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P. 13 Digital Models for Planning and Disaster Management
  Due to the region’s proneness to occasional wildfi res, the Geomatics Division 

at the University of Cape Town, South Africa, has conducted research and 
project work around the theme of 3D reconstruction plus contemporary urban 
mapping for planning and disaster management. This article shares some 
highlights.

P. 16 Visualizing Point Clouds in Game Engines 
  Direct utilization of dense, coloured point clouds in a virtual world is 

motivated by many reasons. The point clouds themselves are effi cient to 
produce with 3D mapping methods. The immersive visualization offered 
by new VR techniques is well suited for geometrically complex datasets, 
such as indoor point clouds. With the development of computer hardware 
solutions and game engines that are compatible with point clouds, point 
cloud visualization in VR has become increasingly attainable – and therefore 
relevant for geomatics as well.

P. 20 Developing the Digital Sub-surface Model for Crossrail 2
  A 3D geological model has helped to save valuable time and millions of 

pounds in costs for the Crossrail 2 project, a proposed GBP30 billion railway 
line through 27km-long tunnels beneath London, UK. Developed early in the 
design process, the model identifi ed geological hazards along the route and 
informed the tunnel alignment at and between stations.

P. 40 Digital Twins: Comprehensive Solution or Hopeful  Vision?
  The concept of the digital twin has been gaining signifi cant momentum in 

the geospatial domain since 2016. Although there is some consensus on the 
basic features of a digital twin, some critical refl ection is still necessary to 
make the concept tangible. Only then can the digital twin be implemented as 
a technical solution that scales to real-world problems rather than being an 
abstract vision for partial solutions. In this article, the authors refl ect on the 
practical digital twin-related challenges in the geospatial domain.

P. 45 SDG 11 as a ‘Glocal’ Framework 
  In urban planning, there is a case for stronger connections between global 

and local (‘glocal’) issues, strategies and actions. How can the Sustainable 
Development Goals (SDGs) help local governments to address sustainability, 
urban resilience and the potential use of digital tools to progress to a 
sustainable future?

P. 50 Automated Mobile System for Mapping Mine Shafts
  Mine shafts require regular inspections and surveys. For this purpose, the 

company SKALA 3D has developed an automated mobile laser scanning 
system as a mining survey system (MSS) which facilitates fast and precise 
measurements. The result is a comprehensive 3D model of the mine shaft 
ready for further analysis.
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COVER STORY
The front cover of this issue of GIM International shows the metropolis of London on a moonlit night. On 

pages 20-23 you can read how a 3D geological model has helped to save valuable time and millions of 

pounds in costs for the proposed Crossrail 2 railway project in (or actually beneath) the city of London.
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EDITORIAL
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Inspiration on the doorstep
Although most non-geospatial professionals often don’t realize it, 
everyone is constantly surrounded by numerous aspects from the world 
of geomatics. Ever since joining Geomares – the media company focused 
on the global geospatial and hydrographic industry, and publisher of GIM 
International – over a decade ago now, I myself have increasingly grown 
to appreciate the geological, geographical and geospatial characteristics 
of the day-to-day environment.

In fact, the place where I was born and raised – and still live today – is 
an extraordinary example of geomatics in practice. Created on land 
reclaimed from the sea, the Noordoostpolder is a carefully designed man-
made agricultural landscape dating from the 20th century. The house 
where I grew up stands on what used to be the bottom of the Zuiderzee –  
an inland sea that was in effect a bay of the North Sea. From 1951 to 
1996, the area was home to part of the renowned hydrological laboratory 
called Waterloopkundig Laboratorium. Between 1927 and 2008, the 
laboratory was an independent scientific institute in the field of hydraulics 
and hydraulic engineering. It is now part of Deltares, an internationally 
renowned research institute that mainly focuses on river deltas, coastal 
regions, river areas and offshore. It’s hard to imagine nowadays, but 
how were complex forces on large structures ever calculated without a 
computer? Yet that’s precisely what they did there at the laboratory. The 
surrounding area offered enough space to construct large-scale models 
of estuaries and harbours, which were used to predict the influence of 
hydraulic engineering works on waterways. The scientists could also 
make use of the large differences in surface water levels locally. 

In 2002, the site was bought by Natuurmonumenten, a Dutch 
organization that purchases and manages land for nature conservation 
purposes. The woodland area was renamed Waterloopbos. The 
engineering models can still be seen; a footpath through the forest 

leads past the various waterways. Waterworks from all over the world 
have been constructed and tested in that forest in the polder. Test set-
ups were made of the ports of a multitude of cities such as Bangkok, 
Istanbul, Rotterdam and many more: scale models that were built to 
calculate exactly how the port should be designed so that the man-made 
infrastructure would cope with the movement of so much water.

It’s a great place to visit, and I regularly enjoy walking through the 
Waterloopbos and marvelling at all the scale models dotted around the 
forest. Information panels by the models explain more about what they 
represent. As I wander past models of the port of Lagos in Nigeria, the 
port of Beirut and even the Delta Works (which was built in the Dutch 
province of Zeeland after the great flood of 1953), I think about how 
major engineering projects are surveyed today. And I realize that there’s 
plenty of inspiration for new articles for GIM International right on the 
doorstep! 

I hope some of that inspiration is evident in this bumper-packed edition 
of GIM International. Once again, we’ve set out to provide insights into 
the latest developments concerning gathering, analysing, distributing and 
visualizing geospatial data, how it’s a key driver of today’s information 
society and how it can be used for an ever-growing number of purposes 

to benefit the world as a whole. I’m always 
open to suggestions for future articles, so 
feel free to take a look on your own doorstep 
and let me know what inspiration you find! 

Wim van Wegen,  
Content manager

wim.van.wegen@geomares.nl 
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Rapid UAV Mapping of 
Zurich Leads to Detailed 
Digital Twin

Swiss-based profes-

sional drone 

company Wingtra 

has produced a 

high-precision 

digital twin of the 

city of Zurich that 

can be easily 

accessed by 

anyone through a 

link. Such rapid 

data collection and processing marks a shift in many industries, such as 

mapping for construction, infrastructure, architecture and design. Detailed 

3D data is essential to any city on the path to digital transformation. It 

allows city officials, urban planners, engineers and architects to design 

urban environments with better quality of life, and to plan and monitor 

critical infrastructure as well as simulate the effect of environmental 

changes. For Zurich, the data was captured with a WingtraOne GEN II 

surveying drone, equipped with the Oblique Sony a6100 camera. It took 

only six flight hours to capture the geotagged imagery to 

create this digital twin covering 800ha with a ground 

sampling distance (GSD) of 3cm per pixel. In other 

words, each pixel in this 3D model represents 3cm of 

information from the real world.New Railway Drone Can 
Both Fly and Drive
Nordic Unmanned has unveiled the Staaker BG-300 Railway Robot, an 

innovative solution that has the ability to operate both in the air and on the 

railway. A welcome innovation, since maintenance in the railway industry 

is usually conducted at night or when there is no planned traffic, meaning 

there is a lack of consistent data that maps out the current state of the 

railway. The robot is equipped with advanced cameras and sensors, 

enabling it to inspect critical parts of the railway infrastructure while 

moving along the track. Should the Railway Robot encounter oncoming 

traffic, it can avoid dangerous situations by flying to the 

side of the track, allowing the traffic to pass. The 

sensors on board the robot automatically detect 

changes on the railway, while providing a live data feed 

to decision-makers.

Maptek Releases New 
High-accuracy Survey-grade 
Solutions

The latest Maptek 

mine measurement 

improvements 

include the Maptek 

XR3-D mkII laser 

scanner: a new dual-

window scanner that 

cuts scan acquisition 

time in half. 

Whereas conven-

tional terrestrial laser 

scanners capture 

data from one window, spinning to achieve a 360° field of view, the XR3-D 

captures data from both sides simultaneously, with the scanner head only 

needing to spin 180°. “Survey crews can incidentally scan surrounding terrain 

in both directions while they’re on their way to capture 

highwall and stockpile data,” said Jason Richards, global 

product strategy manager for Maptek. “There’s no need to 

return to the pit later, as the haul roads, gradients and infra-

structure have already been acquired seamlessly.”

Using UAV-Lidar for Operational 
Forest Management

A new case study from 

Routescene demonstrates 

the value of UAV-Lidar 

point cloud data for opera-

tional forest management. 

Traditionally, gathering 

metrics and information 

for forest management has 

been undertaken using 

airborne photogrammetry 

or by manually walking the site. More recently, airborne Lidar has been recog-

nized as a useful tool, and drone-derived Lidar data is now proving its significant 

worth to monitor and manage the health and value of a forest. This case study, 

performed across a 44,256m2 wooded site in Barnsley, UK, proved the advan-

tages of using high-density UAV-Lidar data. The highly detailed dataset 

contained a total of 8,912,679 points, enabling algorithms to be applied directly 

to the point cloud. This allowed the team to profile the site to individual tree level 

and extract pertinent metrics easily. In comparison, with lower-density dataset, 

individual tree profiling is typically extracted indirectly in a two-step process and 

less accurately. Profiling to an individual tree level can be 

particularly useful in variable heterogeneous forest environ-

ments such as the Barnsley site, to establish the structural 

complexity, its resilience and adaptability, and to inform the 

management required.
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 The new Maptek XR3-D mkII laser scanner with dual-
window arrangement. 

 Digital twin of Zurich mapped using a WingtraOne  
GEN II. 

 The drone can operate for around seven hours with an average speed of 
20km/h. 

 UAV-Lidar point cloud of the forest.
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HEADLINES

New Partnership Combines Aerial 
and Mobile Mapped Data

To fuel a growing 

demand for virtual city 

applications in the UK, 

aerial mapping 

company Bluesky 

International is working 

with the Dutch mobile 

mapping specialist 

Cyclomedia to bring 

together imagery and 

height data, captured 

both from the air and at 

street level. Cyclomedia 

currently captures and 

processes around 

375,000 miles of 

360-degree panoramic 

street-level images and Lidar data worldwide – the equivalent to 30 million recordings a 

year. Enhanced by powerful artifi cial intelligence-powered analytics, this data provides 

large-scale systematic visualizations of physical environments, using specialized 

technology, from moving vehicles. Using its hybrid airborne sensors, 

Bluesky has already fl own many UK cities. Simultaneously capturing 

ultra-high-resolution oblique and vertical aerial photography together 

with highly accurate Lidar data, these Bluesky MetroVista products can 

provide large-area aerial context for Cyclomedia’s street level detail.

Geospatial Data 
Essential to Protect 
Snow Leopard in 
Mongolia
Intermap has entered a new collaboration with The Snow 

Leopard Trust to provide high-resolution elevation models 

to scientists who are researching the behaviour of snow 

leopards in Mongolia. The aim is to conserve the species. 

Intermap is a global leader in geospatial content 

deve lopment and intelligence solutions. The Snow 

Leopard Trust is currently exploring whether snow 

leopards stay longer at kill sites in rugged terrain, which 

offer better escape routes and hiding places. Intermap’s 

NEXTMap high-resolution, 3D digital elevation model and 

all-domain routing analysis will be used to conduct 

studies along with the GPS tracking data from snow 

leopard collars to follow their movement and determine if 

terrain ruggedness affects the amount of time they spend 

at kill sites. The Snow Leopard Trust began its study 

using a 30m-resolution digital elevation model (DEM). 

The initial results were unclear because cliffs, hills and 

other terrain features are not well represented in a coarse 

DEM. Intermap’s high-resolution, 3D elevation datasets 

are readily available to be integrated into studies like this 

or other all-domain command and control analysis for 

any location in the world. The Snow Leopard Trust was 

able to access Intermap’s high-

resolution DEM for the study area and 

start scenario modelling along with 

data collected in the fi eld in a quick 

and effi cient manner.

Trimble Launches US$200 Million 
Venture Fund

Trimble has announced the creation of Trimble 

Ventures, a venture fund focused on investing 

in early and growth-stage innovative companies 

that align with Trimble’s mission of trans-

forming work in the agriculture, construction, 

geospatial and transportation industries. The 

fund will launch with US$200 million allocated 

for investments and focus on companies with 

the potential for technology-enabled innovation 

and disruption in the digital transformation of 

the industries Trimble serves. In addition to an 

investment, Trimble Ventures will bring value to 

partner companies by offering hands-on 

expertise and insights, industry experience and 

access to customers, markets and distribution. 

Trimble Ventures will deploy strategic capital to 

accelerate the growth of innovative companies 

and partners that complement Trimble’s 

products, technology platforms and support its customers’ work. The fund will 

invest in early and growth-stage companies with technologies and solutions 

related to hardware and software applications, artifi cial intelligence, 

augmented, virtual and mixed reality, autonomy and robotics, blockchain, the 

Internet of Things (IoT) and analytics, and sustainability.

 Aerial and ground-level 360-degree imagery is being combined to 
create visualizations for ‘virtual city’ applications.

 Trimble Ventures focuses on companies with the 
potential for technology-enabled innovation and 
disruption.

 The study will help The Snow Leopard Trust gain more insight 
into the patterns of snow leopards and develop ways to help 
conserve the species. 
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Ireland Awards Aerial 
Mapping Contract to 
Getmapping

The Irish Department for Agriculture, 

Food and the Marine (DAFM) has 

awarded Getmapping a contract to supply 

new high-resolution aerial photography 

and digital height models for the Republic 

of Ireland. The data will include 

25cm-resolution aerial photography and a 

digital surface model (DSM). The three-

year contract covers the whole of the 

Republic of Ireland, comprising around 84,000km2, including offshore 

islands. Getmapping’s high-resolution, orthorectified aerial photography will 

be fully compatible with DAFM’s existing map layers and is ready for use in 

desktop mapping and GIS software. DAFM’s mission is to lead the 

sustainable development of a competitive, consumer-focused agrifood 

sector and to contribute to a vibrant rural economy and 

society. Applications of Getmapping’s survey as a service 

are expected to include rural farm payment schemes, 

forestry management and vegetation extent and health, 

plus other effects of human activity on the environment.

GeoSLAM Launches New 
Underground Mining 
Solutions

UK-based geospatial mapping 

specialist GeoSLAM has 

expanded its mining offering, 

building on its world-leading 

reputation in the sector to 

provide advanced underground 

mining solutions. The news 

follows the unveiling of its 

automated processing platform, 

GeoSLAM Connect, which 

provides users with the flexibility 

to process their data to their exact specifications through a series of inter-

active customizable script-based workflows. Many features of Connect are 

particularly useful for the mining sector, including the automatic georefer-

encing. Underpinned by the software, and backed by the company’s 

expertise in the mining sector, the new innovations include production 

progress mapping, convergence analysis and vertical 

mine shaft inspection monitoring – all of which will sit 

alongside the existing solutions already available and in 

use across the globe, including GeoSLAM Volumes for 

stockpile volumetric calculations.

Leveraging Deep Learning 
for Tree Inventory

A city council in Australia has used the 

ENVI Deep Learning module to analyse 

the 3D point cloud resulting from a 

leaf-on airborne Lidar survey, in prepa-

ration for a tree-planting initiative. The city 

council recently embarked on an 

ambitious tree-planting initiative to make 

its borders green. The objective was to 

enhance the natural environment as well 

as the health of its citizens. But an 

important question loomed: Where should 

the trees be planted to achieve maximum 

impact? The answer to this question 

required an up-to-date inventory of 

existing trees in the city using a recent 

leaf-on airborne Lidar survey that contained the necessary information. But 

while the city council had GIS experts, they had no capability to analyse the 

massive 3D point cloud. The city purchased the ENVI image analysis package 

with the Deep Learning module from L3Harris Geospatial to automate key steps 

in the tree planting project. Specifically, they sought to leverage the software to 

count existing trees, differentiate them by height and calculate canopy cover. 

These tasks would be extremely time consuming and likely inaccurate with 

manual techniques. And due to the lack of in-house deep-

learning expertise, there was initial concern about taking on 

the project. However, once they saw the information the ENVI 

Deep Learning module could provide, they knew it would give 

them the information they needed.

NV5 Expands Mobile Mapping 
Fleet with RIEGL Platform

One of North 

America’s leading 

geospatial data firms, 

NV5 Geospatial, has 

acquired a new 

RIEGL VMX-2HA 

dual-scanner mobile 

mapping system. The 

solution will initially 

be deployed in utility 

and transportation 

projects and enables 

the firm to collect 

highly accurate, 

feature-rich data at highway speeds. The mobile mapping system has been 

developed to use on various platforms, including boats, all-terrain vehicles and 

trains. “NV5 Geospatial has a long history of working with RIEGL, having utilized 

their products for aerial platforms as well as earlier generations of the VMX 

sensors,” said Jonathon Wittman, vice president of acquisition at NV5 

Geospatial. “The new VMX-2HA is a powerful solution that enables us to do 

more detailed surveys, in a form factor that can be set up and 

ready to go in a matter of minutes. We also appreciate the 

flexibility of the platform, which enables integration of 

spherical cameras and other technology that will allow us to 

explore new, creative survey applications.” 

 The Republic of Ireland seen 
from above.

 The ENVI Deep Learning module was 
taught to recognize trees in the Lidar 
point cloud by annotating known 
examples of features that were and 
were not trees.

 RIEGL VMX-2HA dual-scanner mobile mapping system.

 GeoSLAM Production Progress 
Mapping.
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Cable Route Survey to Give 
Scottish Islanders Access 
to Faster Broadband

Fugro has completed the offshore 

fieldwork phase of a high-profile 

multidisciplinary contract for 

Global Marine that will help 

determine subsea routes for 16 

new fibre-optic cables in the 

Scottish archipelago of the 

Hebrides and the Orkney and 

Shetland Islands. The diverse 

survey elements have acquired 

essential geospatial data by air and 

by sea that will support the 

Scottish government’s Reaching 

100% (R100) programme. 

Delivered by Openreach on behalf of BT, the R100 programme is set to 

have a positive impact on the remote island communities and businesses, 

with 100% superfast broadband ultimately made available across the 

country. Using its innovative Rapid Airborne Multibeam Mapping System 

(RAMMS) solution, Fugro completed airborne bathymetric data acquisition 

of the cable landing sites in nearshore areas considered too hazardous, 

even for small vessels. The resulting high-resolution Lidar data and 

imagery will be used to create a 3D model of the area to facilitate the 

cable route design and support mission planning. At sea, three specialist 

survey vessels from Fugro’s fleet performed geophysical and geotechnical 

surveys of the nearshore and deepwater areas, 

including 31 landing sites across the remote island 

network. The project also comprises unidentified 

ordnance (UXO) hazard surveys, sub-bottom data 

collection and land-based sediment sampling.

EuroGeographics to 
Strengthen Global 
Geospatial Infrastructure

EuroGeographics has reaffirmed its 

commitment to using its expertise in 

authoritative data to help strengthen 

the global geospatial infrastructure. At 

the 11th Session of the United Nations 

Committee of Experts on Global 

Geospatial Information Management 

(UN-GGIM), the association offered its 

extensive experience and a strong 

regional knowledge exchange network 

to support a range of international initi-

atives. This includes implementation of the UN Integrated Geospatial 

Information Framework (IGIF), the Sustainable Development Goals (SDGs) 

Geospatial Roadmap, the Global Geodetic Reference Frame, and the 

Framework for Effective Land Administration (FELA). Léa Bodossian, 

secretary general and executive director of EuroGeographics, said: “Our 

strength lies in our extensive membership of national mapping, cadastral 

and land registration authorities (NMCAs) from the whole of geographical 

Europe. This, combined with our well-established 

knowledge exchange network, means we are uniquely 

placed to facilitate coordination, collaboration and 

communication within the international geospatial 

community.”

Trimble Delivers GNSS Signal 
Convergence Time 
Reductions

Trimble has announced enhance-

ments to its industry-leading 

Trimble RTX correction services, 

tailored to meet the evolving 

needs of geospatial professionals. 

As part of an ongoing strategy to 

provide premier high-accuracy 

correction services to users 

worldwide, Trimble has delivered 

convergence time reductions, 

more reliable 

and robust signals, and an easier workflow for surveyors. 

These enhancements further enable geospatial professionals 

to untether from the cost and complexities of GNSS base 

stations and complete fieldwork faster. 

Propeller Aero and DJI Join 
Forces to Improve Worksite 
Surveying

Propeller Aero and DJI 

have expanded their 

partnership to include 

compatibility of Propeller’s 

site surveying and 3D 

mapping software with 

DJI’s Matrice 300 RTK 

drone (M300) and 

Zenmuse P1 sensor (P1). 

Propeller’s data processing 

platform is designed for site surveying and 3D mapping for the construction and 

earthworks industries. When combined with DJI’s advanced M300 drone, which 

features a refined propulsion system and longer flight time, the solution is able 

to rapidly and precisely map hundreds of hectares accurately within 3cm, 

making it very suitable for surveying medium to large-scale worksites such as 

highways, industrial complexes and mines. The Zenmuse P1 is DJI’s newest 

flagship sensor, designed specifically for photogrammetry 

missions. Integrating a full-frame sensor on a 3-axis,  

stabilized gimbal, it has the ability to substantially increase 

efficiency and accuracy for surveying and mapping  

applications.

 Surveyors in many regions worldwide can 
now spend less time in the field thanks to 
CenterPoint RTX correction services.

 Fugro’s specialist survey vessels, 
including the Fugro Venturer (pictured), 
have performed geophysical and 
geotechnical surveys to help determine 
subsea routes for new fibre-optic cables 
in the Hebrides and Orkney and 
Shetland Islands. 

 Léa Bodossian.

 Propeller’s data processing platform.
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 Circled areas 1,2,3 and 4 highlight the complexity of mixed land cover scenes from Cape Town.   Roof and structural damage at the Jagger Library caused by fire. 

High-resolution images derived from multiple 

platforms with on-board sensors provide 

substantial cues in urban planning and are 

strategic in disaster management. Where risks 

are prevalent, the gathered datasets present 

geospatial engineers with opportunities to 

process and document both pre- and post-

disaster scenes at multiple temporal and 

Due to the region’s proneness to occasional wildfires, the Geomatics Division at the University of Cape Town, 
South Africa, has conducted research and project work around the theme of 3D reconstruction plus 
contemporary urban mapping for planning and disaster management. This article shares some highlights.

spatial scales for delivery in 2D, 3D+ and 

related digital models. The image scenes 

themselves are also very fascinating, as they 

present complexities of mixed land covers, 

multipart roof facades, multiple spectra and 

at times multiple data types. For example, the 

availability of airborne laser scanning (ALS) 

and radar data presents options for fused 

Digital Models for 
Planning and Disaster 
Management

LIDAR-DERIVED SHACK FOOTPRINT FOR THE CITY OF CAPE TOWN

BY MOREBLESSINGS SHOKO, SOUTH AFRICA, AND EMMANUEL KOFI GAVU, GHANA

solutions. 2D and 3D+ reconstructed models 

have become an eminent fundamental in 

planning, emergency rescue and post-disaster 

logistics. 

CONTEMPORARY URBAN SCENE 
RECONSTRUCTION IN A CHANGING MODERN 
WORLD
In today’s world, disruption is constant and 

logical planning is under threat with most 

aspects of human life deferring to more 

organic and novel patterns of progression. 

Over the years, modern urbanism has not 

been spared and is often characterized by 

a spontaneous nature with diverse social 

impacts. The emerging patterns of habitats 

channel a need for cartographic sensitivity 

to represent the interests of multiple groups 

without exclusion in comprehensive mapping 
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solutions. Literature posits that cases such 

as the City of Cape Town in Western Cape 

Province, South Africa, resonate a need 

for broad mapping as the city has been 

categorized as one of those exhibiting 

inequalities. The social dimensions captured in 

related studies also translate to image-based 

difficulties for geospatial mappers. High-

 Mixed land cover hill shade model.

 A view of Cape Town. (Creative Commons licensed image)

resolution aerial footage of parts of Cape Town 

(see Figure 1) shows mixed land covers with 

informal cover nucleated on the backdrop of 

formal residential spaces apart from a mixture 

of vegetation, tar, soil and concrete that are 

adding more seasoning to the ‘salad’. This 

mixed context detail is key to the discussion 

in this article, which highlights ongoing project 

work relevant to mutual mapping initiatives in 

contemporary urban spaces.

Besides capturing the geomatics-relevant 

context of previous project work, the authors 

focus mainly on more recent work that is 

based on three-dimensional mapping of 

spaces within a post-fire Southern Cape 

Town. They also summarize the general 

application of ALS and high-resolution 

aerial imagery in extracting built structure 

footprints for reconstruction. More recent 

work is rooted in UAV-based data capture 

of post-fire scenes for deep learning and 

mapping. Wildfires are selected as a risk 

theme in order to link with the context of 

disaster management application in projects. 

TABLE MOUNTAIN FIRE IN 2021
Located on the south-western coast of South 

Africa, Cape Town has been prone to occasional 

fires in multiple areas over the years. The 

fires are often attributed to katabatic wind 

regimes, fynbos biomes and diverse factors. 

In April 2021, an erratic runaway fire engulfed 

the surrounds of the Table Mountain forests. 

Post-fire inventory revealed severe damage 

to several commercial properties including 

the famous historical Mostert’s Mill (built in 

1796), the Rhodes Memorial restaurant and 

Jagger Special Collections Library (Figure 2) 

which holds rare and irreplaceable collections, 

antiques and significant documentation of 

the San and Khoi people who lived in the 

area in the 1870s. In addition, one should not 
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points from how bioinformaticians choose to 

isolate individual cells can inform cues for 

an effective shack extraction strategy. Figure 

4 shows some of the primary products of 

an organically inspired extraction from the 

study, where the man-made shack candidates 

were separated from the background. 

With a broad-ranging approach in mind, a 

recent project has also focused on formal 

documentation of southern suburbs of Cape 

Town where the 2021 Table Mountain fire 

occurred. There was an unmanned aerial 

vehicle (UAV or ‘drone’) flight collecting 

footage of post-fire scenes immediately 

after the fire with a multispectral and Lidar 

scanner in a separate project. Currently, a 

thermal scanner with RGB sensor on board 

is scheduled to collect footage of the spaces 

closer to the foot of Table Mountain National 

Park. Existing survey control marks which 

were placed by static GNSS surveys in 

the extents of the University of Cape Town 

(UCT) campus will be highlighted and used 

as ground control points for checks and 

consistency. The main points of interest 

from the RGB imagery are the building 

facades, highlighting damage and progress 

on restoration, as well as some natural 

features affected. The thermal imagery can 

also inform on damage to piping and related 

property maintenance aspects in greater 

detail. Artificial intelligence, and particularly 

deep-learning convolutional neural networks, 

will be key to the identification and extraction 

of building facades with damage.

FUTURE PLANS
At the moment, the bulk of the work is scheduled 

around field reconnaissance and scheduled 

data collection using UAVs. Flight permissions 

continue to be a challenge for drone-related 

work, with tight regulations in place and various 

licensing constraints. However, industry partners 

can make this easier as they are more invested 

to fly more regularly than research units. Future 

work will include completing the data processing 

using deep learning and complementing some 

of the building datasets with ground-based laser 

scanning data. The authors are also eager to test 

the iPhone 12 Pro Lidar camera, mainly out of 

curiosity. 

underestimate the resulting displacement of 

residential, natural, human and animal life. 

Although not the first fire to cause significant 

losses in Cape Town, the Table Mountain case 

emphasizes the importance of mapping as an 

investment in disaster risk reduction and its 

impact mitigation.

COLLECTING AND DOCUMENTING THE CAPE 
FOOTPRINT
Since both formal and informal spaces 

are risk-prone to wildfire hazards in Cape 

Town, mapping all areas before and after 

damage aids day-to-day city administration 

plus cases of crisis search, rescue and 

restoration. Buildings and related man-made 

structures (including shacks where these 

exist) become of fundamental interest to the 

administration matrix as they house human 

life which may require rescue or may have 

been displaced and require mitigation efforts. 

When one inspects nadir optical images, the 

predominance of diverse roof detail is imminent 

and it causes low-level algorithms to fail in 

facade identification, prompting a need for 

more robust processing techniques for model 

creation. Both ALS, satellite and aerial footage 

of Cape Town is available to collaborating 

institutions for research purposes. Some earlier 

postgraduate research work engaged on an 

approach for mapping the informal structures 

within Cape Town utilizing a combination of 

very high-resolution (VHR) imagery (5cm 

resolution) obtained from an aerial survey in 

combination with 2-3 points per square metre 

airborne laser scanning (ALS) data. A random 

extract of an ALS image from the dataset 

collected over Cape Town is presented in 

Figure 3 as a tinted hill shade model.

In the latest research, the task was to develop 

a novel framework for shack unit extraction 

founded on two views, namely that spatial 

data fusion can improve accuracy and 

that reliable spatial information on informal 

settlements can be extracted based on 

an organicism-informed approach. The 

organicism perspective was motivated by an 

analogy arguing that informal settlements are 

similar to the layouts of living tissue and that, 

as seen in cell and organ imagery, learning 
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 VHR imagery with derived shack candidates highlighted. 
Unwanted land cover is masked out to mirror bioinformatics cell 
identification.

FUTURE WORK WILL INCLUDE COMPLEMENTING SOME OF 
THE BUILDING DATASETS WITH GROUND-BASED LASER 
SCANNING DATA

13-14-15_featureshoko.indd   15 09-09-21   13:16



|    INTERNATIONAL  |  I SSUE  6  2021 ISSUE 6  2021  |    INTERNATIONAL  |16

Thanks to the continuing advancement of 

3D mapping technology, the efficiency of 

obtaining 3D point clouds has never been 

higher. Coloured point clouds can be obtained 

using both survey-grade systems, such as 

vehicle-mounted mobile laser scanning, and 

consumer technologies, such as Lidar sensors 

in mobile devices. Simultaneous localization 

and mapping (SLAM) systems have made 

3D mapping possible indoors in addition 

to outdoors. Contemporary indoor SLAM 

systems can operate in geometrically complex 

environments with high mapping efficiency. 

Beyond laser scanning systems, the ongoing 

development of photogrammetric software has 

not only brought more advanced professional 

tools to the market, but also introduced 

more user-friendly open-source software for 

photogrammetric 3D reconstruction. This 

has been especially significant in the use of 

unmanned aerial vehicles (UAVs or ‘drones’) for 

Direct utilization of dense, coloured point clouds in a virtual world is motivated by many reasons. The point 
clouds themselves are efficient to produce with 3D mapping methods. The immersive visualization offered by 
new VR techniques is well suited for geometrically complex datasets, such as indoor point clouds. With the 
development of computer hardware solutions and game engines that are compatible with point clouds, point 
cloud visualization in VR has become increasingly attainable – and therefore relevant for geomatics as well.

3D mapping; after all, the camera remains their 

most important sensor payload. Nowadays, 

even consumer-grade mini-UAVs feature gyro-

stabilized high-resolution cameras.

In consumer technology, depth cameras 

and, more recently, Lidar sensors have 

been integrated into handheld devices, 

allowing near-real-time 3D reconstruction. 

They are also used in 3D scanners and 

autonomous robotic devices. Thanks to the 

combination of these developments, most of 

the environments encountered in everyday life 

can now be digitized in three dimensions. 

FROM MAPPING TO IMMERSIVE EXPERIENCES
Consequently, the challenge in the use of 

3D sensing technologies is shifting from 

data acquisition to data utilization. As the 

point clouds remain the lowest common 

denominator in 3D sensing, they are the most 

attractive type of data to apply. Solutions that 

can utilize point clouds are compatible with 

a wide variety of sensing technologies. The 

simplest form of application is the visualization 

of point clouds. On a desktop computer and 

conventional monitor, this can be performed 

by a multitude of commercially available and 

open-source software solutions. Likewise, the 

browser-based visualization of point clouds 

is enabled by a number of openly available 

Javascript libraries and online services. 

Over the past decade, virtual reality (VR) 

visualization using head-mounted display 

devices (HMDs) has matured into a consumer 

technology. Devices are available from 

multiple manufacturers, but the business 

ecosystem for releasing applications is 

converging around a few major players. In 

a similar manner, the development tools 

and open standards such as OpenXR that 

can support a multitude of VR HMDs have 

emerged, simplifying the development of 

applications. For building interactive VR 

applications and experiences beyond mere 

data visualization, commercial game engines 

are the de-facto standard environment. Here, 

the VR community benefits from the huge 

pool of developers that can transfer their 

experience of – and enthusiasm for – game 

development to commercial game engines. 

For a game developer, moving into VR is 

relatively easy and well documented.

VIRTUAL REALITY AND POINT CLOUDS
As most VR apps for use with HMDs are built 

using game engines, it is important that those 

Visualizing Point Clouds 
in Game Engines 

THE USE OF DENSE GEOSPATIAL POINT CLOUDS IN VIRTUAL REALITY

BY JUHOPEKKA VIRTANEN, TUOMAS TURPPA, ARTTU JULIN AND JUHA HYYPPÄ, FINLAND

 Dense coloured point clouds depict real-world environments in high detail and can produce a 
near-photorealistic scene in a suitable visualization environment. 
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unstructured indoor point clouds. Therefore, 

the dynamic point size adjustment has to 

be implemented. In a game engine, this is 

connected to the method used to actually 

draw the points. Most commonly, the points 

can either be drawn as sets of pixels directly 

or via geometric objects (such as squares or 

circles) that are used in place of the points 

and rendered via the engine’s conventional 

triangle rendering pipeline. 

DYNAMIC ASSETS ENABLE RICH INTERACTION
The rich interaction between the virtual 

environment and the user is often a key driver 

in the interest in game engine visualization. 

Conventional game engine scenes are 

built from a set of mesh models, cameras, 

lights, actors, etc. With dynamic, scripted 

interactions, these turn the scene from static 

rendering into an interactive environment. To 

minimize the use of computational resources, 

virtual scenes are typically assembled so that 

only the objects with which users can interact 

will respond to simulated collisions, gravity 

and more sophisticated lighting models. 

Simplified geometries such as primitive 

shapes and convex hulls are used to simulate 

collisions and detect overlaps. 

If the use of point clouds is to go beyond 

simple visualization, the point cloud also has 

to be made compatible with the features 

commonly used in game engine applications, 

such as real-time lighting, simulated collisions 

and interactive objects. Here, the lighting is 

mostly a rendering issue, connected with 

the visualization system. However, realizing 

separate objects also places requirements on 

the point clouds themselves.

Turning dense point clouds into useful game 

engine scenes therefore requires the point 

clouds to be separated into interactable 

objects and coupled with their simplified 

versions to allow dynamic simulations. 

At the same time, the indexing and 

rendering solutions that are used have to 

be compatible with objects that move within 

the scene.

CONCLUSION
In research literature and software 

development, a number of solutions have 

been presented for turning the dense point 

clouds that originate from 3D mapping into 

useful game engine scenes. Many game-

like properties, such as interactable objects 

and dynamic lighting, have already been 

accomplished with point clouds. However, 

a number of topical research questions still 

remain. For point clouds to be applied in 

game engines, it is not enough to classify the 

points into simplistic object types such as 

buildings or vegetation. Producing interactive 

game engine scenes requires a more refined, 

object-wise segmentation and semantic 

understanding. More research and more 

sophisticated solutions are still need relating 

to the classification and segmentation of 

objects in point clouds.

In the existing research, much of the 

assessment of the quality of point clouds 

obtained using different 3D mapping 

techniques has mostly focused on 

their geometric accuracy. However, VR 

applications also require sufficiently good 

point colourization to be achieved as a part 

of 3D sensing. This places emphasis on the 

game engines can support point clouds. 

Fortunately, point clouds have become 

directly available as data types in many game 

engines via built-in features or available 

plugins. However, point cloud visualization 

in VR is further complicated by the strict 

performance requirements for rendering, 

especially the high required frame rate. In an 

interactive visualization studied via an ordinary 

monitor, low frame rates are annoying at most. 

In VR, the reduced rendering speed causes a 

mismatch between the rendered image and 

the human sensory system. This results in 

discomfort for the user and in extreme cases 

can lead to actual physical symptoms such 

as nausea. 

The VR visualization of point clouds 

requires highly efficient systems for spatial 

indexing, level-of-detail handling and 

rejection of not visible points from rendering 

(culling). These systems allow the engine 

to determine which parts of the point cloud 

are actually seen by the virtual camera 

and to only render those with a sufficient 

level of detail. Further, the rendering has 

to operate so that fewer points are finalized 

in rendering from more distant parts of the 

cloud, with minimal processing. The total 

amount of points to be rendered can be 

kept within limits by combining the spatial 

indexing with culling and multiple levels of 

detail (determined by the distance) and by 

adjusting the size of rasterized points.

As VR visualization also inherently provides 

a first-person view, there are commonly 

potential see-through effects and issues 

arising from density variations, especially with 

Visualizing Point Clouds 
in Game Engines 

BY JUHOPEKKA VIRTANEN, TUOMAS TURPPA, ARTTU JULIN AND JUHA HYYPPÄ, FINLAND

 VR offers full six degrees of freedom for exploring point clouds.
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radiometric quality of point clouds as this 

plays a significant part in their visualization. 

From a computational perspective, textured 

mesh models are currently the most effective 

way of representing geometry in game engine 

visualization. However, the use of point 

clouds holds many potential benefits, such 

as simplified data integration from different 

mapping systems and improved efficiency in 

digitizing real-life environments. Further, VR 

offers a natural way of exploring geometrically 

complex datasets with full six degrees of 

freedom, navigating them immersively and 

potentially even interacting with the points. 

Therefore, experimentation with the VR 

visualization of point clouds remains topical 

for the geomatics community. 

 A dense point cloud segmented into an octree structure with cells being hidden and shown according 
the view frustum of the virtual camera.

 Point clouds can be segmented into separate objects for game engine interaction or edited immersively in VR.
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A 3D geological model has helped to save valuable time and millions of pounds in costs for the Crossrail 2 
project, a proposed GBP30 billion railway line through 27km-long tunnels beneath London, UK (Figure 1). 
Developed early in the design process, the model identified geological hazards along the route and informed 
the tunnel alignment at and between stations. Targeted detailed studies reduced uncertainty in critical areas 
in advance of project-specific ground investigations. An automated tunnelling obstructions risk assessment 
incorporated the ground model to estimate building foundation depths for over 30,000 buildings along the 
route. This was key to reducing the risk of obstructions and informing alignment optioneering in a congested 
sub-terranean environment.

Geology in the London Basin is reasonably 

well understood. The bedrock in London 

is considered to comprise the Chalk Group 

beneath Thanet Sand, Lambeth Group, 

Harwich Formation and London Clay. 

Overlying Quaternary deposits present along 

the Crossrail 2 alignment include alluvium, 

head, brick earth and river terrace deposits. 

The London Basin is a broad, northeast to 

southwest-trending syncline with associated 

smaller folds, formed during the Paleogene 

(approx. 66-23 Mya) around the same time 

as the reactivation of deep-seated basement 

faults, resulting in outcrops of the deeper 

stratigraphy and fault blocks.

Faulting and other geohazards are increasingly 

well documented, but continue to create 

headaches for construction projects in 

London. For example, flint bands in the 

Chalk wear down the cutting tools on tunnel 

boring machines (TBMs), slowing progress 

due to increased maintenance. This resulted 

in alignment changes to Crossrail 1 to avoid 

them. Water-bearing sand channels and 

hard bands in the Lambeth Group present 

challenges to non-TBM tunnelling such as 

cross-passages and station enlargements. 

Deep drift-filled hollows have caused delays 

and safety risks to projects including the 

Thames Water Ring Main (Newman 2009) 

and Crossrail 1 due to sudden depressions in 

the London Clay surface. 

Developing the Digital Sub-surface 
Model for Crossrail 2

UNLOCKING THE VALUE OF SPATIAL DATA IN A CONGESTED SUB-TERRANEAN ENVIRONMENT

BY BEN GILSON, CHARLENE TING AND PIETRO BOLOGNA, UK

 Figure 1: Map of the proposed Crossrail 2 route (last accessed 25 September 2019). (Image courtesy: 
Crossrail 2)
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geological model developed by the BGS 

was adopted as the baseline for the Project 

Stratigraphic Model, as it represented the 

best available route-wide understanding of 

the ground. Following the detailed reviews in 

critical areas, structural building information 

modelling (BIM) models were integrated

Automating the production of geological 

longitudinal sections that were updated as the 

DEVELOPING THE GROUND MODEL
The 1:50,000 scale 3D model of the London 

Basin by the British Geological Survey (BGS) 

was adopted as the initial baseline. Over 

1,000 boreholes were collated, together with 

information from existing publications such as 

tunnel face excavation records, to review and 

refine the Project Stratigraphic Model. Digital 

tools such as ArcGIS, FME and Leapfrog 

Works facilitated the efficient development, 

interrogation and dissemination of the 

approximately 40km2 model and helped to 

communicate geological uncertainty.

Conceptual geological understanding was 

key to identifying the best interpretation of 

the stratigraphy and geohazards, such as 

the alignment and characteristics of the 

Wimbledon Fault shown in Figure 2. Archive 

borehole records reporting softened zones 

associated with faulting helped to more 

accurately map the alignment in order to 

influence the tunnel alignment to reduce  

the risk of tunnelling through faulted London 

Clay.

Detailed reviews of existing tunnel face 

excavation records from the 1930s joined 

the dots between archive borehole records 

showing sharp changes in stratigraphy across 

small distances (Figure 3).

COMMUNICATING MODEL UNCERTAINTY
A high-level, qualitative assessment of 

uncertainty was undertaken to communicate 

the varying levels of confidence placed in 

each geological surface displayed in the 

Project Stratigraphic Model, based on the 

availability and quality of the data used to 

test and update the model. The factors 

considered at this stage were: the density of 

the control points and section lines created 

in GSI3D by the BGS; the existing boreholes, 

with relative confidence levels assigned 

based on the ‘reliability’ of the original; and 

the priority areas, where project-specific 

review was undertaken and the geological 

surfaces refined. Heat maps (Figure 4) were 

generated for each geological surface and 

overlaid with the proposed Crossrail 2 works 

to identify areas where further targeted review 

and subsequent ground investigation was 

required.

INFORMED EARLY DECISION-MAKING
Enabling early alignment optioneering 

decisions required an early understanding 

of the key strata and geohazards. An extract 

from the 1:50,000 scale 3D London Basin 

BY BEN GILSON, CHARLENE TING AND PIETRO BOLOGNA, UK

 Figure 2: Preliminary model of the Wimbledon faulted zone, which may consist of several faults, to be 
refined with the findings of further ground investigations.

 Figure 3: Incorporation of published longitudinal sections in the Project Stratigraphic Model to 
compile multiple sources of geological information in three dimensions.

 Figure 4: An extract from heat maps produced to inform viewers of the Project Stratigraphic Model of the 
level of confidence they should place on strata levels at particular locations along the proposed route.
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alignment changed enabled the immediate 

evaluation of the impact of alignment changes 

on the construction of these structures. This 

could then be rapidly fed into the decision-

making process.

Station excavations through the Lambeth 

Group to the underlying Thanet Formation 

were value engineered. For example, 

proposed station boxes were raised or 

redesigned, taking account of other criteria 

driving the alignment, to reduce the difficulties 

associated with excavations in coarse-grained 

soil with high groundwater pressures.

Cross-passages were located where possible 

to avoid excavations below the base of the 

London Clay, where coarse-grained water-

bearing horizons and other geohazards 

inherent with construction in the Lambeth 

Group would need to be considered. Where 

this was unavoidable, robust assumptions 

(e.g. on the stratigraphy) were made and the 

cost estimate, programme and risks were 

captured. 

 
TUNNEL OBSTRUCTIONS RISK 
Obstructions are the main driver for the 

alignment design between nodes such as 

stations and shafts. It has always been a 

major challenge to undertake assessments on 

urban tunnel projects of the potential clash 

risks posed by proposed tunnel alignments 

to existing assets. This challenge is elevated 

at the early stages when alignment designs 

are being explored and information on assets 

may not be readily available to the designers. 

The alignment corridor of Crossrail 2 passes 

beneath more than 33,000 buildings and 

crosses hundreds of major utility and 

infrastructure tunnels. It would be time 

consuming to individually review each building 

along the tunnel route for each iteration of 

a proposed alignment and, subsequently, to 

manually assign a potential clash risk without 

delaying alignment design decisions needed 

to inform safeguarding and consultations with 

the public. 

Capturing thousands of individual asset 

information files and making them accessible 

and readily available to the project team 

required a data-centric approach. Producing 

plan and profile drawings to document the 

alignment and inform future design decisions 

is traditionally a laborious process. For 

Crossrail 1, for instance, each update of the 

plan and profile drawings took up to three 

months. This ultimately reduces the time 

available for designers to refine the alignment 

before a design freeze. 

A new approach was therefore needed to 

perform dynamic obstruction clash risk 

 Figure 6: The Crossrail 2 Asset Portal is a digital tool for dynamic obstruction clash risk assessments, using algorithms developed to extrude foundation depths 
based on building height and age, together with the stratigraphy provided by the Project Stratigraphic Model.

 Figure 5: Combining structures and geology in 3D.
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hours of labour for obstruction risk assessment, 

time savings of over two months were achieved 

by automating drawing production using 

the Asset Portal when compared to drawing 

production for Crossrail 1.

This approach resulted in more alignment 

changes being incorporated to improve 

the alignment design at an earlier stage 

and focused more effort on exploring 

improvements to the alignment for an 

extended period.

CONCLUSION
To inform early decision-making, cost 

estimates, programme estimates and risk 

assessments, a 3D geological model was 

developed to enable data-driven design 

decisions and obstructions risk assessments 

taken to an unprecedented level of detail 

on a major tunnelling project. Adjustments 

could be made to the tunnel alignment to 

avoid geohazards and potential obstructions 

far earlier in the design process than would 

typically be possible. This facilitated substantial 

cost savings for the project in excess of 

tens of millions of pounds, and substantial 

programme savings in the order of two years. It 

also reduced the risk of future changes to the 

alignment requiring changes to safeguarding, 

land take and delays due to re-submitting for 

powers such as development consent orders. A 

user-friendly geospatial portal for inputting and 

viewing asset information has been established 

as a legacy for the project.

3D geological models are now routinely 

developed across Arup projects, such as on 

High Speed 2 (HS2), and work with Seequent 

has been aimed at further improving the 

integration of Leapfrog into the design analysis 

workflows.

The future of managing below-ground 

information and risk on infrastructure projects 

lies in continually improving access to high-

quality data and sharing dynamic insights 

obtained through the lifecycle of the project 

to enable accurate and predictive data-driven 

decision-making. 

assessments, by capturing asset information, 

estimate building foundation depths based on 

algorithms inferring local geological conditions 

and building data, and to facilitate the 

automation of drawing production.  

ASSET PORTAL 
For Crossrail 2, data analysts, engineers, 

programmers and BIM technicians developed 

a geospatial tool called the Asset Portal. It is 

a bespoke multifunctional tool that optimizes 

the delivery and risk management of this 

major infrastructure project. The Asset Portal 

has been designed to be used throughout 

the project life, from early feasibility studies 

and optioneering, through detailed design 

and into the construction period. By providing 

an efficient automated risk assessment of 

the more than 33,000 structures which may 

be affected by the tunnel alignment and all 

its evolving iterations, it reduces risk and 

provides a common data environment that all 

parties can easily access and visualize. 

The tool identifies potential clashes between 

the tunnel and existing underground 

infrastructure using an automated algorithm, 

developed in-house by geotechnical and 

structural experts, to determine the notional 

depth of building foundations based on the 

height, age and Project Stratigraphic Model.

Obstruction risk assessments using the 

Asset Portal are far more detailed than 

those normally possible with the budget and 

resources allocated pre-hybrid bill, thus setting 

a new standard for de-risking the project at an 

early stage of the design development. 

The Asset Portal was also designed to 

automate the production of plan and profile 

drawings over the >30km route. In this 

subsequent stage of production, asset 

geometry, geology and relevant data stored 

in the Asset Portal database is automatically 

plotted onto drawings with all relevant tags and 

information. This removes the manual process 

of creating these drawings, which usually 

occupies a team of engineers and technicians 

for months. As well as saving thousands of 

FURTHER READING
https://crossrail2.co.uk/ route/route-map/ 

A USER-FRIENDLY GEOSPATIAL PORTAL FOR INPUTTING 
AND VIEWING ASSET INFORMATION HAS BEEN 
ESTABLISHED AS A LEGACY FOR THE PROJECT
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 Florian Petit adjusting Lidar sensors on the roof of the Blickfeld 
car for a test drive in Munich.

Autonomous vehicles need to be able 

to perceive their environment reliably 

within smart infrastructures. The most 

commonly used sensors for this task are 

Lidar sensors, which deliver high-resolution 

and highly accurate 3D measurements of 

the surroundings under various weather 

conditions. So far, such sensors have been 

too large, technologically complex and 

expensive to be suitable for broad adoption. 

Now, however, new technologies are entering 

the market, plus key components such as 

detectors are becoming smaller, better and 

cheaper. 

CRUCIAL IMPROVEMENTS
“Devices used to cost a five-digit figure 

just a few years ago, but a fragile sensor 

costing US$50,000 was too expensive to 

integrate into autonomous driving or smart 

city applications. Nowadays, the price range 

starts at the three digits,” says Florian Petit, 

chief experience officer at Blickfeld, a fast-

Despite the name, a self-driving car cannot actually drive itself. Most manufacturers of autonomous and 
driver-assisted cars are keen to use Lidar sensors to provide the necessary guidance during the journey, but 
this market has been slow to evolve so far. GIM International spoke to Blickfeld, a relatively young Lidar 
manufacturer that is attracting significant global attention for its innovative and high-tech work on new 
sensors. It appears that there are many more relevant applications on the horizon beyond the automotive 
segment, such as monitoring the flow of all kinds of ‘traffic’ both indoors and outdoors.

growing German-based Lidar software and 

hardware manufacturer that was founded 

four years ago. A second crucial development 

is that the technology no longer requires 

specialist personnel to operate it. New 

software platforms have strongly improved 

the accessibility of Lidar for smart city 

applications, for example. 

Blickfeld has chosen to focus on large market 

adoption possibilities. That has led not only 

to more ease of use, but also to an innovative 

system architecture and the company has 

already received numerous awards for 

innovation. Its software enables on-device 

motion detection through background 

subtraction; the static background within the 

point cloud is removed so that the device 

transmits only motion information. Dynamic 

objects, such as people and vehicles, are 

highlighted along with their movements. 

Blickfeld is the first in the industry to include 

on-device processing features in its sensors to 

reduce the amount of data that is transmitted –  

mostly by more than 95% – while enabling 

immediate object detection. 

A third key improvement concerns the size 

of the hardware, as Petit explains: “Our 

sensors stand out because of their extremely 

small size. That’s a big plus for integration, 

as the design aspect is often important – 

Smart Cities Benefit 
from Infrastructure for 
Autonomous Vehicles 

LIDAR FOR INTELLIGENT MOTION ANALYSIS

THE STATIC BACKGROUND WITHIN THE POINT CLOUD IS 
REMOVED SO THAT THE DEVICE TRANSMITS ONLY MOTION 
INFORMATION

BY FRÉDÉRIQUE COUMANS, GIM INTERNATIONAL
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IN2Lab is a three-year project currently running 

in Ingolstadt, close to the German city of 

Munich. It is being led by Ingolstadt University 

of Technology with the aim of developing a 

safety system for testing automated driving 

functions in real-life environments. “Only real-

life scenarios can cover the outlying cases, i.e. 

unknown and spontaneous situations,” states 

Petit. The IN2Lab research partners have 

integrated additional safety features into the 

road infrastructure – including roundabouts, 

crossroads, bus stops, bicycle lanes, traffic 

lights and parking spaces – in one part of 

the town. This enables the entire road traffic 

environment, including the manoeuvres 

of autonomous vehicles, to be monitored 

externally using sensors, 5G communication 

modules and artificial intelligence tools. 

Blickfeld is responsible for the environment 

perception sensors integrated into the 

infrastructure. The sensors collect detailed 

real-time information, and the detection 

software analyses the speed and direction of 

movement of each road user. The Blickfeld 

sensors are based on MEMS technology, 

featuring a particularly large aperture, wide-

beam deflection angles and high optical power.

SMART CITIES
In Petit’s experience, local authorities are 

keen to use smart city applications to optimize 

vehicle flows in their cities. Equipping the 

roadside infrastructure with Lidar sensors will 

speed up their adoption for traffic monitoring. 

The information can be used for near-real-

time traffic flow control by adjusting traffic 

lights or road signs taking the movement of all 

road users into account. Historic analysis can 

be input for urban planning purposes. 

Various municipalities are also preparing 

parking-space detection and guidance to save 

drivers the hassle of searching for somewhere 

to park. Mounted on lamp posts or traffic 

lights, the sensors monitor parking spaces 

and the integrated geometric analysis software 

determines whether each parking space is 

occupied, as well as its size. This application 

is aimed at reducing unnecessary driving and 

therefore pollution in urban areas, although some 

pessimists fear that making life easier for drivers 

in cities will actually stimulate traffic growth.

Meanwhile, Blickfeld is developing an 

algorithm library that includes a variety of 

pre-processing features in order to enable the 

on-device data analysis being implemented 

in many other use cases, such as security. 

For example, in the case of an intrusion, a 

sensor first measures the precise dimensions 

of the detected object (even in low-visibility 

conditions); the alarm is only triggered if 

the software identifies a potential (human) 

trespasser. The public and private sector 

alike are becoming more interested in better 

perimeter security – resulting in fewer false 

alarms and absolute privacy protection – 

especially for passenger cars.” Blickfeld’s 

mid-range sensor measures just 5cm3. It can 

be incorporated into side mirrors, lights and 

pillars to achieve a 360° panoramic view. It 

has a field of view of up to 107° and a range of 

up to 150 metres. Meanwhile, the long-range 

sensor – designed for use at the front and rear 

of a vehicle – detects objects at distances of 

up to 200 metres. 

SAFER TESTING IN REAL LIFE
But the widespread adoption of autonomous 

vehicles depends on more than just 

technology alone. For example, the European 

Commission has recently forbidden the 

activation of autonomous driving assistance 

(lane keeping, parking, etc.) in new cars 

in the EU because it is still considered 

too dangerous. Petit is convinced that 

autonomous or semi-autonomous driving will 

become mainstream eventually, but that it 

will happen gradually rather than overnight: 

“Autonomous guided vehicles for large 

warehouses or ports are less complicated. 

Equipped with sensors, the systems can 

avoid collisions and transport goods from 

A to B by automatically determining their 

position. Likewise, autonomous tractors or 

other self-driving agricultural equipment 

can assist farmers in automated precision 

farming. We even work together with 

Elbflorace team from TU Dresden that builds 

racing cars to participate in Formula Student 

competitions. This year, their car will compete 

in both disciplines: both with a driver and 

autonomously. But autonomous cars on 

public roads are a different matter. There are 

many issues that still need to be addressed, 

especially in terms of safety and regulation, 

but also related to sensor fusion, connectivity 

and data size. That’s why projects like IN2Lab 

are so important.”

 The sensors stand out because of their extremely small size: 5cm3.

 Integrated into the infrastructure, the sensors collect real-time information and the detection 
software analyses the speed and direction of movement of each road user. 
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certain area and how they are moving around. 

Lidar sensors are ideally suited for this; 

with a large field of view, they usually cover 

bigger areas than cameras and they collect 

data independent of lighting conditions. We 

currently have a project with Frankfurt Airport, 

the fourth-largest airport in Europe, to track 

and analyse passenger flows. The sensors 

help to predict the passenger volume in the 

security check area so the authorities can 

take appropriate measures in advance.” 

It is sometimes necessary to know how many 

people are on the premises and how the 

flow is moving in other places like museums, 

event venues, stadiums, pedestrian zones or 

on railway platforms, and new, smart Lidar 

applications are emerging for such uses 

too. Needless to say, what works for flows of 

people also works for objects, according to 

Petit. A Lidar device can immediately evaluate 

3D-sensed data to provide information 

on occupancy and fill levels, so volume 

measurement and level sensing can enable 

companies to keep track of their inventory and 

the available space in warehouses, trucks or 

containers. 

without the need for more human resources 

or external hardware. 

PEOPLE TRACKING
One market segment in particular is growing 

rapidly, comments Petit: “In recent years, we 

have identified very strong demand for ‘people 

tracking’, and not only during the current 

pandemic. There are numerous situations 

in which institutions or organizations need 

to know how many people are present in a 
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BY JOHN WELTER, HEXAGON’S GEOSYSTEMS DIVISION

Adapting to climate change and mitigating 

its impact is essential for governments and 

local authorities. Such aspects are at the 

core of major city planning decisions around 

the world. By analysing 3D models and 

meshes, leaders can compare conditions 

within cities over time and simulate possible 

future scenarios. Having the ability to visualize 

development plans in 3D allows stakeholders 

to better understand the consequences of 

interventions, comprehend interrelationships 

and recognize planning errors at a pre- 

investment stage. 

Professionals can also, for example, calculate 

the solar potential on rooftops, plan the 

optimal design of energy grids and critical 

infrastructure, and check urban vegetation 

for health. Green spaces in cities lessen the 

effects of pollution and alleviate the heat 

island effect which traps heat in urban areas. 

To preserve these crucial areas, trees can be 

modelled and monitored for health within 3D 

digital twins. Ensuring clearance from power 

lines and acknowledging changes in biomass 

can help detect diseases early and thus 

prevent the loss of vegetation. Communities 

can also use simulations to prepare for natural 

disasters such as floods and fires. The data 

and models help in identifying risk areas and 

planning evacuations.   

CITIES AS AGENTS OF POSITIVE CHANGE 
“Cities can be massive agents of positive 

change, if they are well-planned, built and 

governed,” the UN’s New Urban Agenda 

emphasizes. More and more people live in 

cities, and developing cities responsibly will 

be a major factor in helping overcome global 

societal and environmental challenges. To 

become such agents of change and to achieve 

the UN’s Sustainable Development Goals 

(SDGs) – i.e. to make cities inclusive, safe, 

resilient and sustainable – city administrations 

must make informed decisions based 

on accurate data. Combining Lidar and 

photogrammetry can provide such crucial 

data to drive sustainable transformation. 

Users must be aware that merely image-

based 3D models – even densely matched 

ones – have significant data gaps. Imaging 

data is hard to capture in narrow, occluded 

areas between buildings, shadow areas or 

under trees and can deliver dissatisfying 

results for smooth surfaces such as water or 

untextured roads. Introducing a second data 

Accurate digital representations of cities are game changers in urban development. By enabling virtual 
modelling and smart simulations, they allow decision-makers to explore, test and assess the measures taken. 
Hosted on cloud-enabled platforms, these digital twins also facilitate collaboration among stakeholders who 
can jointly optimize for outcomes that make cities smarter, safer, more livable and more sustainable.

How 3D Modelling Supports  
Game-changing Urban Development

THE ROLE OF TECHNOLOGY IN MAKING CITIES INCLUSIVE, SAFE, RESILIENT AND SUSTAINABLE

 3D city model of Munich and the derived land use model.

 Cyclomedia’s 3DNL is a complete digital twin of the Netherlands, collected with the Leica 
CityMapper-2 and hosted on HxDR.
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source significantly improves the accuracy 

and quality of 3D models and meshes.

One of the big technological advancements in 

3D technology is hybrid data, and specifically 

the simultaneous capture of images and Lidar 

point clouds. Optical images have high point 

accuracy in the X/Y plane, while Lidar has 

high accuracy in the Z component. Lidar adds 

accuracy to mesh models as it penetrates 

foliage and detects objects in shadowed 

areas between buildings, whereas optical 

data provides clarity for top-surface models 

where four-colour images are preferred for 

interpretation. Digital twins based on hybrid 

data, such as the ones created by the Leica 

CityMapper-2 hybrid airborne sensor, contain 

greater detail and consistency. As a result, they 

are ideal training data sources for standardized, 

accurate, large-volume analytics, feature 

extraction and machine learning. 

Integrating high-performance workflow 

software will produce a variety of deliverables 

from the imagery and Lidar datasets, such 

as referenced images, orthophotos and 

colourised point clouds. When teamed with 

comprehensive geographic information system 

(GIS) and building information modelling 

(BIM) data, the real world can be converted 

into an exact digital replica to facilitate 

analysis, planning and management.

3D CITY MODELS CREATING SUSTAINABLE CITIES
Due to the range of applications, cities 

worldwide are already putting 3D city 

modelling into practice. The city of St. Gallen 

in Switzerland collaborated with architectural 

firm GSI Architekten, the World Wildlife Fund 

(WWF) and Hexagon to create a digital twin 

of the city. Accurate 3D city models created 

with the Leica CityMapper-2 airborne mapping 

system helped urban planners and architects 

to identify suitable areas for green belts and 

fresh-air corridors. 

Demand for such 3D data and models 

has risen steadily in recent years. Even 

entire countries are using digital twins for 

sustainable development. In the Netherlands, 

the nation’s 3DNL digital twin is hosted on 

HxDR, Hexagon’s cloud-based visualization 

and collaboration platform for geospatial data 

and services. 3DNL includes features such 

as mesh measurements, asset management 

and sun and shadow analysis that enable 

solar-capacity calculations and high-rise 

simulations as well as building cross-section 

analysis. 

From protecting the precious green spaces in 

our cities to improving the safety of the streets 

we walk through, new technologies on the 

market can point cities around the world in 

the right direction to accomplish the SDGs by 

2030. 
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 Ulrich Hermanski.

You graduated in Geomatics Engineering in 
1985. How has the profession changed?
There have been a lot of changes since 

then, but the biggest in terms of geomatics 

is of course the impact of digital technology. 

This change hasn’t just impacted the way 

Since graduating in Geomatics Engineering from Germany’s University of Essen in the 1980s, Ulrich Hermanski –  
chief marketing officer and executive vice president of geopositioning at Topcon – has seen the surveying 
profession change dramatically. In this interview with GIM International, he sums up the current status of the 
surveying profession. He reflects on the key advances in the ever-evolving geospatial business, emphasizes the 
vital role of geodata and discusses the role of surveyors – and of Topcon – in the future.

professionals take measurements and analyse 

findings; it has actually completely transformed 

the role of a geomatics engineer. Today, 

geomatics professionals are far more focused 

on data handling than in the past – or at least 

they should be. With masses of data now 

available on every job site, it’s vital that surveyors 

are able to translate this data into meaningful 

information for project teams. Back when I was 

studying, it was more important to focus on 

taking accurate measurements and avoiding 

human errors on site, rather than considering 

how the information would be digested by other 

stakeholders on the project. And in 1985, there 

was far less data available – not to mention there 

being no laptops, smartphones or tablets. Any 

computerized calculation was performed by 

a machine that took up half a room! So when 

you look at what technology is at a geomatics 

engineer’s fingertips now versus back then, you 

can’t even compare the two situations. 

The role of the surveyor is still evolving 
rapidly, calling for a different set of skills. 
What are the biggest factors in this shift? And 
what can surveying professionals do to keep 
pace with the changes?
The most important skill for surveyors to 

embrace is data management and verification. 

It’s no longer just the quantity of data collected 

that is important to a project, but also the quality 

and how it is presented and communicated. 

In fact, we’re already seeing job titles change 

within the industry; what once was a surveying 

engineer is now a spatial data manager or 

geodata manager. The speed of data verification 

The Surveyor’s Need 
to Embrace Data 
Management

INTERVIEW WITH ULRICH HERMANSKI, TOPCON POSITIONING GROUP

BY WIM VAN WEGEN, GIM INTERNATIONAL
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on a project. This is why it’s vital to make 

understanding data their main focus for the 

future – it will be all about working with the 

technology, not competing with it.

Do you believe our industry will be able to 
attract enough qualified personnel in the 
years ahead?
The issue around attracting skilled and qualified 

personnel again comes down to the changing 

nature of the job roles in our industry. The 

element of actually capturing data is becoming 

the smallest part of a surveyor’s role; it’s now 

all about bringing data into the construction 

workflow and helping to digitalize the entire 

process. This opens up possibilities for our 

industry to attract more tech-focused and 

IT-oriented people, and if we are able to make 

the roles attractive to those candidates, it will 

also help to accelerate a much-needed shift 

in our sector. One of the best ways we can 

encourage these individuals to apply is by 

targeting different universities and courses that 

are not related to traditional surveying, and 

showing them the opportunities that exist in 

geomatics. To put this into perspective, when 

I was at university in 1985, there were 200 

students in my year of study. Now, there are 

cases of three universities having to join forces 

to get just 30 people enrolled. The race is on to 

attract new blood, as we need to ensure we’re all 

doing everything we can to avoid a skills gap.

There is a huge buzz around artificial 
intelligence (AI) including deep learning and 
machine learning. Will AI deliver on its 
promise? And how is Topcon anticipating the 
future impact of these technologies?
AI is not really affecting our traditional 

geomatics and surveying business, but it is 

having a huge impact on our positioning and 

machine control offerings. AI brings some 

really exciting opportunities for our product 

range, from creating 3D models to full-blown 

automation of machinery. When it comes 

to advancing AI across construction and 

positioning, the capability for the machinery 

to collect data is key. Therefore, one huge 

benefit of AI implementation comes from a 

mixture of intelligent software and high-level 

referring sensors on the physical machines. 

At the moment, we’re working on the next 

generation of sensors for our machine control 

systems. This will increase the speed with which 

information is sent to control boxes by more 

than 100x per second, meaning the machine is 

becoming smarter and more efficient with every 

movement. 

Geospatial technology is increasingly 
intertwined with daily life. Which industries 
or organizations are currently missing out 
and could benefit from adopting it faster or 
more extensively?
I’d have to say that, globally, construction is still 

the least digitalized and automated industry. 

Construction is very traditional and historically 

sceptical of new technology. However, in order  

to stay ahead of the game, businesses and 

leaders in the sector need to adapt and 

transform their ways of working and introduce 

more advanced workflows. Although initial 

technology adoption may seem costly, the return 

on investment (ROI) and efficiencies gained 

further down the line will massively outweigh the 

investment costs.

has also increased exponentially in line with 

project teams’ expectations. Gone are the days 

of a two-week verification window. Surveyors 

now are expected to perform verification in real 

time, on site. 

Although surveying has always depended on 

data, the level of interpretation and management 

of this data has evolved massively, as surveyors 

are now learning to leverage gigantic datasets, 

with cloud-based and software-as-a-service 

(SaaS) solutions helping to accelerate the 

process. As data capture solutions have 

improved, it’s no longer permissible for 

surveyors to rely on old approaches to data 

management, and it’s crucial they embrace 

these technologies in order to deliver value 

 Ulrich Hermanski is a regular keynote speaker at construction industry events, such as this one which 
took place in Germany shortly before the outbreak of the pandemic.
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or project teams are the same. Our growing 

global population will continue to fuel these 

sectors, as we all need infrastructure and food –  

but we simply won’t be able to service the 

world and bolster both local and international 

economies if we don’t embrace technology… 

and fast.

  

Which notable developments can we expect 
to see from your company in the short to 
medium term?
We’re currently working on more workflow-

driven solutions. We’ve realized that, especially 

in sectors like construction, easy-to-use 

interfaces are the way forward and make our 

customers’ lives much easier. For on-site teams, 

it’s really helpful to have technology that is as 

simple and intuitive to use as an iPhone. Over 

the next six months, we’re also focusing on 

applying our technology to ‘mini-machines’. 

These are smaller machines, usually utilized 

within smaller-scale businesses that require 

automation and innovative technology just 

as much as larger developers. Coupling this 

equipment with easy-to-use interfaces will 

enable contractors, landscaping professionals 

and smaller-scale developers – the sorts of 

companies not used to having engineers on 

board – to use our solutions. We’re also looking 

at the portable possibilities of these mini-

machines. On big machines, GPS, antenna 

and prisms are normally fixed on the machine. 

With this smaller equipment, however, we have 

the opportunity to extract the solution and put 

it on a pole. This means a contractor can take 

a measurement easily, then put it back on the 

machine. It’s all about making things simpler for 

the end user.

Is there anything else you would like to share 
with the geospatial community?
One thing I would like to reinforce is that it’s 

vital that geoprofessionals understand exactly 

how tasks are performed on site and what 

data is needed to make this happen. Data 

management is key for the project teams 

on the ground, so those people providing 

the data need to know how to interpret it 

and communicate it in a meaningful way. 

By attracting a new generation of geospatial 

professionals – who, in reality, will actually 

be data managers – workflows can be 

transformed and projects can consistently be 

delivered on time and on budget. 

When you compare construction to other 

traditional sectors like manufacturing, the 

disparity between technology adoption is 

stark. This sector has embraced digitalization 

and automation more readily, contributing 

to connected workflows, efficient data 

management and even machine learning. It’s 

vital that construction catches up and adapts to 

these new ways of working if we’re to meet the 

infrastructure demands facing us.

What are the main growth drivers for Topcon?
Our business is focusing on two main 

areas: automation of construction and 

automation of agriculture. Although these are 

more traditional industries, there is plenty 

of opportunity for advanced technology 

adoption, and certain areas are really 

spearheading the change. Automated 

machine control is huge in both construction 

and agriculture, with farmers also looking at 

the automation of feeding and crop growth 

processes. Permanent adoption of technology 

is also much easier when it comes to farming, 

as the location does not change year on year. 

With construction, however, the automation 

challenge is bigger as no two sites, projects 
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In Indonesia, land registration is a national 

priority. The aim is to certify all unregistered 

land parcels and validate the quality of 

previously registered parcels before 2025. 

Complete and efficient land registration 

and land-information services are critical to 

achieving the Sustainable Development Goals 

and improving the ease of doing business. 

Efforts on this front rely heavily on the success 

of cadastral survey implementation.

Traditional cadastral surveys require cadastral 

officers or licensed surveyors to conduct 

field visits for a boundary survey related to 

ownership documentation. They use geodetic 

instruments such as global navigation 

satellite system (GNSS) receivers. Ownership 

documentation is manually collected on 

paper. This is validated by documenting 

the agreement between the landowner and 

the owners of neighbouring parcels on their 

common boundary. Such activities require 

different kinds of media for data storage as 

well as different data collectors. It is a time-

consuming and inefficient process. 

CADASTRAL SURVEY APP
Smartphones are increasingly being used to 

collect data, either through dedicated apps 

or open-source apps such as OpenDataKit 

(ODK) and KoBoToolbox. However, the 

development of mobile data collection for 

A mobile app has been developed to improve the success of cadastral survey implementation in Indonesia. The 
country has set itself ambitious land registration targets by 2025. The national cadastral survey app called 
Survey Tanahku (‘My Land Survey’) is connected to external sensors for geodetic measurements and also to 
civil registry services. This solution turns cadastral survey from costly and inefficient into efficient and 
affordable.

land administration has been sporadic. A 

systematic land registration campaign is 

usually conducted by different teams (e.g. 

socialization, legal data collection, spatial 

data collection and verification teams). It is 

therefore difficult to achieve seamless data 

processing and integration. As a result, data 

standardization and data usability challenges 

arise in integrating spatial and legal data for 

either first titling or data maintenance. 

The national cadastral survey app called 

Survey Tanahku (‘My Land Survey’) is an 

answer to these problems. Survey Tanahku 

is a smartphone app that provides cadastral 

mapping services based on a connection to 

external sensors for geodetic measurements. 

It also has a connection to civil registry 

services. Together, these turn cadastral survey 

from costly and inefficient into efficient and 

affordable. 

The app allows data to be entered from both 

national cadastral databases (connected 

through land management services known 

as KKP services) and surveyors’ devices. 

If data on a new parcel is generated from 

a surveyor’s device, the boundary and 

land parcel attributes are stored locally as 

database records of GeoPackage, an SQLite 

container suitable for a geospatial mobile 

app. GeoPackage uses well-known binaries 

(WKBs) for storing geometries and raster 

data in the form of images/tiles and text 

(e.g. JavaScript Object Notation/JSON and 

National Marine Electronics Association/

NMEA). The app is designed to support 

data transfer and mapping flexibility across 

different databases for surveyors in the field. 

Thus, it provides users with a secure single 

sign-on and authentication that is integrated 

with the national land information system 

(known as KKP). This setting allows account 

management and the linking of different 

databases without revealing user credentials.  

COMPLIANT WITH LADM STANDARDS
Since data collection with the app is aligned 

with the Land Administration Domain Model 

(LADM) standards, a survey mission can 

be completed quickly and efficiently. A 

mission involves collecting or verifying three 

important components: subjects (or party, 

e.g. claimants, neighbouring landowners, 

surveyors), objects (or land boundaries) and 

their subject-object relationships (or right-

restriction responsibilities implied to party over 

spatial unit). The app makes these activities 

straightforward and efficient in the field, 

including by displaying online land records 

and boundaries stored in national cadastral 

databases. After completing a survey mission, 

the surveyor simply uploads the survey data 

into the survey dashboard.

Mobile App to Accelerate 
Land Administration in 
Indonesia

COMBINING DATA FROM SMARTPHONES, GEODETIC SENSORS AND EXTERNAL DATABASES

BY TRIAS ADITYA, I.K.G. ARY SUCAYA AND FAJAR N. ADI, INDONESIA
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to connect to an external GNSS receiver 

through Bluetooth. This helps store precise 

coordinates of boundary points agreed on by 

the claimants/landowners and neighboring 

landowners. NMEA-format data transfers the 

fixed coordinates gathered from the receiver 

to the app. During the measurement, if 

necessary and agreed to by the participants, 

the surveyor can also simply snap to existing 

boundary corner points. Once this process is 

done, the new surveyed land parcel is drawn 

on the mobile app. Participants can verify the 

position and edges of the new parcel against 

the surrounding land parcels. If the survey 

does not require measurements with a survey-

grade GNSS device, the default method is 

to use the internal GNSS sensor unit in the 

mobile device. After creating points, surveyors 

can connect them or snap to existing points, 

lines or polygons in order to create a new 

parcel. 

EXTERNAL DATABASES
The mobile app can connect with external 

cadastral databases and civil registry 

databases. The surveyor can request Web 

Map Service (WMS) data from cadastral 

databases within the KKP services to load an 

official cadastral map, showing registered land 

parcels with registration status attributes. This 

is an important feature to avoid redundant 

boundary demarcation and to assess whether 

overlapping spatial representation is likely 

if a new land parcel is created. Attribute 

information on registration data can only be 

retrieved online.

Every resident’s fingerprints are on their 

national identity card, which is entered into 

the civil registry databases maintained by 

the Civil Registration Directorate, Ministry 

of Home Affairs. This allows for efficient 

in-person validation for first land titling and 

in-field title validation for missing parcels.  

FINGERPRINT READER
Either biometric-data or person-identifier 

queries can be used to search the national 

civil registry databases. In the Survey Tanahku 

app, biometric data is typically collected 

SURVEY PREPARATIONS
Land surveyors prepare for a survey based on 

the following four steps:

1. Prepare a working map by defining an 

area of interest, either drawing it by hand or 

specifying coordinates

2. Import parcel maps from national cadastral 

databases (anticipating a weak internet 

connection in the field)

3. Upload imagery and orthomosaics 

(prepared as tiles and stored locally) into the 

app in the form of image tiles, or as an image 

(which will then be prepared automatically as 

standard tiles by GeoPackage)

4. Turn on the tracking tool to store details of 

the field visit (Figure 1). 

CADASTRAL SURVEYS
To create new land boundaries, points have 

to be created on the map canvas. Polygon 

points can be made by drawing on the map 

canvas (by selecting the ’Add a new parcel’ 

option) or via GNSS survey (by selecting the 

’Connect to GPS via Bluetooth’ option) (Figure 

2). The second option allows the mobile app 

 Figure 1: Preparing for a survey with Survey Tanahku.

 The main screen with menus for preparations 
(Persiapan icon) and surveying (Survey icon).

 Before going to the field, the surveyor must first 
create a working map (Peta Kerja) to store data.

 Surveyors can work offline by importing 
registered parcels of the area. They can also 
retrieve either boundary data through menus in 
Survey Kadastral or menus in Survey Yuridis 
uploaded by different teams.
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dashboard enables users to download 

geometries of land boundaries and document 

sources or images related to first or forensic 

titling (solving missing parcels). Once the 

survey data is sent to the survey dashboard, 

office validation can be done by registration 

officers. If the field data within the survey 

dashboard is accepted, field data can be 

integrated into the cadastral databases within 

KKP services in the final stage.

SUPPORTING TRADITIONAL SURVEYS
If a GNSS measurement campaign is not 

possible for any technical or non-technical 

reasons (e.g. multipath challenges), the 

mobile app can facilitate measurements 

using distances and azimuth angles and 

distances. These can be handy for surveyors 

collecting data using tapes or laser-based 

distance measurers under intensive urban 

canopies in densely built environments. 

Where high-resolution satellite or drone 

images are available as orthomosaics, these 

can be imported into the app to facilitate 

general boundaries for community parcel 

mapping, usually applied for a fit-for-

purpose land-administration campaign. This 

is especially useful for cadastral surveys 

in large rural parcels, when GNSS and 

distance measurements are inefficient. As 

long as claimants and boundary landowners 

agree, mapping can be done on top of the 

orthomosaics using mapping tools (snapping, 

drawing points/lines and creating a polygon). 

MISSING PARCELS
Government surveyors can use the mobile 

app to identify land parcels in the survey area 

not depicted in the cadastral map. Based 

on textual ownership data registered in the 

title and other related data (e.g. property tax 

invoices), surveyors can conduct interviews 

with community leaders and occupants to 

collect information regarding missing parcels. 

This activity is referred to as forensic titling, 

tracing and tracking. Where ownership 

proof can be provided, the document can 

be photographed and the boundary survey 

using a fingerprint reader connected via 

Bluetooth (Figure 3). The reader stores 

the fingerprint data and, when an internet 

connection is available, a query is sent to 

the server to verify the person’s identity from 

the civil registry databases. This biometric 

data collection includes fingerprints of 

claimants and adjacent landowners during 

field measurements for first land registration 

activities. It is then matched against civil 

registry databases. Supporting documents 

such as tax invoices, notarial deeds or 

letters of statement of land occupation 

provided by claimants can be annotated and 

photographed to be stored locally. 

UPLOADING
When there is a strong internet connection, 

the party, subject, spatial and documentation 

data for every parcel is uploaded 

automatically. If the internet connection in 

the survey area is weak, uploads to a survey 

dashboard are delayed until a stronger 

connection is available. A centralized survey 

 (a) A land surveyor can check registration data 
of existing land parcels.

 Figure 2: Some of the app’s survey and 
mapping features.

 (b) A surveyor can create a parcel by consulting 
an NMEA source (external GNSS connection), snap 
to other points, ping, create enclaves, open image 
tiles, display land parcels from cadastral 
databases within KKP services, and search 
locations.

 (c) A surveyor can also create a new parcel with 
distance and azimuth data, mapping with polar 
measurements, segmenting lines, and displaying 
the TM-3 coordinates.

35-36-37-39_featureaditya.indd   37 09-09-21   13:54





FEATURE

39I SSUE  6  2021  |    INTERNATIONAL  |

non-technical challenges, such as hesitation 

in submitting fingerprints into the reader, 

missing underlying documents and low 

landowner participation. Nevertheless, the 

use of the GeoPackage standard, sensors 

(fingerprint reader, camera, accurate GNSS 

sensors) and quick connection to cadastral 

databases within the KKP services has 

enhanced the mobile app’s data-capture 

efficiency. By the end of 2020, data on 

695,000 parcels across three provinces had 

been collected for the Accelerated Agrarian 

Reform Project (AARP) in rural areas that are 

prone to forest fire – where cadastral surveys 

were conducted for first titling – in the space 

of four months. This demonstrated that, for 

first titling, the app can help surveyors collect 

an average of 15 parcel boundaries with 

their corresponding party and underlying 

registration documents per day. The app has 

also been tested for forensic titling in two 

local offices: Bangli and Klungkung districts 

in Bali Province. During three months of field 

survey, from September to November 2020, 

the mobile app helped field surveyors plot 

and validate 5,970 community-owned titles 

that had not been georeferenced by land 

offices in the past. In the field, a team plotted 

approximately 22 missing parcels in a day. 

can be validated. If necessary, video or voice 

recording can be added to support spatial and 

legal data collection.

CONCLUDING REMARKS
It is important to note that the app 

implementation in the field has faced some 

 Retrieving a match based on the person 
identifier.

 Fingerprint of a boundary survey participant 
can be collected in the field.

 Figure 3: A person-identifier query and biometric data collection via the app.

 Figure 4: Data collection from field survey and interview (left) uploaded to a survey dashboard (right) 
which has a summary table, map and file view.
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The concept of a digital twin (DT) originated 

in the manufacturing industry, where a 

DT is used as an exact virtual copy of a 

product with the aim to control and improve 

it. For this – besides being a virtual copy 

of the past, current and future states of its 

physical counterpart – the DT should contain 

a self-evaluation functionality based on 

continuous updates and provide an interaction 

mechanism to evaluate what-if scenarios. In 

the geospatial domain, the first articles on 

DTs were published in 2012. The concept has 

The concept of the digital twin has been gaining significant momentum in the geospatial domain since 2016. 
Although there is some consensus on the basic features of a digital twin, some critical reflection is still necessary 
to make the concept tangible. Only then can the digital twin be implemented as a technical solution that scales 
to real-world problems rather than being an abstract vision for partial solutions. In this article, the authors 
reflect on the practical digital twin-related potentials and challenges in the geospatial domain.

been gaining significant momentum since 

then, and specifically since 2016, with 80% 

of all existing papers on DTs having been 

published since that year (Bernd et al., 2020).

DEFINING A DIGITAL TWIN
Despite the increased use of the term 

DT, there is no common definition in use 

and, consequently, the term is used in 

inconsistent ways: as a digital replica of an 

asset in a BIM context, as a 3D city model, 

as a digital representation of the physical 

environment including its dynamic processes, 

as (geospatial) information infrastructure, 

etc. Even though a single definition of a DT 

in the geospatial domain is lacking, there is 

consensus that it should be based on 3D city 

models, containing objects with geometric 

and semantic information; it should contain 

real-time sensor data; and it should integrate 

a variety of analyses and simulations to be 

able to make the best design, planning and 

intervention decisions. To support those 

decisions, all information should be presented 

Digital Twins: A Comprehensive 
Solution or Hopeful Vision?

REFLECTING ON THE CHALLENGES IN THE GEOSPATIAL DOMAIN

BY JANTIEN STOTER, KEN ARROYO OHORI AND FRANCESCA NOARDO, DELFT UNIVERSITY OF TECHNOLOGY

 Figure 1: A national digital twin as a 3D representation of all buildings in the Netherlands. (Image courtesy: www.3Dbag.nl)
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load time of spatial analysis. Therefore, any 

geospatial representation of reality is a model 

at a specific level of detail at a specific time. 

This is already common practice in 3D city 

modelling, which has widely adopted the 

notion of level of detail (LoD).

Various examples of DTs embrace this 

concept of abstraction to model relevant 

objects in 3D in a standardized manner 

over large areas. One such example, 

which incorporates the LoD notion, is the 

3D Baseregister Addresses and Buildings 

(BAG) in the Netherlands. This viewing and 

downloading service contains 3D models 

at multiple LoDs for all 10 million buildings 

in the country. It is automatically built and 

regularly updated by the 3D Geoinformation 

Research Group at TU Delft, and the data is 

used in many urban applications (see Figure 

1). Another good example of a national digital 

twin at a certain abstraction level in 3D with 

a high degree of accuracy is the landscape 

model of Switzerland and Liechtenstein, where 

the natural and manmade objects that shape 

the landscape – such as roads, buildings, 

bridges, cable cars, forests, individual trees 

and water bodies – are maintained for various 

purposes (see Figure 2). Both examples are 

available as open data.

There are also other reasons why the exact 

mirror concept is not adequate for geospatial 

representations within DTs. The concept 

implies a single virtual representation of 

reality. However, every application requires 

its own virtual view as a selection of reality. 

Therefore, the one-size-fits-all property 

as utopically assigned to DTs does not 

suffice. Instead, a synchronized ‘litter of 

twins’ is needed. For example, in building 

information modelling (BIM), a simple house 

easily consists of more than a thousand 

structural components, all modelled as 

volumes, whereas in a geospatial information 

system (GIS) it is one object, modelled with 

measurable/observable surfaces. These 

different representations serve different 

applications best, and it has proven to be 

impossible to adequately serve both BIM and 

GIS applications with exactly the same model.

REAL-TIME AND DYNAMIC INFORMATION
Real-time and dynamic information, as well as 

continuous updates, are other recognized key 

properties of a DT. In the case of geospatial 

to users (citizens, decision-makers, experts) 

in a user-friendly visualization of the DT in a 

one-stop-shop dashboard. 

Beyond these consensus features, critical 

reflection on DT as a concept is still necessary 

to make it tangible. This is required to 

implement the DT as a technical solution that 

scales to real-world problems, as opposed to 

only an abstract vision that justifies focusing 

only on partial solutions.

EXACT MIRROR CONCEPT
The exact mirror concept of a DT originates 

from the manufacturing industry, where it 

defines exact digital replicas of objects in a 

closed system, like a single product (e.g. a 

car) or a production line. But this exact mirror 

concept does not work for the complex reality 

in the geospatial context. Like all other kinds 

of models, geospatial models are necessarily 

an abstraction of reality to provide insight 

into a specific phenomenon (e.g. geology, 

erosion, energy consumption, noise pollution, 

etc.). This abstraction is needed, since it is 

impossible to geospatially model our world 

1:1 in content, scale, detail and time, and 

it is necessary to limit the computation and 

BY JANTIEN STOTER, KEN ARROYO OHORI AND FRANCESCA NOARDO, DELFT UNIVERSITY OF TECHNOLOGY

 Figure 2: An image of Lausanne in a swissTLM3D representation, representing the national digital twin of Switzerland. (Image courtesy:  
https://www.swisstopo.admin.ch/en/knowledge-facts/topographic-landscape-model.html)
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analysis can be done directly on geospatial 

data as available. Instead, most simulations 

are based on mathematical models. Those 

models usually need specific data structures, 

objects modelled according to specific 

guidelines, high-end hardware and specific 

software environments. One potential solution 

is to have global simplified analyses in an 

integrated environment and more detailed 

simulations in specialized environments. The 

challenge is then how to implement workflows 

from the same base data to different 

simulation environments and to feed the 

simulation results back to one dashboard. 

 

Another issue with simulating the complex 

environment is the inherent uncertainty. 

Simulations as part of DTs are often 

incorrectly confused with predictions of 

reality. Many (unknown) variables are involved 

in such an open and complex system that 

cannot be accounted for, e.g. current wind 

comfort simulations are limited to simplified 

geometry and often do not include vegetation. 

Therefore, simulations at best provide insights 

into specific phenomena, e.g. noise levels that 

are produced by a specific source or wind 

flows based on dominant wind directions, 

and as such they provide recommendations 

optimized for only a specific criterion; they 

cannot predict the exact values of all criteria 

at all points in time. How can the uncertainty 

(which is not the same as accuracy) of 

simulations be presented in the one-stop-

shop dashboard, and how can the uncertainty 

aspect of simulations be communicated to 

the non-expert users of DTs who will make 

decisions based on the outcomes?

 

REALITY-BASED VERSUS REALISTIC-LOOKING
DTs are supposed to offer user-friendly 

visualizations to reach a wider public beyond 

just geospatial professionals. Non-expert users 

may expect that the more realistic a 3D city 

model looks, the better. But realistic-looking 

models require more detail and are therefore 

more expensive to acquire. Often only limited 

height-related data is available openly, and 

therefore basic block models are the best 

3D models that can be generated for a large 

portion of the Earth. Such models already 

offer great benefits for spatial analysis in 3D 

opposed to traditional 2D approaches and are 

therefore good DT candidates (see Figure 4).

In addition, realistic-looking models are 

not necessarily closer to reality. They can 

be outdated, contain errors and be less 

geometrically and semantically accurate than 

less realistic-looking models. Also, several 

studies have shown that higher levels of detail 

do not always lead to better analysis. 

In addition, renderings of future designs (as 

artist’s impressions) often show a sunny, 

green, clean and not very crowded (i.e. 

optimistic) scenario, whereas the reality is 

often less idyllic. Considering this from the 

DT perspective, the question is how one 

can prevent the overvaluation of a realistic 

‘look & feel’ by non-experienced users and 

the undervaluation of the data quality? How 

can reality-based visualizations be provided 

rather than just realistic-looking visualizations 

which may raise false expectations? This can 

be compared to the traditional smoothing 

of contour lines which was applied to make 

contour lines look closer to reality. However, 

geospatial experts know that the smoothing is 

an adjustment of the underlying observation 

data and therefore further from reality than 

the original sharper lines.

SHARING DATA AND STANDARDIZATION
Sharing data across organizations and sectors 

is still a challenge in the geospatial data 

domain, and this becomes more prominent if 

even more data (and simulation models) need 

to be shared and synchronized as promised 

by a DT. The persisting issue of interoperability 

representations of reality, however, data 

acquisition every few weeks or even months 

is considered to be up to date. Is it realistic 

to aim for an exact mirror of reality (beyond 

project sites), which requires continuously 

synchronizing with the physical twin? Or is 

it more realistic to strive for a lower dynamic 

basis for modelled objects covering only 

significant changes, with higher dynamic 

information used only for sensor data (noise, 

air quality, etc.)? Furthermore, what is needed 

is a cost-effective approach that captures 

and models changes useful for the scope of 

the model rather than capturing all real-

time information. Another issue regarding 

temporal data is how to capture versioned 

data of the changing reality, which can be 

used to monitor trends, and at the same time, 

to return to a past state on which certain 

decisions were based.

 

SIMULATIONS VERSUS PREDICTIONS
Simulations are also widely considered to be 

part of the requirements of DTs to serve the 

one-stop-shop dashboard with outcomes 

from what-if scenarios for several indicators, 

i.e. energy, noise, wind (Figure 3), mobility, 

etc. To make this possible, simulations need 

to run on geodata from the same source. 

However, in practice, only a few types of 

 Figure 3: Wind comfort simulations in a digital twin context (García-Sánchez et al, 2021).
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contexts where sharing data is promoted. 

There are other challenges when data of private 

companies – with commercial business models –  

is involved, as with the DT concept.

 

PRACTICE-READINESS
A crucial yet still often overlooked challenge 

is the practice-readiness of data, software, 

standards, etc., to solve real-world problems 

with DT solutions. There have been many 

pilots reported in publications that show 

the potential of DTs. But a one-stop-shop 

dashboard does not yet exist, and research 

on the fundamentals of DT implementations 

is rare. Therefore, it is still unknown how a DT 

can best operate in practice and how it will 

do everything promised in pilots, not only for 

one simulation and one virtual representation 

at one time, but at full scale and also into 

the (far) future. Real-world implementations 

must also cover many exceptions and have 

sophisticated information infrastructure, both 

of which are often not part of showcases and 

pilots. 

For DTs in practice, the scope should not be 

limited to cities that already have implemented 

advanced smart city solutions. In fact, the vast 

majority of cities and municipalities are less far 

along the digitalization transformation growth 

path and do not have the in-house capacity to 

develop fundamental solutions on their own. 

Down-to-earth, incremental approaches are 

therefore needed to support realistic growth 

paths that can be adjusted along the way.

Lastly, a successful DT implementation in 

practice requires looking beyond technical 

solutions. Such implementations also require 

massive financial investments in digital twin 

infrastructure; governance and coordination; 

agreement frameworks and collaboration 

between many different stakeholders and 

processes within governments and across 

sectors; changes in workflows; new skills for 

employees, etc.

still exists: how can standards be developed 

that integrate data from different domains 

at different levels of detail and different 

temporal resolutions? This requires not only 

the harmonization and alignment of standards 

on a conceptual level, but also standards 

that work in practice – ones that constrain 

the flexibility that current standards (such as 

CityGML and IFC) provide to allow only one 

way to represent the semantics and geometries 

of a specific feature, as well as high-quality 

conversions. Such standardization solutions 

would support GeoBIM applications such as 

building permit workflows, where a design can 

be automatically checked against planning 

rules and its surrounding environment (see 

Figure 5).

Other issues regarding sharing data also still 

exist, such as security, privacy, accountability, 

ethics and responsibility. In the geospatial 

domain, agreement frameworks are in place 

but these operate in government-dominant 

 Figure 4: A semantic 3D building model of a selected set of buildings in Singapore generated from 
and released as open data (Biljecki, 2020).

 Figure 5: Allowed overhangs of a new building (BIM) above a road (geo) checked in a permit checking tool (project with the Municipality of Rotterdam).  
(Image courtesy: https://3d.bk.tudelft.nl/projects/rotterdamgeobim_bp/)

A SUCCESSFUL DIGITAL TWIN IMPLEMENTATION REQUIRES 
LOOKING BEYOND TECHNICAL SOLUTIONS
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a DT is a striking metaphor adopted by a 

wider community that unquestionably shows 

the relevance and added value of geospatial 

technology. In addition, the geospatial domain 

has a lot to offer to DT implementations. The 

sector has been studying similar issues (in 

different contexts, such as GIS, SDI, 3D city 

models, GeoBIM, smart cities, IoT, etc.) since 

long before the term DT was introduced. 

Challenges such as the accurate and up-to-

date spatial representation of reality, the 

standardized integration of geodata from 

highly heterogeneous and dynamic sources, 

and the development of a geospatial data 

infrastructure for multiple purposes are 

not automatically solved by introducing yet 

another metaphor or concept. By all means, 

we should embrace the DT concept, introduce 

the additional innovations and address the 

associated challenges. But for a full-scale 

CONCLUSION
‘Digital twin’ is a catch-all term that has 

come to be used in many different ways in 

the geospatial domain since its introduction 

a few years ago. Without a common 

understanding of what the concept entails 

(and what is new to it), DTs can end up 

being treated as unproductive goals on 

their own, rather than the best means to 

support current challenges such as climate 

adaptation and urbanization. There is 

also a risk of non-directed, fragmented 

solutions with unrealistic promises, which 

can fail to implement DTs as a real-world 

solution beyond pilots and projects. For a 

practice-ready implementation, the concept 

needs a critical reflection addressing 

persistent challenges from the geospatial 

domain. However, as outlined above, the DT 

concept does offer great potential. Firstly, 
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implementation that works for any city, 

organization or country, we need to work on 

the less visible, and maybe therefore less 

rewarding, challenges. These are the unique 

knowledge, skills and expertise that the 

geospatial domain can bring to make digital 

twin solutions become reality.  
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 Figure 1: A bike lane on Rathdowne Street, Melbourne. (Image courtesy: Craig 
Richards)

 Figure 2: Bike Lane on Elign Street, Melbourne. (Image courtesy: Craig Richards)

In urban planning, there is a case for stronger connections between global and local (‘glocal’) issues, strategies 
and actions. How can the Sustainable Development Goals (SDGs) help local governments to address 
sustainability, urban resilience and the potential use of digital tools to progress to a sustainable future?

SDG 11 as a ‘Glocal’ 
Framework 

THE CHALLENGES OF IMPLEMENTING GLOBAL AND NATIONAL GOALS AT CITY LEVEL 

BY MARK ALLAN, ABBAS RAJABIFARD, GREG FOLIENTE AND SOHEIL SABRI, AUSTRALIA

the sustainable development of the city, 

addressing the challenge of implementing 

global and national goals at a local city level.   

The authors of this article believe there is a 

case for stronger connections between global 

and local (‘glocal‘) issues, strategies and 

actions. In addition, they regard the SDGs 

as an implementation framework for local 

governments to address sustainability, urban 

resilience in the face of disruptive events 

(such as a pandemic and climate change) and 

the potential use of digital tools to progress to 

a sustainable future.

SDG 11: THE CITY GOAL
Cities play a critical role in the SDGs 

overall, and sustainable city planning and 

development is a priority. The aim of SDG 

11, the so-called ‘city goal’, is to ‘Make cities 

and human settlements inclusive, safe, 

resilient and sustainable’. It contains ten 

targets and 15 indicators. Some of these 

relate to the provision of sufficient high-quality 

public space, which is a key component of a 

sustainable city:  

•	 Target	11.7:	By	2030,	provide	universal	

access to safe, inclusive and accessible, 

green and public spaces, in particular for 

women and children, older persons and 

persons with disabilities.

•	 Indicator	11.7.1:	Average	share	of	the	

built-up area of cities that is open space for 

public use for all, by sex, age and persons 

with disabilities. 

•	 Indicator	11.7.2:	Proportion	of	persons	

victim of physical or sexual harassment, 

by sex, age, disability status and place of 

occurrence,	in	the	previous	12	months.	

For a city to thrive, its growth needs to be well 

managed. This is best achieved through the 

implementation of policies and systems that 

balance social, economic and environmental 

outcomes and foster the development of 

vibrant, active neighbourhoods and people-

centric places – in other words, ‘cities for 

people’. 

Governments at all levels in numerous 

jurisdictions have made commitments to 

implement the United Nations’ Sustainable 

Development Goals (SDGs) as part of 

future city plans and urban policies. Digital 

technology is currently being adapted and 

developed to support this process. The 

City	of	Melbourne,	Australia,	is	currently	

localizing the SDGs for use as a framework 

in	the	2021-25	Council	Plan	to	guide	
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closed major cultural and sporting venues, 

enacted ‘work from home’ rules and other 

lockdown measures. The following three 

human spatial factors are worthy of future 

consideration: 

•	 Density:	how	many	people	gather	in	a	

location for specified time periods

•	 Proximity:	how	close	people	are	to	one	

another

•	 Mobility:	how	people	move	around	cities.	

These three factors are also important 

ingredients in the design, planning and 

management of public spaces within cities. 

Figure 5 summarizes likely impacts of 

COVID-19 on attaining the SDGs.

SUSTAINABLE URBANIZATION – CITIES ARE 
OUR FUTURE 
According	to	the	UN	Department	of	Economic	

and	Social	Affairs	(UNDESA),	more	of	the	

world’s population now live in urban areas 

than	in	rural	areas.	In	2018,	55%	of	the	

world’s population lived in cities and this is 

expected	to	reach	68%	by	2050	(UNDESA,	

2019).	The	goal	of	sustainable	urbanization	

is dependent upon the delivery of necessary 

infrastructure, services, employment and 

opportunity for all, “leaving no one behind“ 

(UNDESA,	2019).	Sustainably	planning	for	

and managing urbanization is a challenge 

for governments, policymakers and city 

administrators. Countries and regions that 

embrace resilience and sustainability to 

manage growth are best placed to deliver 

health and human wellbeing to their citizens. 

Likewise, cities that embrace sustainability, 

respect heritage, place and people, and 

allocate public spaces for all are best able to 

build inclusive and strong communities. 

IMPLEMENTATION OF SDG 11
Achieving	SDG	11	relies	upon	skillful	and	

pragmatic local approaches to urban 

challenges	in	a	global	context.	In	2020,	the	

UN-Habitat and United Cities and Local 

Governments	(UCLG)	(UN-Habitat,	2020)	

published Monitoring and Evaluating National 

Urban Policy: A Guide to assist countries 

in developing, reviewing and implementing 

national urban policies and addressing 

multifactorial urban issues at the levels of 

country, region, city and neighbourhood. The 

document sets out a step-by-step approach to 

measure, monitor and manage urban policy to 

support implementation of SDGs and the New 

Urban	Agenda	(UN-Habitat,	2020).	How	SDG	

11 is achieved will vary from city to city in both 

developed and developing countries, with 

some still requiring significant improvements 

to meet SDG targets while others have already 

taken major steps to do so.   

RESILIENCE
Developing urban resilience is a key factor 

outlined	in	the	New	Urban	Agenda	(NUA)	

initiated by UN-Habitat (United Nations Human 

Settlement	Program).	UN-Habitat	acknowledges	

the vulnerability of cities to the risks associated 

with both human-caused and natural disasters. 

These challenges present a range of stresses 

including accelerated urbanization, political 

instability, the current COVID-19 pandemic and 

climate	change	(United	Nations,	2020).	

Direct connections can be drawn between 

public-realm and open-space improvements 

in cities and the achievement of lively, 

safe, sustainable and healthy cities for 

people	(Gehl,	2010).	Compared	with	other	

social investments, Gehl contends that the 

cost-benefit ratio of investing in the human 

dimension of cities easily outstrips that of 

healthcare and road infrastructure.

COEXISTENCE WITH COVID-19 PANDEMIC 
It is difficult to accurately forecast how the 

health and economic crisis caused by the 

current COVID-19 pandemic might impact 

the long-term shape of urban environments. 

However, it is evident that those populations 

with the least resources are the most impacted. 

In various cities, including Melbourne, 

co-existence with the pandemic has seen 

street space repurposed for outdoor dining 

and retail trading, while balancing pedestrian, 

cyclist and motor vehicle use.

Public	spaces	are	where	people	meet	

and bring life to cities; the public realm 

traditionally provides the space for people to 

engage in commerce, exchange and social 

activities. These are all reliant upon the 

presence	of	others	(Gehl,	2010).	The	human	

need and the desire for social connection is 

hard to suppress and, until mass vaccination 

and other measures effectively contain the 

COVID-19 threat, new measures may need 

to be identified to anticipate and adapt to 

emerging hazards and continue to safeguard 

citizens. Governments around the world 

have enforced physical distancing measures, 

 Figure 4: Outdoor dining by the Yarra River, Melbourne. (Image courtesy: Adam 
Reyard) 

 Figure 3: Outdoor dining on Spring Street, Melbourne. (Image courtesy: Adam 
Reyard)

45-46-47-48_featureallan.indd   46 09-09-21   13:58



FEATURE

|    INTERNATIONAL  |  I SSUE  6  2021 47I SSUE  6  2021  |    INTERNATIONAL  |

allow innovative organizations to develop more 

sophisticated and larger analytics systems 

with potential to further develop machine-

learning	applications	(Hall,	2016).	In	cities,	

municipalities have for some time utilized 

closed-circuit television (CCTV) to monitor 

and manage public spaces. Increasingly, local 

governments are using digital tools and social 

media to collect, analyse and make available 

data to other public-sector organizations and 

industry to inform planning and improve the 

design of the built environment. This generally 

involves the use of image analysis, movement 

counters, pattern recognition video and land 

information and is directed at improving city 

safety. However, the literature indicates that 

there is a need to improve the connection 

between decision-making, policies and 

the standard global indicators (Sabri and 

Rajabifard,	2019).	

The use of data analytics and technology and 

the development of accessible platforms will 

help in both monitoring and measuring the 

implementation of the SDGs, in particular 

SDG 11. This should, when combined with 

pragmatic action, inform decision-making. 

Meanwhile, the development of new 

platforms will improve the ability to report 

on the performance of cities in the area of 

sustainable development. Comparing city 

performance and sharing information in open 

platforms will likewise positively impact local, 

national and global efforts in this area. 

ISSUES FOR FURTHER DISCUSSION
In addition to the increased use of digital 

platforms, pragmatic placemaking techniques 

are being utilized to engage communities in 

the design and creation of new public spaces 

involving	a	range	of	‘local’	actions.	Although	

it is challenging, contrasting these local 

actions with the ‘global’ initiatives required to 

implement SDG 11 allows potential linkages 

and gaps to be identified and investigated. 

Exploring	these	can	help	policymakers	to	

identify common urban problems, while 

acknowledging that potential solutions are 

best implemented at the neighbourhood level, 

respectful of indigenous communities and 

local culture and practices. Developing new 

national geospatial frameworks to measure 

and monitor progress towards sustainable 

development offers good potential to extend 

the reach and benefits of SDGs with all 

citizens. Similarly, providing widespread 

affordable digital connectivity and building the 

capacity for people to acquire digital literacy 

promotes global participation in wide-ranging 

Resilient cities seek to plan for all citizens, 

effectively ‘planning for the worse (i.e. 

disasters) and hoping for the best’ in terms 

of economic, environmental and social 

outcomes. In this context, resilience implies 

urban systems that can withstand shocks 

and	stresses	(UN-Habitat,	2020).	A	resilient	

city has the capacity to plan and act, and is 

prepared to respond to all hazards, either 

sudden or with a slow onset, expected or 

unexpected.	By	doing	so,	cities	are	better	

able to protect and enhance people’s lives, 

secure development gains, foster and invest 

in the environment and drive positive change. 

Resilience is a necessary attribute of a 

sustainable	city	(United	Nations,	2015b).	

DIGITAL TOOLS AND FRAMEWORKS FOR 
IMPLEMENTATION OF SDG 11 
As	governments	and	policymakers	develop	

and plan for urban resilience and future 

adaptability, the role of digital technology is 

evolving quickly and becoming increasingly 

indispensable. Currently, industry, academia 

and government and non-government 

organizations are uniquely placed to integrate 

and connect global geospatial information 

resources and to design new national 

geospatial strategic policies and frameworks 

to promote, measure and monitor progress 

towards implementation of SDGs (Scott and 

Rajabifard,	2017).	Identifying	the	need	for	

action in this area and the imperative to better 

promote international cooperation in global 

geospatial information management, the 

UN	Economic	and	Social	Council	(ECOSOC)	

established the United Nations Committee 

of	Experts	on	Global	Geospatial	Information	

Management	(UN-GGIM)	in	July	2011.	

As	digital	monitoring	tools	become	more	

integrated and holistic, they will require 

new and larger amounts of data and more 

sophisticated frameworks to enable rigorous 

analysis and information management. 

Disaggregating data by demographics 

or ‘people’ actors and analysing these 

with geographic or ‘place’ data enables 

connections and relationships between 

‘people and place’ to be measured. This is 

critical for the implementation of SDG 11 and 

aids urban planning, the design of smart cities 

and sustainable urban development strategies 

(Yanga	and	Rajabifard,	2019;	Rajabifard	et	al.,	

2019;	Scott	and	Rajabifard,	2017).		

In recent decades industry and governments 

alike have applied analytics to improve 

productivity, generate competitive advantage 

and innovate. Recent technological advances 

 Figure 5: Mapping how COVID-19 potentially affects all the SDGs. (Image courtesy: United Nations, 
2020)
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and monitor implementation of SDG 11 at the 

local government level.

•	 Development	of	digital	dashboards	to	

communicate the progress of cities against 

SDG 11 and to compare international 

city performance. To allow consistent 

benchmarking and comparisons, these should 

account for different definitions of a ‘city’ (e.g. 

jurisdictional, conceptual, etc.).

•	 Development	of	systematic	applications	

for digital tools to assist placemaking and to 

capture objective and subjective measures as 

‘before and after’ urban intervention scenarios 

and present these as case studies.

•	 Research	into	relationships	between	the	

design of people-centric public spaces and 

spatial connections involving proximity, density 

and mobility in the context of epidemiological 

measures to control the spread of infectious 

diseases such as COVID-19.

•	 Exploration	of	connections	between	

placemaking, resilient cities, sustainable 

urban development and the use of digital tools 

to promote human health and wellbeing. 

social and economic benefits (Thomas et al., 

2019).	The	development	of	adaptable	new	

digital platforms will enable policymakers and 

researchers to explore local issues in a global 

context.   

Further action is required in terms of 

policymakers and researchers working with 

stakeholders to develop approaches to better 

measure and monitor performance. This will 

support the fulfillment of the SDG 11 aspirations, 

firstly by researching ‘who’s doing what’ to 

obtain an understanding of current best 

practices, and secondly identifying linkages 

and gaps and how filling those gaps might 

benefit policymakers, industry, entrepreneurs 

and urban dwellers. The following topics are 

therefore worthy of further investigation: 

•	 Adaptation	of	existing	platforms	or	

development of new digital tools to measure 
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The arrival of unmanned aerial vehicles 

(UAVs or ‘drones’) has democratized the 

Lidar market forever. Everyday projects can 

be flown easier and faster, and sensors are 

getting lighter, more accurate and flexible, 

enabling their use in multiple platforms or 

combined with other techniques to obtain 

everything in a single survey. In terms of data 

processing, new Lidar tools and algorithms 

are continuously being developed, performing 

tasks and processing better and faster than 

ever. In recent years, the market has evolved 

from just a few big specialized companies 

to hundreds of new players bringing new 

approaches, fresh perspectives and innovative 

solutions. 

These new companies come with all 

the ingredients necessary to succeed: 

background, knowledge, new techniques, 

out-of-the-box thinking. It is fairly easy to beat 

‘old-fashioned’ companies in the first round 

of pitching… but what happens when the 

slick marketing has worked and the project is 

awarded to you as a newcomer? Will you really 

be better than a more established player?

All market changes create new situations, 

most of them positive. From our perspective 

as an expert company providing Lidar 

processing services to survey companies 

worldwide, the key is to turn the data you 

can obtain into value. We are constantly 

surprised by how many companies approach 

every single step with great care and 

professionalism, until it comes to transforming 

raw data into value. Then, they seem to 

assume that all automated solutions are 

equally good and go for the cheapest option 

possible. Are they aware of the risk they are 

taking?

There is absolutely no point in having a top-of-

the-range drone equipped with the most 

expensive sensor and able to fly beyond the 

visual line of sight for hundreds of kilometres 

per day if you lack the expertise to process 

and evaluate your data, or if your point cloud 

is inaccurate, fails to detect critical risk or 

contains too much noise… You will probably 

never see that client again, because most 

clients care about high-quality data, even if 

you don’t.

People sometimes seem to forget that 

geospatial products, including those related 

to Lidar technology, are the result of huge 

investments in innovation, programming, 

artificial intelligence (AI) and suchlike… So 

why must prices come down year after year? 

When quoting for a project, it should not just 

be a matter of counting the hours involved. 

You should also factor in the value you bring 

to it thanks to your research, experience, risks 

taken, investment. In other words, don’t forget 

to add knowledge to the bill. Quote the project 

for what it is: a cutting-edge technology able 

to perform the work just as accurately as if 

you were in the field.

Another issue is the definition and use of 

the term ‘automation’. We are all still waiting 

for an automated tool that can process 

5,000km of power lines at the touch of a 

button, classify Lidar data and get vegetation 

encroachments, for instance, so that we can 

save all the money we currently spend on data 

analysis. However, the fact of the matter is 

that engineering and top-level survey projects 

always require experts to bring added value 

to the raw data obtained. Yes, AI can help 

to speed up time-consuming tasks but, for 

now, engineers are still required to make sure 

the results are reliable. And this is not a bad 

thing, because doing things well is one of the 

few weapons you can still use against those 

companies who promise more than they can 

actually deliver with their ‘fully automated’ 

solutions.

To process data cost-effectively, it is therefore 

important to understand the difference 

between fully automated and ‘reliable 

automation’ of time-consuming steps. The 

key today is to combine knowledge with 

AI, algorithms and tools. This enables your 

decision-makers and your best experts to 

focus on the main areas and added-value 

steps and products, while machine learning, 

algorithms and supercomputing take care of 

the heavy-duty and repetitive tasks.

In conclusion, in today’s image-conscious 

and marketing-driven world, it is important 

to remember that companies should aim to 

impress their clients – engineers, utilities, 

construction companies – not only in terms of 

how they conduct the actual project (e.g. by 

using the best drone, sensor, etc.), but also 

the results they deliver. That means being able 

to process and transform big data into cutting-

edge, customized, truly useful solutions that 

allow clients to continue to work ‘in the old 

way’, but faster, better and (if possible, but 

only if it doesn’t undermine your efforts) 

cheaper! And if you lack the necessary 

expertise to do so, enlist help from a company 

that can provide the services you need. 

The Pitfalls of Working with Lidar
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Mobile laser scanning technology is developing 

dynamically in the mining industry. The 

current choice of laser scanners ranges 

from high-precision panoramic scanners to 

handheld scanners and backpacks based on 

SLAM algorithms. There has been extensive 

research and investigation into the use of 

this type of technology in surveying mine 

shafts in recent years. However, due to the 

Mine shafts are governed by special rules, often difficult to access and known for their unfavourable conditions 
for measurements. A mine shaft is of strategic importance for the proper functioning of the mine in terms of air 
ventilation, transport of people and material extraction, for example. Therefore, not least for safety reasons, mine 
shafts require regular inspections and surveys. For this purpose, the company SKALA 3D has developed an 
automated mobile laser scanning system as a mining survey system (MSS) which facilitates fast and precise 
measurements. The result is a comprehensive 3D model of the mine shaft ready for further analysis.

characteristics of the object and the lack of 

GNSS satellite signal coverage, the task has not 

been easy. To calculate an accurate trajectory 

and consequently reconstruct an accurate 

3D point cloud of the shaft, SKALA 3D has 

developed a methodology composed of:

•	 	Initial	trajectory	estimation	based	on	

alman	 ilter	incorporated	for	IMU	data	

processing

•	 	Calculation	of	relative	poses	(position	and	

orientation) between consecutive trajectories 

based	on	an	Iterative	Closest	Point	algorithm	

when processing the Lidar point cloud

•	 	Re nement	of	 nal	trajectories	based	on	a	

Graph SLAM algorithm incorporating all the 

poses	of	the	trajectories	(vertices)	and	the	

relative	poses	(edges)

•	 	 using	georeferenced	data	into	trajectory	

re nement.

Since the design of the SKALA 3D MSS 

assures	an	overall	360-degree	(panoramic)	

Lidar	 eld	of	view,	the	calculation	of	relative	

poses can be done in six degrees of freedom.

CHALLENGES ADDRESSED
Three challenges are addressed: 1) 

automation of the shaft survey, 2) 

increasing the safety of mine surveyors, 

and 3) decreasing the cost of the survey by 

shortening the overall inspection time. The 

introduction of the appropriate technology 

made it possible to reduce the total working 

time of the mine surveyors and to minimize 

their exposure in the light of the shaft, in 

particular	outside	the	cage.	In	other	words,	

inspection using the MSS is not only faster but 

also enables safe operation on the inside of 

the	cage	(see	 igure	3),	which	is	impossible	

to achieve with the classical approach.  

Automated Mobile 
System for Mapping 
Mine Shafts

THE BENEFITS OF LASER SCANNING

BY ARTUR ADAMEK AND JANUSZ BĘDKOWSKI, POLAND

 Figure 1: View of the mining survey system (MSS) installed on the roof of the cage, which consists of 
two Z+F 9012A profilers, one Z+F 5010X imager and an IMU LCI-100 unit.
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In	addition	to	hardware	challenges,	there	are	

also challenges in the amount of acquired 

data. Large numbers of mobile scanning 

surveys at low speeds generate large amounts 

of data, which calls for a lot of computational 

power. The parallel processing of orthogonal 

computational subproblems can thus improve 

the overall performance. Needless to say, this 

re uires	signi cant	investment	in	hardware	

and	software	to	facilitate	ef cient	and	reliable	

processing and alignment. But despite all 

these	dif culties,	there	is	currently	no	better,	

faster and equally precise technology on the 

market for the spatial inventory of mine shafts.

MINING SURVEY SYSTEM (MSS)
The whole technology is based on terrestrial 

laser scanning and measurements using a 

high-precision inertial measurement unit. 

The rigid measuring platform has also been 

tted	with	a	set	of	vibro-isolator	systems	

which prevents vibrations ascending from the 

moving cage and improves the quality and 

accuracy of the measurements. The effect 

of this vibro-isolator system can be likened 

to the suspension system on a traditional 

road survey vehicle – it makes the trajectory 

smoother	and	therefore	the	IMU	readings	

more reliable. The end result is a calibrated 

system, which can supply complete spatial 

data	in	a	short	time	(just	a	couple	of	hours).

The system includes software to control and 

post-process the data. The precision in a single 

measurement horizon is 2-3mm. Evaluations 

during many shaft surveys have shown that, 

thanks to the Graph SLAM algorithm, the 

accuracy of the position of the point on the 

BY ARTUR ADAMEK AND JANUSZ BĘDKOWSKI, POLAND

 Figure 2: A diagram of MSS construction.

 Figure 3: View of using a classic plumb line and making offsets to the shaft elements.

THE MSS IN PRACTICE
The measurement process and the methodology of the procedure are closely related to the 
scope of the work (elements to be measured). For example, determining the verticality of 
the shaft requires a different approach than merely measuring the geometry of the shaft 
lining and its construction elements. In order to obtain data in a specific geodetic 
coordinate system, it is necessary to perform georeferencing surveys on the geodetic 
control network points as for classic geodetic measurements or terrestrial laser scanning. 
Entire data registration process relies on a panoramic field of view, thus vertical and 
horizontal 3D landmarks (typically corners) contribute into Graph SLAM alignment. All 
trajectory nodes are considered as vertices (optimized parameters) and thanks to the 
Iterative Closest Point procedure it is possible to calculate relative poses between 
landmarks (and therefore relative poses between the trajectories). The alignment algorithm 
process all this information to minimize point-to-point Euclidean error. If georeferenced 
data is available, such additional landmarks are fused with other observation equations 
assuring global accuracy of the final 3D point cloud. Regardless of the purpose of the scan, 
the mining survey system is placed on the roof of the cage or skip. After setting up the 
measurement configuration, it is ready to scan. The system is fully automatic as an 
independent measurement instrument, so it does not require any additional effort. The 
post-processing procedures enable the fusing of additional georeferenced data if 
available. 

The speed of the cage/skip passing through the shaft is selected depending on the desired 
vertical resolution. The operational speed is usually in the range of 0.5-1m/s. Typically, the 
measurement begins at the top of the shaft tower and ends at the lowest point in the shaft 
that can be reached through the cage. The scanning takes place when riding both down 
and up. The number of passes (surveys) depends on the geometry of the shaft. To cover the 
entire field of view, it is necessary to change the mounting position of the MSS on the cage/
skip since many elements of the infrastructure (e.g. robes, etc.) could introduce blind spots 
in the final 3D point cloud. Since there are usually two cages, the total number of surveys 
is typically four (one down and one up from the outside of each cage). For a mining shaft 
with a depth of 1,000 metres, one measurement (survey) using the MSS at a cage speed of 
1m/s takes 1 hour (up and down plus additional time for set-up and the assembly of the 
scanning platform on the cage roof). Such a measurement configuration results in the 
average resolution of points on the object of 3x3mm. The global accuracy of the final 3D 
point cloud is less than 10cm at a depth of 1,000m. The relative accuracy between point 
clouds for different runs is 2-3mm.
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 Figure 6: MSS on the roof of the skip 
before the shaft survey.

 Figure 7: Examples of point clouds of the shaft obtained by the MSS.

thousandth metre below ground is up to 10 

centimetres	(average	5-6cm).	Although	some	

hardware/software components are already in 

use in other applications, this hardware set-up 

and overall design of the system is unique on 

a global scale. For example, the mechanical 

design	(placement	of	the	Lidar	scanners	

resulting in a panoramic view), the vibro-

isolator systems and the dedicated mounting 

components make the system easier to 

deploy in extremely demanding environments. 

Industrial	magnets	allow	for	fast	installation	on	

the roof of the cage. Moreover, the automation 

of the entire shaft survey process reduces the 

manual	intervention,	thus	adding	signi cant	

value in terms of operator safety. 

MEASUREMENT CHARACTERISTICS 
The measurement characteristics for the 

cage skip	at	a	speed	of	0.5m s	are	as	follows:

•	 	Point	cloud	pro le	every	2.5mm	from	two	 	

9012A	pro lers	and	one	 	5010 	imager

•	 	2	x	200	pro les	per	second	from	two	 	

9012A	pro lers

•	 	Measurement	of	over	1	million	points	per	

second from all lasers

•	 	IMU	readings	at	 50Hz	fre uency

•	 	The	total	ride	time	(down	and	up)	in	a	

1,000m-deep	shaft	is	approx.	1.5-2	hours	

(including	additional	time	for	set-up,	warm	

up and other deployment activities).

The cage or skip carrying the MSS can travel 

at a speed of between 0.1 and 12m/s. The 

impact of the speed on the Graph SLAM 

algorithm is minor due to the panoramic 

eld	of	view	of	the	entire	Lidar	set-up.	It	is	

evident that higher speed will result in a lower 

resolution	of	the	 nal	3D	point	cloud	from	

the direction of motion. For this reason, an 

operational speed of 1m/s is preferable as a 

compromise between the measurement time 

and the resolution of the resulting point cloud.

DIFFERENCES BETWEEN TRADITIONAL AND 
MOBILE MEASUREMENTS
The main factors determining the choice of 

technologies used in mine shafts are time 

 Figure 4: Controlling the mobile system from inside the cage.  Figure 5: Dimensioning of a shaft cross-section.

and safety. The inspected shafts ranged from 

650m	to	1,100m	in	length depth.	In	classic	

geodetic surveys using the traditional method, 

surveying 1,000m of shaft usually takes three 

to	 ve	shifts	(2 - 0	hours),	depending	on	the	

measurement	speci cations.	Regardless	of	

whether a mechanical plumb line is lowered 

or laser plumbing is used, the surveyor has 

to stop every few metres and make several 

offsets. This means that only selected points 

are measured, plus it is a time-consuming task. 

In	addition,	the	classic	approach	re uires	the	

continuous presence of people in the shaft, 

which poses a risk in terms of operator safety –  

especially because they often have to work 

outside	the	cage	(see	 igure	3).	However,	

the biggest downside for mine owners of the 

traditional approach to measurements is that 

it	interrupts	the	extraction	of	materials	(known	

as	‘spoil’).	In	the	case	of	the	excavation	shaft,	

every hour of downtime is a huge cost and this 

can	cause	signi cant	 nancial	losses	for	the	

mine. Needless to say, it is crucial to reduce 

this time from an economic perspective, 
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and that was the main motivation behind the 

development of the MSS.

In	fact,	mobile	laser	scanning	can	reduce	

the	time	of	the	inspection	by	at	least	50%	

and	as	much	as	70%	compared	to	traditional	

technology. Depending on the scope of the 

work, a complete survey takes just one or two 

shifts	(8-16	hours).	The	technology	is	fully	

automated, which means that the involvement 

of the human operator is limited to the plumb 

lining	(if	necessary).	 or	safety	reasons,	the	

MSS is operated from inside the cage.

The	entire	shaft	image	(point	cloud)	is	

acquired in just a couple of hours. Many 

different options for monitoring and 

comparing the state of the object are possible. 

Most importantly for mine owners, the cost 

of surveying the shaft using the MSS is 

considerably lower than the cost of the shaft 

being out of action for some time.

POSSIBLE ANALYSIS SCENARIOS
The complete and accurate geometrical and 

photorealistic documentation of the shaft casing 

and its construction elements allows for a wide 

spectrum of analysis scenarios, such as:

•	 	 ull	3D	model	of	whole	shaft	pipe

•	 	Documentation	and	monitoring	of	

damage and physical changes, including 

deformations

•	 	Possibility	to	design	the	location	of	new	

devices, e.g. pipeline, air conditioning

•	 	Designing	the	renovation	of	selected	places	

in the shaft based on one measurement

•	 	Collision	control	during	transport	of	large-

dimension	objects	(machines)

•	 	The	possibility	of	dimensioning	on	cross-

sections anywhere in the shaft

•	 	 erticality	and	straightness	of	the	shaft	and	

its	components	(shaft	guidelines).

CONCLUSION
As shown above, the MSS automatic shaft 

measurement system works well in real life. 

The point cloud resulting from laser scanning 

is of good quality and requires much less 

work on-site than the classic approach, thus 

signi cantly	reducing	the	overall	costs	for	the	

mine	owner.	The	ef ciency	of	mobile	laser	

scanning is much higher than conventional 

methods, without the inconvenience and 

safety problems associated with the work 

of	mining	surveyors	in	the	shaft.	In	view	of	

all these aspects, the authors maintain that 

automating	mine	shaft	surveys	can	ef ciently	

increase operator safety and reduce the 

inspection time, resulting in a cost-effective 

solution. 
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The use of a Phase One iXM-100 enabled EyeFly BV to fly closer to the Buggenum rail bridge in the Netherlands 

for the required annual bridge inspection. This achieved a resolution of close to 1mm ground sampling distance 

(GSD) and an image footprint of 12m x 9m from a flight height of 10m distance. The data has been used to 

create a 3D mesh of the structure.

Phase One Drone Supports 3D 
Bridge Inspection in the Netherlands

Acquiring High-resolution Aerial Data in Congested Areas and Controlled Airspace

Dutch company EyeFly BV is one of the 

few fully certified operators of unmanned 

aerial vehicles (UAVs or ‘drones’) in the 

Netherlands. The company has obtained all 

the permits regarding the commercial use 

of drones as well as additional certificates 

for flying in congested areas and controlled 

airspace. EyeFly is focused on performing 

inspections and mapping (2D and 3D models) 

using aircraft that have been tested by the 

Netherlands Aerospace Centre and registered 

in the aviation records. 

The company offers a specialist level 

of expertise and skills in infrastructure, 

construction, geoinformation and surveying. 

Achieving the best possible results using 

EyeFly’s existing certified equipment means 

acquiring high-resolution cameras that are 

ready to integrate. The Phase One Industrial 

iXM-100 camera easily incorporates with the 

company’s DJI M600 and Freefly Alta UAVs, 

plus it provides close-to-1mm resolution 

data with a large footprint at a safe enough 
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distance from the object to meet the safety 

requirements.  

ANNUAL MAINTENANCE INSPECTION 

OF BUGGENUM BRIDGE

EyeFly supports Strukton Rail with the annual 

maintenance inspection of Buggenum rail 

bridge in order to identify changes in the 

structure from year to year. Areas of wear 

and damage are identified, and areas with 

the biggest changes are given priority for 

repair.

Previously, EyeFly faced the challenge of 

obtaining a resolution/GSD of close to 1mm 

while keeping the UAVs at a safe distance 

from the bridge. Lower-resolution sensors 

meant tens of thousands of images with 

smaller footprints had to be captured over 

a number of days. It was difficult if not 

impossible to generate a 3D mesh of the 

structure. Images were provided to the client 

using a sharing platform such as WeTransfer. 

There was no ability to correctly trace back 

every image. 

LARGE FOOTPRINT WITHOUT 

REDUCING THE LEVEL OF DETAIL

Remco Kootstra, director of EyeFly, explains: 

“We chose the iXM-100 as it easily integrates 

with our DJI M600 platform in combination 

with the IOS IX Capture application. The 

camera is used on both our DJI M600 and 

Freefly Alta UAVs. The M600 is used for 

capturing the top and sides of the structure and 

the Alta enables us to perform an inspection 

from the underside of the bridge because of 

the ability to mount the IXM-100 on top.”

EyeFly uses the RSM 35mm lens as it has a 

focus of 10m to ∞ while the RSM 80mm AF 

lens is only 30m to ∞. The 35mm lens enables 

the UAV to be flown closer to the bridge and 

achieve a resolution of nearly 1mm with an 

image footprint of 12m x 9m from a flight 

height of 10m distance from the object.

DATA ACQUISITION

Since availability of GPS is limited on the 

underside of the bridge, the images are 

captured with a large overlap so that the 

processing software can provide orientation 

parameters and position data. The iXM-100 

has enabled EyeFly to significantly reduce 

the number of images; 5,000 100MP images 

were captured in two days covering the top, 

side and bottom of the structure.

Additionally, it is now possible to create a 

3D model of the entire project on EyeFly’s 

web-based platform with inspection 

functionality. This allows clients to perform 

an inspection much more efficiently, without 

losing detail or making any compromises. 

SATISFIED END USERS

“Phase One’s 100MP camera is the best 

on the market and integrates very well into 

existing UAVs. The sensor never compromises 

on detail or accuracy and it always delivers. 

The large dynamic range means that fine 

details are captured, even in poorly lit areas,” 

states Kootstra. “Our business has grown 

since we started with Phase One cameras as 

we are able to provide our customers with 

all the data that they need in one flight. The 

result is satisfied end users who come back 

time and again, as we can provide them 

with more details and better accuracy than 

we could with lower-resolution sensors,” he 

concludes. 

ABOUT THE SYSTEM
The integrated system includes:
Phase One Industrial iXM-100 medium-format camera
RSM 35mm lens
RSM 80mm AF lens
DJI M600
Freefly Alta UAV

MORE INFORMATION
www.eyefly.nl
geospatial.phaseone.com

54-55_articlephaseone(sponsored).indd   55 09-09-21   15:05



|    INTERNATIONAL  |  I SSUE  6  2021 ISSUE 6  2021  |    INTERNATIONAL  |56

 Figure 1: The WILD T2 was much smaller than the existing repetitive theodolites.

WILD Heerbrugg, which is today owned by 

Leica Geosystems, part of Hexagon, celebrated 

its centenary earlier this year. It all started 

in late autumn 1920 with a telegram from 

Heinrich Wild, at that time head of the Geodetic 

Instruments Department at Carl Zeiss, Jena, 

Germany, to Dr Robert Helbling, a mountaineer, 

mountain cartographer and owner of a surveying 

office in Flums, Switzerland: “I have designed 

a new autograph for the photogrammetric 

production of maps, which will be much 

Modern didactic and historical research related to digital humanities requires 3D digitization and dynamization 
of tech heritage. One example of such a project is the decision to celebrate 100 years of great innovations at 
Heerbrugg in the development of geodetic and photogrammetric instruments by 3D digitizing an iconic WILD T2 
theodolite from the 1927 series and developing an app for Android, iOS and Windows devices.

cheaper than the model currently on the 

market”. In search of a sponsor to establish a 

new company, Dr Helbling approached Jacob 

Schmidheiny, an influential and highly respected 

entrepreneur from the Alpine Rhine Valley. After 

extensive contract negotiations, the partnership 

agreement for the new company called ‘Heinrich 

Wild, Werkstätte für Feinmechanik und Optik, 

Heerbrugg’ was signed on 26 April 1921. The 

new company started with about 30 employees.

In addition to designing the autograph, 

Heinrich Wild began designing and building 

a photo theodolite and, simultaneously, the 

world-famous T series: the T1, T2 and T3. 

The WILD T2 was designed as a universal 

theodolite, with an angular measurement 

precision of 1 arc-second and revolutionary 

features. Previous arc-second or so-called 

‘repetitive’ theodolites were large and difficult 

to use (Fig. 1), so the T2 soon became 

popular. In fact, more than 90,000 units were 

sold over seven decades. So what made the 

WILD T2 so special?

ABOUT THE WILD T2
When designing the T2 theodolite as a further 

improvement of the ZEISS T1, the following 

features were important to Heinrich Wild:

-  Very compact telescope with 24x 

magnification, internal focusing lens and to be 

illuminated.

-  Cylindrical standing axis made of hardened 

steel and mounted on ball bearings (Fig. 2a)

-  Glass circles with 1 arc-second reading 

precision and therefore very precise etching of 

the graduation lines (0.15µm) (Fig. 2b)

-  Coincidence microscopes for horizontal 

and vertical circles for reading diametrical 

pitch circle locations (Fig. 3b)

Bringing History to 
Life Using 3D 
Interactive Computer 
Graphics

APP CELEBRATES 100 YEARS OF INNOVATION AT HEERBRUGG

BY DIETER FRITSCH, MICHAEL KLEIN AND JÜRGEN DOLD
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 Figure 2: Cylindrical standing axis mounted on ball bearings and diametrically readable glass circles.

 Figure 3: Readings at glass circles: (a) beam path with one reading point, (b) mirroring two reading points.

or ‘edutainment’. This form of presentation 

and visualization will almost certainly help to 

spark young people’s interest and fascination 

in 3D digitization technology, tech heritage 

preservation activities and perhaps even 

geodetic instrumentation. Therefore, in the 

summer of 2020, the three authors decided to 

develop an interactive 3D app presenting the 

iconic WILD T2.

First of all, a storyboard was created to 

provide guidance throughout all stages 

of the app design. It tells 15 stories in 

total – including about the foundation of 

the company, the features of the WILD T2 

and the interior elements of the theodolite. 

Embedded in the historical text are audio 

messages, images and static and animated 

3D models. The animations are generated 

by 3D interactive computer graphic, to keep 

users interested in the various stories and to 

highlight some important features. The app 

is available in German, English and Chinese 

(Mandarin) (Fig. 4). 

The 3D digitization was based on a 

1927-series WILD T2. It was scanned 

by a composite of up to 800 photos and 

transformed into a coloured 3D point cloud 

by photogrammetric bundle block adjustment 

(based on structure from motion, SfM) and 

dense image matching (DIM) (Fig. 5). 

Since the coloured point cloud of the WILD 

T2 was about 600MB in size, it could not 

serve as 3D base model in the app. Therefore, 

a transformation process was necessary 

to convert the point cloud into a vectorized 

3D model. Techniques to automatically 

transform point clouds into kinematic 3D 

models, e.g. using machine learning (ML) 

and deep learning (DL) methods, are still 

in the early stages and therefore have 

very limited application, although that may 

change fundamentally in the next five to 

ten years. In this case, the point cloud was 

transformed into 3D CAD elements in an 

interactive computer graphics process called 

constructive solid geometry (CSG). This 

breaks down the point cloud model into its 

vectorial components and these are then 

textured accordingly (Fig. 6). The CSG 3D 

model could then be textured with the WILD 

T2 texture from the past decades, animated 

and dynamized as desired: rotation around 

the alidade axis, telescope traversal, tilted 

and zoomed. Moreover, a decomposition 

into the optical components (using sectional 

drawings) allows for camera flights along 

the ray paths for the horizontal and vertical 

circles, representation of axes systems, and 

-  Very compact and closed housing weighing 

about 4.5kg

-  Dust-tight container for easy transport

The coincidence microscope for reading 

the two diametral pitch circle positions was 

realized by a plane plate micrometer and 

achieved significant time savings compared 

to the reading of only one pitch circle position 

(Fig. 3a).

In 1923, the first 24 instruments were 

delivered, despite adverse conditions in 

series production. Difficulties included the 

production of the horizontal circles (d=90mm) 

and vertical circles (d=70mm). These were 

made of glass, which was a novelty at that 

time as they had previously been made of 

brass. The first devices were delivered in 

noble black/white (about 1,800 pieces). The 

transition to the classic WILD green happened 

in 1927.

In response to sustained worldwide demand, 

the WILD T2 continued to be produced until 

1995 and was adapted to technological 

progress over the decades. For example, 

partial digitization of the glass circles in 1972 

avoided errors in the ten-minute readings.

DESIGNING THE WILD T2 APP
It is widely recognized that animated and 

dynamic models help to foster a better 

understanding of design elements, to digitally 

open up information to members of the public 

and to inspire youngsters about possible 

areas of study or future career options. 

This newly emerging form of didactics is 

also known as ‘education entertainment’ 

BY DIETER FRITSCH, MICHAEL KLEIN AND JÜRGEN DOLD
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headings on the left, the stories with images 

in the middle and the help symbols on the 

right. 3D models and animations are displayed 

in the middle of the screen and symbolized 

by the rotating cube symbol. The buttons on 

the top left lead to the story headings and 

to the home screen. Audio embedded in 

the corresponding stories can be activated 

using the loudspeaker button. The 15 stories 

provide app users with a comprehensive 

overview of the company history and its 

locations over time, the T2 features and 

updates, and some interior elements of the 

theodolite which are animated to demonstrate 

its compact and revolutionary design.

ANIMATIONS AND RENDERING
All interactive computer graphics 3D models 

have been generated using Autodesk 3ds 

MAX. The point clouds were used only for 

scaling the final 3D CSG model. The photos 

of the T2 over time (1923-1995) served for 

texturing the digital twins, according to a 

selected point in time. The app offers three 

digital twins for the following time periods: 

1922, 1929 and 1962. Several cross-section 

models (one of which is shown in Fig. 7) were 

used to create a very detailed 3D model with 

numerous design elements, which the user 

can also ‘explode’. This feature is aimed at 

inspiring the younger generation about the 

possibilities of interactive computer graphics, 

which can also be used to provide impressive 

animations and simulations in sectors 

where 3D data capture is emerging, such 

as architecture, engineering & construction 

(AEC).

The 3D text, audio, image sequences and 3D 

models were integrated into the app using 

the Unity 3D game engine. This enabled 

the animated interactive 3D models to be 

exported and rendered and finally prepared 

for mobile operating systems, such as Android 

and iOS. During this processing step, a 

Windows version was also generated to be 

scaled for several screen resolutions. Fig. 8 

much more. Users of the app user can also 

play around with the 3D virtual reality (VR) 

model – or ‘digital twin’ – of the T2. 

The app operates in panoramic mode and the 

screen is subdivided into three parts: the story 

 Figure 6: The WILD T2 app includes a digital twin of the 1923 series with activated axes.

 Figure 5: Photogrammetric digitization of the WILD T2 (1927): (a) photo bundle, (b) 3D point cloud.

 Figure 4: The WILD T2 app: (a) Welcome Screen, (b) Language selection and help symbols.
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FURTHER READING
https://fb.watch/596MIJ14vW/
Download the WILD T2 app free of charge:
Android: https://play.google.com/store/apps/
details?id=net.sreasons.WILDT2
iOS: https://apps.apple.com/us/app/wild-t2/
id1564103981
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 Figure 8: Flights through the optical systems for reading the horizontal and vertical circle.

 Figure 7: The app allows users to ‘explode’ the digital twin of a T2 from 1922 into its design elements.

shows an excerpt from Story 15, featuring 

animated flights through the optical systems 

for reading the horizontal and vertical circle. 

CONCLUSION
The WILD T2 theodolite was a milestone 

in geodetic instrument development. For 

more than seven decades, it had the most 

modern design and revolutionary features of 

its time, such as the cylindrical standing axis, 

horizontal and vertical circles made of glass, 

diametrically readable graduated circles, 

precise readings by coincidence micrometers, 

a compact telescope and low weight. By 

summarizing the most important facts and 

features of this innovative and bestselling 

theodolite, the WILD T2 app recognizes the 

outstanding performance of the engineers, 

technicians and managers at Heerbrugg, 

within the company that is today known as 

Leica Geosystems and part of Hexagon – over 

the past 100 years. The developers hope that 

the WILD T2 app will contribute to the public 

understanding of science and technology by 

presenting 15 stories about the background 

of WILD Heerbrugg and the T2 including a 

variety of 3D reconstructions, visualizations, 

animations, image sequences and audio. In 

these times of digitalization and new didactic 

elements in higher education, it is hoped that 

the app will help students and also the general 

public to gain a better understanding of the 

history of geodesy and geoinformation science 

through the playful use of new technologies. 
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Teledyne Optech and Teledyne CARIS have united to form Teledyne Geospatial in response to the evolving 

marketplace needs. Under the Teledyne Imaging group, the harmony between the two business units was clear 

and the two teams were brought together to offer added value to customers through solutions across 

hardware, software and workflows. 

Welcome to the New Geospatial
Teledyne Optech and Teledyne CARIS Merge to Form Teledyne Geospatial

Andy Hoggarth, vice president of sales 

and marketing at Teledyne Geospatial, has 

been with Teledyne CARIS for almost 20 

years. Having begun his geospatial career 

as a multibeam sonar processor using 

CARIS software at sea, he transitioned 

from working on the technical side of the 

business and is considered an expert in ocean 

mapping. Teledyne CARIS has carved out a 

solid niche within the marine sector, only to 

become broader via this new collaboration. 

For Hoggarth, the synergies were clear: 

fusing the two companies reflects the natural 

evolution of the geospatial industry.

NEW OPPORTUNITIES FOR CUSTOMERS

“What’s new about this model is our 

ability to streamline and centralize our 

service provision, offering more to both 

new and existing customers across the 

spectrum of needs,” comments Hoggarth. 

“Having a single contact point across all 

requirements means efficiency gains in 

terms of workflow, saving time and ensuring 

our customers get what they need earlier. 

The needs of professionals are evolving to 

no longer focus solely on land or sea, and 

both geospatial and maritime enterprises 

are increasingly expected to offer a more 

comprehensive suite of services. Bringing 

Optech and CARIS together enables 

leveraging the world-leading expertise of 

both companies, ensuring customers can 

take full advantage of their ability to provide 

targeted solutions for land, air and sea. We 

see new opportunities to connect existing 

hydrographic customers to the broader 

geospatial sector. We can offer solutions to a 

new spectrum of clients on the topographic 

mapping side through the latest geospatial 

workflow software including tools like 

artificial intelligence (AI).” 

Hoggarth explains that he is most excited 

about the new possibilities the merger 

provides for Teledyne customers to gain a 

competitive advantage in terms of what they 

can deliver. “For example, processes will be 

further streamlined: customers can log their 

high-density, high-resolution Lidar data, 

store it in the CARIS cloud for immediate 

processing and analysis, and then move into 

downstream product creation workflow. This 

gives a clear operational advantage. This, in 

turn, enables our customers to offer added 

value to their own clients in terms of the 

breadth of services they’re able to offer.”

 Teledyne Geospatial provides solutions and workflows for seamlessly mapping land and sea. (Image courtesy: Dave Somers, Ocean Surveys)
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CONSEQUENCES OF THE MERGER FOR 

THE TEAMS 

Joining forces means the teams are gaining 

new skills across disciplines and ensures 

retention of the field-specific expertise 

they’re known for. The market is familiar with 

the strong customer service and support 

model, from engineering to sales, and that 

will not change. Teledyne’s arsenal includes 

hydrographers, physicists, surveyors and 

GIS professionals, as well as AI specialists, 

engineers and computer scientists. Going 

forward, as the market transitions to digital, 

the skills and expertise needed most in the 

field are at the intersection of traditional 

domain knowledge and the diverse aspects 

of computer science. “There is an evolution 

underway in industry, and enterprises that 

can recruit highly skilled teams with expertise 

across the geospatial spectrum will be the 

ones to engage with,” suggests Hoggarth. 

“Our teams are industry professionals who 

understand both hardware and software 

and we see this as an opportunity to develop 

holistic solutions for hydrographic and 

topographic mapping.”

DELIVERING A COMPETITIVE 

ADVANTAGE

Teledyne Geospatial will have access to 

the full range of sonar, Lidar and software 

solutions, enabling customers to gain full 

value from their Teledyne investment with 

the most advanced sensors in both ocean 

and land environments. “In that respect, we 

are unique,” notes Hoggarth. “Whilst some 

providers have topographic sensors with 

integrated software, even bathymetric Lidar, 

our software workflow goes much further; 

others are not involved in the final delivery of 

data, whereas we have end-to-end capability. 

This is a huge advantage for our customers 

who will be able to integrate workflows, 

create efficiencies and reduce silos. We will 

reduce the need for separate infrastructure 

for land and sea since we can support our 

customers on both. This is strategic for our 

customers at the business level but also 

makes life easier in challenging and extreme 

environments such as the Arctic, for example. 

This industry acumen means Teledyne 

Geospatial is the ideal partner for a full range 

of projects.” 

HELPING SURVEYORS TO GET AHEAD 

OF THE GAME

The role of the surveyor is still evolving 

rapidly, which calls for a different set of 

skills – not least due to the transition to 

unmanned aerial vehicles (UAVs or ‘drones’). 

“For survey businesses to keep up, they 

must consider how many pilots they need, 

whether to hire a land surveyor and what the 

best Lidar investments might be,” comments 

Hoggarth. “Hiring a land surveyor will 

increasingly require knowledge of drone-

 Ease of data collection through to final products is enhanced with efficiency-driving AI algorithms and real-time quality control. (Image courtesy: Mike 
Stecher)
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based data collection, and our compact Lidar 

solutions will be particularly relevant for 

these customers, who would have conducted 

conventional land-based surveying in the 

past.” The theme of integration between 

land and sea continues to emerge: geospatial 

teams should be interested in the sea as 

well as the land, covering both green and 

red lasers. “Why would we map a mountain 

range, but neglect the river that comes 

through it?” asks Hoggarth. “Armed with 

comprehensive data, we can help our 

customers deliver a broader range of insights 

on flood prediction, environmental impacts 

and other services.” 

KEY EMERGING INDUSTRY TRENDS

Teledyne Geospatial is anticipating the 

future of AI technologies with its newly 

launched Mira AI Marketplace concept. AI 

can be leveraged to meet new challenges, 

enabling enterprises to shift from being 

product-centric to data-centric, introducing 

possibilities for enterprises to expand their 

product and service portfolios. This could 

contribute to business growth and greater 

client satisfaction due to a wider suite of 

service offerings and faster project delivery 

timeframes. “At Teledyne, we recognize 

the immense expertise within the field and 

aim to harness this, embedding AI, machine 

learning and deep learning within a range 

of our systems and solutions to capitalize 

particularly on the automatic and data 

processing benefits offered by AI,” states 

Hoggarth. 

There are ample other solutions that will be 

critical to solving the ever-more complex 

problems faced by geospatial professionals, 

such as compact Lidar systems lightweight 

enough to be deployed on a drone. Survey-

grade solutions developed for accuracy and 

quality will be increasingly essential, and 

integrated solutions that make life easier for 

surveyors are a must. Teledyne understands 

these challenges and has developed 

workflows that support this, considering 

key factors including where the data resides 

and accounting for asset management. 

“For example, Teledyne Geospatial provides 

AI for asset management and tracking 

via the cloud, bathymetric Lidar, building 

on the natural synergies between CARIS 

and Optech,” he continues. “The tools 

and technologies that are available to the 

hydrographic field are indeed transferable 

into topographic mapping systems, such as 

the Galaxy range of sensors that provide 

superior capability for complex terrain like 

forestry mapping, for example. These are 

compact, powerful and precise, even to 

the level of identifying tree species and 

differentiating canopies to understand forest 

floor/undergrowth.”

WHAT TO EXPECT FROM TELEDYNE 

GEOSPATIAL IN THE YEARS TO COME

Integrated solutions lie at the heart of 

Teledyne Geospatial. The offering will include 

turnkey systems, Lidar, sonar, integrated 

workflows and a range of systems and 

solutions that support full, precision data 

collection. Teledyne Geospatial will also work 

closely with Teledyne Marine, in particular 

concerning sonar systems; both sonar and 

Lidar can be logged in CARIS’s recently 

launched Onboard360 acquisition software. 

“With Onboard360, our near-real-time and 

autonomous data acquisition and processing 

solution, it will become possible to create a 

common workflow using AI and cloud-native 

technology,” says Hoggarth. “For example, 

customers will be able to log data to the 

cloud with their hardware, streamlining their 

product timeline. A streamlined workflow for 

customers is a central, underpinning goal of 

Teledyne Geospatial.” 

NEW PRODUCT DEVELOPMENTS IN THE 

SHORT TERM

Hoggarth regards software as a key 

differentiator in combination with customers’ 

hardware: “We will be releasing new 

software products in the coming months 

which will allow users to get the most out 

of their sensors. One example of this is the 

recently launched CZMIL SuperNova, which 

combines Optech’s powerful bathymetric 

Lidar with CARIS’s comprehensive processing 

software.” Terratec AS, a leading Norwegian 

mapping company, has purchased and 

flown CZMIL SuperNova for airborne survey 

projects, collecting and processing marine 

coastal zone base maps and mapping arctic 

lakes. Working with the CZMIL SuperNova 

sensor and AI techniques, they conducted 

automatic discrimination and noise 

classification capitalizing on the system’s 

advanced capabilities and software workflow 

integration.

The company will be presenting itself 

under the new Teledyne Geospatial banner 

and revealing CZMIL SuperNova – as well 

as discussing other upcoming combined 

solutions – at key industry events including 

Intergeo in September, Ocean Business in 

October and GEO Business in November. 

 Customers benefit from a competitive edge, mapping and delivering data products inside of one 
workflow. (Image courtesy: Chris Esposito)
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 Organizing partners of the FIG e-Working Week 2021: Freek van der Meer (ITC, University Twente), 
Frank Tierolff (Kadaster), Rudolf Staiger (FIG), Paula Dijkstra & Louise Friis-Hansen (conference 
directors) and Ron Rozema (GIN).

 Official opening of the FIG e-Working Week. All partners ‘plugged in’ with the colours of the cables 
representing the Dutch flag and banner.

The FIG e-Working Week took place online in late June, hosted by FIG and the Dutch organizing partners GIN, 
Kadaster and ITC. It brought together over 1,300 participants from all over the world for a week packed with 
inspiring sessions. The online platform facilitated lively interactions between international colleagues and 
friends and enabled them to catch up on the latest updates, research and developments. The event can be 
regarded as a success story of the new reality.

FIG and the Dutch local organizers were keen 

to not ‘merely’ organize some sessions, but 

instead to create the sense of a fully-fledged 

conference to make the participants feel 

truly part of the surveying community. The 

current COVID-19 pandemic situation has 

forced other conference organizers to either 

connect online or cancel the event. FIG and 

the local organizing partners embraced the 

challenge and were motivated to explore the 

new horizons. 

FIG President Rudolf Staiger and Director 

Louise Friis-Hansen were able to travel to the 

Netherlands for the occasion. In the Dutch 

city of Apeldoorn, a studio was set up to 

broadcast the event, as well as a technical 

support hub. Another technical hub was 

set up at the FIG offices in Copenhagen, 

Denmark, as well as a hub for those who 

supported from their home offices.

7 INSPIRING KEYNOTES
The event was defined by seven unique 

sessions. Besides aligning them with the 

theme of ‘Smart Surveyors for Land and 

Water Management, Challenges in a New 

Reality’, the aim was twofold: to create 

dynamic keynote sessions, and to support 

diversity. One advantage of the virtual setting 

was that speakers from around the world, 

who would normally struggle to travel to 

events due to their busy schedules, could 

now make a contribution after all. The use 

of a professional studio created a dynamic 

experience for viewers, even when a speaker 

was broadcasting from their home office.    

A Success Story of  
the New Reality

FIG E-WORKING WEEK 2021

BY PAULA DIJKSTRA AND LOUISE FRIISHANSEN, CONFERENCE CODIRECTORS, FIG EWORKING WEEK 2021
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In total, 27 speakers and chairs were involved 

in the keynote sessions, representing both the 

public and private sector as well as academia 

and NGOs, different regions and generations, 

and with a good gender balance. 

This combination of having high-level 

speakers on relevant topics, spread out 

through the event and with a focus on 

diversity as well as the television-style 

broadcast gave the keynote sessions an 

inspiring and professional character. More 

details of each keynote session will be 

published over the coming months.

OVER 70 OTHER SESSIONS
The event organizers put a lot of effort into 

creating and designing sessions that would 

work in an online setting. Session organizers 

were informed about the options beforehand 

and encouraged to include interviews, chats, 

panel discussions and so on to maximize the 

dynamism. The online platform supported 

this, with the option to adapt the layout of 

speakers and presentation screens. 

Of the 335 accepted abstracts, only a few 

were upgraded for presentation in a session. 

All authors were given the option to produce 

a video presentation for publication in the 

proceedings together with the full papers. 

All abstracts were connected to a session 

and were used for reference material, and 

the authors also had a role in the ‘Ask-me-

anything’ (AMA) sessions after the actual 

session.

The FIG e-Working Week was organized as a 

global event. All time zones were considered, 

but it was challenging – and not always 

possible – to accommodate all of them. That 

sometimes meant that speakers contributed 

at inconvenient times (e.g. in the middle of 

the night) or from unusual locations (e.g. 

the backseat of a car). Many sessions were 

well attended and numerous viewers actively 

participated in the chats.  

The online system made it easier to move 

from one session to another as well providing 

the opportunity to switch between several 

parallel sessions. Another valuable addition 

was that all sessions could be easily recorded, 

so that they could be made available to 

registered participants after the event. 

NEW: A WORKSHOP DAY
Instead of pre-events, the organizers chose 

to hold a virtual workshop day within the 
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are the options for a virtual platform? How 

should sessions be designed? What can we 

offer to sponsors? What is a reasonable fee? 

And how many participants can we expect?

The organizers embraced the challenge and 

extended their virtual horizons, with FIG and 

LOC working as team. After selecting the 

platform, the next steps were the redesign 

of the technical programme, adapting the 

sponsor opportunities and expanding the 

support team from 10 to 30 people. It was 

hard work, with a lot of effort put into creating 

a balanced programme and engaging the 

community. The team were convinced that 

if they provided a solid foundation, the FIG 

community would bring the spark to light the 

flame. 

Needless to say, there were some challenges 

throughout the event, but the knowledge and 

teamwork of FIG and LOC paid off in being 

able to quickly tackle any issues. 

LESSONS LEARNED
In challenging times, the organizers have 

shown that a virtual event works. It was 

the perfect solution in the current phase. 

It demonstrated the added value of staying 

connected to exchange visions of what 

technical programme. The workshops enabled 

the participants to take a deep dive into 

the content of the workshops and allowed 

more interaction between the workshop 

hosts, speakers and attendees. Based on 

the positive feedback, this could become a 

successful feature for future (virtual)  

events. 

AN EVENT WITH A DUTCH TOUCH
By bringing the Working Week to the 

Netherlands, the organizers wanted to 

highlight the role of the surveyor in land and 

water management, which is a topic close to 

the nation’s history and future. For centuries, 

the Dutch have succeeded in building and 

managing a densely populated coastal 

country, of which almost half of the land area 

is below sea level. And that expertise is even 

more crucial today in the context of protecting 

the country against the impact of sea-level 

rise caused by climate change. 

Throughout the event there was a Dutch 

touch. In the opening ceremony the scene 

was set by the four Dutch members of FIG: 

GIN, Kadaster, ITC and GIM International. 

The first three welcomed the participants 

with opening statements. GIM International 

prepared a trilogy related to the theme of 

the event. The importance of integrated 

land and water management, the added 

value of cooperation in the triple helix with 

government, private sector and academia, 

as well as our joint responsibility to achieve 

the Sustainable Development Goals were 

addressed in keynote sessions as well 

as technical sessions. Several Dutch 

organizations and leading Dutch experts 

contributed to the technical programme. The 

opening ceremony can be viewed from the 

proceedings.

The technical support by the organizing team 

was also tangible throughout the event, with 

team members working from early morning 

until late at night – both on location and from 

home – to support all sessions and to solve 

any issues as quickly as possible. 

THE BIGGEST DIFFERENCE
Organizing an entirely virtual event is different, 

more time consuming in advance and 

presents more uncertainties than a face-to-

face event. Nobody within FIG nor the Local 

Organizing Committee (LOC) had organized a 

major international online event before. It was 

new territory and there were no guidelines or 

manuals to answer questions such as: What 

 Impression of a technical session during FIG e-Working Week. 

 Impression of a technical session during FIG e-Working Week.
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lies ahead and to inspire each other with 

perspectives and knowledge. 

FIG can certainly use the experience gained 

during this event for future smaller FIG events 

and meetings. However, it is still crucial to 

meet face to face once in a while. Spending 

time together at a gala dinner, going on a 

technical tour together and simply looking 

each other in the eyes all help to create a solid 

foundation for future successes. 

The local hosts look back on the success 

of the event with a sense of pride. The 

cancellation of FIG2020 and the acceptance 

of taking over the organization of FIG2021 

from Ghana came somewhat unexpectedly. 

Nevertheless, they rose to the challenge 

of hosting the FIG Working Week virtually. 

Together with FIG, they explored the options 

and defi ned their goals – both motivated 

and ambitious to create more than ‘just’ a 

conference, even though it entail much 

more work than for a ‘normal’ Working Week. 

The organizers would like to thank everyone 

who contributed to the success of the 

conference. 

 An impression of the support provided by FIG 
and LOC during the FIG e-Working Week 2021.

 Helpdesk support by Mila Koeva from home.

and LOC during the FIG e-Working Week 2021.

 A creative visualization of the keynotes during the FIG e-Working Week 2021.

 A special message from the Local Organizing Committee to all participants afterwards.
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 Figure 1: Determination of Indonesia’s sovereign territory based on coastline references.

The determination of a sea or coastal area 

depends on the availability of coastline data, 

as it is based on the coastline reference 

(see Figure 1). The definition of the area of 

Indonesia’s sovereignty could be improved 

if it were based on accurate coastline data. 

Unfortunately, a coastline base map at a 

scale of 10,000 was only available for about 

8% of the total of 108,000km of coastline 

in Indonesia in 2019. Shoreline data was 

therefore generated by integrating elevation 

data in a digital elevation model (DEM) for 

land and sea that was obtained by topographic 

and bathymetric surveys. However, the 

topographical conditions in Indonesia are 

unique, with shallow water characteristics. 

Furthermore, some of the coastal areas are 

inland seas that are difficult to access using 

technologies such as sounding sensors. An 

alternative method is therefore needed to 

accelerate the availability of coastline data in 

Indonesia that utilizes Lidar technology for 

bathymetry survey activities. Improving the 

availability of coastline data on a large scale is 

expected to benefit the national economy, in 

particular the maritime sector.

AIRBORNE LIDAR BATHYMETRY
Lidar is part of a remote sensing system 

that uses active sensors and that works 

by comparing the characteristics of the 

transmission signal with its reflection; namely, 

the differences in pulse propagation time, 

wavelength and angle of reflection. In the Lidar 

bathymetry application, the laser used  

is a green light that can penetrate to the bottom 

of the water. When the laser hits the surface 

of the water, part of the laser wave is reflected 

and refracted in all directions and another part 

The accuracy of coastline data in Indonesia could be much improved by making use of Lidar bathymetry 
technology. In this article, the authors describe how Lidar bathymetry survey techniques were applied to a 
section of coastline in the Sunda Strait.

penetrates the water. The basic principles of 

Lidar bathymetry are shown in Figure 2.

ACQUISITION OF LIDAR BATHYMETRY IN 
INDONESIA
To accelerate the availability of national 

coastline data, airborne Lidar bathymetry 

was conducted in 2020 around the Sunda 

Strait. A differential positioning method was 

used to provide an aircraft position with an 

accuracy of 10cm. All resulting positions were 

referred to the geodetic datum in Indonesia, 

SRGI2013. The altitude used was about 

600m, and the distance between flight lines 

Towards a Coastline 
Base Map in Indonesia

SEASHORE LARGE-SCALE MAPPING ACCELERATION USING LIDAR BATHYMETRY

BY AGUNG SYETIAWAN AND HERJUNO GULARSO, GEOSPATIAL INFORMATION AGENCY, INDONESIA

 The Sunda Strait – connecting the Java Sea to the Indian Ocean – is the strait between the 
Indonesian islands of Java and Sumatra.
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(high wave regime domination). In bathymetry 

surveys, the surface of the water is considered 

to be a horizontal plane of reflection where the 

laser beam refracts into the water based on the 

off-nadir beam angle. If the surface ripples, the 

laser will be refracted in all directions, changing 

the angle of incidence of the laser beam. 

This makes it difficult for laser to penetrate 

to the bottom of the water in such areas. The 

geometry of the beam path refracted from the 

laser under water therefore depends on the 

conditions of the water surface plane above it. 

An illustration of the DEM data extracted from 

the Lidar bathymetry measurement results can 

be seen in Figure 3. As this shows, objects 

around the coast can be mapped in detail, 

including the water area.

LEVEL OF DETAIL OF AIRBORNE LIDAR 
BATHYMETRY
Lidar bathymetry uses infrared to produce 

land topography and green lasers to obtain 

the seabed. Therefore, Lidar bathymetry can 

produce a single seamless land and sea DEM, 

which greatly facilitates the data integration 

process as the resulting DEM is based on 

the same reference system. In addition, Lidar 

bathymetry can be conducted in areas such as 

shallow waters or coral reefs, which are difficult 

to survey using acoustic sensors, as can be 

seen in Figure 4. Figure 4 also shows that 

shallow water areas with corals are depicted 

very clearly using Lidar bathymetry, in contrast 

to multibeam which results in less detailed 

seabed mapping. Lidar bathymetry therefore 

produces high-resolution DEM data, making 

the extraction process of the shoreline easier.

EFFECTIVENESS OF AIRBORNE LIDAR 
BATHYMETRY
Sounding technology has a capacity of about 

50 line km per day when acquiring marine DEM 

data. Furthermore, the integration of marine 

and land DEM requires a time-consuming 

topographic measurement, and problems arise 

during the DEM integration process between 

land and sea due to the use of different 

technologies and different measurement 

conditions when collecting the data. In addition, 

there are problems due to the differences in 

the references used, so that the DEM elevation 

values are not the same. Although the depth 

results using a sounding sensor are very 

accurate, the sounding sensor cannot be used 

in shallow waters and inaccessible areas.

Lidar bathymetry can, however, acquire 

data over a large area in a single flight, 

making it highly efficient in terms of time. 

Its capacity for mapping coastlines is up to 

about 145 line km per day. For this reason, 

Lidar bathymetry is able to almost halve the 

survey time compared with the technology 

currently used. With such a capacity, the use 

of Lidar bathymetry for hydrographic survey 

activities provides many benefits, especially 

was 280m. A higher altitude can effectively 

increase the coverage area while maintaining 

the density of the point clouds, and Lidar 

acquisition can be carried out over a large 

area in a single flight. The capacity of the 

Lidar bathymetry acquisition was around 

145km per day, with a total mapped coastline 

of 1,000km. Acquisition of Lidar bathymetry 

in the Sunda Strait reached a depth of up 

to 5m, because the measurement location 

was not fully in clear water. In this case, the 

Lidar bathymetry acquisition took just two 

months to complete the entire Area of Interest 

(AoI). Based on this capacity, the Indonesian 

archipelago could be mapped quickly; 

however, the biggest difficulty during data 

acquisition was the rainy season in the area 

around the Sunda Strait.

There are other difficulties in southern Java, 

as the region is dominated by high waves 

 Figure 3: Extraction of DEM data from the results of Lidar bathymetry measurements.

 Figure 2: Basic principles of Lidar bathymetry.

THE BIGGEST DIFFICULTY DURING DATA ACQUISITION WAS 
THE RAINY SEASON AROUND THE SUNDA STRAIT
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and part of the coast) were compared with 

field measurements using precise GNSS tools. 

The accuracy test was therefore carried out 

around the coast and in water areas that can 

be accessed using GNSS geodetic devices. 

The results of the accuracy evaluation show 

that the accuracy of the Lidar bathymetry 

measurement is 0.3m with a 90% confidence 

level. These results are in accordance with 

vertical accuracy standards in Indonesia. 

Lidar bathymetry results can therefore be 

used to produce maps at a scale of 1:5,000.

CONCLUSION
Lidar bathymetry surveys are very effective in 

shallow water locations and inaccessible areas, 

such as in archipelagic areas in Indonesia. 

Another advantage is that Lidar bathymetry 

produces seamless DEM, making it easy to 

integrate land data with marine data. In addition, 

the high altitude flight range of the aircraft 

means that the Lidar bathymetry survey has 

a large coverage area in a single flight. These 

advantages can help to accelerate the availability 

of a coastline base map in Indonesia.

It should be noted that the success of a 

bathymetry Lidar survey is highly dependent 

on the ability of the green laser to penetrate 

the water column. For this reason, bathymetric 

Lidar surveys depend on environmental 

conditions such as water turbidity, the water 

surface plane and weather conditions. Lidar 

bathymetry is therefore highly suitable for 

use in areas of Indonesia with clear and calm 

waters that are influenced by non-dominant 

sediment processes. However, the penetration 

ability of the Lidar bathymetry system to 

the bottom of the water column decreases 

in coastal areas with poor water quality, so 

that data collection needs to be done using 

sounding sensors and terrestrial methods. 

This combination of technologies obtains 

maximum results. 

in terms of data acquisition cost efficiency. 

Therefore, Lidar bathymetry technology is 

very much worth considering as a method for 

accelerating the availability of a large-scale 

coastline map in Indonesia.

ACCURACY ASSESSMENT OF LIDAR 
BATHYMETRY
An evaluation of accuracy was carried out 

to compare the accuracy of the DEM with 

the Lidar bathymetry measurement results. 

Furthermore, the z coordinates (both on land 
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 Figure 5: The advantages of Lidar bathymetry technology.

 Figure 4: The level of detail of Lidar bathymetry measurements compared to multibeam echosounders 
(acquisition area Kolaka, South Sulawesi).

THE SUCCESS OF A BATHYMETRY LIDAR SURVEY DEPENDS 
ON THE ABILITY OF THE GREEN LASER TO PENETRATE THE 
WATER COLUMN
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Three Milleniums of Measurement of 
Earth: A Special Edition Box Set
FIG, FIG Foundation and Trimble proudly 

introduce a Special Edition box set of seven 

outstanding books on the history of surveying. 

The books, comprising 3,000 pages and over 

350 illustrations, represent life-long research 

and work by Jim Smith and Jan De Graeve. 

Both are FIG honorary members and founders 

of The International Institution for the History 

of Surveying and Measurement (IIHS&M) –  

a permanent institution within FIG. Their 

research represents 35 years of dedication, 

perseverance and extensive research. Richard 

Wonnacott, South Africa, has assisted Jim and 

Jan and has also proof-read all volumes.

VOLUMES I-V: NOTES ON THE HISTORY OF 
DETERMINING THE SIZE AND SHAPE OF THE 
EARTH USING MERIDIAN ARCS

Jim Smith and Jan de Graeve have compiled 

the methods used by mankind over a period 

of approximately 2,760 years to determine 

the size and shape of planet Earth. Jan and 

Jim take the reader through the efforts of the 

early Babylonian, Egyptian, Indian and Greek 

astronomers and the work of the 3rd-century 

BCE Greek mathematician, Eratosthenes, 

who estimated the circumference of the 

Earth with remarkable accuracy using the 

shadow cast by the sun and known latitudes 

of places in Egypt. They then come to the 

arc measurements in Europe, Lapland, Peru, 

Eastern Europe, India, South Africa and 

many others and end in the 1950s, before 

the introduction of electronic computers and 

distance measuring devices and satellite 

navigation systems.  

VOLUME VI: MERIDIAN ARCS IN EAST & 
SOUTHERN AFRICA WITH EMPHASIS ON THE 
ARC OF THE 30TH MERIDIAN, AND VOLUME VII: 
CONNECTION BETWEEN THE STRUVE GEODETIC 
ARC AND THE ARC OF THE 30TH MERIDIAN

Although these two books can be considered 

as two separate volumes, they are in fact 

companions. These books give a feeling 

for the magnitude of the task to measure 

what turned out to be the longest terrestrial 

measurement covering an amplitude of 

approximately 105° or 11,635km from 

Hammerfest in Norway to Port Elizabeth 

in South Africa. The second of these two 

volumes, as the title suggests, only covers the 

connection between the Struve Arc and the 

Arc of the 30th Meridian in Africa.

It is important to note that, through the 

efforts of FIG IIHS&M, the Struve section 

of Arc became a UNESCO World Heritage 

Monument called Struve Geodetic Arc in 

2005, and that efforts are in place to get that 

extended eventually to the south end of the 

30th Arc, i.e. South Africa.

Sadly, Jim Smith passed away on 12 August 

2021, before he could hold the books in his 

hands. He was however vividly involved in the 

printing preparations and was looking forward 

to the launch of the books. The printing 

of these remarkable books has eventually 

become possible generously sponsored 

by Trimble by initiative of FIG Foundation 

President John Hohol. All proceeds from the 

sale of these books will therefore be donated 

to the FIG Foundation so it can continue and 

further grow its charitable activities in helping 

to build a sustainable future.

Only 100 Special Edition sets of the seven 

volumes have been printed. To find out 

more about how to secure one of these 

sets for yourself, go to: https://fig.net/news/

news_2021/08_History-of-Surveying.asp 

Louise Friis-Hansen

More information
www.fig.net
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2021 Digital Edition of the XXIV ISPRS 
Congress Completed Successfully
The 2021 edition of the XXIV ISPRS took 

place online from 5-9 July 2021. While the 

2020 digital meeting was basically a set of 

scientific presentations, this year’s event had 

nearly all features of a complete congress. 

In particular, the event included an opening 

session, a total of seven exciting keynotes 

demonstrating the breadth and scientific 

depth of our field of work, and various awards 

ceremonies to honour those who have showed 

truly outstanding performance which has 

a lasting impact. A live science track with 

the best congress submissions, interactive 

poster sessions and a technology track as 

well as a digital exhibition demonstrated the 

latest progress in our field, in both science 

and development, in academia and in 

industry. Two fora brought together different 

stakeholders, from within and beyond ISPRS, 

to discuss some of the most important 

applications of photogrammetry, remote 

sensing and geospatial information. Lastly, 

on Friday, a geo-lecture day with various 

one-hour tutorials was held, which attracted a 

large number of participants as well. 

Earth observation, space imagery and their 

use for science and society at large was a 

major topic of a number of keynotes. Emanuel 

Flory from Airbus introduced the Pléiades Neo 

constellation with four satellites, exhibiting 

a spatial ground resolution of 0.3m. Airbus 

also asked ISPRS to organize an independent 

working group to independently assess the 

quality of the Pléiades Neo imagery and to 

report its results at the Nice Congress in 

summer 2022. Space imagery was also at the 

centre of the presentation by Claudio Almeida 

from the Brazilian Space Agency INPE. 

Claudio presented the large and successful 

efforts INPE has carried out during the 

last two decades to document and monitor 

vegetation and deforestation in the Amazon 

and other parts of Brazil. A.S. Kiran Kumar, 

the former chairman of the Indian Space 

Research Organization ISRO, reported on the 

Indian space programme and demonstrated 

its sustained success in linking the latest 

technology with the needs and desires of the 

common man. Sara Gallagher, an advisor 

to the Canadian Space Agency, discussed 

the important role of Earth observation for 

sustainable development and presented 

Canada’s contributions to space imagery, 

the Radarsat satellite and the new Radarsat 

constellation.

TECHNOLOGICAL ADVANCEMENTS
The relationship of photogrammetry, remote 

sensing, spatial information sciences and 

computer vision/computer graphics and 

their link to artificial intelligence, machine 

learning and big data were other overarching 

topics of the digital event at large and of the 

keynotes in particular. Marc Pollefeys from 

ETH Zürich discussed new possibilities of the 
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Hololens, a portable device to interactively mix 

human and virtual vision resulting in new and 

fascinating augmented reality applications. 

Christoph Stiller, Karlsruhe Institute of 

Technology, presented the current status 

of autonomous driving and, in particular, 

pointed out the relevance of geospatial data 

in this context. Predicting safe traffic actions 

is only possible with precise knowledge of the 

geometry of the lanes ahead, combined with 

traffic rules and thus admissible actions to be 

expected by other traffic participants.

Lastly, Chenghu Zhou from the Chinese 

Academy of Sciences demonstrated the 

contribution of geospatial sciences and 

geospatial data in documenting, mitigating 

and overcoming health pandemics such as 

COVID-19. He clearly showed that mapping 

the distribution of the disease over time, 

detecting spatial and temporal infection 

patterns, investigating chains of infection, 

determining and tracking physical distances, 

as well as predicting future outbreaks based 

on mobility data all critically depend on data 

and tools made available by our community.

This topic was also at the centre of one of the 

fora, organized by Fazlay Faruque, University 

of Mississippi, and Laurent Polidori, Federal 

Rural University of Amazonia (formerly 

CESBIO/CNRS Toulouse) on ‘Geo for 

Pandemics’. Experts from space agencies, 

the health sector and the geospatial field from 

around the world presented and discussed 

the overlap of the different fields in an attempt 

to define a roadmap for ISPRS to follow in the 

years to come.

TRANSFORMATIONAL CHANGE
The second forum, entitled ‘Towards 

Transformational Change: Potential 

Contributions of ISPRS and the Role of the 

Youth in Sustainable Development’, was 

organized by the ISPRS Student Consortium 

under the leadership of Sheryl Rose Reyes, 

University of the United Nations, together with 

Adele Roccato and Pierre Boileau, both from 

the United Nations Environment Programme 

(UNEP). It featured, in particular, UNEP’s 

GEO-6 for Youth report, principally addressing 

the young generation and showing ways to limit 

and mitigate the effects of climate change.

During the first three days, the meeting 

featured a live track with the best papers 

accepted by the five ISPRS commissions 

after a rigorous double-blind peer-review 

process. In addition, pre-recorded videos of 

all accepted submissions were constantly 

available during the event. While, as usual, the 

papers are published in the ISPRS Annals and 

Archives proceedings series, the videos will 

be added to the ISPRS Media Library in the 

near future and will thus also be available to 

the community. These videos form one new 

set of ISPRS assets, developed in and due to 

the pandemic crisis. Another advantage of the 

online meeting was that participants around 

the world were able to join the congress, 

as there were of course no travel and 

accommodation costs, and the registration 

fee was kept to the absolute minimum; it was 

only necessary to have access to a suitable 

internet connection. As a result, scientists, 

practitioners and students from around the 

world, who would never have had a chance 

to participate in a traditional-style ISPRS 

meeting, were able to join the digital edition 

of the congress. This digital edition attracted 

670 participants in all, with up to 470 per day.

IN PERSON
Nevertheless, networking and informal 

communication, which is another key part of 

such meetings, were not possible in the same 

way as when meeting in person. Therefore, 

we would like to wholeheartedly invite you to 

attend the face-to-face edition of the XXIV 

Congress next summer and we do hope to 

see you in Nice from 6-11 June 2022.

Christian Heipke, ISPRS president

Nicolas Paparoditis, ISPRS congress director

More information
www.isprs2020-nice.com
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