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Video 

A video showing the team’s pre-flight set-up and checks, as well as the retrieval aircraft autonomous 

take-off and landing is available here. 

https://youtu.be/3Oh0i2UVQyQ  

https://youtu.be/3Oh0i2UVQyQ
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3 Compliance statement 
Team Name: West Coast UAV 

We declare that this report and the entry that it describes complies with the rules of the 2016 UAV Challenge, 

and that we enter with the intention of competing in the spirit of the challenge.  Specifically we declare that 

our entry is compliant with the following topics and provide reference to within our Deliverable 2 document 

were our method of compliance is described: 

 

Rules 
Reference 

Topic Compliance Deliverable 2 
Reference 

Mandatory / Essential  
Non-compliance in this section will result in a No-Go finding unless there are significant and/or extenuating 
circumstances. Please read the rules in detail. If using two aircraft ensure both aircraft are considered and 
Deliverable 2 references are provided for both aircraft if necessary. 

1.6 Maximum of two aircraft for the 
mission 

 Compliant 5, 7.1 

3.1.1 Must not be a commercial off-the-
shelf complete system 

 Retrieval aircraft Compliant 
 Support aircraft Compliant 

5 

3.1.1 Must be capable of autonomous flight  Retrieval aircraft Compliant 
 Support aircraft Compliant 

7.1.1 

3.1.1 Must have a maximum gross weight of 
less than 100 kg (rotary) or 150kg 
(fixed wing) 

 Retrieval aircraft Compliant 
 Support aircraft Compliant 

7.1.4 
7.1.3 

3.1.1 Must have continuous telemetry radio 
communication with the UAV 
Controller 

 Retrieval aircraft Compliant 
 Support aircraft Compliant 

7.1.6 

3.1.1 Must have an easily accessible E-Stop 
to render the aircraft deactivated 

 Retrieval aircraft Compliant 
 Support aircraft Compliant 

7.1.1 

3.1.1 Must have an external visual indication 
of state (armed, inert, disarmed) 

 Retrieval aircraft Compliant 
 Support aircraft Compliant 

7.1.1 

3.1.1 Must have an arming switch  Retrieval aircraft Compliant 7.1.1 

3.1.3 Must implement automatic (on-board) 
detection of crossing a Geofence 
boundary 

 Retrieval aircraft Compliant 
 Support aircraft Compliant 

7.5 

3.1.4 Must include a flight termination 
system meeting all conditions 

 Retrieval aircraft Compliant 
 Support aircraft Compliant 

7.3, 7.4, 9.2 

3.1.5 & 5.3.2 Flight termination method described 
and analysis provided of maximum 
distance outside Geofence  

 Retrieval aircraft Compliant 
 Support aircraft Compliant 

7.4 

3.1.6 All criteria for flight termination must 
result in immediate activation of flight 
termination 

 Retrieval aircraft Compliant 
 Support aircraft Compliant 

7.4, 9.2 

3.2.1 Flight in the Transit Corridor and 
Remote Landing Site must be 
autonomous 

 Retrieval aircraft Compliant 
 Support aircraft Compliant 

7.1.1 

3.2.2 Must have a ground control station 
that provides a graphical display 

 Retrieval aircraft Compliant 
 Support aircraft Compliant 

7.1.2 

3.2.2 Must provide an NMEA data feed from 
the ground station 

 Retrieval aircraft Compliant 
 Support aircraft Compliant 

7.1.2 

3.2.3 Communication equipment must 
comply with ACMA regulations 

 Compliant 7.1.6, 7.6 

3.3.2 & 5.3.2 AMSL altitudes will be measured and 
reported as pressure altitudes 

 Compliant 7.2 



5 | P a g e  
 

Rules 
Reference 

Topic Compliance Deliverable 2 
Reference 

3.3.3 & 5.3.2 Correct aeronautical units used  Compliant 7.2 

3.3.3 Description of how aircraft will be 
maintained within its airspeed 
envelope 

 Retrieval aircraft Compliant 
 Support aircraft Compliant 

7.2, 10.5.2 

3.4.5 Pyrotechnic mechanisms have safety 
mechanism implemented and safety 
manual provided 

□ Compliant 
 Not Applicable 

n/a 

5.2 Disclosure of sponsors and funding 
sources 

 Compliant 4 

5.3.2 Statement of originality and accuracy 
included 

 Compliant 2 

5.3.2 Executive summary provided  Compliant 4 

5.3.2 Introduction and design approach 
provided 

 Compliant 5 

5.3.2 Landing site analysis strategy provided  Compliant 6 

5.3.2 System Diagram provided  Compliant 7.1 

5.3.2 Flight termination system design, state 
machine diagrams and transitions 
provided 

 Compliant 7.3 

5.3.2 Geofence system design provided  Compliant 7.5 

5.3.2 Radio frequencies to be used and 
relevant licences provided 

 Compliant 7.6 

5.3.2 Updated risk assessment provided  Compliant 8.1 

5.3.2 Assessment of the risks associated 
with autonomously taking off and 
landing provided 

 Compliant 8.2 

5.3.2 Risk Management provided  Compliant 9 

5.3.2 Details of the system response to loss 
of data link provided 

 Compliant 9.2.1 

5.3.2 Details of the system response to loss 
of GPS provided 

 Compliant 9.2.2 

5.3.2 Details of the system response to lock-
up or failure of autopilot provided 

 Compliant 9.2.4 

5.3.2 Details of the system response to lock-
up or failure of the GCS provided 

 Compliant 9.2.5 

5.3.2 Details of the system response to loss 
of engine power provided 

 Compliant 9.2.6 

5.3.2 Details of fuel and/or battery 
management provided 

 Compliant 9.3 

5.3.2 Details of the management of other 
risks provided 

 Compliant 9.4 

5.3.2 Flight tests results provided  Compliant 10 

5.3.2 Conclusions provided  Compliant 11 

5.3.2 Video provided showing the retrieval 
aircraft autonomously landing and 
taking off 

 Compliant Link in Contents 
page 

5.3.2 Video provided showing the teams 
pre-flight set up and checks 

 Compliant Link in Contents 
page 

Highly Desirable 

7.2 “Soft Geofence”  Implemented 
□ Not Implemented 

7.5 

5.3.2 Deliverable 2: Max 23 pages.  Compliant 
□ Non-Compliant 

n/a 
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Additional Information: 

 

Requests for clarification: 
1. Confirm E-Stop method is OK 
2. Confirm there will be spotters along entire mission area to maintain constant visual line of sight, or 

there will be exemption from CASA on this rule. 

 

 

 

 

Date: 4 April 2016 

Signed by a team representative, on behalf of all team members: 

Printed Name: Michael Thomas 
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4 Executive Summary 
West Coast UAV was formed in May 2015 with former team members of the 2014 Outback 

Challenge (OBC) teams H2Joe and Perth UAV. The team’s goals are: 

 Develop robust and safe UAV technology 

 Pass all criteria, enter in, and win the 2016 UAV OBC 

 Develop strong relationships with other OBC Teams and the wider UAV industry 

The UAV platform is designed to be simple, cheap and easy to operate whilst meeting all the 

capabilities required for the OBC. 

Safe operations are fundamental to our team. The team has developed a rigorous risk management 

approach to address all the risks surrounding the operation of UAVs. Two of the team have gained 

the UAV Controllers Certificate qualification in order to further enhance our understanding and 

management of the risk of UAV operations. 

Safety has been a focus in the design of the UAV systems. Key safety features include: 

 Retrieval aircraft propeller is physically isolated when on the ground at the remote landing 
site 

 Retrieval and support aircraft are both light-weight foam design to minimise overall risk in 
the event of a crash or air-to-air interaction 

 Extensive system failsafe and condition monitoring to deal with system failures 

The team has been busy developing and testing their UAV system. Key progress to date is: 

 Developed and tested a multi-point communication network to facilitate over-the-horizon 
communications 

 Developed and tested reverse thrust landing to achieve a landing glide slipe of -30 degrees 

 Tested many different configurations for taking-off in rough terrain without impacting 
endurance and settled on retractable undercarriage with large wheels 

The team seeks to maintain a positive image of for itself and of UAV technology within the 

community. To do this active community involvement is maintained, and frequent blogs are written 

about the team’s experiences on their team website (http://westcoastuav.org). This media presence 

adds to and builds on the positive image of UAVs in the community that the UAV Outback Challenge 

is promoting. 

The team is funded by its members, and received support from sponsorship partner Scientific 

Aerospace. Additionally a reverse thrust landing system developed by Clear Maps is used. The team 

members are not members of other Outback Challenge teams. 

West Coast UAV is a motivated and committed team. They are well prepared to meet the challenges 

and safety requirements of this competition. They are looking forward to meeting all the teams at 

Dalby in September. 

  

http://westcoastuav.org/
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5 Introduction and design approach 
The 2016 Medical Express challenge requires teams use one or multiple UAVs to locate Outback Joe 

in his remote Queensland property that has been cut off by floodwaters, safely retrieve a blood 

sample from him, and return it back to base. 

The team has significant experience with UAV operation and remote imaging which was developed 

in the previous Outback Challenges. For this mission, the team identified two additional key 

challenges: 

1. Travelling a large distance at high speed and then land in a potentially confined space 
(without using heavy petrol powered aircraft) 

2. Ground-to-ground communications (or over-the-horizon communications) at a distance of 
more than 10km between the ground control station and the retrieval aircraft at the Remote 
Landing Site. 

In tackling the challenge, West Coast UAV will utilise 2 aircraft, a support UAV and retrieval UAV. The 

team is not using a commercial off-the-shelf system; both systems are designed and built by the 

team 

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. 

A camera on the support aircraft will capture photos of the target area for finding Joe and identifying 

a suitable landing site. A computer vision system will be used to assist the detection and a script will 

be used to geo-reference the targets identified on the image using the planes location and attitude 

where the image was taken. 

Providing constant communications between the ground station and the retrieval aircraft when it 

has landed at the Remote Landing site is a challenge for most conventional communications 

systems. The support aircraft will have a router that hosts a multi-point network. In this way 

telemetry will be relayed from the ground control station to the retrieval aircraft. 

The retrieval aircraft will be a fixed-wing configuration so that it can meet the speed, endurance and 

wind tolerances needed for the competition. The retrieval aircraft is different from conventional 

fixed-wing aircraft as it has a system to reverse the thrust of the propeller allowing for very steep 

landing glide slope so that it can land in a confined space. Additionally the retrieval aircraft has a 

retractable undercarriage with large wheels and can take-off in a very-short distance from a variety 

of terrain. The retrieval aircraft will be equipped with a stowage bay for the blood sample. 

Both aircraft will be low-cost, light-weight, electric propulsion aircraft. This makes construction 

simpler and reduces the risk of operations. This approach is aligned with the needs of civilian search 

and rescue applications. Depending on exactly what performance can be achieved it is recognised 

that this configuration may not be able to meet missions with extremely long flying distances and 

high winds, however the team believes this trade-off in performance is well worth the lower risk and 

simplicity of smaller electric systems. 
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6 Landing site analysis strategy 
The team must land their retrieval aircraft between 30m and 50m from Joe. The landing site must 

also be a clear area suitable for the landing and take-off. 

6.1 Locating Joe 
Joe is located in a 200m x 200m search area. The support aircraft will fly over this area at a height of 

1400 feet AGL to capture several photos of the entire search area with the on-board camera. 

The captured images will be sent to the ground station, and Joe will be identified visually with the 

assistance of a computer vision system. 

The aircraft’s location and attitude will be automatically recorded when each image is taken. This 

information will be then be used to geo-reference the targets so that Joe’s exact location can be 

determined. Joe’s location will then be confirmed with the CASA designated coordinator. 

6.2 Determining Suitable Landing Location 
Once Joe’s location is confirmed, imagery of the area surrounding Joe will be reviewed to determine 

the best landing site. Our retrieval aircraft is a fixed-wing configuration designed to take-off and land 

in a very short distance, however the landing site must still have clearance from nearby trees.  The 

retrieval aircraft needs relatively flat and open ground to land and take-off from.   The retrieval 

aircraft will be landed in a location with at least 4m of clear space in front of the aircraft for take-off. 

In addition the landing and take-off will be planned such that the aircraft is flying into the prevailing 

wind. 

If a suitable landing site cannot be found, the mission will be aborted and the UAVs will be 

commanded to return to base. 

 
Figure 1 - Landing approach 

 
Figure 2 - Example landing site 
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7 System design 

7.1 System Diagram 

 

7.1.1 Autopilot 

A Pixhawk autopilot will be used in both the support and retrieval aircraft and will be controlling the 

aircrafts in full autonomous mode through take-off, landing and transit through the transit corridor. 

The Autopilot has Flight Mode Switch capability, enabling the aircraft to also be flown in manual and 

stability assisted mode. 

An E-stop is used which consists of a shorted connector that when pulled out will break the supply of 

power to all of the aircrafts on-board systems. The e-stop has a red cover signifying that it is armed, 

and when removed will reveal a green patch signifying that the system is de-energised. There is a 

yellow disk surrounding the e-stop. The E-stop is easily accessible from the top of the aircraft. 

A strip of red and green LEDs will be used to signal the aircrafts start of armed or disarmed. There is 

an arming switch on the aircraft. 

7.1.2 Ground Control Station 

The Mission Planner Ground Station Software will be used to monitor and control the UAV.  This 

software has a graphical display of the aircrafts’ locations. 

Additionally, a full suite of condition monitoring will be performed on the aircraft, and alerts will be 

provided for events such as low communications signal strength, low GPS, battery voltages, 

proximity to geofence (soft-geofence). 
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An NMEA feed from the GCS laptops of both aircraft will be provided to the OBC organisers with all 

units of measurement displayed in standard format. 

7.1.3 Support Aircraft 

The support aircraft is a Talon with a Gross Take-off Weight (GTOW) of 3.5kg. The Talon is hand-

launchable. The Talon will use a brushless electric motor with a rear-mounted pusher prop for its 

propulsion. This aircraft provides the necessary range and speed whilst minimising the weight which 

greatly reduces the risk in the event of a crash. 

7.1.4 Retrieval Aircraft 

The retrieval aircraft is a Grim Reaper from Crash Test Hobby which is a delta-wing made of EPP 

foam. It is light weight to reduce the risk in the event of a crash with a GTOW of 3.4 kg. The EPP 

foam is extremely resilient thereby avoiding big set-backs in the event of a crash. 

A single brushless motor with forward mounted tractor prop is used for propulsion. Two large 

retractable landing wheels are used to give sufficient clearance for the prop during Rise Off Ground 

(ROG) take-off and landing whilst allowing the aircraft to take-off in a very short distance from a 

variety of terrains. The aircraft can also be hand launched. 

The thrust of the motor is reversed during landing which allows the aircraft to achieve a very high 

glide slope and land in very tight areas. A small microcontroller in the retrieval aircraft will use the 

throttle signal from the autopilot as well as the telemetry from the autopilot and use this to engage 

the reverse thrust. This system was provided by Clear Maps. 

A custom stowage bay is built into the retrieval aircraft. The stowage bay contains a switch that will 

detect when the hatch has been opened and closed, and a switch for Joe to push when he has 

finished loading the blood sample. The states of these switches will be converted to a PWM signal 

and then connected to the autopilot so they can be monitored from the ground station. 

7.1.5 Imaging 

The imaging system consists of small digital camera. This is used to capture imagery of the search 

area to locate Joe and a suitable landing site. The Raspberry Pi will monitor the telemetry downlink 

from the autopilot to gain the aircrafts location and orientation as each image is taken so that the 

images can be georeferenced. 

The camera has been tested and proved to provide sufficient image quality without suffering 

significant distortion from the vibration in the aircraft. 

7.1.6 Communications 

Several radio systems are used to establish a multi-point communication network allowing 

communication between the ground station, pilots, support aircraft and retrieval aircraft during all 

stages of the mission. Multiple links are used for redundancy. This is covered in further detail in the 

Radio equipment frequencies and relevant licences section. 

7.2 Aeronautical requirements 
The ground control station is set to report units of measure that comply with the AIP guidelines, and 

the geodetic reference datum used will be the World Geodetic System – 1984 (WGS-84) 
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An airspeed sensor is used on the autopilot, which is essential to ensure that the speed is 

maintained at a suitable margin above the stall speed to avoid to risk of stall. 

The autopilot is set to use and report barometric pressure altitudes. The QNH reference pressure will 

be set into to autopilot at the start of the mission to ensure a consistent reference is used with other 

airspace users and UAS operators. Altitudes will be stated as AMSL or AGL to avoid confusion. 

7.3 Flight termination system 
The built in IO controller MCU of the Pixhawk autopilot is used for the independently powered 

failsafe and flight termination hardwire. It will have setting for the OBC that prevents recovery after 

flight termination and will override commands from any other system once activated. 

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; 

 Full down on the right aileron; 

 Full up on the left aileron 

Where combined control surfaces are in use (elevons and/or V-tail) the default mixing will apply the 

control surface movement to achieve the same aerodynamic characteristics as the above for a 

conventional aircraft. 

7.3.1 State Machine Diagram and Transition 

The Flight Termination functionality can be described by the following State Machine Diagram. 

Machine State Action(s) Condition to transition State to transition to 

All modes  Geofence breached FLIGHT TERMINATE 

Autopilot lock-up FLIGHT TERMINATE 

Flight Terminate 
requested 

FLIGHT TERMINATE 

Manual Pass through manual 
controls 

Loss of control link > 1.5s RTL 

Change to Auto mode AUTO 

Auto Follow mission waypoints Datalink loss > 10s DATALINK LOSS 

GPS Loss > 3s GPS LOSS 

Change to Manual mode MANUAL 

Loss of control link > 1.5s Stay in AUTO 

Datalink Loss Count loss 
Go to Communications 
Hold, loiter 2 min, go to 
airfield home, loiter 2 
min, autonomous 
landing) 

GPS Loss > 3s FLIGHT TERMINATE 

Datalink recovered 
before leaving 
Communications Hold 
Loiter, and loss count < 3 

AUTO (resume WP) 

GPS Loss Count loss 
Go to GPS Loss WP, loiter 
30s, dead-reckon to 
airfield home, land 
aircraft 

Datalink loss > 10s FLIGH TERMIANTE 

GPS recovered, and GPS 
loss count < 2 

AUTO (resume WP) 

Flight Termination Set controls to flight 
termination positions 

- - 

RTL Go back to airfield home Control link regained Manual 
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7.4 Analysis of flight termination method 
If the aircraft crosses the geo-fence the flight termination will be immediately activated. Based on 

observation this will put the aircraft into a death spiral with zero forward airspeed and 10 m/s 

vertical descent speed. Given the maximum wind conditions that the aircraft will be flying in are 20 

knots (or 10 m/s), and that the aircraft will be flying at a maximum height of 1500 feet AGL, this 

means that the maximum drift distance is expected to be approximately 450 metres. Applying a 1.3  

factor of safety it is expected the maximum horizontal distance the aircraft could reach if 600 metres 

from the geo-fence boundary. 

Flight termination will be immediately triggered from the following events: 

 Aircraft crossing geo-fence (detected by autopilot) 

 Loss of GPS and datalink (detected by autopilot) 

 Failure or lock-up of autopilot (loss of heartbeat signal) 

 Triggered from ground station 

7.5 Geo-fence system design 
The autopilot system constantly monitors the distance to the vertical and horizontal mission 

boundaries and implements a loiter at a safe distance beforehand, to ensure unintentional geo-

fence breach resulting in flight termination. The systems pre-programmed geo-fence has priority in 

every flight mode and on breach will activate flight termination. 

7.6 Radio equipment frequencies and relevant licenses 
The below table summarises the transmission frequency, transmitter power, antenna setup and EIRP 

for each transmitter that is being used. 

Link Communications 

Support aircraft manual command link 2.4 GHz FHSS Transmitter 

Retrieval aircraft manual command link 2.4 GHz FHSS Transmitter 

Ground station to support aircraft telemetry & 
imagery 

RFD900 900 MHz 1W EIRP FHSS radios 

Ground station to support aircraft telemetry & 
imagery (backup) 

3G modem 

Support aircraft to retrieval aircraft telemetry 433 MHz 25 mW EIRP FHSS radio 

Support aircraft to retrieval aircraft telemetry 
(backup) 

2.4 Ghz wifi radio (ESP8266) 

Ground station to retrieval aircraft telemetry (backup) 2.4 Ghz wifi radio (ESP8266) 

Ground control station router to control laptops 2.4 Ghz Wifi 

 

There is not expected to be any interference between the 2.4 GHz wifi and the 2.4 GHz RC 

transmitters as the RC transmitter use Frequency Hopping Spread Spectrum (FHSS) protocol. All 

radios are compliant with ACMA LIPD-2000 ISM class licenses. 

 The RFD900 radios are compliant with part 52 of the class license 

 The RC Tx radio is compliant with part 53 of the class license 

The 3G modem has a declaration of conformity to Section 376 of the Telecommunications Act 1997, 

which falls under the Cellular Mobile Telecommunications Devices Class Licence 2002.  
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8 Risk assessment 

8.1 Update of Deliverable 1 Risk Assessment 
The team has continued to review and improve upon the Risk Assessment since it was submitted in 

the Deliverable 1. Key improvements have been: 

 Greater insight into the risk of multi-aircraft operation 

 Ensuring clear positive communication is maintained when handling the aircraft to ensure it 
is disarmed 

 Utilising ‘Flight Radar’ app to gain greater awareness of local aircraft activity to avoid to risk 
of air-to-air interactions 

 Using a Gazebo to reduce risk of sun-exposure and also to provide a more clear and 
organised working space 

 Refinement of the pre-flight check-list with more specific airframe related checks 

 Management of the flying field and interactions with members of the public 

As per the Deliverable 1 risk assessment, the major hazard are: 

 UAV crashing and causing injury or damaging property 

 Air-to-air interactions – with other UAV or manned aviation – leading to loss of control and 
crashing of our UAV, or damage/crashing manned aircraft 

 UAV crashing and causing a bush-fire 

 Injury to personnel during ground handling of aircraft 

 Impacting others’ operations from communications interference 

The following outlines the hazards, causes and controls to avoid these hazards occurring.  

Operating 

Hazards 
Cause 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 

Spotters 

Crew confusion 

People entering operating area 

Crew Resource Management 

Controlling people in area 

Using cones to delineate active area 

Choosing suitable flying fields 

Operating more than 30m from people 

and property 

Loss of GPS. System failsafe - Loiter/dead reckon 

Unexpected loss of Communications 

System failsafe - Communications Hold 

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  

UAV Controller Certificate Qualification 

Pre-programmed landing strategy 
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Operating 

Hazards 
Cause Controls 

Air to Air Interaction 

Bird Strike  Spotter 

Operating multiple aircrafts 

Flight Planning – maintain vertical and 

horizontal separation 

Multi-aircraft display 

Clear communication between UAV 

controllers and mission controller 

Another aircraft coming into 

operating area 

Spotter 

Flight Radar App 

ADS-B / VHF monitoring 

Organisers Control environment 

Clear communication 

Operating more than 3 nautical miles 

from airports 

Aircraft exits mission boundary Geofence (3D) 

Aircraft/System Failure See points above re system failures 

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 

Gazebo 

Manual Handling 
Proper lifting technique 

Awareness of pinch points 

Propellers 

Competent Operators/Airmanship  

Ground handling controls and 

procedures 

First aid trained crew members 

Isolation of power / arming switch 

Clear positive communication to pilot in 

command that UAV is disarmed 

Flight light status of armed/disarmed 

Slips, trips, falls Clear work area 

Impacting others' 

operations 
Communications interference 

Spectrum Management 

Awareness of other operations 

 

8.2 Assessment of risks associated with autonomously taking off and 

landing 
Landing and taking off are some of the more complex aspects of UAV operation and are usually 

performed under direct observation from the UAV controllers. Performing autonomous take-off and 

landings from the remote landing sites present unique risks that must be considered. 
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These are summarised below: 

Operating 

Hazards 
Cause/Risk Controls 

Crashing during 

Landing at Remote 

Landing Site 

(Injury to 

personnel) 

Terrain altitude not correctly 

determined 
LIDAR ranger 

GPS failure 
Continue with landing using dead-

reckoning 

Blown off course 
Observe reported location, and abort 

landing if being blown off course 

Personnel walk into field during 

landing 

Range safety coordinator advise UAV 

controller, and landing will be aborted 

Propeller Strike 

when Joe placing 

blood sample 

Approaches before disarmed 
Clear lights to indicate arming status 

(red = armed, green = disarmed) 

Propeller is still live when Joe 

approaches 

Disarming sets throttle to 0% so 

propeller can’t start 

Plane is lowered to ground so propeller 

is physically isolated 

Failed take-off at 

Remote Landing 

Site (injury to 

personnel) 

Personnel/obstacles in the way 
Support aircraft takes photo to confirm 

path is clear 

Undetected damage to aircraft during 

landing 

Observe for signs of damaged aircraft 

and have abort procedure ready 

Blood sample not secured 

Secure hatch used with switch to detect 

door is closed 

Joe should only press the button to 

confirm take-off once hatch is secured 

 Propeller damaged during landing 
Set throttle to 20% and monitor vibration 

before initiating take-off 

 

The retrieval aircraft will land on its belly with the undercarriage retracted. In this state the propeller 

is physically isolated to minimise the risk of Joe cutting himself when he places the blood sample in 

the aircraft. After Joe has placed the blood sample and pressed the arm button, the aircraft will raise 

itself on its undercarriage before taking off. 

During testing of remote autonomous landing usual safety procedures will be in place, including 

operating more than 30m away from people and populated areas, and maintaining constant Visual 

Line of Sight. 
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9 Risk Management 

9.1 Lightweight Foam Plane 
One of our teams main objectives is to complete the mission using small, light-weight foam electric 

UAVs. This greatly reduces the energy of impact in the event of a crash, and also presents a much 

lower risk regarding air to air interactions. 

9.2 System Failures 
The UAV is capable of dealing with a number of different types of system failures, including: 

 Loss of datalink 

 Loss of GPS 

 Loss of datalink and loss of GPS 

 Lock-up/failure of autopilot 

 Lock-up/failure of GCS 

 Loss of engine 

The State Machine diagram should also be referenced for more detail on this. 

9.2.1 Loss of datalink 

Loss of datalink is detected by the autopilot. If datalink loss is detected by either of the UAVs for 

more than 10s the UAV will be directed to its nearest communications hold waypoint, and then 

return back to base. Note that the communications hold way point will be changed as the UAV 

progresses through the mission to ensure it takes the shortest route back to base. 

If datalink is lost during the landing of the retrieval aircraft at the Remote Landing Site, then the UAV 

will abort the landing and return to the communications hold way point and return to base. 

9.2.2 Loss of GPS 

Loss of GPS is detected by the autopilot. If GPS loss is detected by either of the UAVs for more than 

3s the UAV will loiter in its current location for 30s, and then return back to base. Note the return 

waypoints will be changes as the UAV progresses through the mission to ensure it takes the shortest 

route back. 

9.2.3 Loss of GPS and loss of datalink 

If GPS and datalink and both lost then the UAV will initiate flight termination. 

9.2.4 Lock-up/failure autopilot 

Lock-up/failure of autopilot is detected by a loss of heartbeat signal to the failsafe hardware.  If lock-

up/failure of the autopilot is detected, flight termination will be initiated. 

9.2.5 Lock-up/failure of GCS 

Several ground control station laptops are used which are each capable of controlling both the 

support and retrieval aircraft. If the entire system locks up and none of the laptops are capable of 

controlling the UAV, then the radio modem will be disconnected thereby causing the loss of datalink 

mode to be entered by the autopilot. 



18 | P a g e  
 

9.2.6 Loss of engine 

Loss of engine power will be detected by monitoring the airspeed, altitude of the aircraft, and the 

current drawn from the batteries. If the aircraft is losing airspeed, dropping altitude and/or has an 

abnormal current draw this may indicate engine issues. In this case the mission will be aborted and 

the plane will be brought to land as quickly as safely possible by issuing a command from the ground 

station or taking over in manual control if possible. 

9.3 Lipo battery management 
Lipo batteries contain a flammable solvent. When the batteries are damaged, punctured and/or 

shorted they can cause fires. 

The team follows the following protocols to minimise these risks: 

 Aircrafts are powered with batteries rated for the expected discharge rates 

 Batteries are recharged using a battery charging system specifically designed to charge and 
balance lithium batteries, and at the designated charging rates 

 Battery charging is completed under direct supervision with fire suppression devices within 
easy access 

 Spare batteries are stored in containers designed to store lithium batteries 

 The foam design of the aircraft and battery mount protects the batteries in the event of a 
collision 

 Each battery is labelled with a unique number. If a fault or deterioration is detected, it will 
be noted and tested before use 

 When travelling with batteries they will be packed appropriately and the relevant dangerous 
goods regulations are complied with. Battery backs will be < 100 Wh to easy transport 
logistics 

 Damaged batteries will be disposed in the correct bins the local council has designated for 
lithium battery disposal 

9.4 Other Risks 

9.4.1 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. 

9.4.2 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. The Operations Manual also capture the policies that have 

been created and implemented by 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. 
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9.4.3 Pilot Proficiency / Airmanship 

Many of the team’s members have extensive flying experience. Two members of the team have 

gained the UAV Controllers Certificate qualification to further their skills in this area. To further 

maintain pilot proficiency, flight days are held at least once per week (weather permitting).  

The autonomous system shall be tested as much as possible to ensure a safe and reliable system has 

been developed and that all safety concerns are fixed. 

9.4.4 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. 

9.4.5 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. 

9.4.6 Development and Testing 

Many of the systems being developed are new and unproven, as such, they need to effectively 

tested at each development and with 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. 

9.4.7 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, a first aid kit on hand and considering 

the bush fire risk of the area of operation. 

9.4.8 Insurance 

Insurance is taken out with the local model aircraft club for test flights, and with the Outback 

Challenge organisers for the competition. 

9.4.9 Operating Multiple Aircraft 

Operating multiple UAVs presents additional complexity which will be managed the following ways: 

 The Mission Controller will have a ground control station laptop which displays both aircraft 
and their altitudes together 

 The two aircraft will have mission profiles with a vertical separation of at least 30m 

9.4.10 Local Regulations 

The team abides by all regulations set out by CASA for recreation operation of UAVs in CASR 101: 

 Fly 30m away from people and populated areas 

 Fly within constant visual line of sight (VLOS) 
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 Fly more than 3 nautical miles from an airport 

 Fly less than 400 feet AGL 

Note that during the competition the aircraft will be flying at 1500 feet AGL with the permission of 

CASA and the competition organisers. 

Spotters are used to assist maintaining constant visual line of sight in missions with longer distance, 

more interactions or a higher degree of complexity. 

9.4.11 Condition Monitoring 

Various aspects of the plane’s performance will be monitored during flight to pre-emptively detect 

potential damage or undesired performance, this includes: 

 Large vibration indicating damaged or unbalanced propeller 

 Flight battery voltage and current draw 

 Altitude and airspeed values 

 Ground station signal 

 GPS track 

 Stable turns 

 Stable autopilot system voltage indicating risk of brownouts 

 EKF status and compass strength 
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10 Flight test results and discussion 

10.1 Multi-point Communication Network 
A multi-point communications network was developed and tested in which two UAVs were 

controlled through one long range radio link. 

10.2 Imaging system 
An imaging system was developed and tested which allowed high-quality images to be captured 

from our support aircraft and then sent to the ground station through the multi-point 

communications network. 

10.3 Reverse thrust landing 
A system was developed that allowed the thrust to be reversed on the propulsion system. This was 

set to activate during landing and allowed much higher glide slopes to be achieved of -30 degrees. 

Many autonomous landings with reverse thrust have been tested and the aircraft can consistently 

land within 5m of the targeted location. 

This system has been the result of more than 9 months of development from one of our team 

members who has kindly let the team use for the competition. 

10.4 Take-off methods 
Several different methods of taking-off have been tested. The take-off method must: 

 Have steering control during ground run 

 Be capable of taking off from grassy or sandy terrain 

 Be capable of taking off in less than 15m 

 Have enough clearance for prop during take-off and landing 

 Not impact the endurance of the plane by adding too much weight or too much extra drag 

 Be as simple as possible 

The following table summarises the configurations tested and the results: 

Configuration Comments and Results 

A. Hercules belly-skid with twin tractor prop 
 

Twin-tractor props not efficient in cruise 
Belly-skid did not provide adequate clearance for 
props and resulted in many props breaking 

B. Gladiator belly-skid with single rear, pod 
mounted pusher 

Rear, pod-mounted pusher would cause rotating 
moment and meant take-offs from sand weren’t 
possible 

C. Spring activated ‘leap-frog’ system 
 

Torsion spring from bike rack used to rotate 
plane up and into the air. Significant additional 
complexity, added risk from stored spring 
energy, timing difficult for motor to activate 

D. Gladiator with 2 retractable wheels and 2 
forward-mounted puller props 

Twin-tractor props not efficient in cruise 

E. Grim reaper with large belly-skid/fuselage 
and single forward-mounted puller prop with 
rudder 

Large belly-skid/fuselage provided clearance 
from prop, but could not take off from sandy 
condition. 
Rudder allowed good steering control 
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F. Skywalker with wing-wires Wing-wires help plane level during take-off 
Fuselage protects prop from ground strike 
Blown rudder allows for good steering control 
Skywalker airframe not the most efficient design 

G. Gladiator take-off from rails Plane would prop itself up to +45 degree angle 
and take-off without any ground run 
Lack of control during initial take-off makes this 
method unreliable 

H. Grim reaper with deployable undercarriage, 
single forward-mounted puller prop, and 
rudder 

Efficient cruise (20m/s airspeed draws 15A) 
Very short ROG take-off from variety of terrain 
Good ground steering 
Very steep glide slope landing 
Aircraft lands with its undercarriage retracts and 
uses modified servoless retracts to raise itself up 
on the ground 

 

A significant amount of time has been spent developing and testing the retrieval aircraft. The Grim 

Reaper with deployable undercarriage and single puller prop (Option H) has proven to meet the 

requirements. 

10.5 Future testing 

10.5.1 Refining Retrieval Aircraft Landing 

Further testing will be performed with the retrieval aircraft to maximise the reliability of the take-off 

and landings. This includes using Lidar instead of Sonar to improve the flare distance. 

10.5.2 Endurance & speed 

Further testing will be performed to optimise the endurance, speed and take-off ability. This 

includes the following design aspects: motor and prop sizing, battery type and sizing, and optimising 

drag. Additional aircraft characteristics such as stall speed will also be tested further. 

10.5.3 Remote landing and take-off 

A remote landing and take-off will test our multi-point relay communications network, and our 

aircraft’s ability to land and take-off in a restricted area. This test will be performed to prove that our 

system is capable of completing the mission. 

10.5.4 Flight termination system 

Whilst he flight termination system is very similar to that used in the 2014 Outback Challenge, the 

flight termination system will tested in the current configurations in all possible scenarios to prove 

that it is working. 

10.5.5 Remote Joe Detection 

The imaging system will be continue to be tested and refined to ensure it can accurately detect Joe 

and suitable landing sites and give accurate geo-referenced locations.  
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11 Conclusion 
West Coast UAV has a robust system design and risk management strategy to ensure the safe and 

successful completion of the 2016 UAV Outback Challenge. 

Significant development of our various subsystems have been completed, and the results thus far 

have kept us on track. 

The remaining challenges for our team are: 

 Prove and refine retrieval aircraft (utilising Lidar rangefinder and higher-geared motors for 

the retractable undercarriage) 

 Finalise details of subsystems (ie status lights, stowage bay) 

 Conduct lots of testing in a variety to scenarios to identify and iron out all bugs 

The team aims to uphold the spirit of the competition by having fun, and are looking forward to 

meeting these challenges with hard work and a focus on safety. 

 


