hC%mmungatew R V'C?fl”:’angv'cevﬂ%

operating systemThis can be useful for man istance (Figufe B)'is a planned
P g syste . y mapping feature that makes use of4liefrared
things from Kkilling unresponsive processes to

monitoring activity orhto distance sensors on each side ofRlobot It
J Y B shows theoperator the distance between the
Robotand the nearest obstacle.

SSH Console

the window. type sart and then type sart99 when prompted =33 '

Figure 10 - The SSH console running the process monitor
"top".

miis
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IR Distance

b

289cm

Not Detected D 3Gcm

Not Detected

Figu_re 13. The IR sensor display indicate s the distance
to the nearest obstacle on each side of the Robot.

The Raw Data Output (Figure 1)
window displays various sensor and servo
statistics in text form. This canbe usedfor
anything from checking if an individual servo
is overheating toeading the temperature of an
object in front of thdRobot

Temperature Compass Bearing

Ambient Object
o -

Accelerometer

X-Axis Y-Axis z-axis
mst-2 mst2 mst-2

Infared Distance Sensors

Front (0] Right (A1) Rear (A2) Left (A3)
m m m em

Servo Voltages

Servo 1 (Front Left) Serve 2 (Front Right) Servo 3 (Rear Left) Servo 4 (Rear Right)
volts wolts volts volts

Servo Temperatures

Serva 1 (Front Left)

Servo 2 (Frant Right) Servo 3 (Rear Left)
C © <

Serva 4 (Rear Right)
©

Figure 14 - The Raw Data system shows vital Robot
statistics and raw sensor input.

System Loggingpulls data fromthe
directory/var/log and displays it in a scrolling
window (Figure B). It is the best way to keep
track of events happening on tRebotat an
operating system or kernel level

Figure 15 - The log displaying information from
Ivar/log/ syslog

FTP File Access powered by
MonstaFTR allows the operator to quickly edit
files on the Robot using an intuitive web
interface(Figure B).

Rafresh Dosrivad cul Cope || resie | Feneme Dokl || ctwat Logel |

Mo Folder N Fis FecnFis  LobedFles | Uplowd Folder

Figure 16 - The Web FTP panel, powered by MonstaFTP.

Power Optionslet the operatoquickly
and safely reboot the S.A.RRobot or power
it off completely(Figure T7).

Power Options

Ase you sure you want 10 power down?

Figure 17 - Power options let the operator turn off the
Robot without having to know Linux commands.

The interface dedicates the lower
portion of the page tdystem Monitoring
(Figure B). This section keeps track of RAM
and CPU usage, CPU temperatutmttery
statistics and uptime to allow the operator to
ensure the S.A.R.T. is functioning normally.

RAM Usage CPU Usage

CPU Temperature  Charge Remainin:

““““““““““ .

Uptime

Figure 18 - The lower section of the interface, tracking
the NUC and battery statistics.

The Local Help Documentation
allows the operatoto quickly troubleshoot a
wide range of possible faults on the flyigure
19). This means there isften no need to
replace he Control Panel and Robot if
something goes wrongaving valuable time in
a rescue situationAll help documentation is
local so thabperators do not need to research
the problem on an internet connected device.

Help Help Articles

This help documentation should address most
ssuas I it ancounter

f you cannat resclva an issue or you find some
ather bug, dan't hesitats to contact s}

Figure 19 - The main page of the help documentation,
featuring an extensive list of articles covering possible
faults in each system.

Like the rest of the S.A.R.Tproject,
the entire interfacevas made open source
during its development to allow other
developersd contribute and to implement it in
their own projects.



4.0 Application

4.1 Setup of Robot & Operator Station

The setup process of theRobot and
Control Panelvas desiged to be as simple as
possible. As mentioned previously, irét
responderin a rescue situatiorate ease of use
highly for Roboic assistanceln a high stakes
environment, ltey need something that can go
from packedo deployed in a matter afinutes
One of our core design philosophies for user
experience was simplicitymeaning the setup
process we demonstrated in Japan is
remarkablystraightforwardand intuitive.

Firstly, all devices in th&€ontrol Panel
are powered osimultaneouslywith a single,
clearly visible power buttanThe operator can
then power on the S.A.R.Robot After the
boot sequence, @utomatically connestto the
waiting S.A.R.T. network. If the operator
knows the IP address of thRobot they can
navigate to th€ontrol Panehnd start using the
Robot immediately. Otherwise, they can use
the IP scanner built into the default gateway to
find the Robot and continueas usual with
minimal time lost.

In Japan, control scripts had to be
started manually using the SSH console on the
web interface. However, to simplify the
process even more and to satisfy the
overarching design criteria of an edsyuse
interface thatequires minimaprior trainingto
use, these scriptsill run automatically on start
up in the future.

4.2 Pack Up of Robot & Operator Station

If the operator has already recovered
the Robot the poweroff process haghree
steps.TheRobotcan be safely shut down using
the power options in the interfac&he Control
Panelcan then be turned off in the usual way
(Start > Shutdown).Once the déice has been
safely powered off, power cabe cut by
depressing the UPBower button Power can
be cut to thé&kobotusing the switcliFigure20).

& Aveyousure?

|
- cnni

Figure 20 - The 3-step power —ff process.

Additional pack upsteps may include
placing theRobotin itsfoam lined Pelicacarry
case as well as placingprotectivefoam shield
between the monitor and keyboard of the
Control Panel before closing the case.
Optionally, the battery in th&obot can be
removed although assuming it is not
completely flat it is safe to leave it in
indefinitely.

4.3 Mission Strategy

The Rapidly Manufactured Rescue
League(RMRL) is a subdivision of RoboCup
Rescue It is a research competition that
encourages students to develop innovative
solutions to open respongmboics problems
in Search and Rescue, Hazardous Materials
Response, Explosive Ordnance Disposat
Tactical Reconnaissance
( ). The RMRL
brings this competition to high schools and
undergraduate university classrogrftzussing
on the challenges associatedth operating
small Robos in confined spaces amow-cost
prototygng, electronics and sensors to
ultimately lower the barrier of entry into
Roboics research.

The specific strategy employed by the
S.A.R.T. involves a careful analysis afach
course to decide on the best route. For example,
in the specific courses sfepfieldandelevated
ramps the strategy for navigating was different
for the dirt or gravel pits. This strategy
invol ved ‘ hleftg gvall n(@vhen t
observed frombehind), then executing a 90
degree turn and driving over the elevated
section, as opped to driving diagonally over
the elevated section as this wooftenresult in
the Robot becomingbeached If this was the
resulting eventuality, our solution to becoming
unstuck was to rapidly change the direction of
the servos, e batkewardsand e | y
forwards to build up enough momentum to
“fall” of f t Robotwasestuck.h

he

]

r
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A different strategy was employed for ) Force (N) over Time (s) (305 Repeated Tests)
the dirt and gravel pits, because asRobotis .
relatively light and the smooth wheel design
allowed for theRobott o “* skim” al or -
the surface without sinking .inAt the end of
each course, theobotwould drive up against
the wall and execute a flip instead of turning
around, which, in our experience was faster and
more efficient, reducing the likelihooaf

becoming stuclperpendicular to the direction
of the course. Graph 1 d The results of 6 stretch tests over a period of
30 seconds. The readings stop at 55N as it is the

10 15

These Operation .dECiSiO!']S We_re the maximum value supported by the sensor.
result of careful experimentation with the Additional testswere used to examine
courses and from previous experience other properties of the material, such fesv
controlling the robat well it retains its flexible elastic properties after
_ _ stretching(Graph 2)
4.4 EXperlmentS & Testlng Force Required to Stretch Band to 12.5¢cm

Much of the experiment®an and
testing phase occurred early in the development
of the physical design and software
development. Many of the experiments
conductedexposedew problems that had be
solvedfor the changes made as a result of the
experimental findings to be effectiv )
4.4.1 Experimental Design e
It was through experimentation that it Graph 2 - Repeatedly stretching the band to 12.5¢m to
was concludedhat a vertically symmetrical test how e_Iasticity would reduce a_fter repe_ated _strain.
Robot(the same on the top and bottom) would (27! © # "ot reslie oy e e
be useful in navigating through confined reduced over repeated tests.

spaces, as &80-degreeturn waspossibleby 4.4.3 Wireless Connection Range
driving up against a wall. Executing one of Multiple experiments were run to
these turns resulted in the contrelwapping verify the maximumrange of the Xirrus WiFi

and the stream upsi de AtwessPoindThiswas done bypcennextingpto ' s
end, so we had to patch the Control Interface to  the S.A.R.T. network using a laptop (which had
include a function that flips the controls and the same wireless network adapter as the

stream footage. Robo) and walking in a straight line until the
4.4.2 Materials Testing signal was completely lost The average
The usefulness ofbelt prototyps distance as calculated from the tegés around
printed in the NinjaFlex flexible 3D printer 90m in a crowded WiFi environmentwhich
filament were tested using Pasco Scientific was thought to accurately simulate the
Force Sensor This tool wasusedto measure conditions at the competitiofrortunately this
the force(in Newtong required to break the assumption turned out to be corrastwe were
flexible filament able to operatevirelesslyat ranges obver 50
The force sensor only took metres during competition in Japan.
measurements up td mewtons, and the small 4.4.4 Streaming Reliability
sample of NinjaFlex did not break, even after The reliability of streaming video
multiple test§Graph 1) footagewas testedy loading theRobot with

numerous streaming clients to see at what point
the stream cut oubr the bandwidth of the
Access Point was saturatedHaving a low
powered duatore processor in the NUC, the
stream began to drop frames, stutter and cut out
after more than six clres wereconnected The
effects of thiswere exacerbateds the range



increased but consideringonly one or two
clients would need to be connected toRubot
at any one timetherange and stream quality
would remaimormal
4.4.5Battery Duration Testing

The usabletime given by the UPS
when the Control Panel
mode (i.e. not plugged in)was tested by
building the power network required for the
Control Panel to function. The worst case
scenariovas simulated by initiating aysthetic
load on the BreezeLit®lini PC and saturating
the Access Point with large file transfer over
the Wi-Fi network using FTP. The results gave
a minimum usable time of around 75 minutes
The batteryperformance of the robot was also
tested using 4300 mAhLiPo battery A series
of tests determined a maximum run time of 90
minutes We used the information gathered in
these tests to ensure enough time was left
between runs to swap batteries hourly during
competition.
4.4.6 Experimenting at RoboCup

The setupday of the competition in
Japanwvas dedicatetb testing théRobotin the
competitionmazes with the various wheelbase
lengths. It was discoveredthat the long
wheelbase tended to get tRebotstuck on flat
surfaces in courses such as #tepfield to
which we thought that shortening the wheelbase
would have a positive effectAfter removing
everything inside th&kobotand reciprocating
the orientation of the servos, more tesere
conductedwith the short wheelbaselt was
concludedafter a short period of testing that,
while the short wheelbase provided better
performance instepfield the performance in
every other course decreasedwdts therefore
decidedthat the longer wheelbase should be
used for the competition as it was the stno
compatible with the majority of the courses in
thecompetition

4.5How the particular strengths of the team
are relevant to applications in the field

Each memberfahe S.A.R.T. has their
own defined roleandskill set The different
strengths they  possess Rython
coding/programming; weblleveloping for front
and backend; 3D modelling and rendering;
network configuration and administration;
building/construction documentation) caibe
appliedto the field. For example, programming
in Pythonand web development for front and

backend ultimatelgetsthe Robotmoving and
sending the data back for analysis viaveb
serverhosted on th&obotitself. 3D Computer
Assisted Design (CAD) and renderipgpduce
the images and simulations of tRebot s us e
cases, as well as the physical design. On top of
all ithat, aiviable tnétwork ‘must toartedt éhe e d’
Robot to the Control Panel despite the
difference in hardware and software on each
device as created by individual team members.
These disciplines requireteamwork and
communication due to the different people
working on the same project having different
problemsolving methods different ideas for
implementing solutions to the same problem.

This reflects a real world engineering
process wherein the team who designs the
product may not necessarily be the same team
that manufactures the product, who in turn may
not be the same team who programs the product
or tests the product.

Detailed documentation igcessarjn
this case, as for the reasons outlined above
Every memberof the teamis experiencedn
documening their ideas and procesgasough
the website blotp communicatehe design and
updateghrougha medium that thentire team
can consult readily with ease. It also allows for
the easy sharing of multimedia content to
explain concepts to not only theambut also
the wider open source community.

5.0 Conclusion

5.1What the team has learned so far

So far through the process of designing
and building the many prototypes and iterations
of theRobot the members of the S.A.R.fave
all grown more skilled itheir respective areas,
leading to more sophisticated and streamlined
programs and designs. As result, we can
anticipate potential problems before they occur
and amend them before they become a major
issue Specific examples include wireless
network optimisation, computer to computer
communication via browser based web
applicationson different operating systems, 3D
design and rendering, 3D printingmage
manipulation via a remote video stream,
controlling servos with a variable speed
function using key letter ID numbers sent over
a wireless networkand building a cheap,
rapidly manufctured complete system in a
small form factor.



5.2 Whatis planned between now and the new team can make informed decisions on

competition in 2018 physicalchassis and wheel design changes
As we, thecurrent members of the  Detter navigate courses. _

S.A.R.T. are inour final year of collegewe 5.2.7 Change the Main Computational

plan to find new membersho wish to continue Component _ _

the development dhis project However, all Change the main computational

existing members have expressed interest in component from a duaiore Intel NUC to the

continuing to work on the projectand UDOO X86 ULTRA.  Although more

potentially actas mentors to the students who  expensive than the NUC fetatures a quacbre
will take over and continue to improve the  Processor an8GB of RAM and is capable of

project before RoboCup in Canada D1.8. running any x86 based operating system,
To aid the continued developmentof the including theAr dui no™ 101 worl d,
project the team has come up with some new all the sketches, libraries and the official
ideasfor these students to woon in 2018 Arduino 101 IDE It has General Purpose
5.2.1Update System Input/Output (GPIOpinsfor attaching sensors
Useful for when the S.A.R.T. h&xeen directly to theboarditself without having to
deployedin the field. This systemwill notify have an Arduino Nano as an intermediary
the operator oh S.A.R.TRobotwhenthereare ~ Pbetween the NUC and the array of sensors.
software updates availablét should have the 5.2.8 Migrate to Ubuntu on the Control
ability to automatically download and install Panel _
the updates if the operator approves the update. ‘The Control Panels currently using a
5.2.2 Audio Communication free trial of Windows Server because the

Set up a streamlined audio BreezeLiteMini PC only officially supports
communication system using the VoIP protocol ~ Windows ~ based  operating  systems.

rather than two separate temtspeech and Unfortunately, the free trial is about to expire

speeckto-text systems.This should allow the so a different solution needshe found

operator to talk to a victirdirectly, much like a 5.2.9Building a Test Maze _

phone or Skype conversation. Basing the design off th_e maze used in

5.2.3Browser CrossCompatibility Japan, the team could test thRbotat home
|mp|ement Support for the S.AR.T in the actual Compet|t|0n environment.

Control Interface on other papar browsers,
such as Firefox and Internet Explorer.

5.2.4Expand the Versatility of the Control ~ The new team in 2018 will bring many
Panel new ideas to the tabland may choose to

Create a custom battery for the UPS  implement all or none of tise features. These

that utilises the space inside the Pelican case are only our suggeions based on our 3 years
more efficiently. With the extra stored power of development, testing and competition
implement a LiPo charging system into the  €XPerience.
Control Panelto allow Robot batteries to be
recharged straight off the UPS fanincreased
run time in remote locations or when power is
not available.
5.2.5Dynamic S.A.R.T. Network
Create a network that can be boogsted
cover a larger randsy multipleControl Paned
Allow multiple Robos to be connectedo the
dynamic network at the same time, and let each
operator select specificRobotto control This
reflects a real world escue situation where
multiple cheapRobos would be used at the
same time to cover more ground.
5.2.6Design Alterations
Based on the observations of the
current S.A.R.T tearfrom RoboCup 2017, the
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7.0 Appendix A - Components & Estimated Total Cost
Table 1 - Components & Estimated Total Cost &Robot Only

Component Price Quantity | Total
(USD) (USD)
Intel NUC5CPYH $122.36 1 $122.36
Corsair CMSO4GX3M1C1600C11 4GB (1x4GB) DDR3|  $39.20 1 $39.20
SODIMM
Samsung PM851 MZTE128D 128GB SSD $64.00 1 $64.00
Dynamixel AX-18A $105.52 4 $422.08
oCam 5MP USB 3.0 Camera $96.16 1 $96.16
Arduino Nano $28.80 1 $28.80
Infrared Proximity SensorSharp GP2Y0OA21YK $11.16 4 $44.64
Triple-axis Accelerometer+Magnetometer (Compass) $11.96 1 $11.96
Board
MLX90614ESFAAA Infrared Temperature Sensor $23.42 1 $23.42
PlastiDip $26.40 2 $52.80
Ultimaker ABS 3D Printer Filament 1kg spool $32.00 6 $192.00
Quanum 12V5A (7.2- 25.2V) Dual Output UBEC $10.25 1 $10.25
USB2AX v3.2a $68.56 1 $68.56
0.5mUSB 2.0 A male to #in Mini-B Lead $4.76 1 $4.76
0.5m USB A male to Micrd Lead $4.76 1 $4.76
Turnigy NaneTech 1.3 Ah Lithium Polymer Battery $15.58 3 $46.73
Total | $1,232.48
Table 2 - Components & Estimated Total Cost & Control Panel Only
Component Price Quantity | Total (USD)
(USD)
Pelican PROTECTOR CASE™ (g $229.66 1 $229.66
BreezeLite SN4X5 Windows 10 Mini PC $279.20 1 $279.20
CyberPower Value GP 1000VA/530W [VALUE1000EI] $138.40 1 $138.40
Line Interactive Ups
AOC E2070SWN 19.5in Widescreen LED Monitor $87.20 1 $87.20
Xirrus XR620 WiFi Access Point (inc. PoE Injector & $460.00 1 $460.00
Ethernet Cables)
Microsoft All-In-One Media Keyboard $45.60 1 $45.60
HDMI to VGA + Stereo AudicConverter $22.36 1 $22.36
Allocacoc PowerCube 5 Power Outlets $22.30 1 $22.30
0.5m VGA Monitor Connecting Cable $5.56 1 $5.56
Comsol Male IEGC14 to Female IE€13 Power Cable $11.90 1 $11.90
2m
Comsol Male 3 Pin Plug to Female IEX13 Socket 2m $11.90 1 $11.90
Total $1,314.09




8.0 Appendix B - Components

Wheels

Lid & Chassis
IR Distance Sensors

Figure 21 - External Components

Figure 22 - Internal Components
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Figure 23 - Internal Components (Cont.)



9.0 Appendix C- List of Software Packages

Table 3 - Software Packages and Dependencies Used

Device or Process

Software Package/s used

BreezeLiteMini PC

Windows Server 2016

Windows DHCP Server

Filezilla FTP Client

WindowsRemote Desktop

CyberPower PowerPanel Personal Edition

S.A.R.T. Web-Based Control Interface

Intel NUC

Ubuntu 16. 04 “ Xeni al

Motion

Geany

Movement

Python
- Pyax12
- AsyclO
- WebSckets

Image Recognition

Python:
- OpenCV 3.1.2
- Numpy
- Matplotlib

Motion Detection

Python:
- OpenCV 3.1.2
- Numpy

QR Code Reading

Python:
- OpenCV 3.1.2
- Pyzbar
- Imutils
- Numpy
- Matplotlib

Audio — Text to Speech

Python:
- Pydub
- WebSockets

Audio — Speech to Text

Python:
- speech_recognition
- pyaudio
- wave
- WebSockets

Arduino Nano

Arduino

Robot Chassis

Google SketchUp

Render of Robot & Control Panel

IRender nXt SketchUp Plugin




10.0 Appendix D- List of Hardware

Table 4 - List of Hardware and Chassis Parts

Component

Hardware

Robot Chassis

Heavily modified design inspired by the Emu Mini 2 fror
the OpenAcademicRobotKit.

Robot Wheels

Heavily modified design inspired by the Emu Mini 2 fror
the OpenAcademicRobotKit.

Intel NUC5CPYH

Centralcomputational device on board tRebot

Corsair CMSO4GX3M1C1600C11
4GB (1x4GB) DDR3L SODIMM

Random Access Memory (RAM) for thetel NUC.

Samsung PM851 MZTE128D
128GB SSD

Solid State Drive (SSD) for the Intel NUC storage

Dynamixel AX-18A

Servo

oCam 5MP USB 3.0 Camera

Camera

Arduino Nano

Arduino Nano, responsible for collecting all the data fro
the sensor array and sending it to the Intel NUC

Infrared Proximity SensorSharp
GP2Y0A21YK

Infrared Distance Sensor.

Triple-axis
Accelerometer+Magnetometer
(Compass) Board

Accelerometer & Cmpass.

MLX90614ESFAAA Infrared
Temperature Sensor

Infrared Temperature Sensor.

PlastiDip

Liquid plastic, used for coating the wheels to make ther
grip ontothe groundor walls.

Ultimaker ABS 3D Printer Filament
1kg spool

The 3D printer filament, a type of plastic extruded throu
a hot nozzle that builds a model by layBuipsequent
layers on top of each other.

Quanuml2V-5A (7.2- 25.2V) Dual
Output UBEC

Power delivery for the Intel NUC arsetrvos.

USB2AX v3.2a

A smallUSB device that allows the servos to interface v
the Intel NUC.

0.5m USB 2.0 A male to-Bin Mini-
B Lead

USB cables and connectors, necessary to connect the
Arduino to the Intel NUC for sensor data collection
functionality.

0.5m USB A male to Micrd3 Lead

USB cables and connectors, necessary to connect the
camera to the Intel NUC for video streaming functionali

Turnigy NaneTech 1.3 Ah Lithium
Polymer Battery

Powersthe entire mobile apparatus.




11.0 AppendixE - Web and Open SourcePresence

Under our open source philosopkygerything we did was published onlimethe form of regular blogs,
code repositories and 3D model downloads.

Website Blog
A regular blog detailing the design and implementation processlwentirse of the gear project.

Code Repositories on GitHub
All our code was made free to use and edit under the-GRU license orGitHub, where we
encouraged other teams to contribute to or ifiisgiration in our solutions.

Editable 3D Models on Thingiverse
All our 3D models were made free to use and edit under thee GRUIicense on the 3D model shayin

websiteThingiverse

YouTube Channel

The S.A.R.T YouTube channel has a series of videdsiding tutorials (PlastDipping wheels to
improve grip and daisghainingthe Dynamixel servosgxperiments (WiFi range and stream tests) and
sharing new features and developments.


https://www.sfxrescue.com/
https://github.com/SFXRescue/SARTRobot
https://www.thingiverse.com/SFXRescue/designs
https://www.youtube.com/channel/UCOM41hoo5jFGdlgnjjvApSQ/videos

