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A New Angle of Productivity

The Trimble® R12i GNSS System delivers unmatched GNSS 
performance, speed and accuracy to boost your productivity like 
never before. It expands the capabilities of the ground‑breaking 
Trimble ProPoint™ RTK positioning engine
Trimble TIP™ tilt compensation technology
or stake out points faster and in more places without leveling the 
survey pole. Get ready to get more done than you ever thought 
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P. 12 Recent Trends in Four Lidar Technologies
  Lidar technology is synonymous with 3D point clouds. To get the most out of 

3D point cloud data, it is necessary to step back and continually consider the 
newest trends in Lidar technology and how they are benefi ting end users of 
the data. This article explores the latest developments.

P. 16 Lidar Crop Classifi cation with Data Fusion and Machine 
Learning

  This article outlines research done on creating crop type maps using Lidar, 
Sentinel-2 and aerial data along with several machine learning classifi cation 
algorithms for differentiating four crop types in an intensively cultivated area. 

P. 21 Lidar or Photogrammetry? Why Not Use Both?
  Is it possible to enhance point cloud accuracy and density by merging Lidar 

with photogrammetry technologies? What effect might neutral density fi lters 
have on point cloud colours? This article explores quantitative and qualitative 
point cloud enhancement in more detail.

P. 25 EAASI Continues to Gain Height
  More than 40 companies have joined EAASI since the European aerial 

mapping industry created the not-for-profi t umbrella organization aimed 
at fostering joint interests less than two years ago. In this interview, 
the president and secretary-general of EAASI share their views on the 
association’s role in promoting and simplifying the distribution and use of 
aerial survey data.

P. 28 Building a 3D World: Common Sources of Elevation Data
  As the demand for elevation data continues to rise, it is important that users 

match the level of reliability, accuracy and resolution of the data to their 
specifi c application to arrive at an appropriate and cost-effective product. 
This article outlines the common sources of elevation data, including space-
based radar, and helps to categorize the data quality and accuracy.
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The Need to Enthuse Youngsters about Surveying
It was only after several years of working in the geospatial industry that 
I became adept at explaining – briefly and insightfully – to people at 
networking events, parties or even in my local pub precisely what the 
sector does. Clearly, we still have our work cut out to put our profession 
on the map. Even though geospatial data and geospatial technologies 
have become pervasive and indispensable in today’s highly developed 
society, we still struggle to make others adequately aware of this. 
Worryingly, the number of school-leavers choosing to study geomatics 
study is lagging behind, despite the desperate need for new survey and 
mapping professionals in the years ahead.

I’m not the first person to make this observation, and it’s not the first 
time I’ve raised this issue either. But in view of the challenges our 
planet is facing – such as the energy transition, for example – and the 
opportunities presented by digitalization, we urgently need to increase 
our focus on the next generation. Afterall, the youngsters of today are the 
geospatial professionals of tomorrow. 

It is encouraging to see a number of recent initiatives that are raising 
children’s awareness of how cool surveying can be. One such initiative 
is ‘Get Kids into Survey’, whose mission is ‘Engaging, educating and 
empowering future surveyors to take on the challenges of the tomorrow, 
bettering the geospatial industry for all’. Elaine Ball and her team are 
contributing to a geospatial-aware generation, including by developing 
online resources, school events, career days and engaging learning 
materials, as well as a series of amazing posters.

Meanwhile, in Germany, a children’s book has been published called Ich 
hab eine Freundin, die ist Geodätin. It tells the story of Jule who wants 
to be a geodesist when she grows up. When her family are preparing 
to move into a new house, the geodesist teaches Jule how a building 
is staked out and later measured, how heights are levelled and how a 
map is created. The book – which I picked up from one of the countless 
booths at a previous edition of Intergeo – succeeds in showing the 
versatility of surveying and geodesy. Talking of Intergeo, that is exactly 
the kind of event that school pupils should visit because I’m sure they 
would be fascinated and inspired – not only by the survey technology 

and solutions, but also by the innovative applications presented on video 
screens or even in virtual reality.

Here in the home country of GIM International, the Netherlands, we have 
GeoFort: an educational geo-experience centre where children can learn 
about geospatial techniques in a fun, hands-on way. Additionally, Dutch 
company Geomaat recently organized guest lessons for older primary 
school pupils to give them a taste of the surveying profession. The pupils 
even got the chance to use a total station. According to Geomaat, it is 
important that we tell children about technology and the role of surveying 
at an early age, and I couldn’t agree more. As an industry, we should all 
make a serious effort to enthuse the new generation about the amazing 
world of geomatics. Will we ever succeed in turning surveyor or geospatial 
professional into a dream job for children, along with firefighter, jet fighter 
pilot, pop star or professional football player? It’s got to be worth a try!

Wim van Wegen,  

Content manager

wim.van.wegen@geomares.nl 

Search and compare Get insights Connect
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Bentley Systems Acquires 
Seequent with US$1 Billion 
Deal

Bentley Systems, the 

infrastructure engineering 

software company, is to 

acquire Seequent – a 

leader in software for 

geological and 

geophysical modelling, 

geotechnical stability and 

cloud services for 

geodata management, 

visibility and collaboration – for US$900 million in cash. The definitive 

agreement is with investors led by Accel-KKR. The acquisition of Seequent 

is expected to initially add approximately 10% to each of Bentley Systems’ 

key financial metrics and is expected to be measurably accretive to 

Bentley’s organic growth rate. Most significantly, the combination will 

deepen the potential of infrastructure digital twins to help understand and 

mitigate environmental risks, advancing resilience and sustainability.

 https://bit.ly/3rI9DEe

New Leica CityMapper 
Configuration for 
Challenging Digital Twin 
Creation

The new Leica CityMapper-2L 

configuration from Leica 

Geosystems, part of Hexagon, 

is specifically designed for 

airborne urban mapping 

projects at low-altitude 

operation. Lower flying heights 

can be required by air traffic 

control (ATC) restrictions and 

in areas with low cloud cover. 

The CityMapper-2L features a 

71mm focal length at nadir, 

ideal for 5cm GSD data acquisition at flying heights of 940m AGL. The 

new lenses offer similar coverage and productivity for a specific ground 

sampling distance (GSD) as the existing configurations for standard and 

high flying heights, while significantly expanding the operation envelope. 

“This third lens option complements the existing two configurations. The 

Leica CityMapper-2 now offers three different focal lengths to support all 

customer and project needs – from low to high-altitude flights – while 

capturing data from 2-10cm GSD,” says Ron Roth, product manager at 

Hexagon’s Geosystems division. “We are pleased to offer our customers 

full flexibility to accomplish their projects while meeting the requirements 

of various local flight regulations and weather conditions.” 

 https://bit.ly/3cDA1ee

How Geospatial Technology 
is Vital for Exploring Mars

When NASA’s Perseverance 

rover landed on Mars earlier 

this month, it was equipped 

with some of the most precise 

maps of Mars ever created, 

courtesy of the USGS 

Astrogeology Science Center. 

Not only were these new maps 

essential for a safe landing on 

Mars, but they also serve as 

the foundation upon which the 

science activities planned for 

the Mars mission will be built. 

In order to safely land on the 

rugged Martian landscape, the spacecraft used a new technology called Terrain 

Relative Navigation. As it descended through the planet’s atmosphere, the 

spacecraft used its onboard maps to know precisely where it was and to avoid 

hazards. For the navigation to work, the spacecraft needed the best possible 

maps of the landing site and surrounding terrain. The USGS has developed two 

new maps for the Mars mission. The first is a high-resolution (25cm per pixel) 

map that researchers have used to accurately map surface hazards at the 

landing site. This map serves as the base map for mission operations and to plot 

where the rover will explore after landing. The second map is a lower-resolution 

(6m per pixel) map that spans the landing site and much of the surrounding 

terrain. This was used onboard the spacecraft, along with the locations of the 

hazards from the high-resolution map, to help it land safely.

 https://bit.ly/31E27zK

Cyclomedia Creates Digital 3D 
World of the Netherlands

By creating a digital 3D world 

based on a combination of aerial 

images and aerial point clouds, 

Cyclomedia – a specialist in large-

scale visualizations of the physical 

environment – has taken the next 

step to digitally visualize the 

Netherlands. Called 3DNL, the 

geometrically accurate three-

dimensional model of the entire 

Netherlands provides access to a 

true-to-life digital representation of 

reality, including a uniform 3D image, to scale, of the entire outdoor space. For 

governments and companies, 3DNL is a rich source of information for 

numerous day-to-day applications. HxDR – Hexagon’s cloud-based visualization 

and collaboration platform for geographic data and services – is used to unlock 

the data within 3DNL. HxDR offers a range of standard functions and features 

that are an integral part of 3DNL and can be integrated into Cyclomedia’s Street 

Smart web viewer.

 https://bit.ly/3udUUmc

 The Explore Mars app enables the canyons, 
mountains and craters of Mars to be visited 
‘virtually’. 

 Seequent’s Leapfrog Geo geological modelling 
software. (Image courtesy: Seequent)

 Processing CityMapper-2 data with HxMap 
supports the production of all airborne data 
products for smart decision-making in 
rapidly changing urban environments.

 3DNL serves a number of important uses, 
such as the ability to visualize data layers in 
the viewer. 
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Ecopia and Airbus to 
Provide Digital Maps on a 
Global Scale

Ecopia AI has entered into a 

partnership with Airbus to 

produce next-generation digital 

maps on a global scale – 

including land use/land cover, 

roads and building footprint 

data. This digital mapping 

solution will provide commercial 

and governmental users with an 

accurate and up-to-date digital 

representation of their areas of interest, driving better decision-making 

across industries. Under the agreement, Ecopia will have access to 

Airbus’s global premium 50cm high-resolution imagery database, applying 

the firm’s industry-leading artificial intelligence-based systems to extract 

vector maps on a city to continental scale – with the accuracy of a GIS 

professional. These vector maps, known as Ecopia Vector Maps, will be 

available within the Airbus OneAtlas Platform. Upon request, they can be 

ordered for any location across the globe, empowering users with precise 

insights in just a few clicks.

 https://bit.ly/2PszX8v

Hexagon Launches 
Machine-learning 
Visualization Tool for 
Smart Cities

Hexagon’s Geospatial 

division has launched 

M.App Enterprise 2021, a 

significant update to its 

platform for creating 

geospatial and location 

intelligence applications. 

The latest release features 

new browser-based 3D 

capabilities and enhanced 

visual effects, plus the 

ability to create and configure custom applications more easily. M.App 

Enterprise 2021 adds complete and seamless integration with Hexagon’s 

LuciadRIA. Now, users can access LuciadRIA’s 3D features, including 

support for panoramic imagery, shading, ambient occlusion and other 

visualization effects, to build browser-based solutions with no development 

necessary. The latest version also features a new browser app configurator 

that makes it even easier to create spatiotemporal dashboards, known as 

Smart M.Apps. Additionally, Feature Analyzer has been expanded to allow 

users to add and manage multiple datasets on the fly and set up 

workflows. These enhancements enable more dynamic configurations, 

allowing field workers to be alerted quickly when action is required.

 https://bit.ly/3rGhG4K

New Fuel-efficient Survey 
Aircraft Handed over to 
GeoFly

GeoFly has taken delivery of its 

new DA62 SurveyStar aerial survey 

aircraft and the Special Mission 

Aircraft is now ready for 

deployment from GeoFly’s base at 

Magdeburg Business Airport, 

Germany. GeoFly had signed the 

contract for the new aircraft from 

the Austrian manufacturer 

Diamond Aircraft in June 2020. It is the first aircraft of this type which has been 

specially adapted for the specific requirements of aerial surveys. In close  

cooperation between GeoFly and Diamond Aircraft, the adaptations of the aircraft, 

which is intended for use at low and medium altitudes, were developed and imple-

mented. The necessary modifications were carried out specifically for the use of 

high-performance cameras and laser scanning systems. Sensor systems from the 

Austrian companies Vexcel Imaging and RIEGL were used. Stabilization compo-

nents from SOMAG and navigation instruments from the IGI were also integrated 

into the aircraft. “We expect from this aircraft a much more efficient performance of 

our worldwide surveying projects,” explains Aicke Damrau, managing director of 

GeoFly. “The DA62 consumes just one-third of the fuel of conventional aircraft with 

a similar performance. In this respect, we will not only significantly reduce operating 

costs with this aircraft, but can also make a small contribution to environmental 

protection and against climate change at the same time.”

 https://bit.ly/3fx08Fv

Airborne Lidar Brings 
18th-century Fort to Life

A Canadian archaeologist 

is using advanced mapping 

and visualization techno-

logies to bring one of the 

earliest European settle-

ments in North America 

back to life. Dr Jonathan 

Fowler combined a 

centuries-old map with a 

modern 3D terrain model 

to portray Fort Anne and 

its surroundings in stunning detail – just as the Nova Scotia site looked in 1706. 

“Airborne Lidar has become a powerful tool for archaeologists to tell the stories 

about our heritage while also providing historical information for us to study and 

interpret,” said Fowler, an associate professor of archaeology at Saint Mary’s 

University in Halifax, Canada. Fowler created the 3D representation of Fort Anne 

using the Surfer surface mapping package from Golden Software of Golden, 

Colorado, USA. For more than 35 years, Surfer has been used by more than 

100,000 scientists and engineers to interpret complex data for oil & gas explo-

ration, environmental consulting, mining, engineering and geospatial projects.

 https://bit.ly/3rGhPFk

 Ecopia AI and Airbus are to produce 
next-generation digital maps on a global 
scale. 

 GeoFly’s new DA62 SurveyStar survey 
aircraft. 

 A Surfer 3D surface model showing the Lidar model 
of Fort Anne.

 The city of Klagenfurt, Austria, has already 
begun using M.App Enterprise 2021 to create a 
city app platform.
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GeoCue Launches Hybrid 3D 
Imaging System

GeoCue Group has released the latest addition 

to its 3D Imaging Systems (3DIS) series, the 

True View 515. True View 515 is designed for 

Lidar wire extraction and dense vegetation 

penetration applications for all-purpose sensors. 

GeoCue has contributed to the UAV Lidar/

imaging market in 2019 with the creation of a 

3D imaging sensor/system approach to drone 

mapping. In contrast to conventional drone Lidar 

systems with tacked-on cameras, a True View 

3DIS couples a laser scanner with tightly 

integrated and calibrated photogrammetric cameras. The included post-processing 

software generates RGB colourized point clouds from the source images. Unlike 

the flat colourization from ortho images seen in other systems, the True View 3DIS 

renders 3D colourization for spectacular, high-accuracy datasets. The True View 

515 series is an all-purpose-grade 3DIS designed for unmanned aerial vehicles 

(UAVs or ‘drones’). The system includes full post-processing software that 

generates a ray-traced 3D colourized point cloud and geocoded images.

 https://bit.ly/2Pr1Ai3

Trimble Launches SX12 
Scanning Total Station

Trimble has introduced 

the Trimble SX12 

scanning total station, 

announced as the next 

iteration of its break-

through 3D scanning 

total station that 

provides fast and 

efficient data capture 

for surveying, 

engineering and 

geospatial professionals. New features, including a high-power laser 

pointer and high-resolution camera system, expand capabilities in 

surveying and complex 3D modelling and enable new workflows in 

tunnelling and underground mining. The Trimble SX12 merges high-

speed 3D laser scanning, Trimble VISION imaging technology and high-

accuracy total station measurements into familiar field and office 

workflows for surveyors. A new green, focusable Class 1M laser pointer is 

safe for viewing with the naked eye, offers high-power visibility and makes 

it easy to see even at a distance. An improved camera system provides 

enhanced pointing and site documentation capabilities.

 https://bit.ly/3ucCiDk

 GeoCue’s True View 3DIS 
product series provides users 
with a complete acquisition-to-
deliverables workflow. 

 The Trimble SX12 opens up new applications. 
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 Figure 1: The lightweight RIEGL miniVUX-2UAV Lidar is capable of capturing a remarkable amount of 
detail with its 200,000 measurements per second.

Within the spatial industry there are four 

popular platforms for producing point clouds: 

1) Airborne Lidar which captures data from 

above using aircraft and unmanned aerial 

vehicles (UAVs or ‘drones’), 2) Mobile Lidar 

mounted on moving vehicles including road, 

rail and boats, 3) Terrestrial Lidar captured 

from a static platform typically using a tripod, 

and 4) Handheld, short-range Lidar using 

SLAM technology. 

Each platform plays an important role in 

generating Lidar-captured point clouds and 

each one offers a unique perspective on the 

world – from airborne which can be captured 

at scale across cities to handheld SLAM for 

rapidly capturing detail within indoor spaces.

Lidar technology is synonymous with 3D point clouds. To get the most out of 3D point cloud data, it is 
necessary to step back and continually consider the newest trends in Lidar technology and how they are 
benefiting end users of the data. This article explores the latest developments.

1. Airborne LidAr
In recent times the biggest gains for airborne 

Lidar have been in the processing and 

delivery of 3D point clouds. There have also 

been developments in lightweight sensors for 

drones, along with drone autonomy. However, 

the progress made in automating cloud-based 

processing and storage has seen significant 

investment, resulting in substantial reductions 

in delivery times. 

Maximum point densities have generally 

stabilized across the market, with improved 

customer knowledge having a greater influence 

on capture. The old approach of obtaining as 

much detail as possible is being reconsidered 

in favour of value and only as much detail as is 

needed. Customers are becoming more aware 

of what is possible through social media and, 

as a result, are more educated in the specifics 

of Lidar capture.

dAtA processing
As mentioned above, the biggest recent 

change for airborne Lidar has been in terms of 

data processing. This is now more automated 

and streamlined, typically using a fully cloud-

based architecture, also including manual 

editing and quality assurance (QA) in the 

cloud. This cloud-based approach has resulted 

in significantly faster turnaround times and 

more versatility between the field and office. 

Project data can now be uploaded soon after 

the aircraft lands back on the tarmac and in 

some instances the post-processed data is 

also delivered in the cloud. As with all cloud-

based solutions, the current challenge for 

most projects is bandwidth because adequate 

speeds are required to realize the benefits.

In Australia, there has been a general 

transition away from the large environmentally 

driven captures to more forestry and urban 

applications with annual refreshes. These 

captures are driving major programmes 

supporting bushfire management and the 

development of urban digital twins. Airborne 

Lidar has been fundamental to support the 

creation of high-quality digital elevation 

models (DEMs) to underpin the digital twin 

landscape and to derive high-quality, up-to-

date building models. These applications have 

meant that data currency is becoming one of 

the most important factors for Lidar capture. 

Forestry-based Lidar is increasing 

commensurately with concerns around 

Recent Trends in Four 
Lidar Technologies

Providing a ComPlete lidar-based Point Cloud solution

By dr nathan quadros, brenton weigler and brad chambers, aUSTRaLIa
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 Figure 2: The Leica Pegasus Two:Ultimate surveying the Great Ocean Road in Victoria, Australia.

 Figure 3: A colourized mobile Lidar point cloud generated from the Leica Pegasus Two:Ultimate.

virtually plug and play. Each sensor offers its 

own benefit, from a wide vertical field of view 

or longer ranges to multiple pulse returns or 

higher accuracies.

In mobile Lidar there has been an increase in 

point density, particularly when using dual scan 

heads to capture a more comprehensive view 

from a single pass. Systems such as the RIEGL 

VMX-2HA, Trimble MX9, Teledyne HS600 and 

the Leica Pegasus Two:Ultimate all have the 

ability to capture more than two million points 

per second with ranges from 100m to 500m-

plus in order to achieve great detail.

 

The benefit of using two scanners 

simultaneously in a dual-head system is that 

more detail can now be captured from fewer 

passes of the road or within a rail corridor. 

This also means that data occlusion is 

reduced, and the object definition is improved 

as multiple angles of scan data are captured.

chALLenging point densities
The point densities being generated from 

mobile Lidar are constantly challenging IT 

infrastructures. For instance, an hour of 

data capture can generate around 200GB of 

raw data even when point cloud and image 

compression are applied. A typical project 

can produce 100GB in an hour from eight 

12MP cameras recording images at a 3m 

spacing and two Lidar sensors operating 

simultaneously at one million points per 

bushfire risk. The calculation of fuel loads for 

bushfire predictions is in great demand within 

Australia. Applications such as coastal erosion 

and sea-level rise have been reduced from 

large-scale programmes to more localized 

surveys over hotspots.

digitAL twins
The focus on urban areas and digital twins, 

along with value for money, has meant a 

reduction in demand for full-waveform Lidar. 

The larger volumes of data and constant need 

to evolve data management have accelerated 

the transition to cloud-based storage and 

streaming as well as increasingly efficient 

data compression formats. The costs for 

processing and storing large volumes in the 

cloud can add up, and companies are getting 

smarter about obtaining only what they need.

In recent times, there has been a stronger 

push in communications between customers 

and suppliers. Customers are demanding 

more information about the data processing 

pipeline, and companies are providing more 

details about their approach to processing –  

whether it is automated, manual or 

outsourced – including their approach to 

quality assurance and editing.

2. MobiLe LidAr
Mobile Lidar has come a long way in the past 

few years. Mobile Lidar capture no longer 

needs a multitude of cables and accessories 

to be carefully pieced together by an expert. 

All the mapping-grade sensors such as 

those from Velodyne and Ouster and the 

survey-grade platforms from RIEGL, Trimble 

and Leica are now much easier to mobilize: 

By dr nathan quadros, brenton weigler and brad chambers, aUSTRaLIa
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second each. The sheer size of the data 

produced becomes a game of transfer speeds 

and GPUs to achieve efficient point cloud and 

imagery processing.

Another challenge for mobile Lidar is the 

requirement for a high degree of survey 

control to be safely placed within the road 

corridor. Survey control usually involves 

strategically placed targets on the pavement 

and vertical surfaces, or alternatively utilizing 

terrestrial Lidar data to verify the accuracy of 

the mobile Lidar point cloud. With the faster 

turnaround times and the requirement to 

maintain safety standards, survey control is a 

constant challenge.

One of the latest advancements in mobile 

Lidar has been the integration of accurately 

aligned high-resolution imagery to the point 

cloud. The latest systems have an array of 

cameras with a combination of both spherical 

and directional cameras. Some systems such 

as the RIEGL VMX-2HA and Leica Pegasus 

Two:Ultimate use directional cameras of up to 

12MP and can capture frames at speeds of 

up to 16FPS. This highly detailed and aligned 

imagery enables high-quality RGB colourized 

point clouds for improved visualization and 

analysis. 

 

Less MAnuAL ALignMent
The processing of mobile Lidar point clouds 

has been streamlined in recent years with 

improved trajectory processing utilizing 

advances in Kalman filtering and image-

based cloud-to-cloud registration. This has 

meant that much of the manual point cloud 

alignment and registration to ground control 

has been reduced, speeding up the overall 

processing to achieve less than 10mm 

separation between point cloud passes. Auto-

alignment algorithms result in a more accurate 

product with far less human interaction. The 

improvement in data processing means that 

clients are able to start working on accurate 

data much sooner.

Machine-learning feature extraction is playing 

a significant role in extracting value from 

both airborne and mobile Lidar data. Whilst 

machine learning is taking off, there is still 

a need for more labelled training datasets 

suitable to each of the applications which can 

be used by the machine and data scientists 

to optimize algorithms. Labelled training 

datasets identifying objects within point 

clouds are becoming increasingly valuable. 

In point clouds, these objects are located by 

3D bounding boxes around the objects and 

labelled with the object type. These training 

datasets provide the foundation for the 

training of machine learning to extract more 

value from point cloud data. 

3. terrestriAL LidAr
Around 15 years ago, with all the hardware 

and software working properly, it was possible 

to achieve three scan setups per day using 

a Leica HDS3000. The scanner weighed 

16kg, batteries were the size of briefcases 

and everything was controlled using a laptop 

computer – but it made processing cloud-to-

cloud alignments easy.

In terrestrial Lidar, the hardware has 

progressed in leaps and bounds and the latest 

generation of scanners are able to achieve 

over 200 scan setups per day. Now, the 

challenge has become how to process all the 

data more efficiently. 

With the increase in scan setups that can 

be achieved in a single field day, automated 

point cloud alignment algorithms provided 

a solution several years ago, in particular 

Trimble Realworks’ very effective ‘Auto-

register using planes’. The drawbacks have 

been the computing time required to run the 

process and the need for rigorous quality 

checks to ensure the algorithm has got it right. 

Scanning data through glass, long featureless 

corridors and large moving objects such as 

sails or trees can all steer the alignment well 

off course.

on-the-fLy ALignMent
Perhaps surprisingly in an industry where 

‘automation’ is a byword for the future, the 

latest developments in terrestrial point cloud 

processing have been non-automated. 

On-the-fly cloud-to-cloud alignments using 

a Wi-Fi-connected tablet have virtually 

eliminated the need for the slow, tedious 

task of point cloud processing in registration 

software. Instead, the software now has the 

ability to align the point clouds in the field as 

data is acquired, overcoming the drawbacks 

of manual registration and allowing the 

operator to visually check the alignment prior 

to accepting. 

Leica’s most recent terrestrial Lidar system, 

the RTC360, is a great example of on-the-fly 

alignments. The system can be operated 

either on the unit’s GUI or via a Wi-Fi-linked 

tablet device through the Leica Field 360 

application. However, it should be noted that 

the point cloud alignment can only be done 

using the tablet. The point cloud acquisition 

only takes around 30 seconds (12mm point 

spacing at 10m), with the addition of colour 

HDR imagery taking an extra minute.

While the tablet-based alignments eat into 

the scan acquisition time, the improvements 

in point cloud and HDR imagery times 

easily offset this delay. Unfortunately, at this 

stage the operator is unable to utilize the 

downtime during acquisition to complete past 

alignments. However, it is easy to envisage 

this being addressed in future firmware 

updates. 

Additional benefits to the align-as-you-go 

workflow include:

•	 	The	operator	can	show	the	client	the	

aligned data in real time on the tablet 

device, creating greater appreciation 

 Figure 4: Emesent’s Hovermap SLAM-based Lidar in handheld mode. (Image courtesy: Emesent).
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and engagement with the work being 

conducted.

•	 	A	virtual	floorplan	showing	the	scan	

locations and voids in the field avoids 

potential re-work.

•	 	The	additional	processing	in	the	field	

removes the need for detailed fieldnotes 

showing locations of scans. 

•	 	The	user	receives	a	prompt	if	the	

application is unable to align the adjacent 

scans due to insufficient overlap between 

setups.

Although this may make the office-based 

cloud-to-cloud alignments a thing of the past, 

there is still a need to have robust survey 

control and rigorous data quality-assurance 

processes in place. Data integrity always 

requires the support from traditional survey 

techniques such as survey control and 

reference targets.

4. hAndheLd, short-rAnge LidAr using 
sLAM 
The fourth and final commonly used 

commercial platform for Lidar is the 

handheld/backpack short-range Lidar using 

simultaneous location and mapping (SLAM) 

technology. SLAM enables the Lidar system to 

position itself within its environment – typically 

GNSS-denied locations. As SLAM algorithms 

have improved over the past couple of years, 

handheld Lidar has taken off as a commercial 

solution. 

Terrestrial Lidar was the only commonly 

applied solution for indoor Lidar prior to 

commercially available handheld devices. 

The success of Leica’s BLK2GO and 

Emesent’s Hovermap have revolutionized 

the acquisition of Lidar in confined, complex 

indoor environments. The advantages of these 

solutions are their speed, versatility and ease 

of use. Where applications can tolerate lower 

accuracies, they gain significant advantages in 

the speed of capture, processing and delivery 

timeframes.

in coMbinAtion with drone AutonoMy
The Emesent Hovermap also has the 

versatility of being able to be attached to a 

drone. In this mode, combining the SLAM 

technology with drone autonomy provides 

a powerful indoor mapping solution for 

mining and complex enclosed sites. In fact, 

Hovermap’s autonomy level 2 uses collision 

avoidance to enable the drone to fly beyond 

the line of sight and the Lidar data is streamed 

back to the operator in real time.

 

In the next few years, significantly more 

handheld SLAM-based Lidar systems can be 

expected to enter the market.

concLusion
In recent years, there has been a strong 

industry focus on increasing the speed of 

delivering Lidar data to the customer. Factors 

such as the uploading of data from the field 

to cloud, auto-alignment of scans, product 

automation and delivery through the browser 

have meant that end users are receiving their 

data faster. With the push towards digital 

twins, there is now more interest in complete 

coverage of buildings and assets utilizing a 

range of integrated Lidar technologies. Recent 

developments improving the versatility of Lidar 

across its many platforms have made it easier 

than ever to provide a complete Lidar-based 

point cloud solution. 
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 Figure 5: A detailed building information model (BIM) of the Mt. Crosby pumping station in Brisbane 
generated by integrating a range of Lidar sources.
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Lidar data is becoming ever-more widely 

available as more aerial surveys are 

conducted, UAV-Lidar sensors are becoming 

more prevalent and Earth observation 

satellites are being fitted with Lidar sensors. 

Crop type mapping can benefit from these 

new sources of Lidar data, especially when 

Crop type maps are often generated using remotely sensed data acquired by sensors mounted on satellites, 
manned aircraft or unmanned aerial vehicles (UAVs or ‘drones’), the most popular being multispectral sensors 
mounted on satellites. Aerial multispectral sensors are more frequently employed where imagery with very 
high spatial resolution is required. However, the use of Lidar data for crop type mapping is still uncommon. 
This article outlines research done on creating crop type maps using Lidar, Sentinel-2 and aerial data along 
with several machine learning classification algorithms for differentiating four crop types in an intensively 
cultivated area.

combined with high-resolution, multispectral 

and multi-temporal optical imagery such as 

that provided by the Sentinel-2 constellation. 

This combination of Lidar data and optical 

imagery can bode well for the agricultural 

sector when used to produce more accurate 

crop type classifications.

Lidar is commonly used in remote sensing to 

collect surface height information by either 

using the 3D point cloud or by interpolating a 

digital surface model (DSM) or digital terrain 

model (DTM). From the DSM and DTM, a 

normalized DSM (nDSM), or canopy height 

model (CHM), can be derived by subtracting 

the DTM from the DSM. Photogrammetry 

methods can also be used to create a DSM. 

However, Lidar can penetrate vegetation 

canopies and obtain accurate height 

information of the terrain below and in turn be 

used to create a DTM and subsequently an 

nDSM. Besides the height information, Lidar 

also provides returned intensity information 

which can be used to differentiate between 

different land covers. For instance, scanning 

water results in low-intensity returns, while the 

intensity of returns from vegetation is high.

Study area in South africa
In recent research, the Vaalharts irrigation 

scheme located in the Northern Cape 

Province of South Africa was used for the 

study area (Figure 1). The study area was 

selected due to the availability of Lidar data. 

The irrigation scheme is situated at the 

confluence of the Harts and Vaal rivers and 

contains various types of land cover, including 

Lidar Crop Classification 
with Data Fusion and 
Machine Learning

The BenefiTs of AirBorne LAser scAnning in ArABLe fArming

By AdriAAn JAcobus Prins, South AfricA

 Figure 1: The study area – the Vaalharts irrigation scheme, Northern Cape, South Africa.
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 Table 2: Overall accuracy results for the seven datasets and the ten different classifiers.

 Table 1: The eight datasets.

analysis was performed on both the A1 and A2 

data in order to access whether downscaling 

makes any statistically significant difference. 

The Sentinel-2 imagery was only 

atmospherically corrected using ATCOR, since 

the Sentinel-2 image was obtained at level-1C 

which had already been orthorectified. 

These three datasets were then combined to 

create eight different dataset combinations, 

namely aerial (A2 and A1), Lidar (L), 

Sentinel-2 (S), aerial and Sentinel-2 (A-S), 

aerial and Lidar (A-L), Lidar and Sentinel-2 

(L-S), and lastly Lidar, aerial and Sentinel-2 

(A-S-L). Table 1 lists the eight input 

datasets considered. All eight datasets were 

standardized using zero-mean and unit 

variance standardization.

crop type claSSification
Machine learning has been widely used in 

remote sensing, with the commonly used 

machine learning algorithms being decision 

trees (DTs), random forest (RF), neural 

network (NN) and support vector machine 

(SVM). For this study, ten algorithms were 

used, namely random forest (RF), decision tree 

(DT), XGBoost, k-nearest neighbour (k-NN), 

naïve bayes (NB), logistic regression (LR), 

neural network (NN), deep neural network 

(d-NN), support vector machine (SVM) with 

linear kernel (SVM L) and SVM with radial basis 

function kernel (SVM RBF). A thousand data 

points were created using stratified random 

sampling and they were used as input for the 

algorithms, with 200 points assigned to each 

class (maize, cotton, groundnuts, orchards 

and non-agriculture). Each algorithm was 

cross-validated with a hundred iterations and 

each iteration was randomly split into a training 

dataset (70%) and test dataset (30%). 

The results of the classification are 

summarized in Table 2, which shows the 

overall accuracy for the eight datasets and ten 

machine learning algorithms. Figure 2 shows 

a visual comparison of the random forest 

classification for seven of the eight datasets 

(A2 was excluded due to the low overall 

accuracies).

diScuSSion and concluSion
The machine learning algorithms were able to 

accurately classify the five classes by using 

the different dataset combinations as input, 

with nine of the ten algorithms obtaining at 

least one overall accuracy above 90% (random 

forest obtained the highest overall accuracy 

of 94.6%). The three main datasets (aerial 

imagery, Lidar and Sentinel-2) were able to 

obtain acceptable overall accuracies when 

used on their own, with the Lidar dataset and 

Sentinel-2 dataset obtaining similar overall 

accuracies. Although the Lidar and Sentinel-2 

dataset performed on par with each other, 

the Sentinel-2 data has the advantage of 

being regularly updated (once every five days, 

depending on cloud cover), while Lidar data 

is typically updated less frequently. However, 

the Lidar data was able to differentiate 

indigenous vegetation, built-up areas, bare 

ground, water and crops including cotton, 

maize, wheat, barley, lucerne, groundnuts, 

canola and pecan nuts, all of which are grown 

on a crop rotation basis. 

the dataSetS
Three datasets were used, namely Lidar data, 

aerial imagery and satellite imagery. The Lidar 

and aerial imagery were captured by Land 

Resources International for the Northern 

Cape Department of Agriculture, Land Reform 

and Rural Development. The Lidar data was 

collected between 19 and 29 February 2016 

with a Leica ALS50-II Lidar sensor at an 

altitude of 4,500ft, resulting in an average 

point spacing of 0.7m and an average point 

density of 2.04m2. The aerial imagery was 

collected between 22 February and 18 March 

2016 using a PhaseOne iXA multispectral 

sensor at an altitude of 7,500ft and consisted 

of four bands, namely blue, green, red and 

near-infrared (NIR). The aerial imagery had a 

ground sampling distance (GSD) of 0.1 m for 

the blue, green and red bands and a GSD of 

0.5m for the NIR band. The Sentinel-2 imagery 

was collected on 10 February 2016 and was 

selected due to the lack of cloud cover and the 

temporal match to the Lidar data and aerial 

imagery. The four 10m-resolution bands and 

the six 20m-resolution bands of the Sentinel-2 

imagery were used for the study.

The Lidar data was used to derive four 

features, namely an nDSM, a generalized 

nDSM, an intensity raster and a multi-return 

value raster. The nDSM was created from 

a 2m-resolution DTM from a 2m-resolution 

DSM. The generalized nDSM was created 

by calculating the range of values within a 

5x5 moving window. The intensity raster was 

interpolated at a 2m resolution using all the 

returns. Further texture features were created 

from the Lidar data by applying histogram-

based texture measures (HISTEX) and texture 

analysis (TEX) on the nDSM and intensity 

image using a 5x5 window; texture features 

with high correlation were excluded. 

The aerial imagery was used to create two 

datasets (A1 and A2). For the A1 dataset, 

principal component analysis (PCA) was 

performed and then the same texture features 

that were applied for the Lidar data were applied 

on the PCA raster, although using a larger 

window to match the resolution of the Sentinel-2 

imagery. For the A2 dataset, only the RBG 

bands were downscaled to 0.5m resolution 

to match the resolution of the NIR band. The 

By AdriAAn JAcobus Prins, South AfricA

id dataset number of 
features

a1 aerial 19
a2 aerial 4
s sentinel-2 10
l lidar 34
a-s aerial (a2) and sentinel-2 14
a-l aerial (a2) and lidar 38
l-s lidar and sentinel-2 44
a-s-l aerial (a2), sentinel-2 and lidar 48

classifier dataset
a1 a2 S l a-S a-l l-S a-S-l Mean

d-nn 81 55.2 90.8 83.2 92.3 88.2 91.5 92.2 84.3
Dt 72.2 46.1 81 82.3 86.2 84.7 90.2 90 79.1
k-nn 77.1 54.5 85.8 83.9 88.9 87.7 91.2 92.1 82.7
lr 73.2 44.5 85.3 84.9 91.6 86.8 92.2 92.9 81.4
nB 62.5 46.7 67.9 77.7 74.8 81.2 84.7 86 72.7
nn 81.2 56.5 88.2 86.3 92.7 89.8 92.8 93.4 85.1
rF 81.9 54.4 86.5 87.3 93.1 90.7 93.2 94.6 85.2
sVM-l 73.4 44 88.3 86.2 92.6 88.2 93.5 93.5 82.5
sVM rBF 72 50.5 75.9 83.4 87 86.6 89.8 90.1 79.4
XGBoost 81.3 56.1 86.3 87.8 91.9 91.3 93 94.1 85.2
Mean 75.6 50.9 83.6 84.3 89.1 87.5 91.2 91.9
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between crop types on its own and proved 

to be particularly useful when distinguishing 

between different crops with noticeable height 

differences, such as orchards and groundnuts.

It is clear from the results that higher overall 

accuracies were obtained when the datasets 

 Figure 2: Visual comparison of the random forest classification algorithm for the seven experiments, 
with the RGB aerial photograph shown in the top-left corner for orientation.

Search and compare Get insights Connect

Your Product Platform for 
Surveying, Positioning and Machine 

were combined. The combination of all 

three datasets obtained the highest overall 

accuracies, although the combination of 

Lidar and Sentinel-2 performed just as well 

as the combination using all three datasets. 

Therefore, if available, Lidar data should be 

used in combination with spectral data in order 

to improve classification accuracies, especially 

for differentiating between crop types that have 

similar spectral signatures but clear structural 

differences (i.e. differences in height). 
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Unmanned aerial vehicles (UAVs or ‘drones’) 

have become increasingly popular for many 

environmental applications, delivering point 

cloud digital surface models (DSMs) and 

orthoimagery. The accuracy of datasets 

generated from drone flights depends on the 

data capturing methods, from active Lidar 

sensors or from passive remote-sensing 

sensors (cameras). Point cloud datasets 

usually contain a considerable number of 

undesirable irregularities, such as strong 

variability of local point density, missing data, 

overlapping points and noise. This recent 

study by the GeoSpatial Laboratory of the 

Faculty of Letters and Human Sciences at the 

Lebanese University applied various methods 

for point cloud quality enhancement and also 

conducted field experiments to reduce the 

undesirable irregularities of point clouds.

High-resolution and high-density point clouds 

play an important role in many applications 

such as deformation monitoring studies and 

indoor and outdoor mapping. Several studies 

have compared Lidar and structure from 

motion (SfM) photogrammetry techniques and 

found that Lidar datasets are more accurate 

because SfM-derived results are variable. 

One advantage of SfM photogrammetry is the 

encoding of point clouds with multispectral 

Is it possible to enhance point cloud accuracy and density by merging Lidar with photogrammetry 
technologies? Lidar data can penetrate trees and measure shadow areas to produce a very accurate point 
cloud. Passive imaging cameras derive a more detailed 3D model and encode point clouds with multispectral 
information, resulting in a useful coloured point cloud classification. What if were possible to merge these 
technologies? What effect might neutral density filters have on point cloud colours? This article explores 
quantitative and qualitative point cloud enhancement in more detail.

information, which is a useful coloured point 

cloud classification. However, Lidar data can 

penetrate trees and measure shadow areas 

to produce a very accurate point cloud. Lidar 

scanners provide a relatively accurate 3D 

point cloud, in contrast to passive imaging 

cameras that derive a more detailed 3D model 

of the real world. 

Lidar or 
Photogrammetry? 
Why Not Use Both?

How Data Fusion Can improve point ClouD Quality 

By Jean Doumit, LeBanese University, LeBanon

 Figure 1: Quantitative and qualitative enhancement of a point cloud.
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Geospatial technology users often question 

what to choose for scanning an urban 

area: Lidar or photogrammetry? But what 

happens when both technologies are utilized? 

Landscape and street photographers use 

neutral density (ND) filters to enhance their 

images, so why not apply this method to 

photogrammetry?

The GeoSpatial Laboratory of the Faculty of 

Letters and Human Sciences at the Lebanese 

University has developed a framework 

to introduce a novel point cloud quality 

improvement method based on Lidar and SfM 

fusion and the integration of neutral density 

filters on passive sensors. Two improvements 

are implemented: 1) Increase in Lidar point 

cloud density and SfM point cloud accuracy, 

and 2) Enhancement of point cloud colours. 

Quantitative and qualitative point cloud 

enhancement has been explored by testing 

point cloud fusion and the effect of four 

neutral density filters (ND-4, ND-8, ND-16 

and ND-32) on point cloud colouring. 

Fusion
Point cloud users from many disciplines 

have shown an interest in fusing Lidar and 

photogrammetric data to qualitatively enhance 

point clouds. The fusion of both SfM and Lidar 

data then increases the usability and benefits 

of the datasets. In this study, the researchers 

produced a point cloud exploiting Lidar and 

SfM techniques and utilized the Iterative 

Closest Point (ICP) method to fuse Lidar 

and photogrammetry point clouds into one 

mapping frame. 

Since drone images are affected by the sun’s 

rays, photogrammetrists advise that missions 

are conducted at lower sun intensity. To 

reduce the quantity of sunlight, professional 

photographers use ND filters. Due to a lack 

of literature and projects referencing the use 

of ND filters in photogrammetry, this study is 

among the first to test the effect of such filters 

on drone dataset enhancement.

Point cloud accuracy and density 
enhancement
The georeferencing of aerial datasets of 

Lidar and photogrammetry could be done 

by GPS-RTK or GPS-PPK, in the same 

coordinate systems. The iterative closest 

point (ICP) algorithm helped in reducing the 

distance between the source Lidar point 

clouds and the photogrammetry closest point 

pairs, allowing for greater accuracy. 

The main advantage of the ICP method 

is the direct use of measurement data, as 

there is no need for interpolation or other 

data modification. It attempts to find the 

optimal transformation between two point 

clouds by minimizing the average distance of 

corresponding point pairs. Following an ICP 

algorithm, both Lidar and SfM-based point 

clouds were merged into one fusion point 

cloud file (Figure 1).

The new merged point cloud is characterized 

by the high accuracy of Lidar and by the high 

density of SfM point clouds. In an urban area 

at a flight height of 150m, the researchers 

scanned 845,669 Lidar points. On the same 

aerial platform, a camera captured 343 

frames. Applying SfM technology generated 

a point cloud seven times greater than Lidar 

alone, with a total of six million points (Figure 

2).

A visual qualitative analysis of Figure 2 uses 

criteria such as shape, form and density, while 

the quantitative approach uses point cloud 

density. Point cloud visualization of different 

datasets shows definite differences in terms 

of point density, details and noise. Using 

photogrammetry and a Lidar point cloud to 

detect building boundaries has limitations 

due to the noise and various uncertainties 

of photogrammetric point clouds. Moreover, 

as the Lidar technology is an active remote 

sensing technology based on laser beams, it 

detects thin structures such as electric wires, 

fences, etc.

The visual analysis of linear structures of the 

building’s boundaries has a very accurate 

geometric form in Lidar. In contrast, in SfM, 

buildings and high trees are affected by the 

shadows and have no point clouds areas. The 

difference between Lidar and SfM is due to 

shadows caused by buildings and trees and 

to trees being omitted when they have no 

leaves (Figure 2). The ICP algorithm solves 

this problem by filling these empty areas from 

the Lidar point cloud to be interpolated in the 

merged one.

In SfM, shrubs, small trees, embankments 

and solar panels on roofs were detected due 

to the high ground sampling distance (GSD) 

of 3cm. The merged datasets also have the 

availability to visualize these urban structures. 

SfM methods are not capable of penetrating 

vegetation cover.

The generated fusion point clouds enhanced 

the quality of the SfM point cloud by taking 

the accuracy from Lidar datasets, and 

enhanced the quality of the Lidar point cloud 

by increasing its density from the SfM point 

cloud (Doumit, 2020). Figure 2: An example of a Lidar, SfM and merged point cloud of an urban area.

 Table 1: Neutral density filter specifications (optical density, stop reduction and transmittance).

Filter number Filter optical density F/stop reduction % transmittance
nD4 0.6 2 25%
nD8 0.9 3 12.50%
nD16 1.2 4 6.25%
nD32 1.5 5 3.13%
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Point cloud colour enhancement
Neutral density filters earn their name from 

the fact that they do not affect the colour of 

light passing through them. Using ND filters 

can decrease light by one, two, three or more 

stops, allowing a slow shutter speed (Bryan 

2004).

Table 1 shows that the filter’s optical density 

and the stop reduction increase with the 

filter number, and have a high influence on 

transmittance. To test the ND filters, five 

flights were conducted of the same area 

using: no filter, ND-4, ND-8, ND-16 and 

ND-32. Processing resulted in the output of 

five point clouds with the same specifications 

but with different colours, radiometry and 

textures. The no-filter point cloud acts as a 

basis for comparison between the filtered 

point clouds. In a visual interpretation (Figure 

3), high texture details were detected in point 

clouds generated using ND-4, ND-8 and 

ND-16, whereas in the point cloud without 

a filter and with ND-32, the details are less 

clear.

Brick roofs, tree leaves, fences and other 

details are highlighted in ND-8 and ND-16 

and obscured in all other point clouds. The 

variations in colour brightness and contrast 

enable the identification of the target with 

other elements like shape, size, etc. The 

texture is the arrangement and frequency of 

tonal variations from rough to smooth; smooth 

textures have uniform tonal variations like 

the point cloud without a filter and ND-32, 

whereas rough textures have abruptly tonal 

variations as visible in the results using ND-4, 

ND-8 and ND-16 (Doumit & Abou Chakra, 

2020).

 

In the visual image interpretation, ND-8 and 

ND-16 were selected as the better-coloured 

point clouds. If the results shown in Figure 

3 were to be ranked from most detailed to 

least detailed, the classification would be 

as follows: ND-8, ND-16, ND-4 and ND-32. 

The filter ND-32 should be used only if high 

sun intensity occurs during photogrammetry 

missions. 

conclusion
The researchers tested UAV-generated Lidar 

and photogrammetry point clouds to assess 

the enhancement of point cloud quality. ICP 

was utilized for merging the two point clouds 

into one mapping frame in order to enhance 

photogrammetry point cloud accuracy and to 

add more density to the Lidar point cloud.

Producing a Lidar, an SfM photogrammetry 

and a merged point cloud allowed for 

comparison in terms of quality. The results 

show that gaps in the photogrammetry point 

clouds and the low density of Lidar point 

clouds could be enhanced after the data 

fusion process. This study also considered the 

effect of neutral density filters for point cloud 

colour enhancement.

In conclusion, for better mapping of large-

scale urban areas, it is preferable to use a 

fusion of Lidar and photogrammetry point 

cloud data because Lidar can penetrate 

dense vegetation and produce ground points 

accurately, while image-based matching 

point clouds can give dense high texture 

and high spatial resolution datasets. Given 

this, it is the author’s hope that new software 

will soon become available for merging 

photogrammetry-generated point clouds with 

Lidar point clouds into one final enhanced 

dataset. 

 Figure 3: Point cloud colours generated without and with a neutral density filter.

about tHe autHor
Prof Jean a. doumit is a full-time 
professor of geography and teaches 
geospatial science subjects in the 
Faculty of letters and Human 
sciences at the lebanese university. 
His research interests include digital 

cartography, geospatial data analysis, remote sensing 
and GIs, among others. Prof Doumit is an author/
co-author of several books and publications.

FurtHer reaDing
1. Bryan, F.P. (2004). Understanding Exposure: How to 
Shoot Great Photographs with a Film or Digital Camera. 
amphoto Books. IsBn 978-08174-6300-7.
2. Doumit, J. a. (2020). lidar and sfM point cloud fusion 
effects in the generation of urban digital surface 
models. BRICS Journal of Educational Research, Vol.10, 
pp. 40-44. https://www.bricsjer.com/index.php/brics/
article/view/232.
3. Doumit, J.a, & abou Chakra, C. a. (2020). the effect of 
neutral Density Filters on drones orthomosaics 
classifications for land-use mapping. osF Preprints. 
https://doi.org/10.31219/osf.io/dw6ju

21-22-23_featuredoumit.indd   23 08-04-21   13:57



_FOIF_GIM_3-2021.indd   6 08-04-21   09:06



feAture

25i ssue  3  2021   |    international  |

The European Association of Aerial 

Surveying Industries (EAASI) was founded 

in spring 2019. Since then, the association 

has attracted numerous companies and 

independent consultants based on the 

European continent that are involved in the 

generation of geodata from manned airborne 

platforms. Less than a year after the launch, 

it became evident that a secretary-general 

was needed to manage both day-to-day 

and strategic business operations, and 

Marcos Martinez was appointed in that 

role last autumn. Such a successful start 

makes him confi dent of the value that the 

organization can add: “In less than two 

years, 41 companies have already joined 

the association as members or observers. 

More than 40 companies have joined EAASI since the European aerial mapping industry created the not-for-
profi t umbrella organization aimed at fostering joint interests less than two years ago. In this interview, the 
president and secretary-general of EAASI share their views on the association’s role in promoting and 
simplifying the distribution and use of aerial survey data.

They include the most relevant European 

companies, international manufacturers and 

national mapping agencies. Between them, 

they operate more than 80 aeroplanes and 

helicopters that are fully dedicated to the 

acquisition of geospatial data. We’ve joined 

forces to create a more effi cient, profi table 

and sustainable industry, plus our position 

enables us to serve as a reference point for 

users of European aerial survey data.”

QuAlity seAl
On the European continent, the sector is 

currently confronted with a patchwork of 

national standards, rules and regulations. 

To change that, EAASI has highlighted three 

top priorities: 1) pan-European datasets, 

2) certifi cation/standardization, and 3) 

improved airspace access for aerial surveying 

operations.

Simon Musaeus, president of EAASI, feels an 

especially strong commitment to certifi cation 

and standardization: “In every country, 

we fi nd that users want to ascertain that 

geospatial data products have been acquired 

and created under the quality procedures 

appropriate to their future use. Therefore, 

we are currently working on a certifi cation 

process which will allow our members to 

display the EAASI Quality Seal. We intend 

to offer this certifi cation as a self-imposed 

framework for all association members. It 

will make all service providers comparable in 

terms of quality. That empowers the users and 

clients to select the right partner. Certifi cation 

goes hand in hand with standardization. 

Common and homogeneous standards in the 

industry will reduce interoperability issues for 

everybody.”

pAn-eurOpeAn lidAr-BAsed 3d dAtA mOdel
Ease of use is also the goal behind 

EAASI’s efforts to support the creation of 

pan-European datasets. Needless to say, 

this requires intense collaboration with 

other associations, European institutions 

and national mapping agencies. The target 

is to give users access to homogeneous 

cross-border geoinformation based on 

imagery, Lidar or the most recent hybrid 

Lidar/photogrammetry technologies. “From 

wide-area, Lidar-based height models to 

high-resolution 3D models of urban spaces – 

the added value of such constantly updated 

EAASI Continues to 
Gain Height

AeriAl MApping orgAniZAtions strengthen visibility together

BY FRÉDÉRIQUE COUMANS, CONTRIBUTING EDITOR, GIM INTERNATIONAL

 Simon Musaeus: “Lidar-based Europe-wide 3D datasets would give all users the actionable spatial 
intelligence for solving burning societal problems.”
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datasets would be enormous,” comments 

Martinez. In terms of the benefits of their 

continent-wide approach, they point to the 

USA’s Lidar-based ‘3D Elevation Program’ 

(3DEP): “Although it’s a North-American 

example so not 100% comparable, it 

showcases the value that can be generated 

for public authorities, industry and society at 

large. The United States Geological Survey’s 

most conservative calculations for 3DEP 

indicate a return on investment of 5:1 and 

the potential to generate billions of dollars in 

benefits. The beneficiaries are numerous, 

such as risk management, infrastructure, 

agriculture, transport, land navigation – and 

especially autonomous cargo traffic.”

However, defining common specifications and 

similar standards and securing the necessary 

investments cannot be done overnight. 

Therefore, as a first step, an internal action 

group is now preparing the association’s 

vision of the journey towards a pan-European 

Lidar-based 3D model. “Our key premise is 

that such a high-resolution, high-accuracy 

model must be treated as a continental need. 

INSPIRE (the EU infrastructure for spatial 

data which has been under development 

since 2007, Ed.) is a political commitment 

to European integration, formulated in the 

language of geoinformation. Lidar-based 

Europe-wide 3D datasets would give all 

users the actionable spatial intelligence for 

solving burning societal problems across the 

continent,” states Musaeus.

AirspAce permits
The third focus area for EAASI is airspace 

access. European airspace is among the 

busiest in the world, which is why Eurocontrol 

is making significant efforts to improve 

the air-traffic management systems. New 

regulations are constantly being imposed on 

the aviation industry. Another major challenge 

is that different national air-traffic control 

(ATC) organizations have different permit 

procedures for aerial surveys. The secretary-

general explains why this topic is high on 

EAASI’s agenda: “We want to build awareness 

among the ATC organizations about the 

importance of giving priority airspace access 

to aerial survey missions since they provide 

vital data collection services for governmental 

agencies. The air-traffic controllers should 

receive clear guidance about priorities to 

help them choose between giving access 

to paradropping and paragliding or aerial 

survey activities. This problem is not affecting 

other civil aviation industries such as cargo 

or transport, since they use other layers in 

the sky, so we have to work extra hard to get 

these procedures harmonized between all 

European countries. We have already started 

to support members of the different air-traffic 

management organizations in their education 

activities.” 

AeriAl survey And sAtellite 
When asked whether the satellite and aerial 

survey industries are converging, the EAASI 

president has no hesitation in replying: “In 

our opinion, they are not really competing. 

They now complement each other better 

than they used to. The spaceborne remote-

sensing industry has improved both the 

frequency (‘revisits’) of the data capture and 

the spatial resolution. In parallel, the aerial 

survey industry keeps providing much higher 

spatial accuracies in three dimensions on its 

products. The ability to capture multiple data 

types simultaneously – such as nadir imagery, 

obliques and Lidar – combined with higher 

mobility keeps the aerial surveyors more 

flexible to quickly adapt to weather and user 

needs. Every year, hundreds of thousands 

of square kilometres are photographed or 

Lidar-scanned in Europe using aerial survey 

technologies.”

Martinez continues: “We invite the 

spaceborne remote sensing industry to 

engage in constructive dialogue to further 

understand and complement each other and 

draw on the strengths of both areas. New 

digitalization trends and developing consumer 

needs are demanding bigger volumes of data 

and for this data to be more detailed and 

frequently updated. Nowadays, the market 

is fortunate to have so many sources of large 

amounts of spatial data at its fingertips, from 

both space and air. The use of airborne-

acquired geospatial data in combination with 

satellite imagery allows users to improve the 

resolution, accuracy, cost, frequency and 

details of their research or projects. This 

opens up an incredible number of monitoring 

and analysis opportunities with high impact 

on today’s most relevant fields of action, 

i.e. emergency response, climate change, 

transport, infrastructure and sustainability.”

‘Air-trAffic controllers should receive cleAr 
guidAnce About priorities when choosing between 
pArAgliders or AeriAl surveys’

 Marcos Martinez: “We invite the spaceborne remote sensing industry to engage in constructive 
dialogue to further understand and complement each other.” (Image courtesy: Roman Soto, Instagram: 
@romansotofotografo) 
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technicAl chAllenges
As one of the key players in the Earth 

observation ecosystem, the aerial survey 

industry is intensely interested in research 

on topics such as hybrid data, artificial 

intelligence-based feature extraction and 

multiplatform data integration. Other subjects 

high on the agenda are 5G technology, carbon 

footprint reduction and the development 

of lightweight sensors. Acquiring the latest 

technology requires companies to make 

sizable investments. EAASI has decided not 

to organize dedicated working groups on 

technology, however, and Musaeus explains 

why: “There are others better equipped and 

focused on R&D. We have good connections 

with EuroSDR and all the larger manufacturers 

of airborne survey hardware and software, 

and we exchange views regularly. Our part 

in this information value chain is to organize 

the sharing of knowledge and experience in 

various ways, with an emphasis on forums for 

discussion.”

One current initiative is the implementation of 

an ‘Ideas Forum’. Martinez: “This will be the 

place to share the vision of our aerial survey 

industry and where companies, universities 

or users from across the industry can work 

closely to frame medium-term and long-

term industry challenges. It will contribute 

to defining the basis for innovative, effective 

solutions that will guide the industry in 

the ever-evolving challenges we are facing 

nowadays.” 

About eAAsi
dr simon musaeus, president of eaasi, is vice-
president business development of geospatial content 
solutions for Hexagon’s Geosystems Division. Before 
Hexagon incorporated the aerial mapping business of 
CoWi in 2020, he was CoWi’s senior vice president & 
mapping director.

marcos martinez Msc, secretary-general of eaasi, has a 
long track record in the aerial survey industry having 
worked at various companies since 2006. He is 
experienced in leading large aerial survey and 
cartography projects in europe, latin america, Middle 
east, india and africa.

More inforMAtion
www.eaasi.eu

‘the eAAsi QuAlity seAl will MAke All service 
providers coMpArAble in terMs of QuAlity’
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In the last decade or so, there has been a 

paradigm shift in geospatial mapping: maps 

have become three dimensional. This is a 

tremendous change within the industry as 

many professionals remember the days, 

not too long ago, when maps were flat and 

the commonly available suites of software 

products could not support the elevation 

data required to create 3D maps. It also is a 

tremendous change outside the industry. 

In the last few years, a wide range of 

organizations around the world – including 

engineering companies, scientists, emergency 

responders, infrastructure planners, 

As the demand for elevation data continues to rise, it is important that users match the level of reliability, 
accuracy and resolution of the data to their specific application to arrive at an appropriate and cost-effective 
product. This article outlines the common sources of elevation data, including space-based radar, and helps to 
categorize the data quality and accuracy.

departments of transportation, insurance and 

risk-analysis agencies – have increasingly 

started using elevation data for applications 

to support local, national and international 

needs. 

Elevation data is often used in concert with 

location intelligence and other demographic, 

economic, environmental and political data 

to inform policy, spending and investment-

related decisions. This data is fuelling 

innovation as it supports next-generation tools 

such as augmented reality for engineering 

design and digital twins for urban and 

environmental modelling. 

As applications and benefits continue to 

evolve, the demand for elevation data will 

continue to rise. However, just as the maps 

it creates are dimensional, there are multiple 

levels of elevation data quality and positional 

accuracy. All levels of data serve a purpose, 

but it is important to match the application of 

that data with the level of reliability, accuracy 

and resolution required to arrive at an 

appropriate and cost-effective product.

ClassifiCations of elevation data
The higher the resolution is, the more 

accurate the elevation data will be in 

representing the terrain. Likewise, the higher 

Building a 3D World: 
Common Sources of 
Elevation Data

The AdvAnTAges of spAce-BAsed RAdAR

By Qassim abdullah and Joseph seppi, USa

 Table 1: Categorization scheme classifying elevation data quality and accuracy. Figure 1: Shuttle Radar Topography Mission exists in 1 arc second 
over the Tennessee-Virginia border. (Image courtesy: USGS)
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best global coverage using high-resolution 

elevation data. SRTM utilized imaging radar, 

which collected images from the Space 

Shuttle Endeavour during the 11-day STS-99 

mission in February 2000. To ensure a 

stereoscopic (i.e. interferometry in radar) 

coverage with a single pass, SRTM was 

equipped with dual C/X-band antennas 

separated by 60 metres. The global SRTM 

coverage exists in 1 arc second (~30 metres) 

and 3 arc seconds (~90 metres) and is 

available on the US Geological Survey (USGS) 

website. Figure 1 illustrates a sample of the 1 

arc second data over the Tennessee-Virginia 

border. In a study conducted by the USGS, 

SRTM vertical accuracy was found to range 

between 3 and 5 metres as root mean square 

error (RMSE), depending on the ground 

coverage category.

b) RADARSAT: In 1995, MDA built 

RADARSAT-1, a space-based Synthetic 

Aperture Radar (SAR) satellite, for the 

Canadian Space Agency to provide the 

government of Canada with enhanced 

surveillance, monitoring and management of 

Canada’s coastal and Arctic regions, fisheries, 

icy waterways, agricultural lands, natural 

resources, climate and fragile ecosystems, as 

well as to support highly operational defence 

capabilities and global disaster relief efforts. 

RADARSAT-1 was followed by RADARSAT-2 

and most recently the RADARSAT 

Constellation Mission (RCM), which was 

launched in June 2019. RCM, which is a 

C-band SAR, acquires data with ground 

resolution of up to 3 metres.

c) ASTER Global Digital Elevation Model 

(GDEM): In 2009, the National Aeronautics 

and Space Administration (NASA), in 

cooperation with the Ministry of Economy, 

Trade and Industry of Japan (METI), 

developed the GDEM using stereo imagery 

that covered all land surfaces between 83°N 

and 83°S. They did this using the Advanced 

Spaceborne Thermal Emission and Reflection 

Radiometer (ASTER). ASTER is one of five 

instruments aboard NASA’s Terra spacecraft 

and was built in Japan for the METI. A joint 

US-Japan science team is responsible for 

its instrument design, calibration and data 

validation. The latest version, GDEM2, is 

offered with a 1 arc second (~30 metres) grid. 

The vertical accuracy of GDEM2 over CONUS 

was verified by a USGS team against GPS 

benchmarks and found to be around 8.68 

metres as RMSE. On 5 August 2019, GDEM3 

was released with enhanced quality but little 

improvement in its vertical accuracy. The 

horizontal accuracy of the GDEM is at about 

72 metres.

d) Advanced Land Observing Satellite (ALOS) 

World 3D: In January 2006, the Japan 

Aerospace Exploration Agency (JAXA) 

launched the ALOS ‘DAICHI’, which was 

used in mission operations until May 2011. 

ALOS data is free as a global digital surface 

model (DSM) with horizontal resolution of 

approximately 30 metres (1 arc second). It 

was produced from the optical sensor on 

board the ALOS using the Panchromatic 

Remote-sensing Instrument for Stereo 

Mapping (PRISM). ALOS World 3D collects 

high-resolution data to generate a DSM with 

pixel size of 5m by 5m. This ALOS 5-metre 

DSM is considered to be the most precise, 

global-scale elevation data available.

the resolution is, the more expensive it will 

be to acquire and process the data. So 

how can accuracy and cost be balanced? 

Although there are no international standards 

for classifying elevation data quality and 

accuracy, this article attempts to provide a 

categorization scheme (see also Table 1). 

Global-CoveraGe elevation data
Publicly available, global-coverage elevation 

data is characterized by low resolution 

and low positional accuracy. Such data is 

useful for regional environmental modelling, 

especially in areas of the world where 

higher-resolution data does not exist. Most 

of this data is generated using space-based 

radar. Even though the quality and positional 

accuracy of products from space-based radar 

cannot compare with the quality of aerial 

Lidar, products from space-based radar have 

unique advantages – they can be produced in 

all weather, at any time and any place across 

the globe, from pole to pole. 

Space-based radar also can measure 

relative changes in ground elevation down to 

millimetre-level accuracy. This is very valuable 

in monitoring changes in ground elevation, 

which is important for quantifying soil 

subsidence, polar ice thickness and similar 

applications. The high accuracy of measuring 

terrain elevation is relative and should not be 

confused with the absolute accuracy of the 

product, as it does not rise to that level of 

accuracy. 

examples of spaCe-based proGrammes
1) Governmental satellite radar programmes:

a) NASA’s Shuttle Radar Topography Mission 

(SRTM): This is an international research 

effort that obtained digital elevation models 

(DEMs) on a near-global scale from 56°S 

to 60°N. At the time, they generated the 

By Qassim abdullah and Joseph seppi, USa

 Figure 2: TerraSAR-X data collected over Denmark. (Image 
courtesy: Airbus)

 Table 2: Quality levels and point density for 3DEP data.

 Figure 3: Satellite-derived bathymetry is used for filling gaps in this shallow water 
bathymetric survey. (Image courtesy: Satellite-Derived Bathymetry Technology and 
User Forum)
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e) NASA’s ICESat-2: On 15 September 

2018, NASA launched the Ice, Cloud and 

land Elevation Satellite-2 or ICESat-2. The 

satellite measures the elevation of ice sheets 

on Earth to within an inch or so. Although 

the Advanced Topographic Laser Altimeter 

System (ATLAS), which is the laser sensor on 

board the ICESat-2, is designed to measure 

changes in polar sea ice and land ice, 

ICESat-2 collects elevation data over all water 

and land, from pole to pole, with a ground 

resolution of approximately 17 metres. This 

mapping capability has supported multiple 

applications for users around the world. 

ICESat-2 data can be used for bathymetric 

survey to a depth of to 25 metres in clear 

coastal waters. The data provides coverage 

of the globe along ground tracks of the orbital 

passes. However, track data is provided at 

100-metre intervals, which makes it ideal for 

verifying terrain elevation in remote areas. 

The accuracy of ICESat-2 data was verified 

by researchers to be in the 0.20m range in 

open, moderately sloped terrain and 2m for 

mountainous terrain. 

2) Commercial satellite radar: Space-based 

SAR is very effective in mapping geographic 

areas that are inaccessible to aircraft. It allows 

reconnaissance of a specific geographic 

area for a longer time because it is an 

all-weather sensor that can operate day or 

night and see through clouds. Although 

most space-based radar collections are 

designed for governmental, defence and 

intelligence reasons, some commercial 

systems are available for use by the public. 

The European Space Agency (ESA) space 

technologies, marketed through Airbus, offer 

various products from a series that includes 

TerraSAR-X, TanDEM-X and PAZ. Airbus 

commercially offers a suite of satellite-based 

digital terrain models (DTMs) with varied quality 

and accuracy through its OneAtlas portal. 

Airbus offers radar-based DTMs with resolutions 

ranging from 25cm to 40m (Figure 2).

3) Satellite-derived bathymetry (SDB): 

This is one of most practical innovations in 

mapping submerged areas without the need 

to mobilize specialized bathymetric sensors or 

aircraft. It is a rapid and affordable source of 

shallow bathymetric data. Although it was first 

introduced by NASA and Jacques Cousteau 

in 1975 to map underwater around the 

Bahamas and off the coast of Florida, it did 

not become a popular means of determining 

the bathymetry of coastal regions until 2000. 

SDB utilizes physics-based radiative transfer 

models, i.e. ocean optical properties, to 

estimate near-shore bathymetry elevation 

values using published algorithms and 

readily available satellite imagery acquired 

from Landsat 8, SPOT or WorldView from 

DigitalGlobe. Coastal, blue, green and infrared 

bands are used to derive band/ratio elevation 

profile estimates, as seen in Figure 3. Valuable 

information on SDB developments can be 

obtained from the international Satellite-

Derived Bathymetry Technology and User 

Forum. Commercial services are available 

from businesses such as EOMAP.

There may also be other commercial space-

based programmes that offer global data on a 

paid basis which are not mentioned here. 

reGional and loCal-CoveraGe  
elevation data
Local-coverage elevation data is:

•	 	Higher	resolution	and	more	accurate	than	

data for global coverage.

•	 	Usually	owned	by	private	or	public	agencies	

and not shared with the public.

•	 	Mostly	not	offered	for	free	outside	the	

USGS 3D Elevation Program (3DEP) in the 

USA. Some national programmes may offer 

data for free and for public use.

•	 	Generated	using	two	main	methods:	Lidar	

and photogrammetry. Imaging radar is also 

used on a limited scale around the world 

to collect elevation data. SAR is effective 

in mapping terrain under a dense canopy 

in all weather. However, data from SAR is 

characterized by lower resolution and lower 

accuracy than Lidar technology.  

photoGrammetriC sourCinG of  
elevation data
Until Lidar was introduced in the mid-1990s, 

the stereophotogrammetric method was the 

 Table 3: Quality levels and absolute vertical accuracy for 3DEP 
data. 

 Figure 4: Aerial Lidar data collected over Hartford, Connecticut, with a point density of 32pts/m2. 
(Image courtesy: USGS)

 Figure 5: Mobile Lidar data over a portion of County Line Road in 
Dayton, Ohio. (Image courtesy: Woolpert)

In RecenT yeARs, LIdAR hAs Become The de fAcTo 
souRce foR eLevATIon dATA foR ITs AccuRAcy And 
deTAILed suRfAce modeLs
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srtM: https://www2.jpl.nasa.gov/srtm/
sts-99 mission: https://en.wikipedia.org/wiki/shuttle_radar_topography_Mission
Global srtM coverage: https://on.doi.gov/3fPtKcW
srtM vertical accuracy: https://on.doi.gov/3cuZZKh
raDarsat Constellation Mission (rCM): https://www.mdacorporation.com/en/article/
mda-a-maxar-company-announces-successful-launch-of 
aster Global Digital elevation Model (GDeM): https://earthdata.nasa.gov/learn/articles/
new-aster-gdem
Vertical accuracy of GDeM2 over Conus: https://bit.ly/3rXkcDr
iCesat-2: https://bit.ly/3g1itX5
Comprehensive evaluation of the iCesat-2 atl08 terrain Product, Xiangxi tian and Jie 
shan, 2021. IEEE Transactions on Geoscience and Remote Sensing. Doi: 10.1109/
tGrs.2021.3051086
satellite-derived bathymetry (sDB): https://storymaps.arcgis.com/stories/
f8728c724d6d4c28ad48fe43aff2c48b 
the satellite-Derived Bathymetry technology and user Forum: https://sdbday.org/
eoMaP: https://www.eomap.com
Manual of Photogrammetry, 5th edition, american society of Photogrammetry and remote 
sensing

most common method for generating accurate 

and detailed 3D models of the terrain and 

manmade features. Fundamental concepts 

of photogrammetry were first introduced in 

Europe towards the end of the 19th century. 

In the USA, the earliest known application of 

photogrammetry was introduced by the Union 

Army in 1862. 

The process starts with the acquisition of 

overlapping imagery flown from manned or 

unmanned aircraft. The imagery is then used 

either to manually compile the map using 

the principles of stereo photogrammetry 

or, more recently, by obtaining point clouds 

through computer vision and image matching. 

Depending on the scale of the imagery and 

the process applied, the positional accuracy 

can be as low as a sub-centimetre. High-

resolution and accurate DTMs are usually 

compiled through stereophotogrammetry, 

where break lines and 3D mass points are 

used to model the terrain. 

lidar-based elevation data
In recent years, Lidar has become the 

de facto source for elevation data for its 

accuracy and detailed surface models. 

Lidar has the following advantages over the 

photogrammetric method:

•	 	Since	it	is	an	active	sensor	that	generates	

its own light rays, it can be used day 

and night. This widens the window of 

opportunity and makes its acquisition 

more productive and versatile than the 

photogrammetric method, which relies 

upon sunlight.

•	 	It	can	see	through	trees	and	thick	canopy,	

whereas tree shadows and canopy  

obscure the forest floor in photogrammetric 

imagery. 

•	 	It	provides	very	dense	point	clouds	that	

contain hundreds or thousands of points 

per square metre, resulting in detailed 

surface models (see Figure 4). Although 

it is possible, it is cost-prohibitive to 

achieve this point density with stereo-

compiled DTM. New image-matching 

photogrammetric methods can generate 

this point density, but with a lesser 

quality than Lidar point clouds due to the 

shortcomings of the imagery in vegetated 

areas, as noted above.

Lidar data can be acquired from various 

platforms, ranging from high-altitude, fixed-

wing, manned and unmanned aircraft to 

moving vehicles and stationary tripods. Data 

quality and accuracy vary according to the 

user’s requirements. Stationary and mobile 

Lidar collects data with a density of thousands 

of points per square metre and accuracy as 

low as sub-millimetre. In the USA, the USGS 

3DEP programme offers semi-continental 

coverage of Lidar data for free (see Tables 2 

and 3). 

Many municipalities and engineering firms 

hire geospatial professional services to 

acquire high-density Lidar over their regions 

or projects. A mobile Lidar system is usually 

used for road design and road infrastructure 

inventory, since data from a mobile Lidar 

system is characterized by the highest 

resolution and accuracy (see Figure 5). The 

vertical accuracy of data from a mobile Lidar 

system ranges from 0.5cm to 2cm.

Surveyors utilize terrestrial Lidar, in which 

a Lidar system is mounted on a tripod, to 

model building interiors and exteriors to 

support building information modelling 

(BIM), as seen in Figure 6. The vertical 

accuracy of data from terrestrial Lidar is 

at the millimetre level. Meanwhile, Lidar 

collected via unmanned aircraft systems 

(UASs), as shown in Figure 7, is becoming 

more prevalent by the day. This Lidar 

acquisition method is very useful for projects 

 Figure 6: This colourized exterior scan supports building information modelling. (Image courtesy: 
RIEGL)
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ABouT The AuThoRs
Qassim abdullah, PhD, CP, Pls, is 
vice president and chief scientist at 
Woolpert. He has 40-plus years of 
industrial, research & development 
and academic experience in 
analytical photogrammetry, digital 

remote sensing and civil and surveying engineering. the 
adjunct professor publishes a monthly column in PE&RS 
Journal and has received the asPrs lifetime 
achievement award.

Joseph seppi, CMs, PMP, is senior 
vice president and geospatial sector 
leader at Woolpert. He has trained as 
a geologist, geomorphologist, 
hydrologist and ecological planner, 
and has 30 years of technical, 

programme and project management experience in 
mapping sciences and geospatial data collection, 
management, analysis and dissemination.

that are too small to be cost-effectively 

collected by a manned aircraft.

ConCludinG remarks
Today, economies are closely tied to 

how well their nations are embracing 

the digital revolution. The 3D geospatial 

technologies that define this revolution are 

best represented by GNSS and positioning 

technologies, geographic information systems 

(GIS), Earth observation satellites, aerial and 

ground-based imagery, and active sensor 

technologies such as Lidar and radar. Besides 

its importance to each nation’s economy, 

geospatial information is enmeshed with the 

location-based sub-revolution that modern 

societies cannot live without. Everyone relies 

on accurate location information nowadays, 

but location is no longer in 2D terms. People 

have grown accustomed to the benefits 

and capabilities of the third dimension, i.e. 

elevation data, to design projects, model 

the impact of sea level rise and storm surge, 

predict flooding and model runoff, etc. 

The rising use of digital twins and BIM has 

also spurred an unprecedented appetite for 

highly accurate, high-resolution 3D data. 

Nations are finding that geospatial information 

and digital technology can generate market 

opportunities, readily connect them with the 

world and their citizens, help them wisely 

manage their resources and create jobs. 

 Figure 7: This Lidar data was collected via UAS 
by Woolpert over the testing site for California 
State University, Fresno. Its point density is 
300pts/m2. (Image courtesy: Woolpert)

orGanizations

Become a Mentor or Sponsor through the 
Volunteer Community Surveyor Programme 
The FIG Volunteer Community Surveyor 

Program (VCSP) is a collaborative global 

outreach programme through which young 

surveyors can volunteer their time and skills 

to humanitarian and environmental causes. 

The VCSP is a non-profit organization run by 

volunteers under the FIG Young Surveyors 

Network. In a pilot in 2017-2018, 13 skilled 

volunteer community surveyors were deployed 

through the VCSP to government and CSO 

institutions to support the GLTN’s country-

level activities for promoting land tenure 

interventions in the Asia-Pacific and Africa 

regions.

There are unmapped parts of the globe, 

plastics littering the oceans, vulnerable 

communities that have no recorded land 

rights, and increasingly frequent natural 

disasters which can leave countries struggling 

to recover for many years. At the same time, 

there is a network of skilled young surveyors 

who are able to help. The FIG Volunteer 

Community Surveyor Program (VCSP) is the 

link between the needy and the able for all 

things surveying-related.

refleCtions from the vCsp Wisdom 
Workshop, January 2021
The VCSP team hosted a two-day Wisdom 

Workshop from 28-29 January 2021 with 

active participation from a mix of 125 young 

and ‘seasoned’ surveyors from 44 countries 

from around the world. Support from leading 

organizations such as Cadasta, the Global 

Land Tool Network (GLTN) of the UN-Habitat, 

Kadaster, and Spatial Collective contributed to 

an engaging learning and sharing experience 

for all.

Day 1 focused on ‘Community Problems, 

Land Tenure and Tools for Land Management’ 

and this was followed on Day 2 by attention for 

‘Building Capacity and Implementing Modern 

Land Management Approaches’, all under the 

overarching theme of ‘Sustainable Solutions 

for Land-based Community Problems – Tools 

and Modern Approaches’.  

sponsorship opportunities
Are you willing to support young surveyors 

as a sponsor, or do you know someone who 

is? VCSP is seeking funding for upcoming 

projects. 

The VCSP team explain: “We achieve our 

cause through holding large, global Wisdom 

Workshops to educate people and equip 

them with the tools to make a difference to 

vulnerable communities through land 
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Joint Study Group 3.1: Geodetic, Seismic 
and Geodynamic Constraints on Glacial 
Isostatic Adjustment
The deformation of the Earth in response 

to glacial loading (known as glacial isostatic 

adjustment or ‘GIA’) has effects on various 

geodetic measurements. The time series of 

GNSS data show a long-term trend as a result 

of the upward or downward motion within 

currently and previously glaciated regions. 

Besides crustal displacement, GIA also 

leads to alterations in the gravitational field, 

rotational parameters, seismicity, sea-level 

and other phenomena over the entire globe 

due to the changes in ice mass (past, recent 

and future). The analysis of geodetic as well 

as other GIA-affected time series can provide 

information about the structure of the Earth 

with the help of modelling tools. The solid 

Earth’s memory of past glacial loading has 

been modelled throughout the past century 

using much of the same formalism and 

attention to Earth structure that is found in the 

study of surface wave seismology. The Joint 

Study Group (JSG) on Geodetic, Seismic and 

Geodynamic Constraints on Glacial Isostatic 

Adjustment was established to highlight new 

insights derived from multiple disciplines for 

creating improved integration of Earth models 

and geodetic observations with the hope 

of broadening the scope of GIA research. 

Consequently, the JSG strives to gather 

researchers from various disciplines ranging 

from geodesy and seismology to geodynamics 

and applied geophysics.

Recent Review about Gia modellinG 
techniques and achievements
GIA models provide a basis for the study of 

displacement, gravitational and stress fields in 

response to glacial mass changes. An article 

by Whitehouse (2018) presents an overview 

about the different techniques as well as 

future aspects on GIA models within Earth-

system models.

Gia models as a coRRection paRameteR 
foR ice-mass balance estimates
Ice-mass balance studies are essential for 

understanding present and future sea-level 

change. Space-based estimates rely on 

GIA models. Hence, having reliable models 

and their errors proximal to ice sheets, ice 

caps and ice fields is crucial for accurate 

description of the sources of sea-level  

change.

eaRthquakes induced by Gia
The Earth interior stress state is influenced 

by the GIA process, promoting seismogenesis 

during and after deglaciation. The mechanics 

involves a change in GIA stress along fault 

structures. Lidar data has recently been  

used to map earthquake surface expressions 

in deglaciated regions of northern Europe  

and North America. Modelling abrupt change 

of the coastal Greenland ice load at 12ka 

reveals a high probability of triggering a 

large coastal, and possibly tsunamigenic, 

earthquake.

advances in the pRocesses GoveRninG 
deGlaciation time scales
From the mid-1990s to the second decade 

of the 2000s, the secular sub-shelf melt rate 

of ice loss in fjord-bound circum-Greenland 

tidewater glaciers has increased by 46%, now 

totalling 1m/day. A recent study demonstrates 

that the source of Greenland ice-sheet loss 

is largely found in open ocean warming, 

undercutting the shelf as this warm water 

approaches the grounding line (see Figure 

1). Ice sheet reconstructions for GIA in Arctic 

Canada, the Kara Sea, circum-Antarctic 

waters, etc., likely have discrete episodes  

of extremely rapid (~100 year) ice 

unloading that are promoted by this type of 

undercutting.

pRocesses contRollinG deGlaciation and 
Gia in the weddell sea embayment
Ice-shelf basal melt plays an important role 

in controlling grounding line retreat, loss of 

shelf buttressing (see Figure 1) and ice mass 

loss to the ocean by Antarctica at about the 

time of meltwater pulse 1A (MWP-1A, 13,500 

and 14,700 years ago). The time scale for 

retreat in the Weddell sector is as fast as is 

administration. We also work with our partners 

to deploy young surveyors on the ground in a 

number of different countries to directly help 

communities through humanitarian surveying 

while experiencing different cultures and 

applying their skills where they are needed 

most. We hold e-volunteering events to 

provide opportunities for young surveyors 

around the world to contribute to humanitarian 

projects virtually, harnessing hundreds of 

people to make a real difference. And we 

collate learnings, stories and resources in our 

Knowledge Portal, so that the surveyors of the 

future have a consolidated repository of the 

information they need to continue to make 

tangible, positive change in the world for the 

people who need it most.”

As a volunteer-run group that are driven 

to make the world a better place through 

humanitarian surveying, the VCSP team 

strongly appreciate any support. Whether 

€10 or €10,000, every donation will make a 

difference to their cause: ‘To map the world a 

better place!’.

More information
www.fig.net/fig2019 

 Figure 1: Cross-sectional geometry of a deeply grounded fjord with long floating ice shelf found along 
the coast of Greenland (PW refers to polar freshwater, AW to Atlantic deep water). From a period between 
1992-1997 to a period between 2008-2017, area shelf loss of such systems increased from -13.5km2 to 
-612.9km2. Surrounding Greenland there are 74 such deep tide-water outlet glaciers, which account for 
47% of the total mass discharge rate (477 gigatonnes/year) among all 225 outlet glaciers since 1992. 
(Adapted from Wood et al, 2021.) 
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seen in the paleo-sea-level record in the far 

field (~300 years). The model provides new 

insights for potential ice-stabilizing effects of 

GIA, due to the rapid time scale for change 

in bottom topography. This has implications 

for how we interpret the GNSS crustal motion 

signals in this region today.

Rebekka Steffen and Erik R. Ivins

Mapping for Sustainable Development 
Goals and an Inclusive World
The omnipresence of map services before 

and during the COVID-19 pandemic has 

vividly justified the ‘toothbrush test’ invented 

by Larry Page, the former CEO of Google 

Inc., according to which it is only worth 

acquiring a potential company if it offers 

products that you use once or twice a day 

(such as a toothbrush). In combination with 

global positioning technologies and online 

communication platforms, map-based 

services represent one of the most 

widespread applications for people to move 

from A to B or for public health agencies 

to track and monitor mobility patterns. In 

addition to their everyday uses, maps also 

serve profound purposes for the harmony 

between humans and nature and the well-

being of society. It is therefore with great 

pleasure that ICA presents two new books: 

•	 Mapping	for	a	Sustainable	World	

•	 The	World	drawn	by	children	–	Maps	from	

the	B.	Petchenik	International	Competitions	

2017& 2019

mappinG foR a sustainable woRld 
Mapping	for	a	Sustainable	World is a 

joint project between ICA and the United 

Nations (UN) that demonstrates both 

how cartographic knowledge and skills 

contribute to a better understanding of the 

Sustainable Development Goals (SDGs), 

and how two international organizations are 

working together to achieve the common 

goal of leaving no one behind, according to 

Tim Trainor, president of ICA. Kyoung-Soo 

Eom, the head of the Geospatial Information 

Section at UN, has described it as an 

admirable action of data-driven visualization 

as decision support with a shared vision of 

ending poverty, saving the planet and building 

a peaceful world. The book’s editorial team 

comprises writers from the ICA (Menno-Jan 

Kraak, Robert E. Roth and Britta Ricker) and 

from the UN’s Geospatial Information Section 

(Ayako Kagawa and Guillaume Le Sourd). 

Conceived as a cartographic ‘cookbook’, the 

publication first introduces the SDGs with 

individual indicators and shows how these 

indicators relate to geospatial data. It then 

describes design elements in a cartographic 

workflow, including projections, scale, 

generalization, symbolization, typography 

and visual hierarchy, to name but a few. The 

SDG indicators are visualized in a range of 

established map types (e.g. choropleths, 

proportional symbols, dasymetric maps, 

bivariate maps, cartograms) and diagrams. 

The book also discusses components of 

map use environments, such as audiences, 

user interfaces and interaction operators, 

mobile and web media, and open access. 

In particular, it offers recommendations for 

avoiding common pitfalls in cartographic 

design. It is worth noting that the authors 

managed to include a wide range of maps 

showing Oceania, Southeast Asia, Australia 

and South America. 

The book is published as an open-access 

document according to the CC-BY-NC licence. 

A PDF version of the book can be downloaded 

from the UN website. ICA plans to release all 

data used to create the maps in the book at a 

later date.

the woRld dRawn by childRen 
The	World	drawn	by	children.	Barbara	

Petchenik	International	Competitions	2017	

& 2019 demonstrates another best-practice 

example for an inclusive world. It is a joint 

effort between the ICA Commission on 

Cartography & Children, the Spanish Society 

for Cartography, Photogrammetry and Remote 

Sensing, and the wonderful content creators –  

the talented children who participated in 

the 2017 and 2019 editions of the Barbara 

Petchenik International Competition. 

This map-drawing competition for children 

was created by ICA in 1993 as a memorial 

to Barbara Petchenik (1939-1992). She was 

the first woman to serve as vice-president 

of the ICA and a passionate cartographer 

with a lifelong interest in maps for children. 

The competition aims to promote creative 

representation of the world in the eyes 

and minds of school children, strengthen 

geographic and cartographic knowledge, 

and raise participants’ awareness of the 

urgency of understanding and preserving 

the world they live in. The competition is 

organized every two years. At first, national 

winners are selected in a national round in all 

participating ICA member countries. These 

outstanding works are then exhibited during 

the International Cartographic Conference, 

where the international winners are selected. 

It is no coincidence that this particular book, 

with the pictures of Barbara Petchenik’s 

biography accomplished by the illustrator 

Santiago N. Fernández, was released on the 

occasion of the International Day of Women 

and Girls in Science on 11 February 2021. It 

is intended to honour all women and girls who 

have devoted themselves to – or are interested 

in – cartography.

ICA also wanted to dedicate this book to the 

National Geographic Institute of Spain (IGN) 

as a tribute to the 150th anniversary of its 

foundation in 1870. The bilingual (English/

Spanish) digital version is available via the IGN 

website. The printed version will be released 

shortly.

Liqiu	Meng,	professor	of	cartography,	vice-

president	of	ICA

More information
Mapping for a Sustainable World: https://
www.un.org/geospatial/programmes
the World drawn by children: http://www.
ign.es/web/ign/portal
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