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1 Introduction 
This document describes the proposed system design and safety considerations of the West Coast 
UAV team to the Medical Express Challenge Organisers. It outlines how our team plans to complete 
the mission and in doing so demonstrates how we will minimise risk and operate as safely as possible. 

2 The Team 
West Coast UAV is a Perth-based team developing, building and operating Unmanned Aerial Vehicles 
to compete in the 2016 Medical Express Challenge.  

The team consists of members from PerthUAV and H2Joe who competed in the 2014 Search & Rescue 
Challenge and collectively has a vast amount of experience operating UAVs. We are excited to return 
with brand new ideas and to continue learning as much as we can, developing links with industries, 
safely flying planes, and having fun. 

3 Mission Overview 
The 2016 Medical Express challenge requires teams locate Outback Joe in his remote Queensland 
property that has been cut off by floodwaters and safely retrieve a blood sample from him. In tackling 
the challenge, West Coast UAV will utilise 2 aircrafts, a support UAV and a retrieval UAV. 

The Support UAV will have as its primary purpose the finding of Joe, the identification of suitable 
landing sites and the facilitation of long distance communications between the Ground Control Station 
(GCS) and the retrieval aircraft. 

The retrieval aircraft will be equipped with a custom stowage bay for the blood sample and will have 
for purpose to autonomously land in proximity to Joe and safely return the sample to base for analysis 
in the lab. 

Figure 1 below is a depiction of West Coast UAV’s approach to completing the challenge. 

 

Figure 1 – West Coast UAV Mission Overview 

 

4 Overall Design of the UAV Systems 
West Coast UAV’s systems consist of the elements defined in the diagram below.  
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Figure 2 – System Architecture and Operational Structure 

4.1 Autopilot 
We will be using the Pixhawk for our autopilot, which will be controlling the aircraft in full autonomous 
mode. The Autopilot has Flight Mode Switch capability, enabling the aircraft to also be flown in manual 
and stability assisted mode.  

4.2 Flight Termination (Rules 3.1.4/3.1.5) 
Flight termination in both our support and retrieval aircrafts is handled via a ‘Teensy’ board located 
on-board each UAV. The Teensy receives and processes data from all flight systems, including active 
monitoring of the mission geofence and the autopilot heartbeat. 

In the event of flight termination mode being activated, the servo positions will be adjusted as follows, 
in accordance with the competition rules: 

 Throttle closed; 

 Full up elevator; 

 Full right rudder (not applicable with proposed airframes as per Section 4.4); 

 Full down on the right aileron; 

 Full up on the left aileron; and, 

 Full flaps down (not applicable with proposed airframes as per Section 4.4). 

The flight termination mode can be activated directly from the autopilot as per the mission logic (loss 
of datalink and/or loss of GPS, hard geofence breach, flight termination command, and loss of 
command link in manual or stabilise mode).  

In manual mode and stability augmentation mode, the autopilot will remain functional and still be 
able to command flight termination mode upon mission boundary crossing and upon request from 
the Ground Control Station (GCS).  

4.3 Ground Control Station 
The Mission Planner Ground Station Software will be used to monitor and control the UAV. Additional 
scripting will be executed to monitor and control the additional functions that are implemented into 
the autopilot. 

A soft-geofence functionality will also be in the Mission Planner scripts. This will display the distance 
to the geofence and command the aircraft to a safe location if it gets too close.  
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In the event of a lock up of the Ground Control Station (GCS), the Ground Station Controller will turn 
off the datalink, corresponding to the loss of datalink mode. 

Additionally, a full suite of condition monitoring will be performed on the aircraft, and alerts will be 
provided for events such as low comms signal strength, low GPS, battery voltages, etc. 

GPS output from the GCS laptops will be provided to the OBC organisers with all units of measurement 
displayed in standard format. 

4.4 Airframe (Rules 3.1.1) 
The final selection of airframes will be determined in the near future by West Coast UAV but will 
consist of the following: 

 Support aircraft – VSTOL aircraft (eg Hercules or Gladiator XL); and, 

 Retrieval aircraft – VSTOL/VTOL aircraft (eg Hercules or Gladiator XL or the Sci.Aero FarSight) 

A custom stowage bay will be built into the retrieval airframe with safety switches installed as 
prescribed in the competition rules.  

4.4.1 Hercules/Gladiator VSTOL Airframe 
The Hercules/Gladiator airframe is a kit-EPP delta-wing configuration airframe supplied by Crash Test 
Hobby. It will be light weight to reduce the risk in the event of a crash. The EPP foam is extremely 
resilient thereby avoiding big set-backs in the event of a crash. The configuration will be a twin-prop 
puller with a deployable belly-skid so that it can take-off from the ground in an extremely short 
distance. We will be implementing a system to activate reverse thrust and airbrakes such that we can 
substantially increase the glide slope during landing and land in a tight space. The Gladiator is 
essentially the same as the Hercules but with a higher aspect ratio, which may be required to increase 
our flying efficiency. 

4.4.2 Sci.Aero’s Farsight 
West Coast UAV has entered into a partnership with Sci.Aero, a company working on the development 
of a platform that could fulfil the requirements set out by the 2016 Medical Express challenge. This 
partnership will see West Coast UAV testing and potentially using a prototype FarSight during the 
competition. The airframe would be the only commercial component of the system. The design, 
installation and integration of autopilot, communications, imaging and payload components would all 
be performed by West Coast UAV to ensure we remain within rule 3.11 regarding an off-the-shelf 
system. 

4.5 Imaging 
In order to find Joe on his property and communicate key information regarding potential landing 
sites, an imaging system consisting of a raspberry pi and the associated raspberry pi camera will be 
used. The Raspberry Pi will monitor the autopilot downlink to gain the GPS coordinates and aircraft 
state to geo-reference the images. 

4.6 Comms (Rules - 3.2.3) 
For the comms, our team will use: 

 2.4 GHz RC Transmitter – for manual command link; and, 

 RFD900 900MHz Transceivers for stable and reliable autopilot telemetry link. 

 A wireless data link for imagery transfer and other control functions (specification to be 
determined) 

All antenna gains and frequencies will be carefully designed and tested to ensure compliance with 
ACMA regulations as per the OBC Spectrum Management requirements. Additionally the channel ID 
and number of frequency hopping channels will be optimised for maximum reliability and to avoid 
interference. 

We anticipate unreliable comms during the mission phase of the retrieval aircraft’s remote landing. 
We are dealing with this through the development of a multi-point network such that the Support 
Aircraft can act as a comms repeater.  
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However, it is acknowledged that communications may still be unreliable, and as such we are working 
on building a safety case that a loss of comms over this phase of the mission is acceptable given that 
we will be landing very shortly after losing comms, and regaining comms very shortly after taking-off.   

5 Safety Strategy  
As there is a high element of risk in our activities, we have put in place a robust safety strategy and 
culture to ensure that we understand all the risks, and have effective mitigation strategies to ensure 
we can do what we want to do safely. 

Our team has set a hierarchy of objectives so that we are aware that even though we might be really 
keen to perform certain test flights, this will not be at the cost of personal safety. These are: 

1. Avoid personal injury and ensure safety of bystanders 
2. Operate within all rules and regulations 
3. Preserve aircraft 
4. Perform UAV operations and compete in competition 

It is through a thorough understanding of the system that we can develop comprehensive risk 
assessment and mitigation strategies. Our team has gained a full understanding of the rules and 
regulations associated with our intended operations, and shall maintain a high degree of transparency 
with the relevant regulatory bodies.  

Common sense is an approach that we take onboard to all of our operations. Tools such as ‘Take 5’s’, 
Personal Protective Equipment (PPE), and safety shares are utilised by the team. Additional safety 
measures will include the presence of at least one qualified senior first aid team member, and a 
designated safety officer on flight days. 

In addition, we adopt an approach of continuous learning and improvement to our safety strategy as 
we continue to further our knowledge of this technology, and stay abreast of industry best practice 
and changing legislature by discussing such issues with fellow enthusiasts and industry professionals. 

6 Rules & Regulations 

6.1 Local Regulations 
Safe practices and regulations play a key role in ensuring the safety of those involved and the general 
public. On top of the risk mitigations described in Section 7, West Coast UAV has taken the following 
steps to confirm its compliance with the relevant legislation: 

 Extracted the relevant sections from CASR101 to better understand the requirements for the 
various testing phases; and, 

 Sought out local MAAA (Model Aeronautical Association of Australia) clubs to locate and 
utilise nearby flying fields as well as benefit from the vast experience of MAAA members with 
unmanned aircraft. 

To ensure continued compliance in a rapidly evolving industry, West Coast UAV will maintain frequent 
communication with the relevant local communities, and keep them informed of our activities. 

6.2 Competition Rules 
The competition rules exist to ensure this challenge can be carried out safely and in a spirit of friendly 
competitiveness. West Coast UAV has adopted these core values, and will meet all criteria set out in 
the rules and strive to uphold the friendly competitive spirit. 

7 Risk Assessment 
Operating hazards have been identified relating to every aspect of our team’s operations. Using a 
Hazard ID workshop, the team were able to identify the major causes and risks and put in place 
controls to make each risk as low as reasonably practicable. A summary from the workshop is provided 
in the below table. 

The following outlines the hazards, causes and controls to avoid these hazards occurring. A key 
mitigation for reducing the level of risk of these operations is to use a lightweight foam plane. 
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Operating 
Hazards 

Cause/Risk Controls 

Air to Ground 
Interaction 

Aircraft flies away 
Aircraft goes out of range 

Flight termination 
Competent Operators/Airmanship  

Mission Boundary 
Constant visual line of sight 

Crew confusion 
People entering operating area 

Crew Resource Management 
Controlling people in area 

Loss of GPS. Loiter/dead reckon 

Unexpected loss of Communications 
Expected loss of communications 

(remote landing) 

Comms Hold safety point 
Testing RF links 

Others not using our frequency 

Aircraft Failure 
Loss of Aircraft Structure 

Loss of propulsion and control 

Maintenance log/Pre-flight checks 
Use high quality parts/equipment 

Testing regime 
Flight logs 

Loss of control of aircraft 
Competent Operators/Airmanship  
Pre-programmed landing strategy 

Air to Air Interaction 

Bird Strike  Spotter 

Operating multiple aircrafts 
Flight Planning 

Multi-aircraft display 
Clear communication 

Another aircraft coming into 
operating area 

Spotter 
ADS-B / VHF monitoring 

Organisers Control environment 
Clear communication 

Aircraft exits mission boundary Geofence (3D) 

Aircraft/System Failure See points above 

Inclement Weather 
Understanding flight envelopes 

Pilot proficiency/ airmanship 

Bush fire 
Battery Fire/Motor Fire 

Aircraft Failure 
Protective Case 

Fire Extinguishers 

Injury to Personnel 
during Ground 

Operations 

Battery Fire 
Battery management 

Lipo sacks 
Fire extinguisher 

Exposure (sun) Sun protection/Water 

Manual Handling 
Proper lifting technique 

Awareness of pinch points 

Propellers 

Competent Operators/Airmanship  
Ground handling controls and 

procedures 
First aid trained crew members 

Impacting others' 
operations 

Comms interference 
Spectrum Management 

Awareness of other operations 

8 Operational Procedures & Risk Mitigations 

8.1 Pre-Flight Check Procedure 
Pre-flight checks are an integral part of our flying days and help to ensure air-worthiness of the aircraft 
prior to flight. A pre-flight checklist has been developed to ensure our aircrafts are structurally sound, 
airworthy, their wiring intact and they are responding correctly. 

Aircraft that fail any part of the pre-flight check will need to be fixed before they will be allowed to fly 
to ensure the safety of all present and prevent damage to the aircraft. All pre-flight checks will be 
stored for future reference and to ensure previous failed sections are rectified before future flights. 

8.2 Operations Manual 
An Operations Manual will be used to detail the correct and safe way to set-up, use and maintain all 
equipment related to our operations. A number of policies have been created and implemented by 
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the team in order to ensure the safety of all present on fly days and to remove possible causes of 
damage to equipment. 

These policies address: having a designated spotter, flying within capabilities, proximity to people and 
property, drug and alcohol, fatigue, and potential radio interference. 

8.3 Pilot Proficiency / Airmanship 
Many of the team’s members have extensive flying experience with some members undertaking UAV 
operation qualifications later this year. To further maintain pilot proficiency, flight days shall be 
scheduled at least once per month (weather permitting).  

We shall strive to test the autonomous system as much as possible to ensure a safe and reliable system 
has been developed and that all safety concerns are fixed. 

8.4 Flight Logs 
Flight logs shall be filled out every flight day for each aircraft, their purpose will be to record the 
performance of aircraft and to highlight any important findings from the flight. 

8.5 Build Quality & Maintenance Logs 
Build quality of airframes shall be to a high standard to reduce the likeliness of failure due to human 
error.  All maintenance that is carried out shall be logged and must be verified to be complete before 
launches. 

8.6 LiPo Battery Management 
Using LiPo battery technology presents additional risks, as such, our team has developed a battery 
management strategy designed to mitigate these risks. These address: charging rates, label batteries, 
log cell voltages and use, installing in protective housing to prevent puncture, and correct disposal. 

8.7 Development and Testing 
Many of the systems we are developing are new and unproven, as such, we are conscious of the need 
to effectively test each development and ensure a robust testing strategy is in place. To mitigate the 
risks of testing unproven technology our team has established a development and testing strategy 
which includes: strict version control of software, logging all maintenance and changes to the aircraft 
configuration, HIL and SIL simulation testing for the Autopilot development, and extensive range 
testing for our radio equipment. 

8.8 Emergency Response Plan 
The team will be equipped to handle emergencies such as bushfires, personal injury and damage to 
property by fully evaluating the potential risks and ensuring clear response plans are thought through. 
This includes having senior first aid trained members, and considering the bush fire risk of the area we 
are operating in. 

9 Summary 
This technical report provides a high level overview of our system, and provides a thorough review of 
our team’s approach to understanding and mitigating the risks involved in operating this system. 

We are looking forward to the challenge of developing our systems and operating it in a safe manner, 
and are looking forward to meeting everyone at the competition! 
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