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Executive Summary 

The new 2016 Outback UAV Challenge has been recently announced – the Medical Express. The 

mission is send travel to Outback Joe’s isolated rural property, locate him, land next to him and 

retrieve a sample of his blood back for urgent testing. 

This exciting competition has several challenges, including: 

 Having a UAV capable of covering a large distance in a limited time, and then landing in a 

small landing site, with potentially high winds 

 Maintaining a reliable ground to ground communication link over more than 10 km 

 Getting together a motivated team with the right skills, and completing enough testing in 

the relatively short 18 month period before the competition takes place 

Drawing from our experiences in the 2014 UAV Outback Challenge, we have explored several 

options available and selected what we believe to be the simplest and most effective approach. Our 

approach is to use two small, separate support and retrieval aircrafts. The support aircraft will carry 

an imaging system to locate Joe, identify a suitable landing site, and provide a radio communications 

relay. A retrieval aircraft that is a hybrid of a fixed-wing and a multicopter will be used to fly the long 

distance to Joe and then land and retrieve the blood sample. 

 
Our UAV for the 2014 Outback Challenge which 

can be used for the support aircraft 

 
An example hybrid fixed-wing and multicopter 

platform that can be used for the retrieval aircraft 
 

A key requirement for this to be a successful and fun project is finding the right team with the right 

motivation and mix of skills. Forming strong links with industry partners and fostering a strong spirit 

of collaboration with other teams is also key to this. 

This white paper forms the basis by which we will see if we can bring together the right team. If 

you are keen to be a part of this we invite you to submit an Expression of Interest outlining your 

motivation and what you can contribute to the team. We will review by 5 June 2015 whether we 

have to right team and support to make this happen. 
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1 Introduction 

1.1 Purpose 

The purpose of this document is to provide a framework to evaluate the options for entering in the 

2016 UAV Outback Challenge. 

1.2 Background 

H2Joe entered into the 2014 UAV Outback Challenge, and were one of the 20 teams to make it to 

the challenge in Kingaroy from the 100+ that entered. 

 

 

  

https://h2joe.files.wordpress.com/2014/04/uav-team.jpg
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2 Mission Overview 

2.1 Overview 

Following the successful completion of the 2014 UAV Outback Search and Rescue Challenge by 

multiple teams, the OBC organisers have returned to the drawing board and devised a new mission 

for teams competing in the 2016 UAV Outback Challenge - Medical Express.  

The mission, this time around consists of using either one or two UAV’s to travel to the area where 

Joe is located, confirm his location, identify a suitable landing site and finally retrieve a blood 

sample. Whilst the one UAV approach would require the one craft to perform all tasks, a two UAV 

strategy would allow the missions to be conducted with a retrieval aircraft and support aircraft 

working in tandem. 

Keeping safety as the primary focus for the mission, operational challenges would include flying a 

long distance and then landing at a remote site, long range ground to ground communications and 

adverse weather. 

Following on from the experience gained competing in 2014, Team H2Joe would be looking to utilise 

a 6 man ground crew to tackle the challenge. Whilst further clarifications are pending from the OBC 

organising committee, the challenge itself will be held in South East Queensland in September 2016. 

2.2 Mission Requirements 

In reference to the competition rules (Version 1) published by the Challenge organisers, the mission 

must be completed in less than 90 minutes (15 minutes set-up, 60 minutes mission, 15 minutes 

pack-up) by one or two aircraft. Other mission requirements can be summarised as below: 

1. Find Outback Joe:  

a. Teams will be given Joe’s reported location with an accuracy of ±100m. 

b. Upon launching from base, teams will be required to navigate 20-30 kms along a 

non-straight corridor to the search area located over 10 kms away. 

c. Having reached Joe’s approximate location, Joe (clad in his trusty pair of blue jeans 

and infamous Akubra hat) will have to be found. 

2. Remote Landing: 

a. In order to land next to the now precisely located Joe, a suitable remote landing site 

will have to be determined by the aircraft. 

b. The remote landing must be fully autonomous with the aircraft remaining at a 

minimum of 30m from Joe at all times. 

c. Upon successfully touching down in proximity to Joe (between 30 and 80 metres 

away), all power must be automatically removed from the aircraft’s propellers. 

3. Sample Placement and Remote Takeoff : 

a. After 1 minute of the propellers being powered down, Joe will approach the aircraft 

and place his medical sample into the aircraft’s easily accessible storage 

compartment. 

b. Having placed the sample securely into the compartment, the aircraft will be able to 

autonomously take off. 

4. Return to Base: 
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a.  Returning to the base will be done utilising the same route taken to head out to Joe. 

b. Landing at the base may be carried out autonomously or manually. 

2.3 Winning the challenge 

The team that successfully completes the challenge with the most number of points wins the 

challenge and takes the prize of $50,000. 

The following criteria must be met for the mission to have been compelted: 

 An aircraft does not cross a Geofence boundary. 

 An aircraft lands autonomously within 80m of Outback Joe, but not closer than 30m. 

 An aircraft takes off autonomously from the Remote Landing Point with the Sample. 

 An aircraft lands at the Base carrying the intact Sample. 

 All aircraft land back at the Base intact within the allocated mission time. 
 
The scoring for the missions performance is broken down as follows: 

Scoring components Max Points 

Team communication and procedurus 10 

Autonomous take-off from base of at least one 
aircraft (yes/no) 

10 

Precision location estimation of Outback Joe 
(within 10m) 

20 

Autonomous landing at remote landing site 
(yes/no) 

25 

Autonomous landing at remote landing site with 
80m but not closer that 30m 

Points = (80-d)/2 
Max = 25 

Autonomous takeoff from the remote landing 
site with blood sample (yes/no) 

10 

Return of the blood sample to base (yes/no) 40 

Autonomous landing at the base (yes/no) 10 

Time penalty Minus 2 point for 
each minute over 
the hour 

Corssing a geofence boundary Disqualified 

 

2.4 Key milestones 

There are many milestones assessment elements over the course of the challenge. These are 

outlined in the below table with the associated timing and scoring provided. Unlike the 2014 

Challenge where every team able to successfully meet all “go” decisions are invited to compete, only 

the top 20 scoring teams will be invited to participate in the Medical Express Challenge. 

Milestone Due date Scoring 

Team registration & Technical Report 
(Deliverable 1) 

2nd September 2015 No points 

Technical Report and Video (Deliverable 2) 13th April 2016 Max 15 points 

Flight Record (Deliverable 3) 3rd August 2016 No points 

Final Go / no-go 10th August 2016 No points 
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CASA Application 24th August 2016 No points 

Team insurance 31st August 2016  

UAV challenge 
- Team Interview 
- Mission Performance 

19th– 23nd September 2016 
 
Max 15 points 
Max 140 points 
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3 Discussion 

3.1 Challenges 

There are many challenges associated with this project: 

 Team 

o Recruiting and managing a motivated team with the right skills 

 Project Management 

 Safety & Documentation 

o Thorough safety and documentation processes 

 Technical 

o Reliable ground to ground comms over 10 km distance (as per H2Joe tests) 

o VTOL and long endurance, speed and high wind threshold 

 Operational 

o Effective ground control crew 

o Procedures & standards 

Further to these challenges, there are several additional objectives for the team: 

 Marketing 

o Communicate our project 

 Networking and building a strong spirit of collaboration between other teams 

 Gain financial and in-kind support to limit to expenses for team members 

3.2 Issues, experiences & lessons learned 

The team gained an enormous amount of experience through competing in the 2014 outback 

challenge. Key lessons that will influence this project include: 

 Team 

o 3 people in the team was too small 

o Collaborating with other teams was a huge help and meant that we got a lot more 

out of the challenge 

 Testing 

o More time is required for testing to pick up on many small bugs that are likely to 

arise 

o The incidence of faults and bugs increases dramatically as you are integrating 

multiple systems together. 

o A significant amount of extra time should be factored in to allow for crashes, wet 

weather, etc 

 Documentation 

o Checklists, procedures and technical reference documents for every aspect of the 

system was essential in managing the development and operation of a complex 

system 

 Design approach 

o Simple, light-weight, cheap made prototyping and flight testing much easier 
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 Aircraft 

o It was hard to access equipment inside the aircraft, this should be a key 

consideration in the design of the aircraft 

o Control linkages came loose in flight when they were not secured properly, these 

need to be properly secured 

 Autopilot 

o The ArduPilot system is very complex, and requires a lot of experience and 

knowledge to operate it effectively 

o Power filtering very important 

 Servos that were on the same power as the autopilot caused the autopilot 

to brown-out and reset in flight 

 When the RFD transmission power was increased, this caused the voltage to 

fluctuate on the autopilot and resulted in bad airspeed sensor reading 

 Use a digital airspeed sensor 

 Use separate power supplies for high power and sensitive items such as 

autopilot, servos, and radios 

o The autopilots internal magnetometer was used, this got interference from the 

battery pack and disrupted this sensor. An external magnetometer should be used. 

o The DF13 plugs that the autopilot uses are not robust, and often broke 

 Custom circuit board to mount all equipment is sturdier and cleaner than a 

tangle of wires 

 Imaging system 

o The USB cable for the 3G modem came disconnected 

 Standard USB connections are not reliable and a more secure alternative 

should be used 

o The SD card popped out of the Raspberry Pi during set-up, resulting in the imaging 

system not booting. A better mount, or better on-board computer is required 

 Comms 

o During testing it was found that ground to ground communication over 10km using 

the RFD900 is very difficult, but when the aircraft is in the air it is fine. This will 

influence our choice of comms system for this challenge 

3.3 System Options 

Our guiding philosophy is the keep the design and simple as possible whilst safety meeting. A light-

weight, simple and cheap design makes for quick and easy (easier) prototyping. 

The table below present the options considered for the high-level system design and approach. 

System Design Option Description Comments 

A - One integrated system One unit that has imaging 
system, VTOL capability, 1 hour 
endurance, and stowage bay 

Ground to ground 10km comms will 
be a challenge, may need satellite, 
or balloon at GCS 
A lot of systems integration may be 
required 

B - Separate support and 
retrieval aircraft 

Support aircraft is fixed-wing 
aircraft with 900 Mhz comms 
repeater and imaging system 

Support aircraft very similar to 2014 
OBC UAV 
Keeping retrieval aircraft to bare 
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Retrieval aircraft is VTOL aircraft 
with stowage bay 

minimum allows VTOL capability to 
be developed separately 
Multi-point network for comms 
repeater may require some 
development 

C - Support aircraft carries 
retrieval aircraft, retrieval 
aircraft flies back 

Same as Option B, but requires 
separation of aircraft 
Retrieval aircraft could be 
smaller as not required to travel 
long distance 

Separation of aircraft expected to 
be a challenge 

D - Support aircraft carries 
retrieval aircraft, and 
docks with retrieval 
aircraft to fly back 

Same as above, but requires 
separation and docking 

Docking in flight expected to be a 
major challenge 

E - Support aircraft lowers 
and retrieves a small 
package 

Support aircraft will fly around 
in circles and lower a package 
One sample has been inserted 
into package, the support 
aircraft could ‘hook’ it up again 

This is feasible, but hooking a 
package is expected to be difficult 

F - Support aircraft lowers 
retrieval aircraft 

Same as F, but not mid-flight 
separation required 

 

E – Using larger petrol 
helicopter system 

A larger petrol helicopter 
system could be used either for 
option A or B, which would help 
to meet the VTOL and range 
requirements 

A petrol heavy of this capability 
would be large, heavy, expensive 
and add considerable risks to 
operating it 
Additionally the rotor would have 
to be depowered on the ground so 
it would require a starter motor 
system 

 

The team considers that option B – using a separate support and retrieval aircraft will be the 

simplest and most effective method. 
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4 Proposed Approach 

4.1 Team 

This challenge will not be possible without a motivated team with the right skills. Although there was 

a lot of working involved, H2joe found it to be a very fun and rewarding experience. 

 

The ideal size of team is considered to be six people. The following key roles and skills are required: 

Role Skills 

Team lead Project management, marketing 

Operations lead Safety processes & compliance, mission 
operations 

Systems lead System design and integration, safety processes 
and documentation, test planning 

Aircraft specialist RC airplane building and flying 
Endurance, weight calculations 

Autopilot specialist Autopilot systems set-up, design, tuning, 
operation 

Comms specialist Long range radio comms, multi-point networking 

Imaging specialist Embedded system processing, image 
recognition, geo-location 

 

The precise role definitions are not set in stone, and may be chopped and changed. Leads may be 

assigned to focus on different aspects of development (eg support aircraft, retrieval aircraft, etc). 

Support from industry and collaboration between other teams will a huge help to the team. We will 

welcome supporters to be involved, seek support from industry through the networks we have 

made and continue with this spirit of collaboration that we have fostered between other teams. 

4.2 Documentation & Safety Processes 

Thorough and systems documentation and safety processes are required the manage the many 

different aspects of this project. Some of the key documentation includes: 

 Project Management 

o White Paper 
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o Scope 

o Schedule 

o Budget 

 Safety Case 

o Safety strategy 

o Hazard id 

o Risk assessment 

o Mitigation strategies 

 Operations 

o Pre-flight check 

o Flight Logs 

o Maintenance logs 

o Equipment list 

 Mission planning 

 Development and Technical References 

o Mission overview 

o Mission requirements 

o Additional requirements 

o System Design 

o Development notes 

o Technical reference docs 

o Testing docs 

 Key deliverables 

o Deliverable 1 

o Deliverable 2 

o Deliverable 3 

4.3 System Design 

We believe the separate support and retrieval aircraft to be the ideal option. Below is the system 

diagram. Note we have assumed that the retrieval aircraft autopilot will be capable of handling both 

forward flight mode, hover mode, and transitioning between the two. 
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The support aircraft would be a fixed-wing aircraft that would locate joe and identify a suitable 

landing location, and act as a comms relay. This is essentially the UAV that was built for the 2014 

Outback Challenge minus the water bottle drop. 

 
Autopilot system 

 
UAV for 2014 OBC 

 
Failsafe device 

 
Raspberry Pi imaging 

system  
Li-ion batteries 

 

The support aircraft must also be capable of acting as a comms repeater. This will require a suitable 

network to be set up that allows multiple ground control stations to communicate through a single 
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link. It is believe that the RFD900 operating as a multi-point network will be able to do this. An e-

stop is an additional feature that will need to be developed as part of the ground control station. 

 
GCS at the Rockingham Salt Flats 

 
GCS at Tompsons Park 

 

The retrieval aircraft will be a fixed-wing / multi-copter hybrid that is able to transition in mid-flight. 

This would allow the range, speed and wind rating required with the required VTOL capability. We 

would aim to select the most dependable and proven system available. Some options include the 

FireFly6 and the Skyprowler Krossblade. Additional development required includes the disarming 

system, and stowage bay for the blood sample. If we can get an integrated forward-flight and hover 

autopilot that can transition between the two flight modes that would be ideal. A hybrid power 

system may be required to provide the energy density of li-ion batteries with the high discharge 

capabilities of lipo batteries or capacitor banks. 

 
BirdsEye View Aerobotics – FireFly6 

 
SkyProwler Krossblade 

 

4.4 Work breakdown and High-level schedule 

The key tasks and milestones are presented below: 

Task Complete by 

Team formation & management  

White paper 1 May 2015 

Team recruitment 5 June 2015 

Scope of work 1 July 2015 

On-going management On-going 

Safety and documentation  
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Safety strategy 1 July 2015 

Deliverable 1 26 August 2015 

Deliverable 2 6 April 2015 

Deliverable 3 27 July 2015 

System Development  

Support aircraft  

Re-commission 2014 OBC UAV 1 June 2015 

Auto take-off and landing 1 August 2015 

Further endurance and wind tests On-going 

Retrieval aircraft  

Demonstrate VTOL and transition 1 August 2015 

Auto TO&L 1 October 2015 

Endurance and wind tests On-going 

Warning lights and disarming system 1 December 2015 

Comms and networking  

Demonstrate multi-point network to control 2x UAVs 1 December 2015 

E-stops for GCS’s 1 January 2015 

Testing  

Testing On-going 

Testing On-going 

Testing On-going 

Marketing activities  

Website, outreach, exhibitions, etc On-going 

 

4.5 High-level budget 

A preliminary budget estimate is provided below: 

Item Cost 

Support aircraft & spare $2,000 

Retrieval aircraft & spare $2,000 

GCS & Radio systems (excl. laptops) $1,500 

Travel & accommodation (6 people) $6,000 

Total $11,500 

 

It is expected that most items will be purchased by individual team members. Sourcing additional 

team funding will help to reduce the financial pressure on individual team members. 

4.6 Marketing 

The team sees the value in sharing the work we are doing with other teams, supporters, followers 

and the general public. We will continue to do so through our website, fairs, the local paper, t-shirts, 

and meeting people when flying at the park. 
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Outreach at Curtin University’s Robofair 

 
A write up on the team in the local paper 

 

The team received quite a strong interest in our website, with an average of 385 monthly views, so 

we are keen to continue this. 
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5 Conclusion 

This white paper presents a solid plan for how H2Joe will tackle this challenge. With the right team, 

we believe that we will be able to meet all these challenges and aim to win the 2016 challenge. We 

are keen to give this a go as the 2014 challenge was a lot of fun and we got a lot out of it, and we 

expect this to be the same. 

For this to be a fun and successful project it is essential that we have a team with the right skills and 

motivation. 

We believe the proposed system design will be the simplest and easiest way to meet this challenge, 

however this is not set in stone and are open to further consideration and discussion. 

The next steps are: 

 Publish White Paper on H2Joe Blog – 2 May 

 Canvass for support and secure team members – 5 June 


