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ABSTRACT 
 
On 29 April 2010, a major rockslide occurred within a 55 m high, geologically complex road cutting 
adjacent to Obi Obi Road at Kidaman Creek, QLD (Lat. -26.6171°, Long. 152.7605°).  Following the 
rockslide, the Department of Transport and Main Roads (DTMR) commissioned 
Golder Associates Pty Ltd (Golder) to undertake geotechnical remedial options assessment and 
design, and Designer’s site inspections to confirm design intent during construction.  The remedial 
design involved re-cutting the batter slope behind the unstable slipped material to a height of more 
than 75 m, at an overall angle of approximately 34°.  Ground stabilization elements constructed 
included passive dowels, soil nails, drain holes, reinforced shotcrete, erosion control matting and re-
vegetation.  Following construction, Golder undertook an aerial photogrammetric survey of the as-
constructed works using the 3DM Analyst digital photogrammetry system.  Conventional laser survey 
techniques were utilised during construction by DTMR and the photogrammetric mapping was seen as 
providing several additional benefits.  These included a very detailed topographic profile of the slope, 
a georeferenced 3D photographic record, an ortho-rectified photo mosaic, and the ability to undertake 
retrospective mapping in the future without the need to re-visit the site.  The aerial photography was 
undertaken using a portable Unmanned Aerial Vehicle (UAV), which provided benefits in cost, safety 
and logistics as compared with using a conventional helicopter.  Digital photogrammetry is a versatile 
tool, with applications including geological and geotechnical mapping, landslide mapping and 
movement monitoring, as-constructed survey, and layer thickness/volume measurement. 
 
Keywords: photogrammetry, rockslide, civil geotechnical works, as-constructed survey, Unmanned 
Aerial Vehicle 
 
 
1 INTRODUCTION 
 
This paper describes how state-of-the-art digital photogrammetric mapping techniques were used to 
undertake an as-constructed survey of the geotechnical works completed for the Obi Obi Road 
rockslide remediation project, in Queensland, Australia.  The primary objectives of the survey were to 
capture a detailed topographic profile of the slope, mapping of the as-constructed geotechnical works, 
production of a georeferenced 3D photographic record of the completed works, and to provide the 
ability to undertake retrospective mapping in the future, if required, without the need to re-visit the site. 
 
Also briefly discussed in this paper are the wide variety of other applications of digital photogrammetric 
mapping in the civil construction industry. 
 
2 BACKGROUND 
 
The Obi Obi Road site is located in the hinterland of the Sunshine Coast, approximately 100 km north 
of Brisbane (see Figure 1a).  Geologically, the cutting is situated within the Devonian-Carboniferous 
Amamoor Beds, and is close to contacts with the Late Triassic North Arm Volcanics to the north, and 
an unnamed Triassic granodiorite intrusion to the east. 
 
The excavation undertaken for the cut-back of the slope exposed geologically complex conditions, 
with the moderately foliated meta-siltstone country rock being dissected by numerous narrow faults 
and shear zones, and intruded by at least two generations of igneous dykes.  The rock mass exposed 
in some areas of the cut exhibited dilated joints and foliation planes. At the southern end of the cut a 
zone of apparent scree material was exposed that was interpreted as a palaeo-landslide. 
 

ANZ 2012 Conference Proceedings 505

mailto:imauthor@esu.edu


The failure occurred at the site of an abandoned borrow pit that was formerly operated by the local 
council.  Anecdotal evidence suggests that the borrow pit had a history of instability, which eventually 
lead to its closure.  Progressive deterioration of the slope continued to occur, which eventually 
culminated in the sudden large-scale failure of the central portion of the slope on 29 April 2010.  The 
failure resulted in the burial of an approximately 70 m long section of Obi Obi Road by the landslide 
debris (see Figure 1b).  The design and construction of the slope remediation works took place over 
the ensuing fourteen months, with the road eventually being re-opened to the public on 1 July 2011. 
                   

 

Figure 1a. - Locality Plan Figure 1b – Oblique Aerial View of Failure 
 
3 DIGITAL PHOTOGRAMMETRY AND 3DM ANALYST 
 
Digital photogrammetry uses digital photographs of a scene captured from two or more different 
locations to create one or more "stereo pairs". Once the positions and orientations of the camera are 
known, the 3D location of any point in the scene can be determined by locating that point in both 
images. By automatically locating common points in both images, the digital photogrammetric system 
is able to calculate the camera positions and orientations and develop a Digital Terrain Model (DTM) 
of the scene. 
 
The 3DM Analyst software (by ADAM Technology) is a stand-alone, rapid data extraction 
photogrammetric system that uses digital photographs or scanned images to produce high resolution 
georeferenced DTMs.  Aerial or terrestrial photography with off-the-shelf digital cameras may be used, 
giving considerable flexibility in the camera locations and configurations.  Features such as natural 
slopes, excavated slopes, man-made structures and many others may be modelled using this system.  
The software includes a range of tools for extraction of different types of 3D data, including 
topographic, spatial, geological and geotechnical data. 
 
The DTMs produced are accurately rendered with the same high resolution digital images that were 
used to produce them, so that the visual and topographic information are integrated into a single 3D 
model.  These can then be used to interactively map features of interest directly into their real world 
locations and are also an excellent visualization tool. 
 
4 FIELDWORK 
 
Prior to undertaking the photography for photogrammetry, careful planning is required to ensure that 
the data collected meets the stated requirements of the project, and that the data collection process is 
as efficient as possible.  The planning and preparations undertaken for the aerial photography at 
Obi Obi Road are discussed below. 
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4.1 Definition of Accuracy Requirements 
 
Definition of the required accuracy is critical in the planning of fieldwork for photogrammetry, as it 
strongly influences the approach taken.  There are three main factors that determine the accuracy of 
the data obtained, including: 
 

1. The ‘ground pixel size’ is the area on the ground covered by one pixel in the image.  This is 
determined by the focal length of the lens used, the resolution of the camera’s image sensor, 
and the distance of the camera from the subject feature; 

2. The ‘base-to-distance’ ratio is the ratio of the distance between consecutive camera station 
locations (the base) to the distance from the camera stations to the subject feature; and 

3. The accuracy of the registration of the 3D data into the project coordinate system (i.e. the 
georeferencing accuracy).  This depends mainly on the geometry and accuracy of the 
surveyed ground control data. 

 
The targeted level of accuracy for the Obi Obi Rd survey was agreed with DTMR to be ±100 mm.    
The planning of the fieldwork for Obi Obi Road took account of each of the above three factors, as 
discussed below. 
 
4.2 Aerial Photography 
 
A specialized aerial photography contractor was engaged by Golder to obtain the required digital 
photographs of the site.  The photography was undertaken on 10 June 2011 using an Unmanned 
Aerial Vehicle (UAV), shown in Figure 2 below.  Use of the UAV provided benefits in cost, safety and 
logistics as compared with using a conventional helicopter. 
 

 
 

Figure 2 – Unmanned Aerial Vehicle (UAV) with digital SLR camera mounted underneath. 
 
Based on the agreed accuracy requirement of ±100 mm, the photography was planned using the 
‘Object Distance’ spreadsheet, which is provided with the 3DM Analyst software.  This spreadsheet 
allows the user to rapidly calculate a range of key parameters based on known or assumed 
requirements and constraints.  For example, given the targeted minimum accuracy and practical range 
of flying heights, the spreadsheet can be used to calculate the required camera lens focal length and 
the optimal distance between camera stations.  The parameters obtained from this spreadsheet were 
then used for flight planning and pre-programming of the UAV (i.e. altitude, flight path, ground speed, 
and frames-per-minute).  Once programmed, the UAV was able to fly and undertake the photography 
fully autonomously. 
 
A Sony DSLR-A900 camera with a 50 mm prime lens was used for the photography of the Ob Obi 
Road site.  The flying height above the slope ranged from about 60 m over the highest point on the 
slope crest to about 130 m above the toe.  Based on this configuration, the calculated model accuracy 
(before considering the ground control survey accuracy and other factors) was between ±15 mm and 
±30 mm. 
 

4.3 Ground Control Survey 
 

An array of ten ground control targets were established on the site at strategic locations designed to 
provide an even 3D spread across the scene being modelled.  The locations of the targets were then 
surveyed by DTMR and the coordinates were provided to Golder for input at the processing stage. 
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5 DATA PROCESSING 
 
The aerial photographs obtained were used in combination with the ground control survey data 
provided by DTMR to generate a series of detailed DTMs covering the area of the slope works.  These 
were then used to undertake photogrammetric mapping of the as-constructed works by interactively 
digitizing the locations of the features onto the DTM.  The slope works covered by the DTMs included: 
 

 The cut batters and benches from the slope crest down to road level 

 The southern gully fill area 

 Constructed drainage channels on the slope above the road 

 The outline of shotcrete areas 
 

6 RESULTS 
 
The results of the photogrammetric mapping are presented in Figures 3 and 4. 
 

 
Figure 3. Plan showing results of aerial photogrammetric survey, including topographic contours, 
slope break-lines, drainage channel alignments and shotcrete outline. 
 

 
Figure 4. Plan showing ortho-rectified aerial photograph mosaic with survey results overlaid. 
 
 
The digital data produced from the survey and provided to DTMR included: 

 

 High resolution aerial photographic images covering the site (JPEG format) 

 A high resolution georeferenced DTM covering the area of the slope works (DXF format) 

 Topographic contours at 1 m intervals, 3D batter toe and crest lines, and the 3D outline of all 
shotcreted areas (DWG format) and 

 A set of 3D images of the site, which could be viewed and rotated using the free ‘3DM Viewer’ 
software for 3DM Analyst files. 

 

Figure 5 shows an oblique view of the final DTM produced, rendered with the aerial photography. 
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Figure 5 – Oblique 3D view of the photo-rendered DTM from the photogrammetric survey 

 

6.1 Comparison with Conventional Survey Results 
 
A comparison was made between the results of the photogrammetric survey and the laser survey data 
provided by DTMR for the upper part of the works.  There were two marked differences between the 
two surveys that made a direct comparison difficult however, including: 
 

 The DTMR laser survey was undertaken during construction by a registered surveyor using a 
total station instrument.  It was of the final excavation surface prior to the application of slope 
protection works (i.e. shotcrete, erosion matting, and revegetation).  The photogrammetric 
survey on the other hand was undertaken after the slope protection works were complete; 

 The laser survey was a topographic survey based on measurement of spot heights along 
slope break lines and selected intermediate locations and therefore gave a relatively low 
density of measurements.  The DTM produced from the laser survey was based on straight-
line extrapolation between the relatively widely spaced data points.  The photogrammetric 
survey on the other hand produced a measurement on the slope at an average spacing of 
100 mm.  This gave a higher density of data and consequently a more detailed and accurate 
DTM. 

 
Figure 6 shows a colorized contour map of the perpendicular distance between the two DTMs.  It can 
be seen that along the benches, where the majority of the spot heights from the laser survey were 
located, the differences between the two DTMs are smallest (generally less than 100 to 200mm). In 
these areas, the differences can be largely attributed to the thickness of the shotcrete, which had a 
design thickness of 100 mm.  In many areas of the batter faces however, greater differences between 
the two DTMs are observed (often 300 to 400 mm).  Although these can be partly attributed to 
variations in the shotcrete thickness, they also reflect local undulations in the excavation face that 
could not be delineated by the laser survey between measured spot height locations. 
 

 
 
 
Figure 6 – Comparison of conventional laser survey DTM (after excavation) with photogrammetric 
survey DTM (after shotcrete application), showing the difference between the two DTMs in metres. 
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This type of comparison of ‘before and after’ DTMs can be used for detailed mapping of the thickness 
of a layer of interest (e.g. shotcrete or fill layers) or for measuring the volume of an excavation or 
stockpile, provided that both the before and after DTMs are of a sufficient and similar point density.  
This can be achieved with before and after photogrammetric surveys. 
 
7 OTHER APPLICATIONS IN CIVIL CONSTRUCTION PROJECTS 
 
In the mining industry, the use of digital photogrammetry for mapping and survey applications is 
already a well established and common practice.  It is routinely applied for a wide range of 
applications, including geotechnical and geological mapping, pit topographic survey, underground face 
mapping, and volume measurement of stockpiles and excavations. 
 
In the civil construction industry however, the use of photogrammetry to date has been more limited.  
In our experience, this has been largely due to a lack of exposure of this technology in this industry.  
There is substantial scope to increase the use of this innovative tool for civil projects.  Applications 
could include: 
 

 Geotechnical mapping of rock defects, landslides and other features of interest 

 Geological mapping 

 Remote mapping of inaccessible and unsafe areas 

 Topographic and as-constructed survey 

 Ortho-photo mosaics for use as base maps 

 Excavation and stockpile volume measurement 

 Shotcrete thickness mapping by comparison of before and after DTMs 
 
In particular, its use in remote geotechnical mapping of landslides such as the one at Obi Obi Road, 
during the early site investigation stages, could reduce the risks to personnel safety associated with 
methods such as rope access, increase the coverage and detail of the geotechnical mapping 
undertaken, provide topographic data for use in analyses and design, and provide savings in cost and 
time as compared with conventional geotechnical mapping methods.  The increased quality and 
coverage of geotechnical information obtained using photogrammetric mapping could in many 
instances also result in a more refined and cost effective design, saving on construction costs. 
 
8 CONCLUSION 
 
The photogrammetric survey of the as-constructed geotechnical works at the Obi Obi Road rockslide 
remediation site provided a number of benefits to the project, as compared to the conventiona l laser-
based survey.  These included a much more detailed topographic profile record, a georeferenced 3D 
photographic record of the works, and the ability to undertake retrospective mapping in the future 
without the need to re-visit the site 
 
Comparison of the photogrammetric survey results with the DTMR laser survey confirmed a good 
overall match between the two independent data sets.  However, due to the much higher density of 
measurements produced from the photogrammetric survey, and the different timing of the two 
surveys, there were marked differences between them in areas where local undulations in the 
excavation profile could not be picked up in detail by the laser survey. 
 
Digital photogrammetry is a highly adaptable and versatile tool, with potential applications in 
geotechnical investigation and the civil construction industry. 
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