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The potential of
videogrammetry
Videogrammetry can
be seen as a natural
progression from
photogrammetry. So
how can videogram-
metry improve and
enhance data
collection for surveying
professionals? This
article explores its
intricacies through
case studies, practical
examples and analysis
of best practices.
professionals.

Mixed-reality
photogrammetry in
focus

Mixed reality in
photogrammetry
software has resulted
in a real-time 3D
inspection system that
allows users to
remotely access,
visualize and measure
the stereoscopic
model all together. An
on-site operator runs a
drone equipped with a
stereo camera, and
thanks to VR headsets
experts can observe
without leaving the
office.

Editorial
Headlines

Machine learning:
from innovation to
production

The integration of ML
into geospatial analysis
has been transformed
by GeoAl platforms.
These advancements
have simplified the
adoption and
deployment process,
making it more
accessible for
organizations. ML is
transitioning from an
experimental phase to
a practical, operational
tool.

Al-powered solutions
for reality capture
data

With today’s laser
scanners collecting
millions of points per
second over large
areas, the highly
detailed point clouds
can be overwhelming
and difficult to
manage. Streamlined
workflows incorporat-
ing Al help to avoid
shifting the time saved
in the field to lengthy
processing of
high-volume data in
the office.

Progressing land management

Mixed-reality
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Cover story

Al starts new chapter
for geodata usage
Many companies in the
aerial and satellite
imaging sector
probably dream of
being an Al innovator
‘par excellence’ - of
leveraging Al to rapidly
convert high-resolution
multi-view imagery into
high-definition vector
maps. With advanced
technology, they could
perhaps even map an
entire continentin a
matter of months.

Assessing environ-
mental changes with
GNSS reflectometry
An overview of how
GNSS can be employed
for environmental
monitoring, with a
particular focus on sea
surface height
monitoring. This
includes examination
of the advantages and
disadvantages of
utilizing a network of
permanent GNSS
stations for monitoring
sea level rise along
shorelines.

[] Contents

Surveying profession-
als and the SDGs
Informed and inspired
by the FIG, members
of the global surveying
community are
contributing to the
achievement of the
SDGs. This article
showcases several
practical applications
and case studies to
demonstrate how
various FIG Commis-
sions are actively
serving society for the
benefit of both people
and the planet.

How aerial imagery
simplifies surveying
workflows

Aerial imagery is an
essential resource for
uncovering unknown
insights into how land
has been used over
time. This article
explores the evolution
of airborne technology
and its impact on the
understanding and
utilization of
Denmark’s ever-chang-
ing landscape by
chartered surveyors
throughout the
country.

Report Geo Week 2024
Organizations

This time on the front cover of GIM International: an aerial view of the Jardins
and Jardim Paulista neighbourhoods, nestled within the subprefecture of
Pinheiros in Sdo Paulo, Brazil. This charming tree-lined district is situated near
Avenida Nove de Julho, surrounded by towering buildings that characterize the

urban setting of the bustling city of Sdo Paulo. (IMAGE COURTESY: SHUTTERSTOCK)
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While visiting Geo Week
in Denver earlier this year |
was reminded that, in a forward-
looking business, the next step is never
far away. Even though many sectors have
barely grasped the concept of Industry 4.0,
it seems that Industry 5.0 is just around
the corner. Industry 4.0 is already a reality
in the geospatial industry. We have made
good progress in embracing the fourth stage
of the Industrial Revolution: realizing the
digital opportunities, improving real-time
decision-making, increasing productivity,
and adding efficiency and flexibility. Think of
the advancements in point cloud processing
software, enabling enhanced quality and
almost instant analysis.

So what is Industry 5.0? To be honest, the
next phase is not that different from its

predecessor from a technological perspective.

However, the outcomes are indeed different.
According to the European Union's definition,
Industry 5.0 revolves around “a vision of
industry that aims beyond efficiency and
productivity as the sole goals. Industry 5.0
should reinforce the role and contribution of
industry to society. It places the wellbeing of
the worker at the centre of the production
process and uses new technologies to
provide prosperity beyond jobs and growth
while respecting the production limits of

the planet”. Furthermore, the EU sees
Industry 5.0 as complementing the existing
Industry 4.0 approach “by specifically putting
research and innovation at the service of the
transition to a sustainable, human-centric
and resilient European Industry”. That sounds
very ambitious, but the EU is no stranger to
striving for seemingly ambitious goals (think
of the General Data Protection Regulation

Next phase

[GDPR] or the Digital Services Act). And
Industry 5.0 received some attention during
Geo Week in Denver, specifically during the
keynote session on ‘Geospatial for Good:
How is Geospatial Technology Changing the
World?, which included examples of how the
geospatial sector is helping to make the world
a better place (see the report on page 44).

The theme of this issue of GIM International is
artificial intelligence (Al) and machine learning.
Relevant articles include the interview that
our senior editor Frédérique Coumans

held with Abigail Coholic, senior director of
Ecopia Al (see page 16). Ecopia follows a
dedicated strategy to achieve future-ready
critical success factors in the field of artificial
intelligence. An anually updated digital twin

of the entire world is part of the company’s
vision for the future. According to Coholic,

Al and machine learning are making this
possible. When Ecopia succeeds, it is a perfect
example of Industry 4.0. But as Coholic
stresses, hopefully the deployment of new
technology will not just result in optimizing
geospatial analysis possibilities, and therefore
in business growth. Instead, she sees Al as

an enabler for “improved decision-making
that benefits all individuals”. And “some of the
biggest geospatial themes we've been seeing
funded this are equity and accessibility. High-
quality and regularly maintained data is one of
the foundations for remedying [...] exclusions
in society”. There are clear echoes of Industry
5.0 in this vision beyond business growth.

So take a dive into the short and longer-

term future of the geospatial industry in this
inspiring issue of GIM International! m

Durk Haarsma, GIM International
durk.haarsma@geomares.nl

[l Editorial

Issue 2 2024 [l

5



Geo Connect Asia 2024
confirms must-attend status
The fourth edition of Geo Connect Asia (GCA),
celebrated as the region’s premier trade
event and conference for the geospatial,

positioning and remote sensing industries,
truly delivered during its two-day affair at the
esteemed Sands Expo and Convention
Centre in Singapore. Co-located alongside
Drones & Uncrewed Asia, Digital Construction
Asia, and the inaugural Marine & Hydro Asia
on 6-7 March 2024, GCA 2024 drew almost
3,000 attendants, representing 52 countries
and territories. Under the banner of
‘Geospatial Driven Impacts: Underground,
Land, and Sea to Sky,” GCA 2024 brought
together a vibrant mix of experts from local
and international companies, institutions,
startups and governmental bodies. Through
engaging Tech Talks covering the full
geospatial spectrum, as well as insightful
presentations and dynamic panel discussions
featuring 102 speakers, the event fostered
crucial dialogues on the far-reaching
economic and societal implications of
geospatial technologies. Rupert Owen,
co-founder of Geo Connect Asig, stated: “The
mainstreaming of geospatial technologies
has been a major theme of the 2024 event
and is one that will accelerate as industry and

Leica Geosystems unveils new
airborne Lidar sensor

Leica Geosystems, part of Hexagon, has
launched the Leica TerrainMapper-3 airborne
Lidar sensor, featuring new scan pattern
configurability to support the widest variety of
applications and requirements in a single
system. The new airborne mapping system
provides application flexibility by offering an
adjustable field of view up to 60 degrees and

governments successfully apply proven
solutions. The growing international
positioning of Geo Connect Asia assists in
exchanging experiences across regions. The
additional focus on digital construction,
marine & hydro and the UAV marketplaces

also drives focus on the value of data
acquisition and sharing to

enhance accuracy and the

on-time scheduling and delivery

of key projects.”

The exhibition area of Geo Connect Asia 2024 was bustling with energy, drawing in 3,000 industry
professionals from around the globe who shared a unified vision for the global geospatial community.

three scan patterns. Continuing Leica
Geosystems' renowned legacy of Lidar
efficiency, the TerrainMapper-3 offers three
advanced scan patterns to elevate productivity
and tailor sensor performance to specific
applications. Circle scan patterns excel in
enhancing 3D modelling of urban landscapes
and steep terrains, while ellipse scan patterns
optimize data capture for traditional mapping
tasks. Additionally, skew ellipse scan patterns

A Leica TerrainMapper-3 enables real-time full waveform recording, enhancing automated point

classification. (Image courtesy: Leica Geosystems)
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are designed to enhance point density,
particularly beneficial for infrastructure and
corridor mapping applications. The sensor’s
higher scan speed rate allows customers to fly
the aircraft faster while maintaining the
highest data quality, and the 60-degree
adjustable field of view maximizes data
collection with fewer flight lines. The
TerrainMapper-3 is further complemented by
the Leica MFC150 four-band camera,
operating with the same 60-degree field of
view coverage as the Lidar for exact data
consistency. Thanks to reduced beam
divergence, the TerrainMapper-3 provides
improved planimetric accuracy, while new
Multiple Pulses in Air (MPIA) handling
guarantees more consistent data acquisition,
even in steep terrain, providing users with
unparalleled reliability and precision. The new
system introduces possibilities for real-time
full waveform recording at

maximum pulse rate, opening

up new opportunities for

advanced and automated point

classification.



[] Headlines

NavVis takes new step in global 3D spatial data

management Trimble launches MX90 mobile mapping
Nawis recently unveiled a substantial enhancement in global 3D spatial solution

technology access and performance. By launching new cloud regions in the Trimble has recently unveiled the Trimble MX90 mobile mapping
Americas and Asia-Pacific (APAC), the company aims to elevate cloud-based system. Integrating advanced Trimble GNSS and inertial technology
reality capture and viewing technology. These strategic additions with Trimble field and office software, the MX90 offers a
complement the existing European (EU) region, solidifying its commitment to comprehensive field-to-finish mobile mapping solution. The solution
providing enhanced speed and efficiency for 3D spatial technology is presented as a new standard in mobile mapping technology,
professionals across the globe. Aligned with its mission to lead the market empowering robust workflows for data capture, processing and
with unparalleled global performance, Nawis has embarked on a analysis. The MX90, mounted on vehicles or trains, swiftly captures
transformative journey. Through the adoption of a cloud-native Kubernetes detailed laser scans and imagery - panoramic and multi-angle. This
(K8s) architecture across its new data centres, NavVis is not only expanding data, collected at highway speeds, undergoes rapid processing to
its geographical footprint but also revolutionizing the storage, accessibility produce meaningful deliverables for feature detection and

and security of 3D spatial data worldwide. This architectural shift ensures inspections. With peak performance, unrivalled location accuracy and
scalable, resilient and efficient services, resulting in substantial performance robust cameras, it delivers precise, feature-rich data essential for
improvements, reinforced security measures and the agility to meet the various workflows. High-resolution immersive imagery, high-density
evolving needs of the 3D spatial technology industry. The introduction of colourized point clouds with accurate colour projections and scene
these new locations, coupled with a robust K8s backbone, empowers NawVis inspection capabilities enable new workflows, such as automatic
users to choose the geographical home for their data. This strategic flexibility crack detection. In urban environments or along rail tracks, users can
not only promises quicker access and reduced latency for zoom in and easily see small details on street signs, railway signals
interacting with 3D datasets via Nawis IVION, but also and other assets or as-built features. In open areas and

ensures compliance with specific regional regulatory large cities, they can capture more detail on distant

standards, underpinning the commitment to data security objects, such as electrical or fibre poles.

and sovereignty within a highly secure cloud environment.

A The newly established cloud regions facilitate expedited access and A The Trimble MX90 mobile mapping system. (Image courtesy: Trimble)
minimized latency when engaging with 3D datasets through NavVis IVION.
(Image courtesy: NavVis)

Exyn presents new modular 3D mqpping capabilities facilitate intelligent autonomous navigation through
solution dynamic, complex environments, ensuring thorough coverage even
Exyn Technologies, a pioneer in autonomous robotics, has unveiled in GPS-denied settings, representing a significant advancement in

Exyn Nexys, an innovative modular 3D mapping solution. Designed autonomous mapping.

for professionals in the mining, construction, AEC and geospatial

industries, Nexys aims to set a new standard in autonomous

mapping technology, offering unparalleled flexibility, speed and

accuracy in the most demanding surveying and inspection

environments. Nexys' groundbreaking modular design allows for

deployment in various configurations, whether handheld, backpack-

mounted, vehicle-mounted, drone-integrated or via ground robots.

This adaptability makes Nexys an essential tool for comprehensive

mapping across diverse environments, from indoor and

underground spaces to rugged outdoor terrains. Equipped with the The Nexys 3D mapping solution comes with a rugged Dell Latitude
latest technology and Exyn's proprietary SLAM algorithms, Nexys tablet, streamlining mission planning for autonomous aerial exploration
delivers top-tier data capture speeds and real-time point cloud or real-time monitoring during mobile 3D mapping. (Image courtesy: Exyn
colourization. Attached to a robot, its Autonomy Level 4 (AL-4) Technologies)
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[] Headlines

NASA’s Perseverance rover confirms ancient lake
sediment on Mars using groundbreaking radar
technology

Using ground-penetrating radar, NASA's Perseverance rover has
uncovered compelling evidence of ancient lake sediment on Mars. This
confirms the longstanding hypothesis that the Red Planet was once a
warm, wet environment. Perseverance’s ground-penetrating radar, called
RIMFAX, played a pivotal role in confirming the existence of ancient lake
sediment within the Jezero crater. The rover's scans and radar
observations provided scientists with a cross-section of rock layers up to
20m deep, revealing the remnants of a river that once flowed into the
crater. In a study recently published in Science Advances, a team led by
UCLA and the University of Oslo uncovered evidence of a crater on Mars
that was once filled with water. This ancient lake deposited sediment
layers on the crater floor, ultimately giving rise to a significant delta
formation as the lake gradually receded. As the lake dissipated over time,
it played a role in eroding the crater's sediments, contributing to the
distinctive geological features visible today. The sediment found in the
Jezero crater dates back approximately three billion years. This provides
new insights into Mars' ancient past, when the planet exhibited warmer,
wetter conditions that could have been conducive to life. This discovery
corroborates earlier studies indicating that Mars underwent a

Intermap secures major contract for mapping
project in Indonesia

Intermap, a global leader in 3D geospatial products and intelligence
solutions, has won a US$20 million contract to map the Indonesian island
of Sulawesi this year. The contract is the first phase of the Indonesian
national topographic basemap programme to create a national digital
basemap as part of the One Map programme, backed by Presidential
Decree. Under the One Map programme'’s approved technical
specifications, the Indonesian government will collect airborne IFSAR-
derived elevation data and cloud-free radar imagery for the entire country
at resolutions suitable for 1:5,000 scale mapping. This first phase now
awarded to Intermap represents 10% of the country's land area and 10%
of the One Map programme. Work on the remaining 90% is expected to
be carried out in the subsequent four years. Indonesia’s national
geospatial agency, Badan Informasi Geospasial (BIG), has been mandated
to create a national digital basemap. Indonesia is the fourth most
populous country and one of the largest and fastest-growing economies
in Southeast Asia, strategically positioned on the major trade route
through the South China Sea. The country is also home to the world's
largest tropical peatlands and mangrove forests as well as the third

largest tropical rainforest. These natural resources are vital in capturing

carbon, helping mitigate climate change impacts, and are key resources
for supporting Indonesia's long-term development.

Visual representation of Indonesia, highlighting elevation details across
the archipelago. (Image courtesy: Intermap)

transformation from a warm, wet environment to the cold, arid landscape
observed in the present day. In 2022, Perseverance's analysis of soll
samples in the region yielded unexpected outcomes. Instead of
encountering the anticipated sediment, the rover

discovered lava rock. However, this discrepancy can be

reconciled as volcanic rocks displayed signs of exposure to

water, suggesting that sediment erosion may have

occurred over time.

A The Jezero crater contains a fossil river delta, representing a promising
area where indications of life may have been concentrated and preserved.
(Image courtesy: NASA/JPL/JHUAPL/MSSS/Brown University)

ComNav launches new handheld GIS data
collection solution
ComNav Technology has introduced its new handheld P6H. This
advanced and rugged device is tailor-made for GIS data collection and
outdoor operations. Featuring a GNSS high-precision positioning
module, rugged IP67-rated design and six-inch sunlight-readable
display, the P6H ensures incredible positioning accuracy, including in
harsh environments. Equipped with a SInoGNSS self-developed
high-precision K8 board and antenna, it tracks all running and planned
constellations with 1,590 channels, including GPS, BDS, Glonass, Galileo,
QZAA, IRNSS and SBAS. Its accuracy remains at centimetre or decimetre
level. Its IP67 rating offers excellent protection against
dust and water, ensuring it offers efficiency and
durability even in tough environments. The addition
of a 6,600mAh removable battery with quick
charging extends its operational capacity, so it
is ideal for prolonged outdoor use. Moreover,
ComNav's new device features a sunlight-
readable screen with a six-inch display for
clear visibility in bright sunlight, reducing glare
and reflections. This touchscreen, designed
with a five-point capacitive system, not only
enhances user interaction by being intuitive,
but also accommodates diverse operational
needs. It is adept at capturing data in various
conditions, whether through the use of a
stylus, while wearing gloves, or even with wet
hands. Additionally, the device's ability to
withstand being dropped from a height of
1.2m adds to its reliability,
especially for professionals who
work in challenging outdoor
conditions.

A ComNav's P6H
handheld GIS data
collector. (Image
courtesy: SinoGNSS)



Dublin City University embraces Bentley’s 3D
technology in smart city research initiative

Dublin City University (DCU) has partnered with Bentley Systems to
spearhead the creation of an advanced digital twin of its campus as a
pivotal element of its Smart DCU initiative. This collaborative smart city
research project leverages artificial intelligence (Al) and immersive digital
twin technology, utilizing DCU's campus as a testing ground for pioneering
smart city solutions, with the overarching goal of forging sustainable,
efficient and enjoyable urban spaces on a global scale. In addressing the
project’s challenges, the team grappled with an abundance of siloed data,
|oT sensors and radar devices, necessitating seamless integration for
intelligent monitoring. To harness the full potential of data capture and
analysis, a user-friendly platform was indispensable. Bentley's open 3D and
reality modelling technology emerged as the ideal choice, facilitating the
creation of a campus model intricately linked with 10T data, resulting in an
immersive digital twin on the iTwin Platform. Integrating Al-powered
analysis with a user-friendly interface for visualizing complex analytics
realized a seamlessly interconnected, smart DCU campus. This facilitates
proactive problem-solving, resource optimization and informed decision-
making, thereby enhancing urban functionality and sustainability. The DCU
digital twin stands as a catalyst for numerous environmental and
sustainability initiatives, democratizing data visualization and empowering
agencies and

individuals to

implement intelligent

processes that

actively shape the

future of their cities.

A Smart DCU integrates Al and digital twin technology,
transforming Dublin City University’s campus into a hub
for innovative smart city solutions.

Klau Geomatics introduces Brumby mobile
mapping system

Klau Geomatics has introduced the Brumby RTK Lidar system, an
innovative mobile mapping solution equipped with powerful edge
computing capabilities, enabling the generation of highly precise
georeferenced point clouds in real time. Brumby can be deployed
on uncrewed aerial vehicles (UAVs or ‘drones)), light aircraft or as a
mobile mapping system (MLS). It processes data into a
georeferenced point cloud instantly upon capture, eliminating the
need for post-processing. This seamless workflow allows for
immediate integration into analytics, site assessments, volume
measurements and any other required tasks. With Brumby, there's
no data backlog. Whatever is captured is ready for immediate use,
eliminating delays and streamlining workflows. The Brumby
integrates dual-receiver SPAN INS from NovAtel, running NTRIP RTK
or Terrastar-C Pro PPP, with custom code to manage coordinate
systems and apply precise geoid models to the trajectory. Then, still
in real time, the Lidar raw vectors are projected into millions of
accurate RTK survey measurements. The Brumby Edge Compute
runs chip-level firmware and highly efficient low-level code on

[] Headlines

Stonex unveils hybrid mobile real-time
mapping solution

Stonex has launched a new SLAM solution for fast and efficient
large-area surveys: the X70GO SLAM laser scanner. It combines
mobile scanning with a stationary mode to scan with higher
resolution, enhancing its overall surveying capabilities. With the
brand-new mapping solution, Stonex extends its array of reality-
capturing instruments to a more diverse user base. X70GO is a
real-time 3D model reconstruction device which integrates an inertial
navigation module, high-performance computer and storage system.
It is equipped with a 360° rotating head, which, combined with the
SLAM algorithm, generates high-precision point cloud data. The
built-in 512GB memory disk facilitates the storage of the survey
results and the dismountable handle has a 1.5-hour battery life. A
12MP RGB camera provides texture information, while a visual
camera enhances the real-time preview with the GOapp. Mapping
results are generated immediately inside the scanner, right after
scanning. Users can choose to colour them and improve their
accuracy during post-processing with GOpost software. The system's
big innovation is the hybrid scanning capability. The X-Whizz mode
combines the advantages of SLAM mode with the

resolution of a static scan, eliminating the need for

multiple scan stations. Users can just move around the

scene to collect the entire 3D point cloud, without

time-consuming cloud-to-cloud alignment.

» The Stonex X70GO is a real-time 3D model
reconstruction device which integrates an inertial
navigation module, high-performance computer
and storage system. (Image courtesy: Stonex)

custom hardware to achieve this outstanding outcome. Unlike
SLAM systems that generate real-time data, Brumby data is
georeferenced, providing real-world coordinates. This distinction is
crucial for detecting changes over time. Without precise
georeferencing, multiple models exist independently in space. Only
when XYZ frameworks align can the impact of time (T) be

analysed. This is vital for assessing ongoing situations,

such as identifying persistent road pot holes or

monitoring material changes in mining sites. Real-time

change detection is

especially valuable when

addressing current

conditions, such as

assessing volumes or

pinpointing asset

locations on military

battlegrounds.

The Brumby RTK Lidar system offers a highly
adaptable solution for mobile mapping. (Image
courtesy: Klau Geomatics)
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Practical perspectives for surveyors

Exploring the potential of

videogrammetry

By Matija Zupan and Amy Nicol, 3Dsurvey, Slovenia

Videogrammetry can be seen as a natural progression from photogrammetry.
So how can videogrammetry improve and enhance data collection for surveying
professionals? This article explores its intricacies through case studies, practical
examples and analysis of best practices, hardware suggestions and diverse
applications of videogrammetry in various sectors of the surveying industry.

Traditionally, surveying relied heavily on manual measurements and ground-based
techniques, which were time-consuming, labour-intensive and often limited in scope. With the
somewhat recent emergence of photogrammetry, surveying professionals gained access to
powerful tools that streamline processes, improve accuracy and unlock new possibilities in
data collection and analysis.

How videogrammetry works

Videogrammetry is effectively an extension of photogrammetry; the mechanics are grounded
in similar principles. Photogrammetry involves deriving accurate three-dimensional
information from two-dimensional images by analysing their geometric properties and spatial
relationships. The core of videogrammetry is to separate the video footage into images with
regard to sufficient overlap and image quality. The subsequent workflow is almost the same
as in photogrammetry. The quality of the output depends heavily on image resolution, frames
per second (FPS) and stabilization.

Integration with hardware and software

Central to videogrammetry is the camera system used to capture video footage along with
any supporting GPS devices used. Ground-based videogrammetry may utilize smartphone
cameras or handheld digital cameras with video capabillities.

While many smartphones and digital cameras have built-in GPS capabilities that geotag
photographs with location data, their accuracy is at best 2.5m which is not always optimal for

A The versatility of videogrammetry: make quick video scans or RTK-georeferenced 3D models.

professional surveying. For this reason, when
using a smartphone camera, many surveyors
opt for an external real-time kinematic (RTK)
antenna with 2cm accuracy. Attaching it to
their smartphones enables them to receive
correction data from a local NTRIP provider.
This is a far more convenient option than
placing and measuring ground control points
(GCPs) on the terrain in combination with

a GNSS device. Some of the well-known
smartphone RTK products on the market
today include REDCatch's SmartphoneRTK,
ArduSimple’s ZED-FOP RTK receiver, and
Pix4D's ViDoc RTK.

It is important to note that while most
smartphones can geotag photographs, not
all can geotag video footage. Moreover,
those smartphones that can geotag video
can only geotag the first frame of the video.
For this reason, users may require additional
apps (e.g. PIX4Dcatch: 3D scanner) that

can embed location data into the video's
metadata so that it can be used for surveying
and mapping purposes.

While non-geotagged videos can still be used
for 3D model creation in various software
solutions, it is recommended to opt for an
RTK receiver as a minimum prerequisite

for professional applications. At 3Dsurvey,
utilization of Google's Pixel 7a smartphone
paired with REDcatch’s external RTK is the
preferred option. Later this year, 3Dsurvey

is set to release a ScanApp that it has
developed to embed RTK correction data
into video file metadata, enabling automatic
georeferencing for videogrammetry projects.




A Land surveyor on site with an RTK-equipped smartphone.

Examples of videogrammetry project approaches
Non-geotagged (using any smartphone or camera)
This can be ideal for the 3D documentation of cultural heritage
projects. However, this approach lacks the spatial accuracy
necessary for tasks such as outdoor mapping or infrastructure
monitoring, which demand precise georeferencing.

Accurately geotagged using external RTK (using a smartphone)
Accurate geotagging using a smartphone equipped with an
external RTK GNSS receiver ensures that the resulting 3D
models maintain high spatial fidelity. Therefore, this approach is
suitable for applications such as land surveying and small-scale
construction monitoring projects where precise positioning is
crucial. Examples include mapping manholes, pipes, low-level
material piles, dig sites and cables for telecommunication or
electricity.

Within a larger photogrammetry/Lidar project

For situations demanding the highest level of accuracy,
videogrammetry can fill a gap or add another perspective to the
aerial dataset obtained using other technologies, such as ground-
level videogrammetry in combination with aerial Lidar (which lacks
oblique views). Videogrammetry can also prove invaluable on

site while drone mapping, such as when trees obstruct the flight
path or if the project requires capturing details facing upwards.
Similar to drone workflows, strategically placed and precisely
measured GCPs can significantly improve the overall precision of
the generated 3D model. Since videogrammetry usually involves
capturing data from low angles, consider using AprilTag targets
for superior oblique detection.

Challenges and considerations

Videogrammetry offers immense potential for various applications,
yet its implementation comes with a set of challenges. Filming
excessive footage can result in software inaccuracies, leading to
duplicate surfaces in the 3D model. Therefore, it is important to
carefully consider the path taken when filming. Some areas may be
challenging to film, but if those areas are not captured in the video,
they cannot be included when reconstructing the 3D model.

Filming while navigating through obstacles, especially on construction
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A Measuring underground utilities and pipes in 3Dsurvey.

sites, requires caution and precision on the part of the user. This
sometimes gets in the way of creating a perfect video. Weather
conditions such as puddles and sunlight can affect data accuracy by
creating reflective surfaces and casting shadows, respectively. Filming
areas obstructed by roofs, trees or walls can degrade the RTK signal,
leading to inaccuracies in the final model.

Tips for accurate data capture

The quality of the output depends on a number of factors, including
how the data is captured. The following basic principles can help
users to obtain the necessary coordinates when filming so that the
3D model will be as realistic as possible:

1. Move slowly and steadily: To obtain sharp images, maintain slow
and smooth movements. This is especially crucial in poor light
conditions when the shutter speed is low and video frames are
more susceptible to blur.

2. Rotate slowly and move while turning: Just like when towing a
trailer, it is necessary to move back and forth rather than trying to
turn on the spot.

3. Don't‘wall paint’ when scanning vertical surfaces: Standing in one
place while tilting the device up and down will generate a lot of
images, but they will all have the same coordinates. Instead, move
in a lateral direction while recording at different heights.

4. Film in connected/closed loops: Try to ensure that the filming
ends precisely back at the starting point.

Advantages of videogrammetry

Videogrammetry offers significant advantages in surveying,
particularly when smartphones are leveraged as data capture
devices. The portability and convenience of smartphones enables
swift, efficient and accessible data collection in a wide range of
situations, making it possible to document areas that are either
small, rapidly changing, or require close-up details in hard-to-reach
places. Moreover, unlike traditional methods requiring specialized
equipment and expertise, smartphone videogrammetry empowers
more professionals to capture and reconstruct 3D data. The standout
feature of videogrammetry is that it eliminates overlap concerns,
since the video is continuously shot at approximately 30FPS. This
accessibility paves the way for even broader surveying applications.
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A A sand pile waiting for transport.

A Underground fuel tank installation site.

Integrating videogrammetry into a data collection toolkit promises to accelerate project
timelines, streamline workflows and above all improve responsiveness, since a smartphone is
always on site. This makes videogrammetry a cost-effective solution for surveying tasks.

Videogrammetry in practice

These three case studies illustrate the practical application of videogrammetry in various
situations, ranging from a simple scenario to a mid-sized construction site. A Pixel
smartphone with RTK and the 3Dsurvey ScanApp were used in all cases.

1. Pile volume calculation

Photogrammetry is commonly used to calculate the volume of material piles, but the pre-
flight preparation and planning can be time-consuming. Moreover, drones are bulky and less
portable than a smartphone. Therefore, videogrammetry - with a handheld RTK antenna
connected to a smart phone - can offer a much faster and simpler alternative. In this project
to capture a small pile of material, the smartphone was simply held up high, tilted down and
encircled the heap. During a five-minute site visit, a 75-second video was recorded, from
which 152 frames were extracted. The processing time amounted to 30 minutes.

A Adragon statue on Zmajski Most (‘Dragon
Bridge)) in Ljubljana.

2. Preserving cultural heritage
Archaeological excavation sites and
statues that require 3D documentation

are often located in crowded urban areas
which may be subject to strict drone
regulations. Some culturally significant
items may be located indoors, such as

in museums, where photogrammetry

is challenging. Moreover, using ground
surveying equipment like laser scanners
requires highly technical knowledge. This
can be an expensive option and therefore
unsuitable for such projects. In a project to
capture a complete and accurate 3D scan
of a dragon statue, a total of 20 minutes
were spent on site. 226 frames were
extracted from 113 seconds of video. The
subsequent processing time was one hour.

3. Underground infrastructure project
Videogrammetry can be successfully used
in the context of underground construction
and engineering projects, such as when
laying pipes into a trench. Compared with
documenting the site with traditional
equipment, using a smartphone equipped
with RTK technology makes the process

of documenting remarkably efficient.

Just as with drone photogrammetry,
multiple mappings can be performed to
track progress. As another advantage,
videogrammetry makes it possible to get
really close and record details that may be
hidden from the top-down aerial view. In
support of a construction and engineering
project for the installation of underground
fuel tanks, videogrammetry was used to




document and extract the exact measurements, monitor the width
and the depth, calculate the volume and extract profile lines. A
15-minute site visit was sufficient to record 87 seconds of video,
leading to 175 extracted frames. The processing time amounted to
45 minutes.

Conclusion

While it should be pointed out that it is not a replacement for
established surveying techniques like photogrammetry and laser
scans, videogrammetry has emerged as a valuable addition to

the surveyor's toolkit. Overall, this technology offers professionals
significant gains in convenience, efficiency and flexibility, because
surveyors can capture data using just a smartphone. This allows for
faster and more accessible data capture across versatile situations,
and provides cost-effective solutions adaptable to specific needs
thanks to integrating seamlessly with existing surveying workflows.
While filming with a smartphone currently has its limitations that
present challenges, continuous advancements in hardware, software
and best practices are steadily improving the accuracy and reliability
of data collection. This ongoing evolution means that videogrammetry
has the potential to contribute to better-informed decision-making
and become an indispensable tool for the modern construction
professional. m
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