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EDITORIAL DURK HAARSMA, PUBLISHING DIRECTOR

 Durk Haarsma, publishing director
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Unmanned aerial systems (UASs) have 

been named a ‘disruptive technology’ many 

times. I recall that last year I mentioned in 

this very column, in the second edition of 

the GIM International UAS Special, that after 

being so disruptive – or, to phrase it more 

positively, ‘groundbreaking’ – in the early 

years, techniques using unmanned aerial 

systems for surveying, mapping and modelling 

were maturing in an unprecedented way. All 

major producers of surveying hardware have 

since incorporated or developed a UAS for 

themselves, and nowadays the presentation of 

a new UAS at an exhibition turns less heads 

on the show fl oor. Today, questions are being 

asked about the possibilities and clients are 

already raising their demands: bigger payload, 

longer time-of-fl ight, etc., etc. These are all 

signs of a more mature technology: the client is 

now expecting the new product to deliver! 

UASs started out as a disruptive technology, 

and to be honest the technology often remains 

disruptive to this day; it is turning business 

models and the daily work routine at surveying 

companies (large and small) upside down, and 

opening up opportunities – both in terms of 

the amount of work that can be done and the 

areas that can be surveyed with UASs, and in 

terms of data integration. Another reason that 

UASs are changing the face of the business is 

because the technique is democratic. I have 

witnessed engineers assembling UASs in the 

basements of their homes, in university labs 

and in multimillion-dollar facilities in some of 

the world’s most expensive business districts. 

As a result, there is a system for every size of 

wallet, there is plenty of choice for established 

companies and start-ups alike, and there are 

lots of new opportunities for both producers 

of UASs (the barriers to market entry are low) 

and professional users (surveying is suddenly 

becoming feasible for a wider audience). 

Democratically disruptive…

This is the third issue of the GIM International 
UAS Special, and it contains articles dedicated 

to the practical applications of UASs. For 

example, this edition carries a feature on the 

3D reconstruction project of the Christ the 

Redeemer statue in Rio de Janeiro, written by 

Lisa Chen and Sonja Betschart of Pix4D and 

April Blaylock of Aeryon Labs (see page 10). 

The article on UAVs in the Mining Industry 

– Survey of an Ore and Copper Mine by 

Robert Lautenschlager and Friederike Nielsen 

(on page 29) focuses on the generation of 

high-resolution aerial imagery for mining 

applications. And for a further practical 

perspective, we have a feature on how UAVs 

Revolutionise Land Administration by Kathrine 

Kelm, senior land administrator specialist  at 

the World Bank (on page 18).

The democratic content of the UAS world can 

also be seen at our comparison website, 

www.geo-matching.com. There you will fi nd 

almost 30 producers offering close to 40 

systems for 3D mapping and modelling – 

plenty to browse through, compare and ask the 

supplier(s) of your choice for more information 

or a quotation. Both with this special edition of 

GIM International and with Geo-matching.com, 

the editorial team at Geomares are doing their 

utmost to keep you up to date on every aspect 

of this democratically disruptive technology. 

I hope you will reap the benefi ts!
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Although new UAV companies are taking off all the time, Ascending Technologies has been part 
of the geomatics world for several years and has already become a familiar face in the industry.  
In 2009 its renowned AscTec Falcon 8 went into serial production, setting a new standard for 
professional aerial imaging in the areas of aerial photography, industrial inspections and of course 
surveying. At GIM International we considered our 3rd UAS Special the ideal occasion to talk to 
Jan Stumpf, one of the founders of the German technology start-up.

Mr Stumpf, on your website your company is 
described as a leading developer of UASs for 
professional, civil and research use. Could 
you tell me about the history of Ascending 
Technologies?
With the innovation and development of 

one of the first quadcopters, we laid the 

foundations for the international multi-

rotor hype in 2002. Since then we have 

been constantly improving and sustainably 

pushing the technology forward as pioneers 

of sensory data processing and flight 

attitude control. Ascending Technologies 

was founded by Michael Achtelik,  

Klaus-Michael Doth, Daniel Gurdan and  

me in 2007.

Today we are among the leading developers 

in the micro-UAS research sector. Many 

technical universities working on flying 

robots are using our research platforms. 

Moreover, we are leading in the industrial 

inspection field, which is surely the most 

demanding UAS market. For instance, there 

is Cyberhawk which provides drone-based 

industry inspection and surveying services 

and Sky-Futures which is specialised in oil 

and gas inspections – that, by the way, was 

one of the first companies awarded Section 

333 exemption permitting the drone oil 

and gas inspection in the USA. There is 

also Research Group, an international pilot 

training organisation. They all rely on the 

AscTec Falcon 8 in their daily business due 

to its unmatched flight performance.

Bringing a New Level 
of Intelligence to UAVs

GIM InTernATIonAl InTervIewS JAn STUMpf, Ceo, ASCendInG TeChnoloGIeS
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safety level is dramatically increased. It 

stabilises the AscTec Falcon 8 and, if it is 

possible to stay airborne, the AscTec Trinity 

will keep it in the air. The flight behaviour 

is perfectly predictable and will convince 

any professional user with its exceptional 

precision, robustness and area output. 

Above all, the AscTec Falcon 8 is now able 

to perform auto-shots while flying high-

speed optimised trajectory flights. So you 

can survey extremely efficiently: 35 hectares 

within 12 minutes, for example.

Besides in geomatics, UASs are used in many 
other sectors too. Can you give us some 
examples?
Two of our customers have been awarded 

a major three-year contract which covers 

the drone-based inspection of the complete 

British railway infrastructure owned by 

Network Rail, including railways, overhead 

line equipment, buildings, viaducts, 

subways, bridges, tunnels, level crossings, 

land, embankments, dams and retaining 

walls. In numerical terms: think of 18 

railways stations, with over 20,000 miles 

of track and 40,000 bridges and tunnels. 

It’s the first framework contract of that 

dimension in the transport sector and 

will entail thermal and visual inspection 

flights as well as surveying. Further notable 

projects involving the AscTec Falcon 8 

include: parbuckling of the Costa Concordia 

by Cyberhawk, emergency bridge inspection 

and documentation from collapse to 

decommissioning by Orbiton, topography 

of two castles by Guido Morgenthal 

Technologien im Bauwesen (GMTIB) 

for Messbildstelle, which is the German 

organisation for photogrammetry and 

architectural survey. 

legislation and policymaking is lagging  
way behind the technology, which is 
hindering the wider implementation  
of UASs. do you see any improvements 
regarding this situation?
Of course the heterogeneity of global 

regulations makes it hard for our 

international customers to use the AscTec 

Falcon 8 universally; homogenised 

regulations would make life easier for them. 

Proposed operating limitations in the new 

FAA framework of regulations are very 

similar to the German regulations, and that’s 

an important signal. We are committed 

to sustainable regulations. Ultimately, no 

industry and no country will be willing to 

abstain from the savings potential and 

opportunities of civil drone use. Just think of 

the end-user advancements thanks to safer 

how would you describe your connection 
with the geomatics industry?
With our new autopilot solution, the AscTec 

Trinity, we are closing the gap between 

fixed-wing and multi-rotor systems. It 

makes the AscTec Falcon 8 the safest and 

most efficient vertical take-off and landing 

(VTOL) aircraft. Research projects like the 

ZukunftBau have shown its advantages 

compared to conventional methods and 

even to other unmanned aircraft systems. 

Selected and certified retailers like Positions 

Partners, Santiago & Cintra, RedChina 

Geosystems and Drei Söhne Technologies  

all serve the international geomarkets.

Can you give us an insight into the latest 
developments in terms of the various 
geomatics applications for UASs?
We are convinced that our AscTec Trinity 

autopilot is the game changer, which the 

geoindustry and other sectors have been 

waiting for – and customers’ reactions 

attest to that. It is the first fully adaptive 

control unit with a triple-redundant IMU 

for multi-rotor flight systems. Thus the 

 An AscTec Falcon 8 surveying the leaning tower of Bad Frankenhausen, Thuringia, Germany.

By Wim van Wegen, Editorial managEr, gim intErnational 

UlTIMATely, no IndUSTry And no CoUnTry wIll  
Be wIllInG To ABSTAIn froM The SAvInGS poTenTIAl 
And opporTUnITIeS of CIvIl drone USe
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assets and buildings, better infrastructure 

– plus more affordable due to reproducible 

automated UAS inspections – and maybe 

greater punctuality in rail travel.

In January 2015 your company signed an 
agreement with Intel to collaborate on 
developing collision avoidance technology 
and algorithms. what do you hope to  
achieve with this agreement?
Intel’s RealSense camera module, which 

weighs as little as 8 grams and is less 

than 4mm thick, brings depth perception 

to drones both indoors and outdoors with 

minimal impact on payload and flight 

times. Ascending Technologies’ expertise 

with autopilots, inertial sensors and data 

fusion algorithms combined with Intel’s 

RealSense camera module will bring a new 

level of intelligence and self-awareness 

to the drones. We will use the obstacle-

avoidance technology developed jointly 

with Intel to add a new level of safety to 

our future products. The collaboration is a 

great opportunity for us to continue creating 

highly developed aircraft solutions. 

Ascending Technologies is a manufacturer  
of UAvs, but what about the payload and  
the software?
We have developed a so-called inspection 

payload, a double camera combination, 

which enables synchronous production of 

RGB stills and georeferenced 14-bit RAW 

thermal images. Of course the cameras 

are of the most excellent brands, merely 

modified and optimised for that purpose. 

But just imagine: that payload reduces the 

customer’s inspection time exposure by 

half. We provide software solutions like our 

flight planning software AscTec Navigator 

and diverse pre-programmed automatic 

functions. 

There has recently been some discussion  
of whether the geomatics sector needs  
a metric camera for UAvs. what is your 
opinion?
One of the most underestimated advantages 

of our AscTec Falcon 8 system is the 

payload-to-weight ratio and the small 

take-off weight of only 2.2kg. It’s incredibly 

easy to handle such a small platform 

compared to bigger systems, especially in 

everyday work. I am saying this because it 

means we would only use a metric camera 

system if it stays in a similar weight range 

as the current high-end, non-metric cameras 

(0.5–1kg).

The rise of UASs in the geomatics industry 
seems to be unstoppable. In view of the fact 
that UAvs were not originally developed for 
surveying and mapping applications, there 
must still be room for improvement.  
what is your view on this?
We have already optimised our UAVs for 

geomatic applications in recent years and 

can offer a fully featured package for drone 

professionals, but of course there is always 

room for improvement. A new function 

that is coming soon is Quick Survey. It will 

enable you to leave your laptop in the office; 

simply enter your required parameters (GSD, 

etc.) on the spot using our mobile ground 

station. The flight pattern and altitude are 

automatically optimised and defined by your 

settings. Position the AscTec Falcon 8 in 

one of the corners of the area, click  

on ‘Start’ and watch the automated 

waypoint flight. 

how would you describe the UAv market, 
which is still seeing new companies 
emerging all the time? what do you foresee 
in the long term?
I think Ascending Technologies leads the 

research sector and is involved in numerous 

promising research and development 

projects. Don’t forget that the UAV market 

still has uge potential: from precision 

farming to industrial production support, 

and from intelligent drone swarms to flying 

information networks in crisis regions. Not 

every service provider and developer will 

survive the high speed of development. 

Consolidation, smart positioning and 

ensuring product quality prior to 

announcements will be the keys to success. 

Intergeo 2015, the world’s largest  
geomatics event, will focus on modernising 
infrastructure. which role do you see for 
UASs in tackling this challenge?
Previous Intergeo exhibitions have been 

very successful for us due to a thoughtful 

concept, so of course we will be present 

in Stuttgart this September. Modernising 

infrastructure is indeed an area in which 

UAS technology can contribute so much. 

There is no better basis for sustainable 

infrastructure development than in-depth 

structural analysis. With the AscTec Falcon 8 

including AscTec Trinity, users are able 

perform precisely reproducible trajectory 

flights for inspection and survey. Now 

imagine a combination with obstacle 

avoidance and automatic flights, even 

in GPS-denied environments. That’s our 

contribution to modernising infrastructure. 

Jan Stumpf
Jan Stumpf is ceo of ascending technologies. He studied electrical engineering at the technical University of 
Munich, Germany. He did his master’s thesis at the Massachusetts institute of technology (Mit), USa, on the 
underwater drone, ‘aMoUr’. prior to ascending technologies, he was leader of the SSeti Group (tU Munich) for 
eSa european Student Moon orbiter and leader of the e-laB tU Munich of the Students council. Stumpf holds a 
pilot’s licence for eaSa pppl and is a consultant on UaV regulation and danger assessment (UaV DacH & eaSa).

 jan.stumpf@asctec.de
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The famous statue of Christ the Redeemer in Rio de Janeiro has been reconstructed in 3D using a UAV. 
Challenging weather conditions and the sheer size of the monument meant that careful planning was 
required to complete the project and maintain safety. Thousands of pictures were captured around the 
statue and processed to create a large and accurate point cloud and a textured mesh.

Fascinating images of the statue of Christ 

the Redeemer in Rio de Janeiro, Brazil, were 

seen around the world during last year’s 

FIFA World Cup. The famous statue is not 

only an icon of the city, but is also a marvel 

of engineering. The monument has a total 

height of 38 metres and a 28-metre arm span 

(Figure 1). Built from reinforced concrete 

and covered with triangular soapstone tiles, 

it looks over the city from the top of the 

700-metre-high Corcovado Mountain. The 

statue was designed by French sculptor 

Paul Landowski and built by the Brazilian 

engineer Heitor da Silva Costa between 

1922 and 1931. There were no accurate 3D 

models of the statue up until now as its size, 

location and challenging weather conditions 

obstructed the use of existing technology 

such as Lidar. In October 2014, however, the 

statue was successfully captured using a UAV 

in the project called ‘Projeto Redentor’.

WeatHer
The UAV was to be deployed in challenging 

weather conditions on the top of the 

Corcovado Mountain. In October, the average 

wind speed is 30 km/h which is high, but still 

below the 50 km/h wind speed that the UAV 

can sustain. However, wind that hits the peak 

creates a higher pressure on the wind-facing 

side and lower pressure on the shadow side. 

This in turn can create a higher-velocity air 

stream with an upward direction on the front 

side and chaotic fl ow patterns that have a 

pull-down effect on the shadow side. Only an 

Christ the Redeemer 
Reconstructed in 3D

uAv deployed in ChAllenging Conditions to reConstruCt iConiC stAtue

 Figure 1, Layout 
of statue and 
base, with very 
approximate 
measurements.
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By Lisa Chen and sonja BetsChart, Pix4d, and apriL BLayLoCk, aeryon LaBs

position and the Aeryon Scout in flight or 

when the vehicle was hovering alongside the 

mountain. Landing outside the perimeter 

of the terrace would have resulted in an 

unrecoverable tumble down the side of the 

hill. To minimise these risks, the automated 

command ‘Home and land‘ was set for an 

altitude of 50 metres to avoid the tip of the 

statue. In addition, the low-battery margin 

was increased to 300 seconds which is twice 

the time needed to ascend and descend the 

50-metre height.

Data acquisition
The Aeryon Scout quad-rotor UAV was 

used as a platform. It was equipped with 

an integrated camera payload that acquired 

16MP images. Basic camera controls like 

taking snapshots, changing zoom levels and 

recording video were supported by software 

on a tablet computer. Each individual flight 

lasted 10 minutes, after which the batteries 

had to be replaced and the data downloaded 

from the UAV. Flights were only performed in 

the morning before visitor opening hours and 

if weather conditions permitted. A total of 19 

flights were performed over 6 days resulting 

in 3,584 images. A total of 2,090 images 

were eventually used for reconstruction. 

sub-projects
The entire collection of images was 

subdivided into 9 sub-projects: the head,  

left hand, right hand, body, lower base, 

middle base, upper base, cliff and terrace. 

This allowed parallel processing of all 

data and kept the project size below the 

upper limits imposed by the software and 

hardware.

The GNSS signals close to the statue were 

influenced by multipath. For this reason, the 

project was processed without geotags; the 

GNSS information was too inaccurate to bring 

any benefits to the reconstruction and would 

have misled the camera calibration. The 

images were processed using Pix4Dmapper 

Pro software, within which the images 

were used to calibrate the camera and to 

reconstruct the position and attitude of each 

one. Subsequently, the oriented images 

were processed into a point cloud and a 

textured mesh. Within every sub-project, 

the automated reconstruction of Pix4D was 

augmented with manually placed tie points. 

automatic pilot is capable of handling such 

conditions. With manual remote control, the 

pilot’s reaction time would be too slow to 

respond to changing wind speeds. Visibility 

was another issue to consider; in order to 

protect the safety of visitors to the statue, 

flights were only allowed outside of regular 

opening hours, but these times of the day 

are typically prone to heavy fog which may 

reduce visibility down to 5m.

safety
Take-off and landing were restricted to a 

one-square-metre area at the foot of the 

statue (Figure 2), since other areas were 

obstructed by items such as cables. The 

large amount of iron in the support structure 

below the statue resulted in electromagnetic 

disturbances which confused the electronic 

compass in the UAV. This could be resolved 

by forcing a known initial orientation in the 

system before take-off. Another consideration 

was how the vehicle should handle a possible 

loss of communication between the vehicle 

and the control tablet. The UAV has several 

built‐in fail-safes for such situations: ‘Home 

and land‘, ‘Land in place‘ and ‘Home and 

hover‘. However, all options carried risk when 

the statue was located between the home 

 Figure 2, The UAV 
on the base ready 
for take-off.

Location Measured in 
model (m)

reported in 
design (m)

Height of statue 30.00 30.03

Height of base 8.09 8.00

Arm span 29.42 29.40

A totAl of 19 flights were performed  
over 6 dAys resulting in 3,584 imAges

 Lengths measured in the model compared to the 1924 
design drawings.
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For instance, manual tie points were placed 

on the lightning rods on the statue’s hands to 

join the images that were captured on either 

side of the hand (Figure 3). Manual tie points 

were also used at locations where sharp 

shadows confused the automated process. A 

total of 150 manual tie points were used in all 

sub-projects.

finaL reconstruction
All of the projects were merged 

simultaneously with a total of 82 common 

manually clicked tie points. Then, the 

software applied a dense matching 

algorithm to create a dense point cloud by 

finding as many corresponding pixels as 

possible in pairs of images. After this step, 

Pix4Dmapper’s tools were used to crop out 

the unwanted parts and to filter points from 

the background. At this point, the entire 

reconstructed model had a high relative 

accuracy, but did not carry any scale or 

position. One length measurement was 

performed on the base of the statue to set the 

scale of the model. After setting the scale, the 

dimensions of the statue could be measured 

from the model. Table 1 shows the measured 

distances and the distances reported in the 

1924 design drawings. The final point cloud 

consisted of 134.4 million points (Figure 

4) and the 3D textured mesh of 2.5 million 

triangles (Figure 5). The amount of detail in 

the reconstructed models depends on the 

distance of the UAV from the statue.

concLuDing reMarks
This project shows that UAV technology 

allows accurate modelling of structures that 

are difficult to access. Challenging weather 

conditions and safety restrictions do not 

have to be an impediment to a successful 

project provided careful planning is in place. 

Division into several sub-projects is required 

to achieve the reconstruction of very large 

structures. 

 Figure 5, 3D textured mesh of Christ the Redeemer.  

 Figure 4, Full point cloud of 134.4 million points after reconstruction.

 Figure 3, 
Reconstructed 
point cloud of 
the hand with 
tie points on 
the lightning 
rods.

mailto:lisa.chen@pix4d.com
mailto:sonja.betschart@pix4d.com
mailto:april@aeryon.com
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The areas of cities occupied by irregular 

settlements are ‘conflict areas’ from an 

urban point of view. Among other problems, 

land tenure is not legal, regulations are not 

respected, and city services are irregular 

or even fail. Planning for the regularisation 

of such areas begins with both social and 

topographical data collection. Good data 

collection will form the foundation for 

better planning and projection in order 

to be able to regularise the situation. 

Therefore, the collection of topographic 

data is a fundamental part of future urban 

development projects in such areas. All new 

subdivisions, streets, sanitation and other 

services should be projected, and in turn 

it must be ensured that these will all work 

properly with the rest of the city. Irregular 

Irregular settlements, also known as villas or favelas, present a big challenge in urban planning. When 
collecting data, whether to determine the existing situation or to plan future projects, topography plays  
a fundamental role. Not only is a large amount of information required but is also often difficult to access  
the locations, which makes capturing information much more complex than in the case of classical  
topography. Photogrammetry is the ideal methodology in such areas, and the unmanned aerial vehicle  
(UAV) is a perfect tool for this type of aerial survey.

settlements are typically characterised by 

high-density housing, irregularly shaped and 

very precarious constructions, and some 

accommodation may be located in flood-

prone areas. All these features mean that 

the collection of topographic data is actually 

very complex. An aerial survey is therefore 

the best option, and the results obtained 

with UAV systems meet the technical 

requirements.

uaV SurVeyS
In the department of Maldonado, Uruguay, 

a survey was conducted of the San Antonio 

squatter settlement which is in the draft 

stage. With a total area of 11.57 hectares 

divided into three sectors (A, B and C), it 

is an irregular settlement with high-density 

housing. The contractor, the Government 

of Maldonado, required information as the 

basis for urban projects. The survey was 

UAV, a Tool for 
Urbanism

Photogrammetric SurveyS of irregular SettlementS

 Figure 1, Location of the settlement within the city.

By Patricio Birriel and raúl González, UaV agrimensUra, UrUgUay

 Figure 2, Photogrammetry is the proper survey technique in 
settlements due to the large amount of information required.

Photogrammetry iS the ideal  
methodology to Survey SettlementS,  
and uav the Perfect tool
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 Figure 4, Restitution of whole area 
and correct distribution of support 
points in order to ensure uniformity 
throughout the work area.

required to comply with very precise and 

rigorous technical specifications, and the 

contractor requested a survey of all the 

existing elements including houses, fences, 

passageways and streets, and waterways. 

Since the resulting data needed to meet 

the demands of future urban development, 

cadastre projects and engineering services, 

the tolerances were 3cm in planimetry and 

5-6cm in altimetry. A survey of this area and 

with these features with classical topography 

(GPS and total station) would take 20 days of 

fieldwork with 10 days of processing, taking 

into account the need for surveyors to return 

to the site several times to capture missing 

points. Furthermore, the survey would surely 

be left with gaps in information due to the 

inaccessibility of certain locations. Traditional 

photogrammetry (using aircraft) would be 

considerably more costly to fly a small area 

and would need to use powerful cameras to 

achieve the required accuracy. UAV systems 

comply with all the technical requirements, 

fly at low altitude to produce very good 

accuracy, and are ideal for flying small areas.

flight Programming
This survey used the md4-1000 UAV from 

the company microdrone. It is a rotating-

wing UAV that has the necessary systems, 

such as GPS, gyroscope and radio link with 

the base station, to allow photogrammetric 

flight-path programming. The camera 

used is a SONY Nex7 24MP camera with a 

16mm focal lens. To achieve the required 

urban cartography datasets, the flight 

altitude was set at 80m above the ground 

producing a theoretical accuracy on the 

ground of 2cm. The flight programming was 

carried out using the mdCockpit software 

(microdrone’s own software) that is based 

on the information provided by Google 

Earth. This allowed the UAV to fly at a 

constant height above the ground, keeping 

the photographic scale and homogeneous 

precision for all the work. Photogrammetric 

urban mapping using UAVs often employs 

both longitudinal and transverse coatings of 

the environment: 80% and 60% respectively. 

Due to the characteristics of the area, which 

is predominated by precarious low-rise 

dwellings, it was decided to decrease the 

coatings in order to obtain altimetric accuracy 

(the greater the longitudinal coating, the 

lower the altimetric accuracy), arriving 

at a longitudinal coating of 66% and an 

altimetric accuracy of 5.1cm in keeping with 

the precision required for this work. Cross 

overlay was set to 25%. Reduction of both 

longitudinal and transverse coating allowed 

a flight to be performed of shorter duration, 

fewer frames and shorter restitution. 

Based on these parameters, one flight was 

scheduled for each area of the settlement.

SuPPort and Control PointS
Support points are integral in the process 

because the overall accuracy of the work 

depends them. In urban surveys, the 

support points are traditionally taken once 

the flight has been performed by measuring 

the photo-identifiable points. Taking into 

account the difficult accessibility of certain 

parts of the area and considering traffic 

routes, support points were established 

while programming the flights, before 

 Figure 3, 
Support points 
are pre-marked 
to simplify 
identification 
in image 
processing.

the orthoPhoto moSaic Produced from a  
low-altitude flight offerS a number of detailS 
which are otherwiSe imPoSSible to obtain
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flying commenced. White spray-painted 

crosses as markers ensured that the points 

were very clearly visible on the black or 

grey pavements. Establishing the support 

points prior to the flight enabled them to be 

distributed more effectively and to be placed 

in the areas that would be of greatest interest 

during processing. Once programmed, the 

flight points were placed in areas of the 

transverse overlap and each four models of 

the longitudinal overlap. These points were 

taken with RTK GPS dual frequency.

The control points are photo-identifiable 

points which are taken while the support 

points are placed. These points are placed 

halfway between the support points in areas 

where the model errors will be higher. These 

points serve as quality control for the work. 

These points are not provided to the person 

responsible for the restitution since they 

are analysed once the aerial triangulation 

and restitution processing is completed. 

Data from control points must be within 

acceptable margins of error. If the errors are 

greater, the potential sources of error are 

discussed and corrected in order to ensure 

uniformity in the quality of the work.

ConCluSion
Due to the large amount of information and 

the high precision required for surveys of 

irregular settlements for the purpose of 

urban projects, UAV photogrammetry is 

the ideal choice. The orthophoto mosaic 

produced from a low-altitude flight offers 

a number of details which are otherwise 

impossible to obtain. Thanks to the 

uniformity of work, the quality is guaranteed 

to meet the accuracy requirements with 

precision across the entire area. In such 

complex areas, with limited visibility 

between stations, that is very difficult 

to obtain when working with classical 

topography. 

Table 1, Flight planning: low flight altitude and high restitution accuracy.

SeCtor a SeCtor B SeCtor C

Area (hectares) 2.73 4.42 4.42

no. of flight lines 3 3 3

no. of images per line 11 15 18

no. of images 33 45 54

Flight time (minutes) 13 15 17

no. of support points 16 21 25

planimetric accuracy 2.5cm 1.7cm 2.1cm

Altimetric accuracy 5.6cm 5.0cm 5.6cm

 Figure 5, A picture is worth a thousand points: the image has great value in the survey.

this article originally was published in the  
Spanish-language edition of GIM International.
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A World Bank team tested the use of UAS as 

a way to accelerate the production of fit-for-

purpose spatial data, thereby allowing local 

and national governments and the private 

sector to use the up-to-date and accurate 

data for multiple purposes. The tests were 

conducted in Albania, which was chosen due 

to the urgent need for new and improved 

cadastral maps there. 

testing Low-cost soLutions
With the aim to test low-cost solutions, the 

team used off-the-shelf components and 

open-source software to the largest extent 

possible. The following major tests were 

successfully conducted:

- Rural mapping applications: a rural area 

was chosen to test whether unmanned 

aerial vehicles (UAVs) could be used to 

quickly and reliably deliver high-resolution 

orthophotos for administering compensation 

related to expropriations for infrastructure 

projects. The exercise was also used to test 

the technology for cadastral surveying with a 

strong component of citizen engagement. The 

resulting product, an orthophoto with 2cm 

accuracy, provided an absolute base against 

which the accuracy and relevance of existing 

spatial information could be checked

- Urban mapping applications (see 

Figure 1): an urban area was chosen to 

test whether UAVs could be used to provide 

detailed maps of densely developed urban 

In 2014, a joint publication by the World Bank and the International Federation of Surveyors (FIG) 
entitled ‘Fit-for-Purpose Land Administration’ noted that 75 percent of the world’s population do not 
have access to formal systems to register and safeguard their land rights and, therefore, there is an 
urgent need to build affordable and sustainable systems to identify the way land is occupied and used. 
The emergence of small, affordable unmanned aerial system (UAS) technology and recent advances in 
highly automated mapping techniques offer a new tool and methodology for producing faster and 
cheaper spatial data that can benefit land administration agencies and help to secure property rights 
for millions around the world.

areas with multi-storey buildings. 3D modelling 

using vertical photography was also tested

- Peri-urban applications: a peri-urban 

development was chosen to test whether 

UAVs could be used under production 

pressure in urban and peri-urban areas, 

and for legalisation/regularisation initiatives. 

Oblique photography was also added for 

enhanced 3D modelling.

fit-for-purpose Land administration
The joint World Bank-FIG publication 

defined the ‘fit-for-purpose’ approach 

as one that focuses on citizens’ needs 

rather than top-end technology. It should 

be flexible, attainable, reliable, inclusive, 

affordable, upgradeable and allow for 

stakeholder participation. The tests in 

Albania demonstrated that UAS technology 

is indeed fit for purpose as it includes the 

elements flexibility, inclusivity, participation, 

affordability, reliability and upgradeability.

fLexibiLity
Given the small form factor, low take-off 

weight, open source-driven flight planning, 

UAVs Revolutionise 
Land Administration

Fit-For-purpose Mapping

  Figure 1, UAS flying over an urban area.

By Kathrine Kelm, Senior Land adminiStration SpeciaLiSt, WorLd Bank 
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 Figure 3, Orthophoto with adjudicated parcels and parcel boundaries.

needs at short notice. Hence, governments 

can plan and budget for locally sourced 

services rather than multi-million-dollar 

‘one-off’ projects requiring complicated and 

time-consuming procurement procedures. 

reLiabiLity
The team found that the unit used during the 

work was 100% operationally reliable. The 

basic product of a UAV image acquisition 

operation consists of high-resolution 

(ground sampling distance between 1 and 

5cm) aerial images which can optionally 

be georeferenced through the use of an 

integrated onboard GNSS receiver or by 

means of ground-controlled Structure from 

Motion map production. The contextual 

information contained in an unedited 

digital image is an objective record of a 

given situation and is, thus, not nearly as 

dependent on subjective interpretation as 

field notes collected by observers such as 

land surveyors. In this regard, UAV-derived 

high-resolution aerial photography delivers 

extremely reliable information that can 

be interpreted by all land administration 

professionals. Moreover, since UAVs 

can be called up at short notice, spatial 

information can be updated at much higher 

frequency and lower cost than would be 

the case with conventional wide-area 

updating routines currently being practised 

in most development scenarios. Therefore, 

UAV-derived aerial photography and mapping 

can play an instrumental role in well-managed 

and targeted verification and improvement of 

existing geospatial datasets.

upgradeabiLity
The cost-efficiency of this technology is 

further enhanced by the ability to ‘record 

now’ and ‘map later, if necessary’. For 

example, boundary adjudication results 

can be recorded by means of appropriate 

annotation directly on photographs or 

mosaics rather than on finished orthophotos 

low acquisition cost and field reparability, 

UASs are flexible both in terms of ease of 

mobilisation and the specific purpose. The 

vertical take-off and landing (VTOL) capacity 

of the specific platform chosen for the 

Albania context allowed for engagements 

in rural as well as congested urban 

environments. Compared to conventional 

aerial photography methods, UAS technology 

is more adaptable to weather conditions, 

including dark cloud cover and winds of up 

to 8m/s.

incLusivity
The team found that the equipment used 

could be employed in all types of terrain and 

environments, whether flat or mountainous, 

rural or urban. Thus, if mapping tasks 

are integrated with other related tasks, 

this technology can enable systematic 

photographing and mapping of all land  

within a country. 

 
participation
UAS technology benefits from local 

participation and engagement. During the 

tests, the team acquired images in the 

presence of the local inhabitants and then 

returned a few days later to test whether 

property owners would be able to demarcate 

their property boundaries by interpreting the 

orthophotos (see Figure 2). This approach 

of gathering and producing geospatial data 

promotes participation and facilitates citizen 

engagement in cadastral, planning and land 

administration activities.

affordabiLity
The components making up a simple 

yet effective, small mapping unit can be 

purchased for an amount equivalent to the 

price of one conventional geodetic global 

navigational satellite system (GNSS) rover 

unit (see Table 1). Affordability and relative 

ease of use make this technology feasible 

for small enterprises, implying that the 

formerly exclusive and highly centralised 

task of mapping can now be relegated from 

national mapping agencies to local mapping 

enterprises able to respond to local mapping 

 Figure 2, Boundary demarcation based on orthophotos.

the cost-eFFiciency is enhanced by the  
ability to ‘record now’ and ‘Map later,  
iF necessary’
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component approximate purchase price

Small Vtol UAS USD 3,000

camera USD 450

laptop USD 2,000

Structure from Motion software USD 3,500

3D visualisation and virtual surveying software USD 2,500

total usd 11,450
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(see Figure 3). The decision as to whether 

accurate geometry is needed can be left to 

the future. It is important, though, that all 

fl ight planning should provide for suffi cient 

overlap to facilitate the production of maps at 

a date possibly much later than the date of 

photography or adjudication.

tHe future of uas in Land administration
The tests in Albania show that UAS technology 

is a promising new tool for improved project 

design and implementation in which spatial 

data can be captured in a short time at a low 

cost (see Figure 4). Due to its rapid and easy 

deployment characteristics, UAS technology is 

most appropriate for short-notice acquisition of 

high-resolution digital aerial images over small 

areas. The technology’s highly automated and 

precise navigation is rapidly reducing entry 

barriers to mapping tasks. 

The data can be used in many fi elds and 

applications, and governments, the private 

sector and international development partners 

such as the World Bank can benefi t from these 

advances. However, as with all new technology, 

potential risks should be considered and 

managed carefully, especially since the 

legal and regulatory aspects lag behind. For 

example, data protection and data privacy, 

juxtaposed with the trend for broader public 

access to information and open data, are 

points that the use of UAS is bringing to the 

forefront of legal debates in many countries.

 Table 1, Costs of UAS components.

 Figure 4, UAS 
launched from a 
rooftop in Tirana, 
Albania.

concLuding remarKs
Further use of UAS technology in the 

development-project context would benefi t 

from general operational guidelines. Since 

the legal and regulatory framework for 

UAS operations is still evolving, and since 

UASs can be purchased or assembled at 

a very low cost, the World Bank and other 

development partners should have minimum 

standards for safety and operations that 

take into account social considerations in 

the country context. These standards are 

in no way meant to be burdensome for 

operators, to restrict vendors or to endorse 

one system over another. Rather, setting 

minimum standards related to equipment 

and operational safety, fi eld mobilisation 

procedures, privacy and data protection 

requirements, and respecting local 

sensitivities, will reduce the likelihood of 

accidents and associated liability as well as 

the possibility of a public relations mishap. 

UAS technology has the potential to become 

an important tool in fi t-for-purpose land 

administration and in increasing the number 

of people in the world who have access to 

more secure and inclusive property rights. 

Kathrine KelM 

Kathrine Kelm is a senior land administration 
specialist at the World Bank. in 2013 she 
received a World Bank innovation grant to test 

UAVs for international development project design, 
implementation and monitoring. 

 kkelm@worldbank.org
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-  Barnes, Grenville; Volkmann, Walter; Kelm, Kathrine and Sherko, romeo (2014) ‘Drones for peace: fast and 
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-  Kelm, Kathrine; tonchovska, rumyana and Volkmann, Walter ‘Drones for peace: fast and inexpensive spatial data 
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Integration of traditional airborne Lidar 

mapping technology with UASs has been 

challenging due to the trade-off between 

Lidar system performance and size, cost 

and the effect of fl ight dynamics on the 

measurement process. Although large-

scale UAS platforms capable of carrying 

traditional Lidar mapping systems have been 

in operation for some time, their utilisation is 

restricted to very niche areas, most notably 

the military sector (e.g. Northrop Grumman’s 

Global Hawk). The focus here is on Lidar 

Over the past two decades, airborne Lidar has evolved from a developmental technology into a well-established 
mapping solution, and in the process has revolutionised the surveying and mapping industry. Today, 
unmanned aerial systems (UASs) represent the next geospatial frontier. With recent advancements in sensor 
technology, the adoption of Lidar for UASs is rapidly expanding, leading to new industry horizons. This article 
examines the current state of UAS-based Lidar technology and emerging trends.

technology with practical applications for the 

broader UAS user community. The following 

weight-based categorisation of UASs by 

Colomina and Molina (2014) is used here for 

both fi xed-wing and roto-copter platforms 

to set a basis for the discussion: micro 

(less than 5kg), mini (less than 30kg), and 

tactical (less than 150kg). These platform 

types, particularly in the micro to mini range, 

represent the largest current user market in 

the geospatial industry. Over the past few 

years Lidar sensor technology has been 

suffi ciently reduced in terms of size and 

weight to enable wider use within this smaller 

scale of UAS platforms.

The discussion below outlines various 

examples of UAS-based Lidar technologies 

based on platform size and application. The 

division set forth is not black and white, 

since some systems may fall into more than 

one category. It is important to state that the 

authors do not endorse any specifi c platform 

or Lidar sensor mentioned in the discussion 

and that those presented here represent only 

selection of the available market. 

tacticaL-grade UaS Lidar
Lidar sensors falling within this category refer 

to those sensors conducive for integration on 

tactical to mini UAS platforms with maximum 

operating ranges exceeding 200 metres 

above ground level (AGL) and endurance 

times of up to several hours. These systems 

Lidar’s Next 
Geospatial 
Frontier

the State oF lidar For uaS applicationS 

 Figure 2, Mini-grade UAS Lidar system being 
developed by researchers at Texas A&M 
University-Corpus Christi that integrates a DJI 
S1000+ platform with a Velodyne VLP-16 Lidar 
scanner. The system will use an Applanix APX-15 
high-accuracy INS (weighing 60 grams) and 
employ a Zenmuse Gimbal Z-15 for mounting a 
Sony Alpha Nex 7 camera.

BY MICHAEL STAREK AND JINHA JUNG, TEXAS A&M UNIVERSITY-CORPUS CHRISTI, USA 

 Figure 1, RIEGL 
VUX-1 mounted 
on the RiCOPTER 
platform (photo: 
www.rieglusa.com).

http://www.rieglusa.com/
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At a 50kHz pulse repetition rate, system 

specifications state a maximum range of 

920 metres for targets with reflectivity 

higher than 60% and a maximum operating 

altitude of 350 metres AGL. Accuracy at 

the 150-metre range is quoted as 10mm (1 

sigma). Applications for tactical-grade UAS 

Lidar such as the VUX-1 include wide-area 

topographic mapping, coastal zone mapping, 

defence and forestry, among others.

Mini-grade UaS Lidar
Lidar sensors within this category refer to 

sensors conducive for integration on UASs 

no larger than mini UAS platforms (less than 

30kg total weight) with operating ranges of 

less than 200 metres AGL. Typical weights 

of the entire scanning system including 

the Lidar sensor and enabling technology 

range from 2kg up to 20kg. It is important 

to note that tactical grade UAS-Lidar like 

the VUX-1 mentioned above could also fall 

under this category based on sensor weight, 

but the single distinguishing factor here is 

the reduced maximum range and operating 

altitude. The majority of these systems are 

integrated on roto-copter platforms due to 

their greater payload capacity. However, such 

systems are limited in flight endurance due 

to roto-lift inefficiency and current limitations 

in battery endurance for electrically powered 

UASs. Typical endurance is much less than 

an hour for a standard platform, but total 

endurance for a given platform will depend 

on payload weight and ambient wind, among 

other factors. 

Lidar sensors within this category consist 

mostly of short-range laser scanners 

originally developed for robotics and mobile/

terrestrial applications that have been 

successfully integrated onto mini-grade UAS 

platforms. This includes several different 

sensors from manufacturers such as FARO, 

Velodyne, SICK and Hokuyo. Examples 

of commonly integrated sensors include 

the Velodyne HDL 32E, Ibeo Automotive 

Solutions IBEO Lux, and the FARO Focus 3D 

S 120. More recently, manufacturers have 

been developing Lidar sensors specifically 

designed for mini-grade UAS integration. 

One example is the recently released and 

very lightweight Velodyne VLP-16 (Figure 2). 

Figure 3 summarises specifications of the 

sensors mentioned above. 

Several companies provide complete turnkey 

systems for mini-grade UAS integration by 

coupling a short-range Lidar sensor with a 

light-weight, high-performance INS and data 

are designed to replicate survey-grade 

performance capabilities of traditional multi-

return airborne Lidar mapping systems but 

at a reduced scale. To do so, these systems 

utilise advancements in laser technology, 

receiver sensitivity and enabling technology 

(IMU/GPS) to provide a fully integrated UAS 

solution. These systems have trade-offs 

in achievable ranging distance and flying 

height compared to traditional Lidar mapping 

systems on piloted aircraft. However, it is 

important to mention that this category of UAS 

Lidar provides the greatest range performance 

relative to the other sensors types discussed 

here. Furthermore, these systems tend to 

be the most costly relative to the other Lidar 

sensor types discussed (typically more than 

USD100,000 for the sensor alone) but are 

priced significantly lower than traditional 

airborne Lidar mapping sensors. 

As far as is known, there are only a few 

commercial sensors presently available that 

fall under this category. The most notable 

is RIEGL’s VUX-1, which was released in 

February 2014 (Figure 1). The VUX-1 weighs 

less than 4 kilograms, has a 300-degree field 

of view with a rotating scanning mirror and 

provides internal storage with several hours of 

data collection. It has a 550kHz laser pulse 

repetition rate operating in the near infrared 

and utilises time-of-flight measurement with 

echo signal digitisation and online waveform 

processing for multi-return capability. 

 Figure 3, Short-range Lidar sensor specifications for mini-grade UAS platforms; ToF = Time of Flight.

 Figure 4, Example of a turnkey mini-grade 
Lidar system developed by RouteScene that 
utilises a Velodyne HDL-32E scanner (photo: 
www.routescene.com).

 Figure 5, Micro-grade UAS equipped with Xbox Kinect for autonomous flight developed by 
researchers at University of California, Berkeley, back in 2010 (photo: Liz Hafalia, The Chronicle).

http://www.routescene.com/
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 Figure 6, Scanning Lidar compared to flash Lidar 
(photo: adapted from www.fosternav.net).

Michael Starek
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logger as well as post-processing software. 

Typically, these are portable units that can be 

mounted onto any appropriate UAS platform 

or are provided integrated with a specific UAS 

platform. Example of turnkey systems include 

Routescene’s LidarPod (Velodyne HDL 32E; 

Figure 4), l’Avion Jaune’s YellowScan (IBEO 

Lux), Phoenix Aerial System’s Scout Series 

(Veoldyne HDL 32E or VLP-16), 4D-IT’s Scan-

Copter 2.0 (Faro Focus 3D S120) and the 

SABRE SkyPod (Faro Focus 3D S120). Lidar 

systems falling within the mini-grade UAS 

category are best suited for localised mapping 

applications including inspection surveying, 

stockpile monitoring, mining operations, 

landslide mapping or vegetation monitoring. 

Micro-grade UaS Lidar
Lidar sensors within this category refer to very 

low-cost and lightweight laser ranging and 

depth imaging sensors that are conducive for 

integration onto micro-grade UAS platforms. 

For example, the recently released Lidar-Light 

by PulsedLight is an extremely compact (21 x 

48.3 x 35.5mm) and lightweight singlebeam 

ranging sensor (up to 40 metres) which costs 

less than USD90 at the time of writing (Figure 

5). It uses an interesting ranging method 

based on correlated waveform signatures. 

Structured light-imaging sensors of Microsoft 

Kinect fame also fit into this category. Micro-

grade sensors like the Kinect are popular 

among do-it-yourself (DIY) enthusiasts and 

academic researchers for developing creative 

UAS solutions. Examples of applications 

include sense and avoidance and interior 

mapping. For instance, back in 2010, 

researchers at the University of California 

Berkley equipped a micro-grade quadcopter 

with a Kinect to develop a UAS capable of 

autonomous flight, and many other such 

examples exist in the research literature and 

DIY community.

eMergent trendS
One current area of development not 

mentioned previously is in bathymetric Lidar. 

Traditional systems are very heavy, costly 

and have excessive power requirements, 

thus severely restricting their utility for 

wide-scale UAS integration. To address this 

current limitation, a team at the Georgia Tech 

Research Institute (GTRI) has designed a 

new approach that could lead to bathymetric 

Lidars that are much smaller and more 

efficient than the current full-size systems. 

The new technology would allow modestly 

sized unmanned aerial vehicles (UAVs) 

to carry bathymetric Lidars equivalent to 

current piloted aircraft systems, which would 

substantially reduce costs. 

Another emerging technology of interest in 

terms of UASs is an innovation called ‘flash 

Lidar’. 3D flash Lidar cameras have 3D 

focal plane arrays with rows and columns of 

pixels, similar to 2D digital cameras but with 

the additional capability of recording the 3D 

depth and intensity. Each pixel records the 

round-trip time of travel of the camera’s laser 

flash pulse from the sensor to the scene and 

back (Figure 6). 3D flash Lidar has some 

advantages over conventional Lidar scanners 

for UAS integration including lightweight 

composition, no need for precision-scanning 

mechanisms, low power consumption and 

higher altitude operation. For an example of 

flash Lidar targeted at mini to micro-grade 

UAS integration, see Advanced Scientific 

Concept’s Peregrine 3D Flash Lidar.

Developments in GNSS-inertial solution 

technology for efficient, high-accuracy 

mapping from small-scale unmanned 

platforms are greatly progressing the 

applicability of Lidar technology in the UAS 

market. Finally, simultaneous localisation and 

mapping approaches commonly applied in 

robotics are making their way into UAS-based 

Lidar mapping systems. These techniques 

use automated feature extraction and cloud-

to-cloud registration approaches with limited 

or no aiding sensors to derive near-real-time 

seamless 3D point clouds of the scanned 

scene (see for example XactMap’s GPS Lidar).

concLUSion
This is an exciting time for Lidar technology, 

and the coupling of the technology with UASs 

Further reading
- colomina, i. and Molina, p. ‘Unmanned aerial systems  
for photogrammetry and remote sensing: a review’, ISPRS 
Journal of Photogrammetry and Remote Sensing 92 
(2014): 79-97.

- Georgia tech Bathy lidar: http://gtri.gatech.edu/
casestudy/smaller-lidars-could-allow-uavs-conduct-
underwater

- XactMap’s GpS lidar: 
www.gim-international.com/news/mapping/uas/
id7926debut_for_gpsless_uav_lidar_surveying_and_
mapping_system.html

aS uaS capabilitieS continue to evolve and Flight 
regulationS open More doorS, lidar will Find a 
Much wider audience

is still in its infancy. As UAS capabilities 

continue to evolve and flight regulations 

open more doors, Lidar will find a much 

wider audience which lead to unforeseen 

new developments, applications and 

opportunities. 

http://www.fosternav.net/
mailto:michael.starek@tamucc.edu
mailto:jinha.jung@tamucc.edu
http://gtri.gatech.edu/
http://www.gim-international.com/news/mapping/uas/
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UAVs can assess hazardous areas by air that 

conventional equipment cannot reach, thus 

ensuring staff safety and offering numerous 

benefits in the mining industry. Which UAV 

is suitable for which mine depends on the 

desired result. In general, fixed-wing UAVs are 

used to map large areas. In contrast, rotary 

UAVs – multicopters with four to eight rotors 

– have shorter flight times, but can provide 

more accurate data. Rotary UAVs are also 

able to hover on the spot and thus perform 

inspection tasks. Furthermore, they do not 

need a runway as they rise vertically into the 

A growing number of mining companies are employing unmanned aerial vehicles (UAVs), also known as unmanned 
aerial systems (UASs), remotely piloted air systems (RPASs) or simply ‘drones’. Equipped with digital cameras, such 
remote-controlled small aircraft generate high-resolution aerial imagery which can be further processed to produce 
highly precise orthophotos, point clouds and 3D models. Surveyors and engineers can use this data to make state-
ments and forecasts about the development of the mine, document changes as well as calculate volumes of spoil and 
stockpiles. In mines with both aboveground and underground areas, UAVs can provide important information about 
the state of the aboveground area, thus improving the safety of the workers underground. This was practised in an 
80-hectare area of the Mina de Aguas Teñidas in Andalusia, Spain.

air. Hence, rotary UAVs are also suitable for 

the inspection of large, otherwise difficult-

to-access devices and their components, 

such as the masts of draglines. Rotary UAVs 

can be deployed quickly and usually require 

minimal human resources – all that is needed 

for a survey flight is a pilot.

A UAV generates data of areas within a 

matter of minutes or hours, whereas several 

surveyors using conventional methods would 

need days or weeks and even then only be 

able to determine certain parameters. The 

UAV-generated data is comprehensive and 

can be processed in many ways. It can 

also be used later on for finding different 

measurements.

Ore and COpper Mine
The Portuguese surveying and engineering 

company Geotrilho wanted to test the 

suitability of UAVs for the measurement 

of open-cast mines and collaborated with 

German manufacturer Aibotix to fly over 

an 80-hectare area of the Mina de Aguas 

Teñidas in Andalusia, Spain. This mine is 

UAVs in the Mining 
Industry

Survey of an ore and Copper Mine  

 Figure 1, The UAV followed the red lines and took pictures automatically.

By RobeRt LautenschLageR and FRiedeRike nieLsen, aiBotix, Germany
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 Figure 3, The Aibot X6 flew along the defined route automatically while being monitored on the ground. 

 Figure 4, A small camera attached to the UAV 
transmitted a live video to the ground station. 

then plotted 37 ground control points using 

tachymeter/precise GPS measurements 

evenly throughout the area of interest. 

Following this, the flight path was set using 

the flight planning software AirProFlight. 

A map of the terrain to be surveyed was 

taken from Google Maps and imported into 

the software, and a rectangular grid was 

superimposed onto it. The horizontal image 

overlap was set to 60% and the lateral overlap 

to 40%.

The Aibot X6 UAV was fitted with a 500g 

Nikon Coolpix A digital camera. The sensor 

had a resolution of 23.6 x 15.6mm, i.e. 16 

megapixels. Within a 90-minute period, 

the hexacopter systematically flew along 

the predetermined grid at a height of 96 

metres, photographing the ground below at 

a vertical angle. Overall, the UAV captured 

the 80-hectare area in 11 flights with a flight 

speed of 4m/s. Four strategically chosen 

points were used for take-off and landing. 

The Aibot X6 coped very well with the high 

wind speeds of up to 10m/s it experienced 

on that day.

pOst-prOCessing
After the flight, the data (463 images) was 

imported into the photogrammetry software 

Agisoft for further processing. First, the 

images were georeferenced. Subsequently, 

the easy-to-use photogrammetric 

triangulation software was applied to generate 

a dense point cloud with 392 million points. 

The software allows the creation of high-

quality orthophotos and point clouds from 

undistorted images with a minimum of 

manual interaction. The images are oriented 

and stitched in a fully automatic process. 

In this case, the computing process took 

six hours. In the final point cloud, the 

coordinates of the 37 previously measured 

ground control points were imported and the 

point cloud was adapted accordingly. Since 

the generated aerial imagery was already very 

precise, there were only minor transforming 

differences. In addition, the point cloud was 

adapted in terms of the camera calibration. 

Finally, a textured 3D model was generated 

from the point cloud.

Further processing was then carried out using 

the software 3D Reshaper. In general, the 

data can be easily exported to other programs 

by choosing from a multitude of file formats 

(point clouds, mesh, DEM, orthophoto). After 

the survey of the mine, a 3D model of a coal 

stockpile was created using the same method 

only without control points. In contrast to 

one of the country’s current major industrial 

and mining projects and has a huge social 

and economic impact in the region. Due 

to its diverse structure, the site affords 

many different tasks for aerial survey and 

inspection, e.g. the measurement of earth 

movements or stockpile volumes, or the 

stakeout of concrete structures, metallic 

structures, pipe conducts, dams and 

machinery. Geotrilho was interested in testing 

the technology in order to decide about 

possible future applications and to investigate 

how UAV technology could complement other 

survey equipment like total stations, GNSS 

systems, terrestrial laser scanners and others. 

In this case, a rotary UAV was used to rapidly 

map a large area of the mine and measure 

stockpile volumes. 

pre-flight and flight exeCutiOn
Prior to the flight the surveying team, led by 

Mário Encarnação (geographic engineer and 

technical director of Geotrilho), defined a 

targeted data accuracy of 2.5cm. The experts 

 Figure 2, The 80ha mining area was captured 
by the UAV in 90 minutes
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AERYON sUAS AERIAL IMAGERY 
MAKES A DREAM – A 3D REALITY

UNPREDICTABLE WIND CONDITIONS

LARGE SIZE OF STATUE FOG AND RAPIDLY CHANGING WEATHER

INCONSISTENT LIGHT AND SHADOWSREMOTE LOCATION ON A MOUNTAIN

RESTRICTED HOURS FOR DATA COLLECTION

Copyright © 2015 Aeryon Labs Inc. - All rights reserved. Aeryon and Aeryon Labs are trademarks of Aeryon Labs Inc.

Until today, accurate 3D reconstruction of the Christ the Redeemer statue 
in Rio de Janeiro has not been possible since technologies, such as LiDAR,  
have not been able to scan the complete statue. The seamless integration 
of aerial imagery and data, captured using Aeryon sUAS, and Pix4D image  
processing technology has made the impossible – a reality.

To learn more about this challenging project and see the  of 
the statue, visit 
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carrying out a survey from the ground, 

the experts were spared the tedious and 

sometimes dangerous process of climbing 

on the coal heap. The entire procedure, 

including data generation, took one hour.

future sOlutiOns
Both the speed of the data acquisition using 

the UAV and the high level of data accuracy 

of the UAV (Aibot X6) offer the potential to 

increase effi ciency and cost-effectiveness 

for large-area surveying at a mining site. 

Geotrilho is considering use of this technology 

in multiple projects, including open-pit mines 

and dams, where the continuous calculation 

of volumes and the systematic monitoring of 

progress are crucial for investors.

In the mining industry, UAVs are currently 

primarily used to generate photogrammetric 

data. However, the unmanned aircraft can 

also be equipped with a hyperspectral 

sensor and be used for geological mapping 

of the area. They can, for example, fl y over 

landfi lls and open mine sites to quickly 

and effi ciently seek out precious metals or 

minerals. Some UAV manufacturers are also 

developing visual control technology that 

would work independently of GNSS or GPS. 

It would then be possible to use UAVs in 

underground mines, thus make surveying 

work there considerably easier. Developments 

are moving forward quickly and continue to 

remain exciting.  Figure 5, The textured 3D 
model of the surveyed area had a 
precision of 2.5cm.
 

mailto:robert.lautenschlager@aibotix.com
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The Turkish government is planning the 

construction of a large, nationwide high-

speed rail network. A high-speed rail 

connection between the cities Ankara  

and  is currently in the planning phase. 

Thanks to an intended speed of 250km/h, the 

Large corridor surveys, such as roads and railways. used to be the domain of airborne photogrammetry or Lidar 
using conventional aircraft. In Turkey, it was demonstrated how a 140km corridor could be efficiently 
surveyed using a fixed-wing UAV. Streamlined operations and a large number of ground control points are 
essential to achieve results suitable for railway planning purposes.

journey between the two cities will take  

a little more than 3.5 hours. As part 

of the preparations, Turkish State 

Railways requested a vector map of  

the area around the planned rail corridor. 

This work was tendered in three sections to 

reduce turnaround time and risk,  

and to adhere to the Turkish tendering 

regulations. For the section between  

Manisa with , Turkish State Railways 

explicitly requested the use of a UAV  

for the survey.

Fast Survey of a 
High-speed Railway Line

Surveying a 140km Corridor with a uav for railway Planning

 Figure 1, The eBee ready for take-off.
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By Diner Yilmaz, Artu HAritA Bilişim GiS müHendiSlik, turkey

 Figure 3, The eMotion planning software showing the control point locations and the two parallel flight lines.

location selected in the middle of each one. 

The UAV pilot then flew the eBee along the 

corridor for 8km, turned it around and flew 

back for a second parallel flight line before 

landing at the take-off location. There the 

battery was replaced and the data offloaded 

before a new flight was started for 8km in 

the opposite direction (Figure 2). On average, 

300 photos were taken during each flight.

Ground control
While one or two staff were busy planning 

and flying the UAV missions, two other 

survey teams of four engineers each were 

responsible for setting the ground control 

points (GCPs) required to georeference 

the images. The first team was typically 

positioned 20-30 kilometres ahead of the 

UAV, while the second team worked a further 

20-30 kilometres beyond that. Initially, a 

single string of GCPs was planned along the 

proposed railway line. During processing it 

soon became apparent that this would not be 

enough. Although a minimum lateral image 

overlap of 50% and a minimum forward 

overlap of 80% were used, it was not possible 

to correctly orient all the images. Therefore 

two extra strings of ground control points 

were set parallel to the first central string, 

towards each edge of the corridor. This 

allowed each image to be oriented by using 

at least one GCP per image from the central 

difficult terrain conditions
The corridor segment that was contracted for 

UAV survey measured 140km in length and 

600m in width. This involved surveying plains, 

hills, mountains and urban areas under all 

types of weather conditions within a 2-month 

time frame. With classical techniques it would 

not have been possible to map the entire 

area. The mountains at the eastern end of the 

region, for example, cannot be reached by car 

and sometimes not even on foot. Especially in 

those locations, the use of airborne systems 

is very valuable. The particular advantage of 

a UAV over regular aerial photogrammetry 

is the low flying height which eliminates the 

dependence on clear weather conditions. 

data acquisition
The corridor was surveyed using a senseFly 

eBee UAV by the Turkish company Artu 

Harita. The eBee is a fixed-wing system with 

a wingspan of 96cm and a 16MP camera 

(Figure 1). SenseFly’s eMotion planning 

software was used to plan the flight lines for 

the project. As this program is not capable 

of automatically planning corridor surveys, 

all flight lines had to be defined manually. 

The average flying height was set to 320m 

above the ground, which would result in a 

pixel resolution of approximately 10cm. The 

140km-long corridor was subdivided into 

16km segments, with a start and landing 

 Figure 2, Launching the eBee for the next flight.

it took three monthS from ProjeCt  
kiCk-off to final delivery to the Client
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 Figure 4, Measurement of ground control 
points.
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GCP string, and one GCP from one of the two 

new GCP strings (Figure 3). Approximately 

900 GCPs were set in total with an average 

interval of 450m. In addition, check points 

were set up to allow for independent quality 

control. The GCPs and check points were 

surveyed with GNSS RTK using the Turkish 

CORS network (Figure 4). Each point was 

measured twice with an interval of at least 2 

hours to achieve a better accuracy.

turnaround time
The survey teams spent 60 days in the field, 

including 20 flying days. The images were 

continuously transferred to the office where 

10 engineers were dedicated to processing 

them towards the final data products. This 

included the computation of point clouds 

from the images and the vectorisation of 

buildings, roads, street lights, power lines, 

vegetation and existing railway lines. The 

processing and product creation took 

approximately 40 days. Overall, it took 

three months from the project’s kick-off to 

final delivery to the client. In contrast, the 

traditional survey techniques employed 

by companies on the other two tendered 

sections required up to a year to complete. 

results
Over 9,000 images were captured during 

the course of the project. They were used 

to create orthophotos and a 3D model with 

10cm resolution and an average height 

accuracy of 15cm. The height error behaves 

as a function of the distance to the closest 

GCP. Close to the GCPs, the error was 

typically small but further away measurement 

errors of up to 30cm were observed. Overall, 

the client’s 20cm accuracy requirement was 

achieved. The UAV products are now being 

used by Turkish State Railway to plan and 

engineer the railway route. 

mailto:dyilmaz@artuharita.com.tr
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In the past most recording was done with tape 

and a 1m planning frame, while a theodolite 

was a luxury. More recently total stations, 

GNSS receivers, terrestrial laser scanning 

(TLS) and airborne Lidar have become 

available. While TLS can be an effective means 

of recording buildings, it is not suitable for 

recording landscapes (whether large upland 

field systems or open-area excavations). 

Airborne Lidar is useful but, at least in the UK, 

it cannot provide adequate resolution for the 

detailed capture of landscapes; typically, only 

1m resolution Lidar tiles can be purchased 

and many areas are not covered. Hence, 

the need emerged for a technique that is 

flexible, accurate, economical, fast and can 

provide 3D models. The latter is gaining 

weight as archaeologists are responsible to 

‘preserve by record’ those archaeological 

sites which have to be destroyed in advance 

of developments. Those records have to 

be maintained for the benefit of future 

generations and must be as comprehensive 

and as detailed as possible – increasingly, this 

means as detailed 3D models. The ‘holy grail’ 

of archaeological 3D modelling has come in 

the form of photogrammetry, using unmanned 

aerial systems (UASs). The discipline of 

photogrammetry has existed for over 150 

years, but recent software innovations have 

allowed it to become a practical and efficient 

tool which is within the economic grasp of 

archaeologists. 

MultI-rotor uAs
In 2010 photogrammetry was used to record 

parts of a large prehistoric excavation, near 

Carlisle in the north of England, utilising a 

camera mounted on a 5m-high mast. 

Photogrammetry was found to be very rapid, 

Archaeology entails the recording of the physical remains left by past generations. Traditionally archaeological 
exploration has been by excavation. Other survey techniques have recently gained importance in recording 
remains that are visible above the ground. Examples include prehistoric fields, settlements and burial remains 
in upland areas, or industrial landscapes, buildings and standing monuments such as stone circles in other 
areas. Here, the author explores the application of UASs in archaeology.

and could provide more detail than robotic 

total stations as well as better accuracy, since 

deviations from the vertical of the pole of the 

total station introduced significant errors. 

Comparison with survey points revealed a 

standard deviation of 20mm. The experiment 

showed that photogrammetry could 

revolutionise site recording. However, the 

limited height of masts impeded its true 

potential. After experimenting with balloons 

and kites, a UAS appeared to be the most 

flexible and effective solution. With GNSS-

controlled automation, coupled with effective 

gimbals, UASs form a stable platform capable 

of capturing images with pebble-sized 

resolution. They can also be positioned 

precisely where the surveyor wants them, 

which is not possible with balloons and kites. 

A UAS capable of lifting a Sony NEX5 camera 

can be purchased for under GBP1,000 

(USD1,500), making it affordable. Since they 

are capable of recording open landscapes 

and also record structures and excavations, 

multi-rotor UASs are better suited to 

archaeological recording than fixed-wing 

UASs. However, multi-rotor UASs are 

impractical for covering areas larger than 

1km2 because their flying time is limited and 

speed is slow. Nevertheless, sites and 

UAS Potential in 
Archaeology

 Setting up the quadcopter.

BY Jamie Quartermaine, OxfOrd ArchAeOlOgY, UK

AFter experimenting, A 
UAS AppeAred to be the 
moSt Flexible And 
eFFective SolUtion
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landscape, highlighting and revealing subtle 

features that are virtually invisible in the field. 

Irregular objects such as standing stones are 

difficult to record in 2D, resulting in errors 

and unrepresentative depictions. 

Photogrammetry, however, enables such 

objects to be recorded as 3D models.

lIMItAtIons
Dense woodland, individual trees and even 

clumps of grass will obscure the sites to 

UASs. Unfortunately, not all archaeological 

sites have carefully manicured, bowling-

green-type ground surfaces, whereas aerial 

Lidar can provide a record of the underlying 

ground surfaces. Secondly, successful 

operation of UASs depends on the weather, 

so it may sometimes be necessary to wait 

days or even weeks for the right conditions. 

Thirdly, there are the legal and health & 

safety restrictions on the use of UASs. In 

the UK, all commercial operations need to 

be undertaken by licensed pilots who follow 

strict guidelines to ensure safety. There are 

also restrictions defined by the Civil Aviation 

Authority (CAA) exemption for aerial work, 

which includes the provision that flying 

cannot be implemented “over or within 50m 

of any vessel, vehicle or structure that is not 

under the control of the person in charge of 

the said aircraft”. Being compliant with these 

guidelines can entail considerable preparation 

to ensure control of structures and vehicles 

and may even prevent the survey being 

performed. 

landscapes can be recorded 10 to 20 times 

faster than by conventional means and in 

greater detail. Cobbled streets, for example, 

of which only the outlines could previously be 

mapped economically using total stations, 

now incorporate the detail of all the individual 

cobbles. Detailed contours of sites provide a 

precise and objective record of the 

JAmie QUArtermAine
Jamie Quartermaine is a qualified land surveyor and has 
been a project officer and subsequently project manager 
at oxford Archaeology north since 1984. He has 
specialised in landscape recording and building survey 
using techniques varying from GnSS, since its 
introduction in the early 1990s, to terrestrial laser 
scanning, airborne lidar, GiS and – more recently – 
modern photogrammetry. He has extensive training 
experience and has published monographs on 
archaeological landscapes.

  j.quartermaine@oxfordarch.co.uk

 Jamie Quartermaine surveying to generate a 3D visual image of a site in Northumberland National Park, England, United Kingdom.

denSe woodlAnd, 
individUAl treeS And 
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to A UAS
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