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Executive Summary

Warwick Mdile Robotics (WMR) designed and built an Urban Search and Rescue
(USAR) Robot prototype, developing the 2008 chassis and software and competing at
the RoboCup German Open 2009. WMR accomplished its goal of producing a highly
mobile robot that could coverall terrain though work is still required to make
performance reliable and to optimise operation from a remote location.

Robot design is inherently a muttisciplinary process so systems design techniques
ensure that the various elements acempliantand unforeseenconflicts are minimised.

This technical report follows the systems design procedure based on a systems V
diagram, identifying necessargapabilities of mobility over terrain, autonomous
navigation, victim identification and manipulation. [tional requirements are
specified from these capabilities to give performance criteria to provide a design basis
and to provide evaluation targets during testing.

The competition provides a standard testing platform for measuring performance
improvementsof the WMR robot. Mobility requirements were met and autonomous

operation was implemented. Victim identification is possible by a human operator but
automatic detection is still in its infancy. Manipulation is an important feature to be

explored in thefuture. A further benefit of the competition is to provide the group

gAGK | YSlIya 2F (dSadAay3a GKS NrRo2GQa FoAfAd
investigating USAR robots. The WMR robot achieved filadein the 2009 German

Open with a Best i€lass award for Mobility, this has led to an opportunity to enter the

World Finals in Graz, Austria.
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1 Introduction

This systems design report documents the Warwick Mobile Robotics (WMR) group
project for the 2008/09 academic year. The project focused on developing an Urban
Search and Rescue (USAR) robot for entry into the 2009 RplR€acue competition.

Background to the project, as well as technical details of the work done and the results
achieved, are given in this report. Details of support activities conducted as part of the
project are given in the Business, Finance, PubbeityManagement Report.

The project aim is the development a USAR (Urban Search And Rescue) robot for entry
into the RoboCup Rescue competitiomhe WMR entry at the 2008 German Open is
being developed.

1.1 Background to Autonomous Robotics

Autonomous robotsare robots able to operate without constant human guidance.

Different robots may exhibit different levels of automation, for example factory robots
operating autonomously within the confines of a relatively well known environment
exhibit a low level of awmwmation. Robots able to operate in unstructured and unknown

environments exhibit much higher levels of automation.

In order to exhibit full autonomy a robot must be able to:

e Gain information about the environment

e Work for an extended period without humantervention

e Move either all or part of itself throughout its operating environment without
human assistance.

e Avoid situations that are harmful to people, property, or itself unless those are
part of its design specifications.

Achieving these aims reges the interaction of multiple subsystengsthese will vary
from robot to robot, however there are some features common to almost all
autonomous robots. Section 2 provides an introduction to some of these features.
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1.2 Features of Autonomous Robots

1.2.1 Sensors

Sensors are used by autonomous robots to gain information about their environment
and themselves, this is crucial if a robot is to operate without human intervention. Even
a relatively simple robot, such as the Roomba (a vacuum cleaobw discussed in
Section 0) must be able to detect collisions to be of any use. Internal sensors include
encoders used to measure wheel rotation, heat sensors for onboard electronics and
battery charge sensors. External sensamesvery varied and depend on the application.
Common examples include proximity sensing (for example Light Detection and Ranging
(LIDAR) or ultrasound), auditory sensing and vision.

1.2.2 Mapping

In order to move intelligently through an environment, an aubeous robot must be
able to locate its self in the environment and remember the locations of relevant
objects¢ in other words it must be capable of Simultanediecalisatiorand Mapping
(SLAM). SLAM has attracted much research attention due to theenhereakness in
mapping or localising independently: as a robot moves, sensor errors will lead to
incorrect estimation of robot position and in the estimation of object locations. In
creating a map a robot will use its estimated positions to place theabbjit senses,
GKdzaA SNNEBNBE AYy LRaAGA2Y SaGAYFGA2Y GAff
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employed to implement SLAMdluding Kalman filters and particle filters and it is now
generally considered a prerequisite for true autonomous operation.

1.2.3 Decision Making and Autonomy

To provide a useful function, autonomous robots must use sensory data to generate

commands to actuat@. The kind of decision making required is entirely application £
specific and ranges from simple collision avoidance algorithms to highly complexg:
strategic decision making such as that exhibited by robot football teams. Differents
approaches may be used rfalecision making depending on the application, these

Ay Of dzZRS LINPOSRdAzN} f aLC F ¢19b fpé& aidlas
approaches such as neufozzy systems. More complex strategies may incorporate
machine learning, using past expéence as an input to the decision making process.
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1.2.4 Example Applications

1.2.4.1 Research

Stanley is a robot developed by a team of researchers at Stanford University's Stanford

Racing Team in cooperation with the Volkswagen Electronics Research Laboratory (ERL)

which won the 2005 DARPA Grand Challenge. The robot is a Volkswagen Touareg
Y2ZRAFASR F2NJ I dzi2ay2Y2dzda RNAGAYy IO {2F0o6 NB
from LIDAR, the camera, GPS sets and inertial sensors into software programs [to

control] the vehi€ SU& &aLISSRX RANBOGR)2 Fensbrgided iRIBdOA a A 2y Y
five LIDAR units used to create a 3D map of the environment, a GPS positioning system

and gyroscopes and accelerometers used to monitor the orientationeof/éhicle.

Figurel-1: Darpa race winner Stanlgf)
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The Roomba is a robotic vacuum cleaner developed by iRobot, and one of the first
commercial autonomous roboticg/stems.

1.2.4.2 Commercial

Figurel-2: iRobots Roomba vacuum clean)

This robot exhibits a high level of automation, for example the Roomba will locate and
return to a docking station toecharge when the battery is low and drop offs are
detected using infrared sensors. Sensors include a contact sensor on the front of the
robot to detect collisions, infrared sensor to detect docking stations. Additionally the
Roomba senses the level ofrtdpassing through its brushes and modifies its cleaning
pattern accordingly. This robot does not map its environment; instead it uses simple
algorithms to increase efficient area coverage.
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1.3 RoboCup Rescue

RoboCup Rescue is a competition aimed at fastethe
development of robots for urban search and rescue
applications. Specifically, the competition aims to:

Cup

Rescue

GLYONBIFaS gl NSySaa 2F GKS OKIfttSy3asSa Ayoz

provide objective evaluation of robotic implementations in presentative
SYGANRYYSyYyGaz YR LINRY2GS O@) t 02N GAZY

The competition is based on a simulated disaster area; robots must negotiate, and
produce a map of, the terrain in this environment. Points areara@d for locating
simulated victims and placing the locations of these victims on the map of the terrain.
The competition has several regional open (including the European German Open)
competitions and an invitation World Final. It is part of the larGaboCup which
incorporates robot football, rescue and home robotics.

The competition terrain consists of three areas of increasing difficulty, each containing
simulated victims:

e Yellow arena: consists of a maze like structure with sloping floors. Wttsn
arena the robot must operate autonomously

e Orange arena: as above with the addition of stegdds and confined areas under
low ceilings. Within this arena the robot is tedperated.

¢ Red arena: as above with the addition of stairs, ramps and moréealgang step
fields.
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Figurel-3: (Left to right)yellow ramps, orange step field, red staircase

The purpose of the competition is to locate simulated victqitsese emit the following
signs of life:

e Fom: dolls or mannequin arms are used to represent victims

e Movement: arms may be waving

e Sound: Dictaphone used to emit human soumdthe form of a repeating list of
sets of similar sounding words that must be identified

e Heat electric heaterare used to gnulate body heat

e CQ: entrapped victims emit G@ausing a buildip of at least 2000 parts per
million

Figurel-4: Trapped victim

The competition rules are found Ayppendix C.
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This project represents the second year for which WMR has been involved in the
development of a search and rescue robot. During the 2007/08 academic year, the
WMR project team developed such a robot from scratch and entered it into the 2008
RobcCup Rescue competition. The robot was able to medium difficulty obstacles
(orange step fields and ramps) and featured the sensory capabilities to locate victims
OF2NY YR GKSNXIFfO® I FdzA t FylfeadAra 2F (GKASZ

1.3.1 Development for the 2008 Co mpetition

The robot was tel®perated from a remote computer with no artificial intelligence and
could not tackle the red stepfields and staircase. These challenges are the primary
motivators for further development to bettemeet the competition requirementand
demonstrate the technology available search and rescue markets

Figurel-5: 2008 robot on a stepfield
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1.3.2 Further Development Aims for the 2009 Competition

For 2009, WIR will continue to focus on search and rescue robotics, using the robot
entered into the 2008 competition as a starting point. Analysis of the performance of
this robot will be used to identify areas for improvement and guide the selection of
particulartechnologies and solutions.

The aims and objectives for this project are as follows:

e Build on the success of 2008
o0 Optimise teleoperation
o Implement mapping and autonomy
o Investigate further victim identification
o0 Achieve Best in Class for Mobility at Robo®egcue German Open
o Qualify for the international final in Austria
¢ Raise the profile of WMR and sponsors through continually developing
marketing strategy
¢ Increase awareness of Engineering both at the University of Warwick and as a
profession
e Showcase Wariek innovation to the world

1.4 Design Methodology

A systems perspective is used for all design work in this project.

The 2007/8 project was split into two parallel streams: hardware and software. While
there was communication between the two areas they wéamated as separate, for
example requirements were separated into hardware and software. This approach
f SIRa (2 i S OKiguRitluald & snialb tetnsBoéused on delivering a
particular technology.

This project involves developing and improveny existing design and as such focuses
on capabilities, such as sensory capabilities, rather than technologies. The capabiliti
of a robotics system are generally determined by the interaction of multiple subsystem
covering different technologies and gimeering disciplines. This approach leads to

2aw 6SAy3 aOl LI} oAf A (-disciplivayy Sebidis dvorkiny todether. Y I £
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There are three high level stages to a systems engineering design project as shown %
Figurel-6. The systems design phase begins with an analysis of the capabilities of th@
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system as a whole before feeding down into subsystem specification. Similarly, the
systems verification phase first tests individual components before ensuring/lilote
systems meets the system specification. Such an approach, when followed properly,
ensures that all subsystems interact to deliver the required overall performance.

Capability
Analysis

Design
review &

= Governance
Requirements Interface
Capture Control

Engineering
Change
Control

s Sub System
Budgets Feasnblhty' and Testing
Analysis
Sub-
Contractor
\ Partner
S\ - Management Architectural

5 Integration
Architectural

Design
Sub-
Contractor
arnoy Component
System Management Te:ting
Safety Case e ————————
Equipment/Sub-
System /
Specifications
Design
Verification
Testing

Design Phase

System Design Definition Equipment Design System Verification

Figurel-6: Systems \Diagram (Nathrop Grunman Remotec)

Specific tools were utilised for the design process and the design procedures and details
of the design procedures follow.

1.4.1 System Modelling Methods

When modelling and documenting the robot system, it was important to use a
standardised toolset, to ensure accuracy and continuity. SySMias identified as the
perfect tool to model a complex system such as ours which contatesdependent
hardware and software elements. These models were then eséehsively during the
analysis and design stages of the projeciemable complete visualisation of the system.
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1.4.2 Software Design Methods

The Agile software development philosopiByutilised in this project. Such an approach

is appropriate in light of bt the limited project time and shifting specifications as a
result of hardware changes, budgetary changes or unforeseen circumstances. Within
this framework certain tools are used to support the development procelsalso
reflects the dynamic naturefdhe software tasks and team composition.

Unified Modelling Language (UML) is used to describe the functionality of software
constructs from entire capabilities such as autonomous navigation, down to individual
functions. This provides an unambiguousgaage in which to describe and share
designs within a team.

Subversion, the version control software, is used to track changes to source code and
maintain a central library of current and historical versions of files. This allows multiple
users working ordifferent machines to view, run and edit the same Java projEoe
Subversion server is hosted by Warwick Computer Science Society.

Continuing from the 2008 robot, Java is used for all robot and base station (client)
software. Javaprograms are not premmpiled for specific operating systesnso the
programscanrun both on Windows machines for development and for the client, and
on a Linux machine when deployed on the robot.

1.4.2.1 Atmel Microcontroller Programs

Atmel AVR controllers hayaeviouslybeen used byWMR for robot football and robot
rescue. Programs are written in C using the free proprietary AVR Studio progsarg
standard librarieand added to théSubversion server
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1.4.3 Hardware Design Methods

1.4.3.1 The SolidWorks Design Process

Any three dimensiona(3D) parts files shall be created within SolidWorks 2088rvice
Pack 2.1 These parts shall be saved in the relevant file directanyforming to the
system below.

The directory structure for designs, in the network drive Mechanical Design folder, is as
follows:

Design Year A Parts Group A Parts SubgroupA Partinc. Rev
A Superseded parts inc. Rev

The parts created sl be suitable for manufacture using in house facilities which
include 5 axis milling machine tools and CNC latlsgzeciic dtention will be paid to all
part features which may create difficult manufacturing conditions.

azald LINIa G2 o6S YIydzZHFlFOGdNBR akKlff 0SS al @¢
laser cuttingfolding g KA OK 6 Af f 06 S FileswhicH drite & usel FaNY | G &
manufacturing shall be saved the .STEP (AP21#rmat, whichis compatible withthe
relevantmachine tool programming software

A standard drawing shall be completed with (as a minimum):

e Overall part dimensions

¢ Depths and dimensions ofl &oles, counterbores and cuts

¢ Finish of all holes, thread size if tapped, bore if clearafde hiread pitchis not
necessary as standard pitches shall be adopted for all equal sized bolts where
possible. Metric (M) bolts shalbe used throughout theltassis for mechanical
fastening.

e Quantity of parts required

e Material of manufacture

e Finish to be applied (i.e. powdepating, as machinedard anodised)

e The part manufacturing code comprising of a letter {Mlachining, T¢ Turned,
B ¢ Folding sheetand part number as shown iAppendix A

e Drawingpart revision number.
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The dravings shall be completed on the WMR sheet design built as a SolidWorks
template.

A worksrequest in Appendix Bhall be completed for each and every part stating the
material of mandacture, quantity and any special manufacturing details relevant to the
manufacture of that part.

1.4.3.2 Altium DXP Design Process

Design of electronic circuits was performed with the Altium DXP 2004 package. This
incorporates schematic capture, for circuit diam drawing, and PCB layoutVith built

in design rule checking¢e.g. track width, short circuit, urouted, etc.)it provides a
robust design tool.

Template pages were designed to hold all WMR schematics and carry the file location,
author, date of creaton and circuit name.

A standard naming convention was adopted a3 ablel-1. This will make referencing
designs easier in the future, although only one circuit board was designed for the 2009
robot.

A change tothe PCB copper layout, after manufacturing a board, results in a new
Revision. The old files should be retained as the previous Revision.

A change to a schematic with no new layout (e.g. a component value change) creates a
new Issue to differentiate bods with the same layout but different partsEach
populated PCB will be marked with the Issue number that it is known which
component set is present.
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Tablel1-1: Naming convention for electronic desigiiefs

File type

Project 0809 _Name_RevX.PrjPCB
year_name_revision

STelp el 0809 Name_RevX SCH_xxx_xx.SCHDOC
year_name_revision_SCH_uniqueNumber_issueNumber.SCI

0809 Name_RevX PCB_xxx_xx.PCBDOC
year_name_revision_PCB_uniqueNumber_issueNumB8&30C

The directory structure for designs, in the network drive Electronic Design folder, is as
follows:

Board name foldeA, Folder for each Revision
e.g.

Power Boardy 0809 PowerControl_RevA
1.4.3.3 National Instruments Multisim

Multisim was used for circuit evelopment and simulationvhen constructing a real
proto
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2 Requirements Analysis

2.1 Stakeholder Analysis

Before defining the requirements for this project time was spent considering all possible

WMR stakeholders with respect to their interests in the projeevelopment and

outcome.

Stakeholder

[ | = [
| Manager | | Operator |F|nanCIaI off|cer| | Director |Techn|C|an| | Institution | | Sponsor |
| Safety officer | | Engineer | | Assessor | |Postgrad consultant| | Press/PR | |Robocup League|
AN
[ [ |
| Analyser | |Software engineer| |Reviewer/Tester| |Competit0r| | Judge |

|Hardware engineer|

|System integrator|

Figure2-1: Stakeholder diagram

The project is targeted at thexternal RoboCup so the development aims of the
competion must be considered, but spams are seeking exposure. The University
also seeks exposure but like the WMR members also intends to promote personal

development.
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2.2 Capability Analysis

The followingchapter describes the capabilities the robot should posses in order to
achieve thetea®a a0l 0 SR FAY 27T & dzOtkeRadCup Resciek S
competition. Certain capabilities reflect the challenges posed by the competition as
well as the manner in which the competition is judg@&bpendix C for competition
rules) Other capalities reflect basic principles of any engineering project such as
testability and safety.

2.2.1 Mobility

Simulated victims are located throughout the competition terrain thus the robot should

be mobile over all areas of the terrain. The more challenging asp#cthe terrain
AyOf dzZRS I npc NI YL & éand A Naxiddnistepeight éhangeNS R €
of 30cm(Section0 and Appendix C for arena specificatians)

The robot shall be intuitively operated with nmeven track control over the entire
operating time of the robot. Thimeans that uneven track tensionirag varying motor
performance levels shafiot cause different speeds on each side of the veHmiequal
control signals

2.2.2 Power Systems

The robot sould, without any external wired connection, provide power to all onboard
equipment at the correct voltage and current. The competition consists of several
periods where the robot has a maximum of 25 minutes to negotiate the terrain and
locate victims. The capacity of the power system should therefore be sufficient for at
least this length of time.

The robot will also be used for demonstration and publicity purposes to promote the
work of the University of Warwick and find further applications for autooos
vehicles. The expected duration of these activates must be considered in setting th
capacity requirements of the power system.

Remote power cycling of all devices is desirable. This allows individual subsystems to
shut down when not required andeset should a software fault occur, saving energy
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rescue robot finding them and this should not be jeopardised by the loss of any
detection system.

2.2.3 Victim Identifica tion

An urban search and rescue robot must detect people trapped in collapsed buildings,
possibly under rubble. Humans emit several signs of life and the RoboCup Rescue
victims are similar.

e Form

e Movement
e Heat

e Sound

e CQ

Not all signs may be observable se tHSAR robot should detect as many signs of life as

possible. For example victims may be entombed within a structure and thus difficult to

see, but possible to detect through a builg of CQ. There may also be hazards around

the victims such as gas car@rs or chemicals so it is important the robot can relay
AYF2NXYEGAZ2Y o6FO1 G2 GKS 2LISNIG2N) Fo2dzi GKS
situations of the victims most sensors should be on a flexible platform that can be
positioned for optimum observain.

The readings from victim identification should be returned to the operator to make any
final decisions on stability and risk to the individual.

2.2.4 Tele-Operation

The robot must be capable of remote operation by a single operator. Since the terrain is
unknown wireless communication is needed since wires could be caught on or loop
around obstacles.

2.2.5 Autonomy

Report

CKS O2YLISGAGAZ2Y GSNNXAYy Aa aLd Ad )\)/GQ%GKNB
G2NF yaISé YR GNBR¢OD 2 KAt S Aggte autisriemodsyt t 2 6 | N
while detecting victims. This involves collision avoidance and autonomous victimg

identification. S
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From the RoboCup rules

¢ No human intervention other than to confirm victims
e Operator takes control at any point

In real applications, resedic(Rapid UK has indicated that rescue teams would be
unlikely to use autonomous mobility functions but that victim identification could be
useful to detect anyone visually obscured. Also, should the robot lose communication
with the base station it couldse its autonomous capability to return to a point that had
good communication.

2.2.6 Mapping

The robot should produce a map of the environment it passes through and add victim
locations as they are discovered. The format of the map should correspond to the
GeoTIFF standard for embedding gesferencing information within a TIFF file.

In a real rescue application this map is essential for rescue workers to enter the area
and extract the victims. It also allows the robot to track its position and path and fully
clear and area before moving on, and not retrace its steps unless necessary.

2.2.7 Manipulation

It is advantageous for a rescue robot to deliver items to trapped people such as
emergency food or a twavay radio. Pick and place functionality is necessary far thi

2.2.8 Testing & Development

A robotic system is composed of various syistems, including sensors, processors and
actuators. The integration of these ssigstems must be such that each one can be
operated and tested independently of the others. In practicis requires a modular
design and a clear understanding of the relationships and information transfer between

sub-systems. 085
Additionally, appropriate tools should be provided for the testing and verification of all %
n
sub-systems. 2
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! Rapid UK, Rescue and Preparedness in Disasters (http://www.rapiduknews.org.uk 28/4/2009)
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Man-machine interaction ign essential part of any engineering project. The ability to
operate the roboteffectivelyon the courseterrain it will face in competition igital.

2.2.9 Safety

Normal operation of the robot must not pose a danger to property or life. Provisions
must bemade for a failsafe stop function in the event of abnormal behavana the
remote (operator) and local (on the robotjreergency stop is needed.

2.3 Initial State

The robot developed for the 2008 competitigmovidesa logical starting point for the
project. This section describes the performance of the robot at the outset of the project
in relation to the capabilities described above.

2.3.1 Mobility

The 2008 robot was highly mobile over the majority of the terrain, including the 45°
ramp. The robot was unable, IS @S NE (2 yS3I20AF 4GS GNBRe aas
sets. The major problems in overcoming these obstaaesdetailedbelow.

¢ The entre of masgCoM) of the robot isot sufficiently far forwardsleading to
toppling at climb angles oveb0® degrees fom the horizontal The CoMis a
function of the manufactured chassis and purchased components weigtit
locations within the completed robot

¢ Flipper belt stripping The bonded layers of the flipper drive belts were prone to
shearing when the robot attmpted to lift its own weightrefer toFigure2-2.

Figure2-2: Typical flipper drive belt failure

Systems DesigriReport
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e Drive track slipping. The drive tracks rely on their coefficief friction to
provide a gripping surface for drive. After continuous use the high friction
surface layer becomes worn and dulled. No mechanical locking method for
attaining grip is featured in the current track system.

e Reverse drive climbing. Thelleys outer diameter matches closelith the
geometryof the rear of the chassiBigure2-3, for this reason the robot cannot
grip and climb vertical surfaces when travelling in reverse. Ascending stair sets
could be achieved with current track system had the robot been able to climb in
reverse (thus overcoming the CoM issue stated earlier).

Figure2-3: 2008 robot chassis rear geometry

The drive motors had no feedbk so operated in an opdoop system. Optical
encoders were fitted to the motors so closémbp speed control could be implemented.
Speed control will allow the control board to monitor the output of the motors and
increase or reduce power as necesstarynaintain this speed.

Systems DesigriReport
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2.3.2 Power Systems

Two onboard batteries provided power to the robwehilst a power distribution board

regulated supply to subsystems. Nickéttal-Hydride (NiMH) Ezells were used in

custom designed packs to deliver 24 Afterafll OKI NHSX GKS NRo20Qa
representative competition terrain was 20 minutes, a decrease on the design run time

due to use over the previous year. These batteries also dropped voltage when
delivering high current, for example when the robot iskiing a ramp of staircase,

which could cause other systems to dropt.

The power board did not offer remote power cycling.

2.3.3 Victim Identification

The robot was equipped with the following sensors for victim identification:

e Two webcams (one forward and onear facing)
¢ Infra Red (IR) cameracurrentlytemperamental

The outputs of these sensors were transmitted to a remote user allowing victim
identification through form, movement and heat. A microphone was present on the
forward facing webcam but this iofmation was not observable or recorded.

A robot arm exists carrying a webcam and IR camera. There was no control of this arm
and it was fixed in place.

2.3.4 Tele-Operation

The 2008 robot was operated over a wireless network link using an onboard router as
an access point and a wireless card or adapter on the client computer. The robot
supports the IEEE 802.11 a, b and g network specificatiQmnmunication between

user terminal and robot was based on an object stream where Java classes are packaged
and £nt to the robot to be processed. This involves operations at both ends and can§
consume high bandwidtue to unoptimised data being transmitted

2.3.5 Autonomy

No autonomy was implemented on the robot though LIDAR and sonar sensors wer
fitted to the chassisvith the LIDAR readings sent back to the client and displayed.

Systefhs DesigriRe
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2.3.6 Mapping

No mapping functionality was provided but crude maps could be drawn manually from
inspection of the webcam outputs andDAR]ata.

2.3.7 Manipulation

No pick and place functionaligxisted.

2.3.8 Testing & Development

The 2008 robot featured some design and construction modularity which meant that
several subsystems could be operated independently.

e USB controlled arm allowed independent operation

e Driveand flippercontrollers operate over serial oamunicationwithout other
systems

e Webcams had Ethernet connections and send back pictures without the onboard
computer

¢ [R camera has TV output allowing software development on other computers

The chassis provided by Remotec allowed software testing wihiée robot was
dismantled. Sensors could be mounted to this development chassis.

2.3.9 Safety

A physical emergency stop buttonfiged to the top of the robot that cuts the power to
all moving parts. The robot design was for @ &rt-0 S| (i ¢ tozba Segtiron the
robot computerto a microcontroller onthe power board that activates a softdfop if

the heartbeat stops.This signal is sent while the robot computer is running the robot
software and in communication with client software at the base statii® soft Estop
could be triggered manuallyThese functions were designed into software but had been
disabled after a hardware failure in the safety controller. The hardwaséojE was
operational.

Theseprecautionswould mean that the robot failed to thestop condition and it could
be remotely and locally stopped

Systems DesigriReport
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2.4 Requirements Capture

Analysing the necessary capabilities forueban search and rescue robot with respect
to the functionality of the robot at the 2008 competitioprovides the basis of
development for 2009.

2.4.1 Mobility

e To ensure mobility over the entire terrain, the robot shall

e Ascend and descend, in forwards and reverse drive, a 45° ramp, with or without a
carpeted surface.

e Ascend and descend, in forward and reverse drive, a standardrsee gnd land)
stair set consisting of no less than five steps with rounded or sharp edges.

¢ Negotiate all grades of stepfield as specified in competition rafgsendix C

e Provide flipper control over 36006f rotation, with visual on screemisplay for
operator information.

Alongside these mobility requirements, the robot shall demonstrate intelligence in
protectionfor itself and its components from tipping and rolling.

The robot will be tested by driving over the specified obstacles and its successratasu
qualitatively from the point of view of the ease and closeness to tipping.

2.4.2 Power Systems

The robot power distribution system will provide the necessary power capabilities.

e The robot shall have minimum operating time of 25 minutes using onboard
batteries when undertaking a rescue operation

e The robot mass should be kept low, and withinktOof the 2008 robot (which
had mass of 3&Q)

e The robot should have remote power cycling of all electronic subsystems and b
able to independently turn them off

And twohours when being run casually (e.g. for demonstration events)

s DesigiRepdit

The robot will be weighed on a set of scales, and individual components massed, t&
identify the sources of changes from the previous robot mass. During the competition®
the runtime can be evalated. @
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2.4.3 Victim ldentification

To ensure victim detection as fully as possible, the robot shall allow for the detection of

the following signs of life and send this information back to a remote user:

e Form

e Movement

e Heat: detect the heat emitted by a human both an indoor environment
e Sound

e CQ: detect concentrations above 2000ppm

In addition, it must be possible to read any warning or hazard notices around the victims

from 0.6m away (half of one arena tile).

A moveable sensor platform (robot arm) shall bepded to get the sensors to the best

position for observation. A protection system should be provided to move the arm to a
safe location in the event of the robot tipping over. This will reduce the risk of damage

to the expensive sensors.

During the comptition the victim ID methods will be fully tested including use of the
robot arm.

2.4.4 Tele-Operation

The robot shall be operated by a user who cannot view the robot, using only the sensor

information relayed back to the user terminal. The robot shall be ajger at range of
up to 30m from the base station.

2.4.5 Autonomy

Autonomous navigation is a requirement of the yellow competition arena.

e The robot shall navigate autonomously, avoiding collisions through a maze of
grid squares of 1.&h x 1.2m.
e The robot shalautonomously locate victims using at least one sijfife.

A competitive autonomy run will test these capabilities. Autonomy will also be tested
prior to the competition using the WMR testing and demonstration arena. Software

design is an iterative delopment process and ongoing Al evaluation will be performed.

Systems DesigriReport
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2.4.6 Mapping

A map of the arena shall be produced indicating the victim locations and the current
location of the robot.

The mapping quality is determined in the competition using a ground truth nhégps
produced by the robot will be compared to known, accurate layouts of the terrain in
both simulation and real test runs.

2.4.7 Manipulation

The pick and place functionality has not been confirmed as part of the 2009
competition. Thereforeno pick and placewill be built into the robot though
consideration will be given to future implementation.

2.4.8 Testing & Development

An arena representative of the competition terrain shall be constructed for testing and
demonstration and shall contain examples of simulatetims.

To fully represent the competition arena a stair set, ramp and two customisable
stepfields are required which will be to standard RoboCup specification (Appendix C).

Each subsystem shall be independently separable from the systemtular design)
whole to allow testing of individual components.

A simulator shall be provided for fast development of software features (mapping and
autonomy) by producing sensor data.

2.4.9 Safety

The robot shall have an emergency stop on the robot that physically cuts poviket
motors. There shall also be the ability to stop the robot remotely from the base station.
This software emergency stop shall also be triggered when communication or th
onboard computer fails.

it
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A Failure Modes and Effects Analys@sprovided in Appetix D (FMEA) identifies
possible faults and their effects, and how to manage them. Manually triggering the non
catastrophic conditions ensures that the robot failure is as expected.
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3 Architectural Design

The robot architectural design refers to the procedsdentifying the subsystems that
will make up the robot. After subsystems have been identified the subsystem
requirements can be developed to meet the overall system requirements.

3.1 Systems Architecture

bdd Robot System J

: «block»

Client application
GUI PP

A1

Operator

1 L‘—‘WiFi/Etheme’(

Robot

«block»
External Comms

. «block» «block»
Mains [ Power System USB Drive System
‘ Java & Serial Jj

|4
«block» Movement
Navigation System
Heat, Shape,
Sound, CO2 Wall layout

Victim Terrain

«block»

OBC

Serial

«block»
Victim ID System

Figure3-1: Systems Architecture Block Definition Diagram
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The centre of mass problems with the 2008 robot identified early that a rear flipper set
would be needed to negotiate the tough obstacles. This leads tave dystem with
four motors; two for drive and one for each flipper set. Eawbtor requires and
enaderand a speefposition controller.

3.2 Mobility

3.2.1 Stability

Stability in the robot is key to the success of the design, in terms of both the
requirements capture anéh order that therobot providesa firm and steady base from
which feedback from the sensors can be gained. A chassis with poor stability will make
manual data interpretation more difficult and automatelata analysis less reliable. The
2008 chassis was strong starting point, with a low CoM, rigid body and compact
component packaging system, for these reasons it was deemed to be a good
opportunity for development rather than redesign.

Figure3-2: The 20080obot

3.2.1.1 Wheelie bar at the rear:

ystems DesigriReport

This option may have formed a quick fix to the problem of toppling over the rear when®
climbing. The main concern with it as a final solution was the lack of drive the wheeli¢”
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bar would provide in a situation where it isehast point of contact as the robot climbs.
A passive wheelie bar system offers significantly lower mobility improvement than a
driven flipper system.

AN

Figure3-3: Wheelie bar design idea

There are issuewith the possible design iRigure3-3. These include the possibility of

the cross bracing bar locking or snagging onto the step field blocks. With no rear
flippers this would create a situation which would beryaelifficult to overcome. A
protruding bar from the rear would also increase the size of the robot outside of the
turning circle making manoeuvring difficult in tight spaces such as the 1.2 x 1.2m grids in
the competition. Manoeuvrable rear flippers amsmvantageous to keep the robot
footprint small.

Systems DesigriReport

AN
o



Figure3-4 provides concept designs for flipper options. The existing single flipper design
is provided with flipper extensions considered and

3.2.1.2 Flipper Options

{;’p&a‘ dwe
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Figure3-4. Preliminary concept designs

3.2.1.3 Extension of current flippers

The development of current flippers with an extension system as in ConceptiQuire
3-7 shifts extra mass to the front of the robot and provides lock over steps.

Limiting Factors:

1. Powering the secondary extension flippers would either require a
running belt / chain system or the housing of the motor within the
flippers itself. This would rege@ power and control wires to be run
the length of the first flippers.

2 . A large increase in maximum torque and power would be required to
move, in a controlled manner, the extra mass in the flippers.

3. The new flippers would have to be located offset frone tburrent
pair, adding another 100mm (2 * 50mm tracks) to the width of the
robot in its most compact form and 8cm to the minimum turning
circle.

Systems DesigriReport
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A set of rear flipper provide lift over obstacles and greater capability for maintaini
traction whilst beginning climb of steep obstacles from flat or uneven terraigu¢e
3-5).

3.2.1.4 Additional rear flippers

Figure3-5: Stepfieldrun up to 45° ramp

A. To maintain the compact fa of the current machine the new flippers could
be located between the current front and rear pulleys.

Limiting Factors:

1. A very low contact area exists for drive from the main belt to the
secondary flipper belts, only around three teeth on each side ef th
compound pulley.

2 . The volume required to house the new flipper shaft and drive motor
is currently fully utilised by the central computer components.

3. Wiring for the motor control board and housing of the board would
require more space within the chassis.

Systems DesigriReport
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B. The new flippers could be driven through the current drive pulleys,
minimising the required size change on the chassis.

Limiting Factors:

1. The new flipper drive motor would have to be located away from the
main belt drive motors as insufficient room awailable within the
current chassis boundaries.

2 . The main belt drive motors are currently situated in the path of any
flipper shaft and would have to be relocated. For this to be a viable
option a third set of pulleys would be used for drive power to the
belts. Possible locations for the new drive pulleys will need to be
identified.

Figure3-6: Tight packaging of rear drive compartment
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