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Abstract 

The Warwick Mobile Robotics (WMR) team has developed a new Mini Urban Search and 

Rescue (M-USAR) robot called Orion, which is designed to locate survivors in disaster zones. 

It demonstrates innovation and development in the field of robotics through advanced mobility, 

terrain handling and a modular electronic architecture.  

The total cost of this project was £59,466.94, which consists of £4,082.94 of material costs and 

£55,384.00 of labour costs.  

The key benefits of this project include a significant contribution to USAR research in the aim 

of saving lives, the knowledge and experience gained by students, academics and the wider 

society, the ability to inspire younger generations to study engineering and STEM subjects 

through outreach events and the enhanced supplier relationships obtained for future WMR 

teams and the University. 
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1 Introduction 

The Warwick Mobile Robotics (WMR) team has developed a new Mini Urban Search and 

Rescue (M-USAR) robot called Orion, which is designed to navigate complex terrains in order 

to locate survivors in disaster zones. This Cost Benefit Analysis identifies WMR’s 

achievements this year and provides justification for the costs incurred.  

2 Aims and Objectives 

The 2014/2015 aims: 

 Deliver the mechatronic framework for an innovative M-USAR robot by May 2015 as 

the first stage of a three-year plan 

 Provision for design development by future WMR teams 

 Exhibit the robot as an educational platform to inspire younger generations 

 

The following objectives provided guidance throughout the duration of this project: 

 Analyse the design and functionality of current USAR robots and other multi-terrain 

vehicles 

 Benchmark both of WMR’s existing USAR robots to inform the design process 

 Define an achievable specification for robotic performance complying with industry 

standards and RoboCup rules, by considering the results of benchmarking and previous 

robot strengths and weaknesses 

 Design a mobile multi-terrain robot incorporating novel technology and innovative 

features to push the boundaries of established design by many teams and organisations 

 Adapt the design for ease of manufacture, maintenance and safety 

 Test components and features to validate the design against the specification, analyse 

capability in real world applications and identify progress and achievement by the 

2014/15 team 

 Document designs, provision for further work and a handover programme for future 

projects and developments  

 Showcase the robot through technology conferences and exhibitions such as the 

Imagineering Fair 2014, media publicity and open days to promote engineering, robotics 

and other STEM subjects 
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Figure 3: Track Layout Showing Chassis Suspended 

at 70mm 

Figure 4: Suspension 

Assembly Design 

3 Work Undertaken  

In pursuit of delivering an innovative M-USAR robot, WMR have completed the following 

development stages: design, simulation, design for manufacture and assembly, manufacture, 

programming, assembly and testing. Orion, weighing approximately 25kg, is manoeuvrable in 

confined spaces and can be deployed by a single person. It is able to navigate difficult terrains 

with its high clearance and innovative suspension system.  

3.1 Chassis and Shell 

Extruded aluminium beam was used to construct a strong and highly adaptable chassis frame, 

shown in Figure 1. An aluminium shell encases the robot with multiple access panels to ensure 

easy access to the internal components, as shown in Figure 2. 

 

 

 

 

 

 

3.2 Drivetrain and Suspension 

A dynamically tensioned track design has been used to suspend the chassis above the ground, 

ensuring excellent clearance over obstacles. The tracks surround the body of the robot (shown 

in Figure 3) permitting movement whilst upside-down. The elevation of the chassis allows for 

the incorporation of an innovative suspension system (shown in Figure 4), enabling increased 

speed and mobility accuracy.  

 

Figure 2: Chassis and Shell with Open Access Panels Figure 1: Chassis Design 
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3.3 Power Distribution 

A compact power distribution board, designed based on analysis of previous WMR 

development, fits within the reduced chassis size. It has sufficient capacity to meet Orion’s 

mechanical demands and has an additional factor of safety of 135%. This sophisticated design 

has a versatile and modular architecture and allows for further development. The final power 

distribution board is shown in Figure 5: 

3.4 Computing  

The groundwork for Orion’s core computing programs was created with the aid of the open-

source Robot Operating System (ROS). Software programs have been created for the operation 

of the motors, the LiDAR, the CO2 sensor and the cameras. Also, a network connection was 

established to allow communication between the WMG laptop and the robot. 

3.6 Sensors and Mapping  

A full sensory array design has been outlined for optimal tele-operated control and to provide 

capabilities essential for efficient identification of survivors. The power distribution has been 

designed to support these sensory components, all of which are integrated into the mechanical 

design. A schematic of the sensor layout is shown in Figure 6: 

 

Figure 6: Orion's Sensor Design 

 

Figure 5: Final Power Distribution Board 
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The LiDAR is used to create a map of Orion’s surrounding environment in order to identify the 

victims’ location and establish accessible routes to them. Providing a 2D and 3D map is one of 

the scoring criteria of the RoboCup competition. The LiDAR model, Hokuyo URG – 04LX 

(Hokuyo Automatic, 2009), was used by previous years as it can detect objects up to 4 metres 

away and is also compatible with ROS.  

3.7 Coherent Final Design and Manufacture 

The above facets of design combine into a coherent mechatronic product. Figure 7 shows the 

final CAD design and Figure 8 shows Orion in the final stages of manufacture. 

 

 

 

 

 

3.8 Testing  

Component testing was conducted in order to ensure functional system operation and gauge the 

level of specification satisfaction. The components tested included the motors and the 

suspension dampers.  The set-up for testing the stiffness coefficients of the suspension dampers 

is shown in Figure 9. Figure 10 shows primary manoeuvaribility testing, demonstrating how 

the suspension idlers adapt to the terrain. 

 

 

Figure 7: Orion Final Design 

 

Figure 9: Suspension Test Rig 

Figure 8: Manufacturing Orion 

 

Figure 10: Primary Manoeuvrability Testing 
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4 Cost Benefit Analysis 

4.1 Project Costs 

The total cost of this project was £59,466.94 comprising of material, manufacturing and labour 

costs. Figure 11 shows a breakdown of the total costs by activity. 

4.1.1 Material Costs 

The total cost of materials and manufacturing amounted to £4,082.94. Table 1 shows the 

breakdown of the material costs by robot sub-system. These materials were purchased via the 

OPERA Purchasing System and the process involved is outlined is Appendix A. 

Table 1: Material Costs by Sub-System 

Component Cost (£) Percentage 

of Total 

Expenditure 

Chassis 179.36 4.4 

Shell 44.89 1.1 

Drivetrain 2,565.91 62.8 

Control Electronics 195.03 4.8 

Sensors 73.74 1.8 

Manufacturing 719.63 17.6 

Miscellaneous 304.38 7.5 

Total £4,082.94  

 

Design

17%

Materials & 

Manufacturing
46%

Reports

29%

Outreach

8%

Breakdown of Total Costs

Design Materials & Manufacturing Reports Outreach

Figure 11: Breakdown of Total Project Costs 
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4.1.2 Labour Costs  

The WMR team have conducted the majority of the labour, with assistance from technicians 

during manufacture and support from both academic supervisors and sponsors. Table 2 shows 

the hours contributed by all individuals associated with the project. 

Table 2: Breakdown of Labour Costs 

Role Cost/hr (£) Individual Hours Cost (£) 

Student 15 

Avnish Popat 356 5340.00 

Craig Fox 355.5 5332.50 

John Strutton 357 5355.00 

Leigh Dawson 358 5370.00 

Michele Galbusera 340 5100.00 

Mara Nkere 345 5175.00 

Paul Martin 356.5 5347.50 

Rebecca Saunders 357.5 5355.00 

Technician 30 

Carl Lobjoit 253 7590.00 

Paul Johnson 5 150.00 

School of Engineering 

Technicians 
4 120.00 

Project 

Director 
75 Dr Emma Rushforth 50 3750.00 

Other 

Academic 
50 

Stefan Winkvist 10 500.00 

Edgar Zauls 10 500.00 

Sponsors 50 

Karen Whittaker (Maxon 

Motor) 
3 150.00 

Paul Williams (Maxon Motor) 3 150.00 

Peter Mascoll (Transdev) 2 100.00 

  Total 3133 £55,384.00 

The team monitored individual hours spent on different tasks throughout the duration of the 

project and this breakdown of hours in shown in Figure 12. 
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4.2 Benefits 

4.2.1 Benefits to Students 

 Development of robotics skills and mechatronic design 

 Experience of working within a multidisciplinary team 

 Development of project management skills including time management, budgeting and 

finances  

 Working and negotiating with suppliers and sponsors 

 Product development with suppliers and experts in the field, such as Transdev 

 An innovative, simple and effective robot design for development by future WMR teams 

 Designing components for manufacture and reliability  

 Development of practical engineering skills including use of CAD and machine tools 

4.2.2 Benefits to Academics 

 Relationships with suppliers and sponsors can be maintained for future projects  

 New platform for further research in robotics  

 Development can be used as academic material in Robotics based modules  

 Promotion material for student recruitment brochures and an advert for the School of 

Engineering and WMG 

Design

15%

Team Sessions

12%

Manufacture 

13%

Sponsorship. Publicity 

& Outreach
7%

Reports

26%

Technical Research

17%

Testing

4%
Other

6%

A Breakdown of Hours Worked by Category

Figure 12: Breakdown of Labour Hours Worked by Category 
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4.2.3 Benefits to Wider Society  

 Deployment of M-USARs such as Orion will reduce the risks to emergency service teams 

when searching for survivors  

 The speed in which survivors can be found will increase as less time will be required to 

assess the safety and stability of the environment 

 Time to survivor will also decrease due to reduced maintenance time (accessible and off-

the-shelf components) and as a smaller vehicle it is manoeuvrable in confined spaces  

 Published documents on the WMR website are available to other researchers for continued 

development in the USAR robotics industry and wider applications including bomb-

disposal and nuclear decommissioning robotics 

 WMR have encouraged the next generation to pursue engineering and robotics by taking 

part in Imagineering and providing open day demonstrations and other engineering events. 

In collaboration with Maxon Motors, Rebecca published an article titled “Women in 

Engineering” with the aim of encouraging young women to study STEM subjects.  

5 Outcomes and Achievements  

5.1 Learning Outcomes 

In addition to the technical knowledge gained in the field of robotics, electronics and 

manufacturing, the following lessons have been developed:  

1. Dealing with external suppliers – Working alongside suppliers has allowed the team to 

work with market specialists. However, being dependent on suppliers adds risk and 

hence the team has learned to generate contingency plans in order to mitigate this risk.  

2. Coping with long lead times – The team has learned to prioritise tasks in order to cope 

with long manufacturing and lead times and ensure minimal disruption to progress. 

5.2 Sponsorship and Publicity  

This year WMR have worked alongside existing sponsors including WMG, the School of 

Engineering, Maxon Motor, MakerBeam and Transdev. In addition to providing monetary 

assistance, Maxon Motor has been essential to WMR’s publicity this year; they have assisted 

in the publishing of project articles on several websites including Eureka (Fryer, 2015) and 

other engineering trade magazines, the publishing of Rebecca’s “Women in Engineering” 

article (Maxon Motor, 2015) and the production of a team video-interview.  
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WMR have used Facebook as an outlet to keep those interested up to date with project progress. 

Figure 13 plots the post reach (number of people who viewed Facebook page posts) over the 

project year. Peaks in interest arose when WMR attended the 2014 Imagineering Fair, attended 

the 2015 Warwick Technology conference and were visited by Maxon Motor. The total post 

reach over the project year was nearly 8000.  

5.3 Outreach  

WMR has focussed on using both the existing WMR robots and Orion as an educational 

platform. The team have attended several events including Imagineering 2014, the 3D Printing 

in Schools Showcase at the Herbert Art Gallery (shown in Figure 14 and 15 respectively) and 

several recruitment events at WMG and the University of Warwick in pursuit of encouraging 

the next generation into both robotics and STEM subjects. The team will also be attending the 

Cheltenham Science Festival in June.  

 

 

 

 

 
Figure 14: WMR at Imagineering 2014 Figure 15: WMR at the 3D Printing in 

Schools Showcase at the Herbert Art Gallery 
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6 Discussion 

WMR aimed to design and build a robust and durable robot platform suitable for further 

development. The drivetrain design was crucial to achieving such characteristics and was 

consequently the most capital-intensive design feature, accounting for 62.8% of the material 

costs, as shown in Table 1. The total material and manufacturing costs incurred summated to 

£4082.94. As the aim of this project was to provide a platform for future development, this 

expenditure can be considered as an investment for further research. Significant savings on 

components were achieved through sponsorship, saving WMR approximately £520 on 

materials. 

The total manufacturing cost, including tooling and outsourcing to specialist manufacturers, 

represents 17.6% of the total material costs. This was the only over-budget aspect of the project. 

However, with other aspects under budget, seeking additional manufacturing assistance was 

financially viable. At project end, WMR had a total surplus of £1156.82.  

Throughout the duration of the project the WMR team have generated both a detailed long-term 

project plan and a handover guide for the 2015/16 team. This handbook has been produced in 

the aim of reducing the initial complexity of the project, providing justification for the current 

designs and areas of recommended improvement. This will add significant value to the project 

next year through the saving of time and hence labour costs.   

The total project cost was £59,466.94, comprising of labour, materials and manufacturing costs. 

The key benefit of this project is the contribution to a research field that has the potential to 

save many human lives. A human life is currently valued at £6.1m (Partnoy, 2012) so the total 

project cost can be justified as a small investment leading to significant potential savings.  

7 Conclusion 

The key benefits of this project include a significant contribution to USAR research for saving 

lives, knowledge and experience gained by students, academics and the wider society, 

inspiration of younger generations to study engineering and STEM subjects through outreach 

events and enhanced supplier relationships obtained for future WMR teams and the University. 

The total project cost is £59,466.94, comprising of labour, materials and manufacturing costs. 

When compared to the cost of an individual human life, the costs incurred over the duration of 

this project can be justified as a small contribution to a research field leading to significant 

potential savings.  
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Appendices 

Appendix A: OPERA Purchasing System 

OPERA, the university’s e-purchasing system, was used for the procurement of supplies and 

equipment for the USAR robot. As shown below, this process covered purchasing from 

approved and non- standard suppliers, receiving, paying for and accounting of goods and 

services. This system enabled visibility into the numerous purchases; quick identification of 

suppliers and overall reduction in manpower costs and purchase orders. However, this system 

didn’t include the physical distribution of these items and processing returns.   
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Appendix B: Example Timesheet 

 

Appendix C: Budget & Tech List 

 

Appendix D: Manufacturing Priority List 
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Appendix E: Why is our CBA different? 

As demonstrated, Cost-Benefit Analysis (CBA) is a common approach to project evaluation in 

regards to the costs incurred and its associated benefits. However, Arrow1 explicitly discussed 

various analysts use CBA to measure a project’s contribution to welfare, while others use it 

solely for the project’s efficiency. As the centre focus of these two are conflicting, an actual 

definition of CBA is appropriate. In Nyborg’s findings2, the author expressed pinpointing what 

CBA actually measures is remarkably hard. The reason is as such: normally, economic 

textbooks assume the aim of CBA is to evaluate a project’s social welfare in respect to a known 

policy-making entity such as the government.  

Our CBA’s starting point is somewhat different. This CBA’s main assumption is that individual 

participants in this project such as students and academics critique social effects from their own 

perspectives. This is fundamental as the ethical and political views of all these participants are 

likely to vary.  

From this, CBA’s definition in this context could be society’s net willingness to pay for the 

Urban Search and Rescue Robot. Moreover, in terms of environmental factors, does conducting 

CBA prevent these issues being disregarded? In hindsight, there is no definite answer to that 

question. Also, in this project, how does one quantify in monetary terms the environmental 

turbulence that an Urban Search and Rescue Robot will travel through? WMR used EC-4 Pole 

22 Maxon Motors to power the robot. It leads one to inquire the motors’ impact on the 

environment. 

 


