Executive Report

WARWICK MOBILE ROBOTICS

WITIR

HARWIN

INTERCONNECT DESIGN & MANUFACTURE]

maxon motor

driven by precision

Warwick Mobile Robotics
International Manufacturing Centre
University of Warwick

Coventry

CVv4 7AL

4™ May 2010

WARWICK

Telephone: +44 (0) 2476 574 3(
Web:www.mobilerobotics.warwick.ac.uk

Email: mobilerobotics@eng.warwick.ac.t



WARWICK MOBILE ROBOTICS

Table of Contents

EXECULIVE REPOIL. ...ttt e et e e e e e e e e e e e e s e nb e e e e e e s aannrrnreeeeeeanns 1
TADIE OF CONLENES......eiiieiii ettt e e e et e e e e e s e e e e e e e n e e e e e e e e e nnnnees 2
S 01 (0T [§Tox 1 o] o FO T PP P PP PPPPRP TP 3
A | (1S3 T T o] o= od 1)Y= 4
G FO 5 1= 1= o | 5
3.1, TeleOPerated FODOL..........eiiii ittt e e e e e e e e e s s e e e e e e e annes 5
3.2, AULONOIMOUS FODOL . ...eeiiiieiiiittee ettt e e s e e e e st r e e e e e e s b e e e e e e e e nnneees 6
4. Publicity, finance and MaNAgEMEIL. ..........coiiiiiiiiiier e e e s e e e s aanes 7
o O ¥ o] T | Y 7S U PP 7
N [T U (o TP PP O PP PPPPRPN 7
T |V = T = To [ =] 0 =7 o | PPN 8
T O V1 (oo ] 1 41 SR PPPTRPP TR PP PP 10
ST R 10 F= 1o [ o | RO PP R PPPPPPPRPP 10
5.2. Evaluatio against aims and ODJECHIVES.........oooiiiiiiiiii e 11

N ‘ Chapter:Executive Report



WARWICK MOBILE ROBOTICS

Iy

1. Introduction

Warwick Mobile Robotics (WMR) is an ongoing student research project for the Warwick Manufacturing
Group (WMG). WMG is an institution within the University of Warwidedicated to improving
organisational competitiveness through the application of technology innovation. Each year, the WMR

team compete in the Robocup Rescuadiee, a global competitontha6 a4 NRo2G&aQ &SI NOK
abilities in a simulated disaster environment. Our group aims are to excel in all areas of the competition

with a variety of features on our robot, moving towards a complete product for real world applications.

Our primary focusthis year has been improving upon the precediatg-operated robot platform and

making use of a new prototype autonomous robot to t8&tAM mapping and autonomy.

The structure of the teamFjgurel) is important inimplementing effective leadership arid a good
reference fordecisionmaking A horizontal hierarchy approach waslised for the structuring of the

team with decision making taking place during theekly strategy meetirgy This way every member of

the team had a good idea about the overall direction of the project and took part in its decision making
process

L Project
uperviso

Project

manager

echanic ICS Technical
team

Figurel - The horizontal nature of the hierarchy showing the project manager as a mediator between the supervisors and
the rest of the engineering team
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2. Aims and objectives

¢t KS

¢Sl YQ&a tydevelp andiadvaned itd mobile robotics capability in time for the 2010

RoboCup Rescue League with the ultimate goal of winning the competition including:

Redesign robot chassis with possible use of composite materials.
Design and manufacture new robsolely for autonomous section.

0 Use of laser cutting and folding technology.

o Work with computer science team for development of Abftware
Improve reliability of software and controls of robot.
Develop mapping for both robotssingLiDAR (Light Detéon And Ranging)
Design of new arm for robustness and inclusion of more sensors.
Overall weight reduction for better power to weight ratio with improved range.

Raise the bar of engineering showcasikigrwick University to the world.
Improve exposure VMR and sponsors through global success

These objectives were set out at the beginning of the project with the awirofing the RoboCup
Rescue Europeadhampionshi2010.
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3. Design

3.1. Tele-operated robot

The teleoperated robot is designed for the sections of the competition that require good
maneuverability over uneven terrain and steep slopes. In the prewieas our robot won best in class

for mobility in theEuropeanopen and so much of the mechanical systems remained the shratad

we focused on reducing the weight of the robot to obtain longer run times with the optimum battery
configurationandto aid in ascending the steeper slopese \Iso installed new, more suitalieotors to
ensure optimum use of the tracks and flgas. Using large tracks and flippers it can negotiate obstacles
to locate victims under the operation of a controller from a wireless position with no direct visibility of
the robot Every component has been moddlin Solidworks. This is essential foraddishing the
optimum configuration of partsfrom the positioning of electrical components and wires to itheal fan
cooling arrangementlt is also necessary for creating the CAD files used directly in the laser cutting
processAnimageof the teleoperated robot can be seen Figure2.

=

Figure2 - Tele-operated robot
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3.2. Autonomous robot

During the initialstages of the project, a decision was made by the team to enter two robots, each
specifically designed to meet the requirements of the zones in which they will compete. This meant
designing and manufacturing an entirely new robot capable ofrsalfgation mapping and indentifying

the state and location of victims. In order to reduce the magnitude of the task, the robot was designed
to use many of the existing spare components available to the team. In addition, the software design
was largely outsourcedta team of Warwick University Computer Science studeftsmage of the
autonomaus robot can be seen Rigures.

Figure3 - Autonomous robot
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4. Publicity, finance and management

4.1. Publicity

To launch and maintain a project of this magnitude a significant amount of funding was required and so
FOljdZANRY 3 GKAA OFLAG2t gt a 2yS 27F (KSoséchetMiQa YI A\
funding a rigorous publicity campaign was launched at the forefront of the project. Thigléakcl

contacting past sponsors with the aiwf securingcontinued support, and branching out to new
companies in searclof funding. WMR is fortunateenough to be housed within théVarwick

International Manufacturing Centre (INN@nd thus managed teecurea large amount of funding from

Warwick based research groypsVarwick Manufacturing GroupfWMG and the Innovative
Manufacturing Resource Centre fM 0 ® LYy FRRAGA2Y (G2 GKA& 2awQa NBf
firm ITCM was also maintained proving it as a valued partner. In an effort to create new relationships

with industry, several companies were contacted including Harwiho hawe a good reldonship with

the University, and Maxon motos, whom the project had dealt with in the past. In addition to this we

produced a quarterly newsletter, natiemide press releases, presentations to sponsors and posters.

4.2. Finance

To achieve the goals of thegject significant financing was requirebablel shows the different
sources of funding for the project. This year, a total budget of £16,950 was availablal of £15,450
was spenbver the course of the year

Thorough records were kept of purchases to ensure efficient budgeting of resources. Section 4 of the
Business, Publicity, Finance and Management Report contains detailed analysis and discussion of the
financial management of the project.
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Sourceof Funding Cost Code Budget(£)

School of Engineerin| 01IESEE44 1,200
WMG 01ESWM23 4,550
IMRC 01ESWM23 5,000
ITCM ITCM 2,000
Harwin HARWIN 1,200
Carried forward 01ESWM23 3,000
Total 16,950

Tablel ¢ Sources of funding

4.3. Management

WARWICK MOBILE ROBOTICS

When taking on a project of this magnitude it is important to ensure thorough planning of time and

resources in order to effectively meet deadlines. To help facilitate this, a Microsoft Prtaecing tool
was used to create a detad schedule for the project and to help keep all tasks on traokexample of

which can be seen iRigure4.
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Figure4 - Microsoft project file detailing tasks and deadlines throughout the year

Initially major deadlines such as the competition and submission deadlines were set out and major tasks
were planned to meet them. Eventually larger tasks wseparated into individual components and
assigned resources such as personnel and machining equipment. Using this tool the project was not only
able to effectively plan a work schedule but also map out when key decisions needed to be made such
as purchasig orders with long lead times.

Section 5 of theBusiness, Publicity, Finance and Management reportains a more detailed
discussion of the management techniques emplayed
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5. QOutcomes

5.1. Final design

The 2009/10 WMR team won the 2010 RoboCup Rescue Eamdpegampionships, using both their tele
operated and autonomous robs{Figure5).

Figure5- WMR team 2010

At the RoboCup Rescue Leagtmmpetition the tele-operated robot was almost entirely without
mechanical faultThere were concernabout the likelylevel of damage to the relatively thin stainless
sted sheetchassisHowever, there was no damag&en after the mat arduous terrain wa navigated
through. This may have been due therge amount of tension the chassis plates were under.
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As for the autonomous robot, when driving over the ramps in the arena the robot was found to slam
down causing damage to the robot as the centre of iflyawas very far to the rear. With the centre of
gravity so farear, it also meant turning on slopes was inaccurate. To improvetias 1.5kg weights
were addedto the front of the robot. This seemed to help with the turning of the robot but did not
improvethe slamming over ramps

5.2. Evaluation against aims and objectives

¢tKS ¢SIFYQa YFIAY FAY 2F RS@GSt2LIAYy3I YR I ROFIyOAy3
RoboCup Rescue European Championship has been achieved successfully. The ultimnteigoiag

the competition and hold our best in class mobility title has also been achieved successfully. A
breakdown of the achievements is given below:

e Complete redesign of robot chassis with the use of laser cut sheet steel:
0 Reduced weight of chassis 8kg
o Larger space for electronics and other internal components
o0 Easyto-remove arm platform
0 Quick assembly due to panel design
e Design and manufacturaf anew robot solely fothe autonomous sction:
0 Use of laser cut sheet stefelr simple and spacious design
0 Successful integration with Computer Science team
o Working test platform for SLAM
0 Working test platform for victim identification
0 Basic mapping capabilities achieved at competition
e Improvd reliability ofsoftware and contrd of robot:
o Communication lag problems resolved by improved cooling and new router
o Improved software controls through advanced GUI and reprogramming of controls
e Develogpd mappingfor one robot (autonomous) witthe use of LiBR

0 Mapping capabilities have hbeen achieved on the teleperated robot because of
compatibility issues between the two robots

e New arm with improvedobustnes and inclusion of more sensors:
o 5DOFarm
o Carbon fibre tubes for weight reduction and increased stiffness
0 Infrared, twoway @ YYdzy AOF A2y a3 [95Qa%X / huX FN

z
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Overall weight reductionf 3kg:
o Improved power to weight ratio andhnge
Numerous publicity opportunities:

o0 Newspaper articles, BBC news coverage, radio stations, quarterly newsletters to
sponsors, presentations and website updates

Increasel profile and exposure of WMR, Warwick UniveraiftdMG and other sponsors through
winning the competition
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6. Conclusiors

Warwick Mobile Robotickas achieved *1place overall and best in class for migiht the RoboCup
European Open 2010.

The robot chassis has been redesigned giving a weight savigkgofompared the 08/09 robot,
giving an improved power to weight ratio.

The overall weight reduction, after the addition of the arm, was 3kg.

Theautonomousrobot has been designed and completed successfully.

The autonomous robot achieved mapping as well as navigation capabilities.

The software for the tel®perated robot has beeimproved, with the additiorof 3D arm control
and interfacing witlthe new sensors.

The teleoperated robotand armrun on Maxommotors, givingeliable and efficient operation

A new battery compartment, designed for ease of use and spdwd successfully been
implemented.

A new arm with five Degrees afdedom has beedeveloped and testeduccessfully.

A new head with extended sensory feedback has meloped and testeduccessfully.

The coolingsystem forthe robot has been improved with the implementation of a new electronics
stack and one larganh.

New Harwin connectors have bearcorporated, providing reliable and quick connections

Substantiafunding has been raised for the project with the following spons@farwick University
School of EngineeringyMG, MRC, ITCM, Harwin Interconnectd Maxon Motors.
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Carbon fibre panels have be&and craftedand can be utilised in future projects.

For publicity, WMR newsletters, an appearance on BBC South Today and various news articles have
been achieved.

Continued publicity with Newspaper articles BBC news coverage, radio stations, quarterly
newsletters to sponsors, presentations and website updates

Increased profile and exposure of WMR, Warwick University, WMG and other sponsors through
winning the competition.

GERMAN OPEN 2010

Magdeburg
15.-18. April 2010

H1|lll.n]vlo'|»lll|]

Figure6 - 1st place RoboCup Rescue European Championship
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