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ABSTRACT 

 

A new spatial platform called a Unmanned Aerial Vehicle (UAV) have the potential 

to replace traditional mining techniques by producing high resolution 3D models 

autonomously over open pits, stockpiles, waste dumps and areas of interest, which has 

the additional bonus of being quicker, cheaper and safer.  

 

To test the accuracy of this platform a UAV developed by Rotomotion was tested at 

an open pit at St Ives Goldmine Kambalda where accuracies were derived from check 

points and comparisons to the current DEM produced over the open pit. 

 

The control precision and check point accuracy were found to be well within 0.5 m 

absolute error to mine datum (Mines survey ð code of practice: Safety and Health 

Division 2005). 

 

The DEM comparison between the current RTK GPS determined and the UAV-borne 

photogrammetry was found to have large differences because of their temporal and 

resolution differences; however, a volume difference between them was only 0.5 

percent difference.  

 

The UAV-borne photogrammetry also recorded a lower volume than previously 

determined indicating that the mining managers could have saved money from 

contracting expenses if they used this new system. 
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1 INTRODUCTION 

 

This Honours thesis will attempt to investigate and analyse the accuracy and 

effectiveness of Unmanned Aerial Vehicle (UAV) photogrammetry over an open pit 

mine. This chapter will introduce this new mine surveying method through three 

subjects:  

 

¶ the Spatial Information Difficulties in Mine Surveying,  

¶ a Literature Review of Unmanned Aerial Vehicles in the Spatial Science, and 

¶ the new Rotomotion UAV system.  

 

In the hope this will endeavour to demonstrate the usefulness and capability of UAVs 

to offer an alternative to the conventional mine mapping techniques. Then finally the 

aims of this research and the structure of the thesis will be presented. 

1.1 Spatial Information D ifficulties in Mine Surveying 

 

Gathering spatial information for open pit mining has been traditionally achieved by 

a base operator with a RTK GPS rover or a total station over small operations. Larger 

observations have been gathered through terrestrial photogrammetry or manned 

aerial photogrammetry. It is the surveyorôs duty is to gather this data on time and on 

budget, and needs to meet designated precisions. The equipment traditionally used 

for this task operates with good precision and accuracy. However, as open pit design 

gets larger, deeper and more complex delivering data on time, on budget and 

precision presents greater challenges. There are four reasons for this difficulty, they 

include: 

 

¶ ever improving technologies in earth moving equipment and increases in 

commodity prices means that open pit mines are designed to be larger and dug more 

rapidly than ever before, 

¶ the Australian surveying skill shortages on mine sites have significantly 

challenged effectiveness, 
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¶ data points along crest (edges of pits) and unstable ground have a safety 

issue, and   

¶ Current technology limitations: 

o Total Station - time consuming and field computation intensive  

o RTK GPS - time consuming and ambiguity prone near open pit walls 

o Terrestrial Photogrammetry - requires 4 to 5 vantage points to take 

photos ï these may be non-existent or even too dangerous to conduct  

o Aerial Photogrammetry - Costly and dangerous as low flying is 

required. 

 

These difficulties will eventually force surveyors to seek better alternatives for 

volume estimation. One mine site that may be compelled to seek a different approach 

is the St Ives Goldmine. To demonstrate the large spatial enormity of the St Ives 

Goldmine Kambalda two aerial photographs taken in 2006 and 2007 over an open pit 

operational area are shown in Figure 1.1 and Figure 1.2.  

 

 

 

Figure 1.1: Aerial Photograph of Mars Open Pit and Waste Dump and Revenge Open 

Pit and Waste Dump at St Ives Goldmine Kambalda 2006 (courtesy of at St Ives 

Goldmine Kambalda). Circled in red are areas of comparison to Figure 1.2 
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Figure 1.2: Aerial Photograph of Mars Open Pit and Waste Dump and Revenge Open 

Pit and Waste Dump at St Ives Goldmine Kambalda 2007 (courtesy of at St Ives 

Goldmine Kambalda). Circled in red are areas of significant change compared to 

Figure 1.1. 

 

Figure 1.1 and Figure 1.2 are not at the exact same scale or rotation but the circle 

areas show significant changes in the structure of the mine. The open pit mine circled 

in red would have been identified with RTK GPS over the many years of operation 

but over time it will degrade and benches will fail. So if this open pit was to be 

reopened a re-survey would need to take place to ensure safety and update the mine 

design. The other circled areas are waste dumps from the surrounding open pit 

mines. The change in their structure is indicated largely by the different soil color. A 

waste dump is all the waste material mined from the open pit that accumulates in a 

large mound on the side of a pit. Considering that a goldmine usually chases 2-3 

grams per ton, the waste dump mass is quite considerable. The rehabilitation of these 

waste dumps is an obligation that mining companies need to keep in order to 

satisfying the Environmental Protection Agency regulations in Australia. This 
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mapping would normally be contracted using a differential RTK GPS which is 

estimated to take typically a week individually over these waste dumps.  The current 

alternative method would be to use conventional manned aerial photography. The 

manned aircraft could meet a precision of 100mm and be less time consuming; 

however, generally this is a very expensive approach. Obviously, the problem of 

expense and time is not just restricted to waste dumps and open pits but also to other 

areas of the mine that require high precision and dense measurements are: 

¶ monthly tonnages (material moved),  

¶ as built design pickups, and 

¶ stockpiles (high or low grade ore stock piles ready for the mill or 

leaching plants)  

These difficulties need to be addressed if mines are to become larger and designed, 

constructed and managed more efficiently in the 21
st
 century.  

 

Another problem a mine surveyor faces is precision and accuracy. Authorised mine 

surveyors have a code of practice and they are obligated under law that if the 

standard precision is not achieved then the survey will need to be done again. In the 

code of practice for mine surveying states (Mines survey ð code of practice: Safety 

and Health Division 2005): 

 

ñ The standard of accuracy referred to and required in this code of practice in 

general, is 1 in 5000 or better. Control surveys should be to 1:5000 or to within 0.5 

m absolute error to mine datum.... It is the responsibility of the authorised mine 

surveyor to become conversant with the survey methods, which will achieve the 

standards of accuracy set out above. The choice of technique is a professional 

decision of the authorised mine surveyor, based on sound practice, and will be 

acceptable provided the methods employed comply with all existing legislation and 

the safe working practices of the mineò 

 

According to Mine survey code of practice (2005) UAV-borne photogrammetry can 

be used as long as the standard of accuracy is met, sound practice, comply with 

existing legislation, approved by an authorised surveyor and safe working practices 

are achieved. Accuracy is primarily required as a decision making tool for mine 
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management. Mine management needs volume information to ensure that the mine 

contractors, workers, engineers, geotechnical engineers and geologist are completing 

their set jobs and working in safe areas. For example if the mine engineers are 

designing a new pit alongside another pit or are stripping an existing pit they must 

ensure that there is adequate ground support between resulting voids. Accuracy 

becomes crucial in mine development.  

 

The problems mentioned above can be addressed by the new UAV-borne 

photogrammetry technology through high image resolution, large detail captures, and 

reduction in time and cost.The UAV-helicopter has been tried and tested for the last 

twenty years (shown in section 1.2) however it is only recently that it is becoming 

more viable and economical in the mining industry. Testing of the UAV capabilities 

in photogrammetry will help the spatial science field become more confident in its 

use for the mine industry.  

1.2 Literature review of Unmanned Aerial Vehicles photogrammetry  

 

This Section gives a brief review of Unmanned Aerial Vehicle (UAV) 

photogrammetry in spatial science. This will encompass the definitions, the early 

history, past projects, current projects and reference to a conference held in Sydney 

about UAV-borne photogrammetry. 

 

 The definition of the UAV encompasses a huge variety of robotic aircraft that vary 

in size, computerisation and levels of autonomy (Moore et al, 2003). Generally the 

name ñUnmanned Aerial Vehicleò covers all vehicles flying in the air with no person 

onboard with capability of controlling the aircraft (Eisenbeiss, 2004). The term 

Photogrammetry can be explained as ñthe process of deriving metric information 

about an object through measurements made on a photographs of the objectò 

(Mikhail et al., 2001). Economically, photogrammetry is particularly desirable for 

mine surveyors because large areas can be measured in detail with relatively little 

field time. 

 

The development of UAVs has been strongly motivated by military applications. 

After 1945 nations were looking for aerial vehicles, which had the capability for 
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surveillance, reconnaissance and penetration of hostile terrain without the 

deployment of human beings in areas of high risk (Eck, 2001). There are currently a 

large number of UAVs in development (Gibbs, 2007). The Global Hawk, produced 

by Ryan Aerospace in the USA is the largest and best known example of this 

development. It is intended for military surveillance and has been subject to large 

scale research and development effort by DSTO in Salisbury. Today UAVs in the 

military are used for  recognition, environmental observation, maritime surveillance 

and mine removal activities (Eisenbeiss, 2004). These capabilities can be used in the 

commercial sector however they have yet to be fully realized (Moore et al, 2003). 

The many UAV systems in development or operating worldwide are still considered 

too expensive for commercial operators. One of these is the Pioneer, a tactical UAV 

that would be an ideal platform for many commercial applications except for its hefty 

price tag of US$650,000 (Moore et al., 2003). The high cost of UAVs is largely due 

to having been developed to fulfil highly specialised military operations with 

stringent specifications. To become a viable option for commercial operators, the 

future development of UAVs needs to be focused on providing engineering solutions 

that minimise costs, whilst maintaining reasonable performance standards (Moore et 

al., 2003) 

 

Due to these high costs, people have investigated using model helicopters for 

photogrammetry surveys. In 1990,Wester-Ebbinghaus was the first to use a model 

helicopter for photogrammetric purposes (Eisenbeiss, 2004). The pilot controlled the 

take off, landing and flying (Eisenbeiss, 2004). The navigator had to control the 

altitude and to activate the camera shutter via radio link (Eisenbeiss, 2004). Other 

attempts were made also using this system, however, predicting the altitude and 

navigation proved difficult.  

 

In Australia, a mining firm began its UAV development program in 1997 as a design 

study to provide an UAV fixed-wing (aeroplane) platform to conduct airborne 

magnetometer-based mining exploration surveys (Williams and Harris, 2003). There 

was a preference towards a UAV system because typical mining exploration 

missions are flown at low altitude (generally below 400 feet above ground level) 

where the payload sensor provides optimal data resolution (Williams and Harris 
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2002). This low flight is quite dangerous for an unmanned aerial vehicle. Although 

this effort did not really take off in mine exploration the study showed that an UAV 

exercise can be undertaken out in the Australian Outback. 

 

A project called Pinchango Alto did the first photogrammetric flight over an ancient 

settlement in Peru using an UAV-mini-helicopter system, which is equipped with a 

GPS/INS-sensor and a stabilizer. According to Eisenbeiss (2004) the flight planning 

and measurements have demonstrated that this UAV-system offers great advantages 

in cultural heritage recording compared to the traditional methods.  

 

Fugro Systems in Canada have already begun commercial work using a UAV in 

mineral exploration. In 2004, a partnership was established between Fugro and the 

US-based Insitu group, where Fugro supplied experts in geophysical data acquisition 

and Insitu supplied UAV specialist. The resulting Georanger product carries a high-

resolution cesium vapour magnetometer, fluxgate magnetometer and data acquisition 

payload (Gibbs, 2007). The aircraft flew a series of small mineral survey grids in 

northern Quebec in early 2005, in a test to compare GeoRanger data with previously 

acquired data. GeoRanger is capable of autonomous return-to-base in the event of in-

flight difficulties or commercial problems (Gibbs, 2007). 

 

In Australia UAV projects that are operating include:  

¶ Aerosonde Corporation manufactured a UAV that was the first craft 

to fly across the Atlantic non-stop and completely under autonomous control 

in order to lift simple meteorological instruments into clouds unsuitable for 

passenger aircraft. Subsequent versions have been equipped with video 

systems, and are designed to fly offshore surveillance missions for Australian 

Customers (Gibbs, 2007).  

 

¶ BAE Systems Australia officially opened a UAV trials and test 

facility at the RAAF base in Sale, Victoria, in November 2006 (Gibbs, 2007). 

Also this year, 2007, Boeing Australia has established a UAV research 

facility at Kingaroy in central Queensland (Gibbs, 2007). 
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¶ KC Wong at the University of Sydney has been working with a team 

from Sonacorp to develop a research vehicle called the Twing TaiSitter. The 

group demonstrated a flight control algorithm that has the aircraft take off 

vertically, transmitting to conventional flight and then returning to the launch 

pad to land again on its tail (Gibbs, 2007). 

 

¶ Silvertone Electronics in Sydney recently introduced another UAV 

called the Flamingo (Gibbs, 2007).. It has a specified design for farm 

paddocks surveillance, and has flight duration of ten hours (Gibbs, 2007).   

 

These projects will have a positive impact on Australian UAV development and 

systems in the mine industry. The reasons for the current enthusiasm in UAV 

development in Australia is because UAVs offer a number of advantages over the 

conventional manned airborne systems. According to William Gibbs (2007), several 

aircraft may be operated by a single crew offering more efficient survey economics; 

The autonomous autopilot systems used in UAVs are capable of tracking a planned 

flight path with greater precision than in manned aircraft; which in turn delivers 

enhanced data quality. The UAVs small structure allows it to fly at low altitudes (e.g. 

400 feet) and capture photographs that have the possibility of generating precise 

geographic representations of the mining areas within the current 500 millimetre 

accuracy in mine development. 

 

A conference paper published at a Systems Engineering, Test & Evaluation 

Conference in Sydney, Australia (Williams and Harris, 2002) lists constraints and 

considerations that need to be applied to a UAV which can be helpful in deciding 

which path to follow in the field stage of the experiment. It also gives insight to what 

training and knowledge is required to operate a UAV in the mining industry. The 

paper suggests the dominant reason that the UAVs have not being successful 

commercially is because of their complexity (Williams and Harris, 2002). The text 

advises there are four constraints that need to be considered and planed when 

conducting a UAV flight over a mine site. These areas include: 

¶ navigation, 

¶ altitude, 
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¶ system failures, and 

¶ air space management 

 

When navigating the UAV in a flight safety and operability stand point it is 

necessary to know air vehicle position, altitude and head speed at all times. It is 

suggested that the ground base (flight control) have a GPS generated map view 

showing the location of the UAV at all times (Williams and Harris, 2002). This 

display should also locate the boundary which activates a failsafe if the UAV flys 

outside a particular area (Williams and Harris, 2002). The altitude of the UAV 

should take in consideration of obstacle avoidance, weather and change in terrain 

(Williams and Harris, 2002). The paper lists the several system failures that may 

occur during the flight; these include the communication uplink and down link, 

Engine, Flight control system, Servos, and the on board generator (Williams and 

Harris, 2002). These failures can be accommodated through system checks, having a 

secondary controller (manual operation) and using differential GPS for precise 

position. The final challenge is air space management which involves following the 

CASA regulations in flight (Williams and Harris, 2002). The paper presents the idea 

that it is not a simple matter to develop a totally autonomous UAV system without 

the ability to take active control to either manage traffic control or terminate flight. 

The paper suggests that if any person is to fly a UAV for commercial gain then that 

person needs to have an operating certificate (Williams and Harris, 2002). In 

conclusion the challenge to UAV today is large amounts of training required before it 

can be used safely, a cost viable for commercial interest, and a design that solves 

navigation, altitude, system failure, and airspace management. This has lead to a 

company named Rotomotion that has opted to meet these challenges with partnership 

with mining and photogrammetry businesses in Australia. 

 

1.3 The Rotomotion UAV system 

 

This Section will introduce and describe the Rotomotion UAV system that opted to 

solve the constraints mentioned in Section 1.2. This description will primarily focus 

on the Rotomotion SR20 VTOL UAV, which was used for the purposes of this 

Honours thesis. 
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In recent years UAV commercial systems in photogrammetry have really began to 

develop because of the low cost combined GPS, gyros and compact computers which 

are necessary to navigate a small (or model) helicopter with high precision 

(Eisenbeiss, 2004). With these new and cheaper systems a company named 

Rotomotion has developed an UAV-helicopter system that costs US$16,000.00 

(Rotomotion, 2007).  The majority of the cost associated with this product would be 

the specialized software design for the UAV-helicopter system. The Rotomotion 

price is a significant reduction compared with specialized military UAVs, meaning 

an option for commercial UAV-borne photogrammetry is now more viable.   

 

The new SR20 UAV electric helicopter can be simply described as a small model 

remote control helicopter with a GPS antenna, Gyro stabilizers and a mounted 

camera underneath. A simple diagram of this can be seen Figure 1.3. 

 

 

 

Figure 1.3: Simple diagram of the SR20 UAV electric helicopter (figure based on 

Eisenbeiss (2004)) 

 

There are five important components involved: 

¶ the GPS antenna giving position data,  

¶ the three on board Gyros giving stabilization data,  

¶ the Electric Compass giving bearing or direction,  

¶ the radio transmitter giving link to ground control,  
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¶ the on board computer processes and sends commands to the rotor and 

servos, and  

¶ the camera.  

 

The new Rotomotion SR20 VTOL UAV can be seen in Figure 1.4. This small 

electronic helicopter was tested in this Honours thesis investigation.  

 

 

 

Figure 1.4: The SR20 UAV electric helicopter with the Safety Controller and a 

laptop that can receive Telemetry data (courtesy of Adams Technology). 

 

The SR20 electric helicopter is 1.22 m in length, 0.39m in width, and 0.56m in 

height and weighs 7.5kg. It size and weight fit the specifications set by CASA as a 

small UAV, as will be explained further in Chapter 2. The main rotor is 1.750 m in 

diameter and the tail rotor is 0.255mm in diameter. This is a battery powered system 

with an energy capacity of 9AH or 16AH supplying a 1300W motor. The climb rate 

is estimated at 400fpm or 7.3 km/h and can reach a maximum speed of 60fps or 65.8 

km/h. It has an endurance of 12 to 24 minutes depending on battery configuration. 

The maximum payload that it can carry is 4.5kg. In Figure 1.3 shows the two radio 

connections to the UAV; a wireless radio connection to a laptop receives the 

Telemetry from a Line -of-Sight (LOS) range of 800m and a Safety Control or a 

remote control that has a 730m LOS range.  Although in theory the helicopter can 

keep lock to the wireless laptop at a distance of 800m interruptions in the linkage or 

computer malfunctions are known to happen. So as long as the UAV has a visual 
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range of 500m the safety controller can take control securely with little trouble. In 

Figure 1.5 shows in more detail the camera attached to the SR20 electric helicopter. 

 

 

 

Figure 1.5: The Cannon EOS-5D attached to the SR20 UAV electric helicopter used 

in this experiment (courtesy of Adam Technology). The camera has a hinge device 

that compensates for movements of the UAV allowing the camera to continually 

point towards gravity. 

 

The mounted frame and camera attached to the UAV adds 1.5kgs more weight to the 

helicopter and will reduce the speed and endurance of the helicopter, however only 

slightly. The digital camera is a Cannon EOS-5D with a 28mm focal length which 

can be purchased at any camera retail. The attachment from the base to the camera is 

two hinges that compensate for the abrupt small movements of the UAV, as the UAV 

would not provide a stable platform in the air. This compensation allows the camera 

to continually point towards gravity unless a large movement occurs, allowing a 

more reliable capture of area at their respected camera location and orientation. The 

camera does not have a Forward Motion Compensator (FMC) so the photographs 

will need to be taken when the UAV stops and hovers in one location; this will mean 

longer flight times for the project. The camera optical zoom will be fixed to take 
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pictures at the designated flying height. The shutter speed will be set to 1/250
th
 of a 

second to avoid blur; this mean that photographs will require to be taken between the 

hours between 10am and 3pm to maximize sunlight exposure. 

 

The Rotomotion software can import coordinates and an aerial image or map 

allowing the dictation of movements of the UAV. The system has a way point 

(coordinates, heading, altitude, speed and other way point attributes) route plan mode 

where the helicopter flies a preprogrammed series of points. In figure 1.6 can be seen 

some of the software that is provided with the UAV flight controls.  

 

 

 

Figure 1.6: Rotomotion software that is used to drive the UAV via laptop connected 

to a wireless router. The blue line indicates a waypoint route (drawn in) 

(Rotomotion: AFCS R3.4 Software Release). 

 

The software allows a preflight and real-time way point simulation to confirm that 

the UAV will, and has flown the designated flight plan, shown in Figure 1.6 (top 

right). This software also allows a video of the operating control display seen in 
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Figure 1.4 (top left).The video camera mounted on the UAV allows the laptop driver 

and safety controller to visualise the route the UAV is taking as if on board. This is 

very important if the UAV is in close proximity to another aircraft or must adjust to a 

drastic change in topography. Other important telemetry data sent to the operator 

continuously include: 

¶ Communication uplink and down link via safety controller and 

wireless router,  

¶ Level, 

¶ Speed, 

¶ Altitude, 

¶ Position (latitude and longitude) 

¶ Roll, pitch raw, 

¶ Engine power,  

¶ Flight control system,  

¶ Servos power,  

¶ the battery power 

¶ PDOP and VDOP of GPS, and 

¶ Number of Satellites  

This telemetry ensures that the operator is always in control of the UAV, allowing it 

to successfully manage the aircraft in flight, when landing, when taking off and when 

there is a communication or power failure. 

 

The SR20 UAV electric helicopter from Rotomotion offers an appropriate means to 

successfully complete a test UAV-borne photogrammetry survey over an open pit 

area.  

 

1.4 Aim of this Research 

 

The aim of this research is to test the new SR20 UAV electric helicopter System in 

carrying out autonomous aerial mapping over an open pit mine and to evaluate the 

accuracy of the system. This will be investigated in three chapters, these include the 
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Experimental Methodology and Procedure, Photogrammetric Analysis and a DEM 

Comparison of the UAV-borne photogrammetry.  

 

The Experiment Methodology and Procedure was conducted over St Ives Goldmine 

Revenge pit 40 kmôs south of Kalgoorlie. The aim of this was to: 

¶ choose a real mining scenario for the experiment, 

¶ conduct a safe UAV-borne photogrammetry survey within the 

guidelines set out by the Civil Aviation Authority, 

¶ plan and run an aerial photogrammetry flight design that will 

satisfactorily cover and generate a 3D object of Revenge pit, 

¶ design and build ground control and check points that can be used to 

convert image points to object points and used to independently check the 

accuracy of this conversion respectably, 

¶ examine the success of a UAV flight and suggest improvement to 

UAV-borne photogrammetry, and 

¶ examine the UAV-borne photogrammetry image quality and suggest 

improvements. 

The methodology of the UAV-borne photogrammetry flight research aims to 

understand the success and failures of conducting a UAV flight over one particular 

open pit. The aims mentioned in this paragraph will be covered in chapter 2 of this 

thesis. 

 

The next aim is to do a photogrammetry analysis of the image points and object 

points gathered from the UAV flight over the Revenge pit. The aims of the 

photogrammetry analysis will include, 

¶  a calculation of the precision that is expected with the UAV, 

¶ analyse the precision of the Image point precision, 

¶ analyse the control point precision, 

¶ find the accuracy of the UAV-borne photogrammetry from the 

checkpoints, and 

¶ to find the accuracy of using a 60 percent stereo-overlap compared to 

an 80 percent stereo-overlap. 
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The photogrammetry analyses aims to produce a precision and accuracy assessment 

of the UAV survey over the Revenge pit. The aims mentioned in this paragraph will 

be covered in chapter 3. 

 

The final aim is to do a DEM evaluation of the Revenge Pit. The evaluation will 

include 

¶ DEM detail comparison of the RTK GPS technique and the UAV-

borne photogrammetry technique, 

¶ DEM repeatability of the UAV-borne photogrammetry over the pit, 

¶ DEM differences found between the RTK GPS and UAV-borne 

photogrammetry technique over the pit between the two different techniques, 

and 

¶ a volume comparison between the RTK GPS and UAV-borne 

photogrammetry DEM 

This aim is to analyse the UAV-borne photogrammetry DEMôs repeatability, 

accuracy and precision in determining whether it is a viable tool for a mine surveyor, 

geologist or engineer. 

 

Ultimately, this project will serve the Spatial Science community in providing a new 

strategy in data acquisition in the mining industry, where other conventional 

surveying techniques proved to be too expensive or time consuming. 
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2 EXPERIMENT METHODOLOGY AND PROCEDURES 

 

This chapter will detail methodology and procedures which took place conducting 

the UAV-borne photogrammetry over at a St Ives Goldmine. This chapter will 

discuss the projects Test Area, Safety,  Neat Model,  Ground Control and Check 

Points, RTK GPS, flight times, Radio and Visual Range, Pit Imagery and Quality, 

and UAV Autonomous Precision . 

 

2.1  Test Area 

 

The first step was to decide which area of the mine would best suite the test flight. 

Revenge Open Pits at St Ives Goldmine Kambalda were chosen because of the 

following reasons: 

¶ being away from mining activity, 

¶ have previously been mapped by RTK GPS,  

¶ have a recent conventional aerial photo of the area; 

¶ the open pit mine has variable and steep structures, and  

¶ permission was given by the chief surveyor of St Ives Goldmine 

A diagram of the pit can be seen in Figure 2.1. This diagram is not a contour map, 

rather a string file created directly from a RTK GPS pickup. Pickup describes the 

surveyorôs discretion in mapping points around an object; usually points are 

separated by 10-30 metres depending on the level of change in the object. The zig 

zags represent large flat surfaces. The terrain is very variable and undulating which 

offers a good insight to the capacity of the UAV-borne photogrammetry. West 

Revenge in particularly variable with a pillar like structure inside the open pit gives 

the Pit narrow corridors inside. Ideally this project aimed to survey all pits, however 

in the three days spent in data collection only West Revenge and a Section of Central 

Revenge were photographed.   

 

The pits will be used as a comparison with the UAV-borne photogrammetry however 

as it will be discovered in chapter 3 the pits will be significantly different. This is 
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because the RTK pickup of the pit was done over seven months prior to the UAV-

borne photogrammetry over its two year operation. 

 

 

 

Figure 2.1: Revenge Pit: the area that will be tested using the UAV-borne 

photogrammetry, where top left image is a side view, the bottom left is an isometric 

view and the right image is a birdôs eye view of the pit. (Source:  Courtesy of St Ives 

Goldmine Kambalda 2007) 

 

2.2  Safety  

 

The next stage of this project was to examining the safety procedure and regulations 

on UAV flight in Australia. This was particularly important in convincing St Ives 

Goldmine management that a UAV flight was safe. The UAV has the potential to be 

very dangerous as it weighs 9kgs for the reason that falling from the air or running 

into air traffic could be potentially fatal. This Section provides a brief overview of 

the limitations and regulations of UAV flight as set out by the Civil Aviation Safety 

Authority (CASA) and a brief overview of safety procedures that was undertaken at 

St Ives Goldmine. 

 


