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SUMMARY

In the era of the Fourth Industrial Revolution and rapid technological advancement, surveyors
are challenged to adapt their skills and practices to efficiently produce and manage precise
geospatial data. Adopting 3D laser scanning and mobile mapping have become increasingly
essential as prevalent solutions for achieving efficient, accurate and safe data collection, but
they require adoption and adherence to best practices. As technology continues to advance, the
criteria for defining best practices have evolved. Additionally, the surveying industry is facing
a considerable shortage of skilled professionals, a factor that substantially affects technology
choices for data acquisition and management. How can surveyors leverage the latest generation
of automation to improve efficiency and maximise safety without compromising accuracy?
Which tasks during all phases of the surveying project can be effectively replaced with
technology, and which ones still require the finely tuned skills of surveyors' involvement? How
can surveyors successfully streamline and scale their operations without second-guessing the
results? This paper addresses these questions raised by ongoing technological innovation. Real-
world examples illustrate how modern surveying and engineering firms should approach client
interactions, project planning, data collection, QA/QC, reporting, deliverables, and more.
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1. INTRODUCTION

Over the last couple of decades, 3D laser scanning and mobile mapping have revolutionised
field data collection in surveying and engineering (Boquin, N, 2020) by providing significant
gains in efficiency and safety, along with comprehensive data capture and visualisation
capabilities that were not possible with traditional methods. 3D laser scanning has enabled the
creation of highly detailed 3D models of buildings and other structures, while mobile LiDAR
has made it possible to collect data quickly and efficiently over large areas (Binder, N, 2017,
Leica Staff, 2018). These technologies have also expanded the applications of surveying in
areas such as transportation, infrastructure, building construction/building information
modelling (BIM) (Burrows P., 2022), and environmental monitoring, creating new
opportunities for surveying professionals to apply their expertise and provide value to the
project.

However, this transformation comes at a critical juncture as the global demand for skilled
surveyors is soaring (BIS Oxford Economics, 2023, Nally J., 2023, Robert, J. 2022), while the
industry grapples with a shortage of qualified professionals. The ageing workforce, coupled
with a diminishing influx of talent, poses a significant challenge. Amidst this backdrop,
technology not only addresses operational efficiency but becomes a crucial ally in mitigating
the scarcity of skilled surveyors, emphasising the need for innovative practices and continuous
skill development. With each new technology innovation and improvement comes the need to
re-evaluate the current state of best practices, both to ensure the quality and reliability of the
results and to maximise the benefits obtained from implementing new approaches.

Many basic best practices form the foundation of good professional standards and will remain
crucial as technology continues to advance. Some of these practices might become even more
imperative because of changes in technology. For example, asking good questions and listening
to understand client needs; communicating clearly and proactively; planning well; and
maintaining rigorous Quality Assurance / Quality Control (QA/QC) procedures are all timeless
protocols.

Even so, technological innovation can and does impact how we approach even the most
elemental procedures. Additionally, adopting best practices is required as developments in
automation and artificial intelligence (AI) shift the balance of machine vs. human tasks
(Hexagon Report, 2023). In essence, what we are required to do as surveyors is not so much
find and adhere to a new set of immutable best practices, but rather consider how technology
influences our roles in providing an indispensable professional service and adapt our procedures
accordingly.
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2. THE RAPID ADVANCE OF SURVEY TECHNOLOGY

Digitization, automation, sensor innovation, cloud computing, and, more recently, Al have all
had a significant impact on survey technology at every level. Today’s advanced robotic total
stations and GNSS receivers enable a single surveyor to do work in hours that once required
several crews and multiple days to complete. The availability of tilt compensation in GNSS
rovers and total station prism poles has provided a giant leap in survey productivity (Dainty, P.,
2017). The addition of imaging capabilities in GNSS sensors helps ensure fast, complete data
capture even in difficult-to-access areas of a project site. Modern sensors are smaller, lighter,
faster, and easier to use, with automation handling many of the tasks that previously required a
high level of expertise.

Laser scanning technology has also advanced significantly. Terrestrial laser scanners can now
collect clean, accurate data at blazing-fast speeds while simultaneously capturing High-
Dynamic-Range (HDR) imagery (Tuexsen, H.-H., 2018) and pre-registering the data in the field
for a streamlined field-to-finish workflow. Compact, advanced precision imaging laser scanners
offer a push-button approach to capturing complete scans with spherical images in less than 20
seconds while providing live feedback on a mobile device. The handheld imaging laser scanners
provide the ability to capture data while walking, providing incredible efficiency and flexibility.

Mobile mapping, once a highly complex operation that required extensive planning as well as
careful consideration of field and office resources, is now accessible to any organisation that
needs to capture large area with LIDAR (Nuzzo, A, 2022). The latest technology autonomously
handles calibration, accuracy estimation and in-field processing to ensure a complete, high-
quality dataset. An intelligent combination of machine learning (ML) and hardware architecture
empowers users to decode and extract information on the fly, with real-time blurring of
identifiers such as people and vehicles to protect privacy. Guided workflows, live system
feedback and in-field online support virtually eliminate the learning curve to adopt the
technology. The intelligence built into the workflows dramatically simplifies preplanning and
streamlines data processing.

New software developments have brought additional benefits. For example, professionals can
now use mobile device apps to capture, pre-register, and examine laser scan and image data
onsite in real-time. Field software can be used to pre-register and pre-align scans to streamline
workflows automatically (Albano, V., 2023). The latest point cloud registration software
provides drag-and-drop functionality along with multi-threaded batch routines, one-step import
and processing, guided workflows, built-in QA/QC tools, and automated reporting to save
considerable time and guesswork while delivering higher productivity. The mobile mapping
office software uses automation and Al to simplify and streamline adjustments, classification,
and other post-processing steps.
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These and other advanced capabilities have transformed the way surveyors approach projects,
enabling greater efficiency, accuracy, safety, and effectiveness. But how does technology
innovation impact the role these professionals play now and in the future?

3. THE ESSENTIAL AND EVOLVING ROLE OF THE SURVEYORS

The global geospatial analytics market is expected to grow 12.2 per cent between 2022 and
2027 to reach US$119.9 billion (Geospatial Analytics Market, 2022). The global digital twin
market size is expected to grow from $3.1 billion in 2020 to $48.6 billion in 2026, with more
than half of that growth identified as geospatial opportunity (WGIC, 2022). Advanced digital
twin use cases need accurate spatial data (spatial digital twins). Geospatial data is fundamental
to unlocking more applications from existing or individual digital twin ecosystems. End users
prefer highly accurate and intricate 3D models for improved visualisation. The metaverse relies
on geospatial data to overlay the physical world with the digital world through AR/VR.

Prof. Rudolph Staiger, president of the German Association for Geodesy, Geoinformation and
Land Management and a former president of the International Federation of Surveyors (FIG),
aptly defines the transformation as moving from an observer to a project and data manager
(Staiger, R, 2023). The primary skills required of the next-generation surveyor explains Staiger,
include a thorough knowledge of measurement systems and technologies, mathematics,
business administration, programming, and soft skills such as communication, presentation, and
teamwork. These skills will be in increasingly high demand in the next decade as clients in
industry, healthcare, municipalities, infrastructure, construction, and other areas explore ways
to optimise the digital twin and the potential of the metaverse.

The field of surveying, once dominated by mathematically skilled and detail-oriented
individuals, has transformed into a creative and diverse discipline that places high value on the
understanding and application of precise geospatial data. Today's advanced sensors and
software have taken over the tasks of calculations, data processing, and deliverable creation,
freeing professionals to focus on strategic operations and data management (Staiger, R, 2023).
As a result, experts in the field are concentrating more on understanding project requirements,
identifying suitable technologies, recognising potential pitfalls, and enhancing services. This
shift has spurred the demand for professionals capable of capturing, analysing, and applying
geospatial data. The transformed role of surveyors, as data managers, allows them to leverage
integrated solutions to efficiently manage and process data from various technologies,
facilitating precise measurement and positioning tasks (Ostridge R. & O’Regan S., 2022).
Consequently, surveyors who appreciate these opportunities and deliver indispensable services
are well-positioned to excel in this rapidly evolving industry landscape.

4. THE IMPACT ON BEST PRACTICES

In the contemporary surveying landscape, the adoption of innovative technologies reshapes best
practices across the project lifecycle, which can be divided into four main phases: planning,
data acquisition, data process & management, and delivery (Staiger, R, 2023). Historically,
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surveying decisions were straightforward, adhering to limited methods and dedicated
instruments. In contrast, modern survey projects undergo a more extensive planning phase,
benefiting from simultaneous data processing during acquisition with highly efficient
equipment. This parallel workflow not only accelerates project completion but also enhances
versatility in result utilisation (Staiger, R, 2023). The dynamic interplay between advanced
technology and surveying methodologies necessitates a holistic re-evaluation of operational
facets, ensuring the optimal utilisation of technology (Bonet J. & Goudard R., 2023) across
client interactions, project planning, field data collection, QA/QC procedures, reporting,
deliverables, and beyond. Continuous improvement in every operational aspect is essential to
harness the full advantages of technological advancements, aligning survey service providers
with the evolving landscape of surveying practices.

4.1 PLANNING

Planning in the adoption process involves clear goal-setting, technology selection balancing
cost-efficiency, and resource optimisation amidst a skill shortage. This phase bridges the gap
between client expectations and the actual project needs, ultimately promoting transparency
and engagement.

Planning
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Figure 1. Best Practice in the Planning Phase of a Surveying Project

4.1.1 Client Interaction in the Era of Technological Innovation

The advent of innovative surveying technologies presents an opportunity to bridge the gap
between client expectations and their actual needs. This involves fostering deeper engagement,
showcasing technology capabilities, and utilising visualisations as reference points to simplify
understanding of reality capture, offering a transparent and educational experience.

As the speed of data collection increases and workflows become more automated due to
technology, the value proposition of surveying firms is reshaped. These firms evolve from
simply providing on-site expertise to functioning as data managers and project consultants, with
an emphasis on problem-solving (Lauwiner, M., 2023). Demonstrating the transformative
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impact of advanced scanning technologies through tangible examples (Drisdelle, J., 2023) is
integral, as these examples can challenge outdated standards and advocate for more effective
methodologies during client discussions. The integration of visualisations as standard reference
points enables clients to visualise challenges and conflicts, promoting collaborative decision-
making. This positional shift promotes survey service providers as indispensable partners in
leveraging modern surveying technologies, rather than functioning merely as data collectors.

4.1.2 Project Planning and Design

Define Project Goals and Objectives: Before starting any project, defining the project goals
and objectives is essential. This includes understanding the client's needs and expectations and
identifying any specific challenges or constraints that may impact the project. By clearly
defining the goals and objectives of the project, you can develop a roadmap for success and
ensure that everyone involved is on the same page.

Develop a Detailed Project Plan: Once you have defined the project goals and objectives, the
next step is to develop a detailed project plan (Bonet J. & Goudard R., 2023). This plan should
include a timeline, budget, and list of deliverables, as well as a list of key stakeholders and their
roles and responsibilities. It's important to make sure that the project plan is realistic,
achievable, and aligned with the project goals and objectives.

Establish Clear Communication, Collaboration, and Data Sharing: Effective
communication and collaboration are essential for project success. In addition to establishing
clear communication channels with the client and project team, it's crucial to integrate a robust
data-sharing mechanism (Lauwiner, M., 2023). Sharing the data generated from the scans with
all involved stakeholders ensures that everyone has access to accurate and up-to-date
information. This collaborative approach enhances transparency, facilitates informed decision-
making, and aligns all parties with the project's objectives. Regular check-ins, progress reports,
and milestones, coupled with comprehensive data sharing, contribute to a cohesive workflow
that keeps everyone informed, engaged, and collectively focused on achieving project success.

Establish New Workflows for Reality Capture Integration: The evolution of 3D laser
scanning and mobile mapping technology has significantly impacted project planning for
surveying and engineering projects. To fully unlock the potential of this technology, companies
must establish new workflows that seamlessly integrate reality capture into their projects. This
involves aligning different software solutions and file formats to create a cohesive and efficient
workflow (Bonet J. & Goudard R., 2023, Hall S., 2022b). Whether investing in reality capture
devices or leveraging external service providers, creating tailored workflows ensures that
companies maximise the benefits of 3D laser scanning technology in the design and planning
phases. This adaptation allows them to focus on their core competencies while efficiently
incorporating reality capture and modelling advantages.
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4.1.3 Technology Choice for Efficiency and Sustainability

Striking a balance between cost, efficiency, speed, and accuracy is pivotal for sustainable
surveying practices. Best practices involve a meticulous evaluation of hardware and software,
ensuring alignment with project requirements, budget constraints, and environmental
considerations (Albano, V., 2023). Adopting such practices is essential, as it not only meets
project goals but also contributes to sustainable outcomes, minimising resource consumption
and ecological impact.

Efficiency in laser scanning and data processing is key to minimising the ecological footprint
of surveying activities. Manually taking measurements requires multiple team members that
drive to the site, and when the measurements are not accurate enough, another trip might be
necessary. Repeated trips to the construction site are time-consuming and lead to higher costs
and a larger carbon footprint for the company, reducing the number of projects they can work
on (Albano, V., 2023, Byrne, M., 2023). Sustainable technology choices mitigate these impacts,
aligning with eco-friendly practices in the construction industry. Tailoring technology to project
needs using a “fit-for-purpose” solution is crucial for optimising efficiency while minimising
environmental impact, showcasing the value of adopting sustainable surveying practices for a
more resilient and eco-conscious future in the industry.

4.1.4 Resource Optimisation: Navigating the Skills Shortage

Amidst a construction boom, the global demand for surveyors is soaring, yet skilled
professionals are becoming scarce. The industry faces a significant challenge as fewer
individuals opt for careers in surveying, compounded by an ageing workforce nearing
retirement, leading to a pronounced skills gap.

To overcome this challenge, surveyors prioritise technological innovations for efficient
operations with limited manpower. Staying abreast of advancements is crucial to enhance
efficiency and address the scarcity of skilled professionals. New technologies and equipment
enable surveyors to accomplish tasks more efficiently (Boviatsou, P., Hall, S., 2022a,c, Leica
Staff 2023), contributing to faster and more precise construction processes. For instance,
advanced total stations facilitate on-site layout and accurate as-built QA/QC, while 3D laser
scanners expedite on-site quality checks and progress documentation (Hill, C., 2023). This
technology not only enhances speed and efficiency but also addresses capacity issues within
the industry (Lauwiner, M., 2023), enabling the capture of more data with fewer personnel. As
technology becomes more accessible, it levels the playing field, transforming the competitive
landscape into one centred on service excellence and effective problem-solving for clients.

The incorporation of cutting-edge technology, such as the latest reality capture systems, not
only attracts new talent but also fosters skill cultivation and retention (Murphy, R, 2022).
Streamlining operations, contributes to the overall resilience and sustainability of the
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profession, ensuring that the field of surveying remains competitive and centred on service
excellence and effective problem-solving for clients.

4.2 DATA ACQUISITION

4.2.1 Scanning from Safe Distances

Scanning from a safe distance is a fundamental surveying practice that balances personnel
safety with precise data capture. Leveraging 3D laser scanning and mobile mapping
technologies enable surveyors to reduce on-site risks by maintaining a safe distance from
potentially hazardous areas (Hexagon Staff, 2023, Matev, K., 2023). This approach not only
reinforces safety protocols but also ensures streamlined data collection, enhancing overall
project efficiency. The implementation of 3D laser scanning significantly elevates safety
standards, allowing workers to avoid perilous tasks like climbing heights or navigating unsafe
spaces. Portable 3D laser scanners support on-site surveying from a safe distance, fostering a
protected working environment and efficient data recording, even in challenging conditions.

4.2.2 Minimal Disruption

Minimising disruptions in geospatial surveys for highways, roads, and railways is essential for
safety and efficiency. Advanced mobile mapping and 3D laser scanning technologies enable
remote measurement of inaccessible or hazardous areas, ensuring personnel safety and reducing
interruptions by not requiring infrastructure closures (Goudard, R., 2023, Hill, C., 2022, Matev,
K., 2023). This innovative approach allows rapid data collection, fostering a streamlined and
secure process for assessing and maintaining transportation assets and enhancing overall project
efficiency while prioritising safety.

4.2.3 On-Site Data QA/QC and Smooth Data Transfer

Effective scan progress tracking, QA/QC, and data transfer on-site are crucial elements for
streamlined surveying projects. Leveraging advanced hardware and software solutions enables
live visualisation of scanning progress on mobile devices, allowing field teams to ensure
complete and accurate data collection (Hall S., 2022b, Goudard R., 2023). The technology
provides a 2D top view and a 3D rendering of the point cloud, facilitating live scan progress
tracking (completeness), and identifying areas for potential rescanning to avoid costly site
revisit. The field team can upload generated data, optimising efficiency for prompt data
processing by the office team while the field team continues scanning. This workflow ensures
swift project completion. Upon completing the scans, seamless data transfer with compatible
software expedites the final processing for the surveying team.
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4.2.4 Decision Making On-Site

Efficient decision-making on-site is revolutionised through advanced scanning solutions,
enabling real-time analysis and QA/QC directly in the field (Jacobsen Ch. 2022, Leica Staff,
2020). Leveraging intelligent sensors and field software, users can instantly assess various
structures, such as concrete floors, buildings, or other constructions, minimising the need for
post-processing in the office. This streamlined workflow not only enhances productivity but
also reduces costs by minimising material waste and decreasing personnel requirements. The
capability to compare, analyse, and visualise data on-site empowers professionals to make
informed decisions promptly, whether evaluating flatness, verticality, or deformations in
diverse applications.

4.2.5 Mastering Essential Skills: Elevate Surveying Service

The pursuit of excellence in surveying services hinges on the constant enhancement of crucial
skills. Key competencies include adaptive learning, technology fluency, and business
administration, augmented by strong communication and collaboration abilities (Lauwiner, M.,
2023, Staiger, R, 2023). Regular training programs are significant in keeping teams abreast of
technological advancements, while meticulous attention to detail is fundamental to ensure the
precision and accuracy of collected data. A balanced combination of technical skills and soft
traits, such as effective communication and adaptability, sets successful surveying service
providers apart. In this digital era, proficiency in handling digital data is paramount for
maintaining a competitive edge and ensuring consistent processes and decision-making. It is
this comprehensive combination of measurement technologies, soft skills, and business savvy
that defines the expertise needed for surveying services to thrive in a dynamic and demanding
landscape.
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Figure 2: Best Practice in the Data Acquisition and Data Process & Management Phases of a
Surveying Project
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4.3 DATA PROCESS AND MANAGEMENT

4.3.1 Embracing Automation

Meeting the rising demand for enhanced efficiency and reduced manual involvement in project
workflows, the mobile mapping systems empower users to confidently plan and execute
projects with autonomous workflows (Albano, V., 2023). Automated algorithms efficiently
handle repetitive tasks, allowing surveyors to focus on intricate data management aspects
(Schrock, G, 2024). Seamlessly integrated with advanced software, the system ensures fully
automated and secure data collection and route planning in the field, predicting mission
durations and managing storage and battery capacity. The automated route-planning, guidance,
and data collection process significantly boost efficiency, improve data quality, and reduce
overall project costs (Nuzzo, A, 2022). Sensors triggered automated along the route guarantee
meticulous data capture, maximising productivity with advanced scanning technologies. This
innovative approach simplifies the data collection process, making it accessible to a broader
user base, including those outside traditional surveying, through user-friendly learning
platforms.

4.4 DELIVERY

Crafting meaningful deliverables from captured surveying data demands an efficient solution
and workflow that caters to diverse stakeholder needs. Embracing best practices ensures future
readiness for automated processes and evolving workflows. Adopting a versatile approach, the
workflow empowers professionals to swiftly process data and export deliverables in a
universally compatible format (Albano, V., 2023). Sharing these final deliverables with
stakeholders is crucial for project alignment, emphasising compatibility with various software
solutions. Seamless integration facilitates processing while leveraging AI and ML  for
autonomous data processing positions professionals to adapt seamlessly to the future landscape
of automated workflows.

4.5 CONCLUSION

In the ever-evolving realm of modern surveying, adeptly mastering key best practices proves
indispensable across each phase of the surveying process. Engaging clients through transparent
and educational discussions, the emphasis is on showcasing the transformative impact of
advanced scanning technologies. Project planning and design necessitate the definition of clear
goals, detailed plans, robust communication, collaboration, and data-sharing mechanisms,
while also forging new workflows for seamless reality capture integration. Meticulous
evaluation of hardware and software ensures cost-effective, efficient, and sustainable surveying
practices. Overcoming the skills shortage involves prioritising technological innovations for
efficient operations and staying abreast of advancements. During data acquisition, safety and
efficiency are heightened by laser scanning from safe distances, minimising disruptions,
implementing on-site QA/QC, and ensuring smooth data transfer. Decision-making on-site is
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revolutionised with real-time analysis and QA/QC through advanced scanning solutions, while
continuously upskilling teams elevates surveying services. In data process & management,
confidently planning and executing projects with automated workflows, leveraging automated
algorithms, secure data collection, and route planning enhances efficiency. The final phase
involves crafting meaningful deliverables through efficient workflows, emphasising
compatibility with various software solutions. These comprehensive best practices position
surveying professionals not only as data collectors but as indispensable partners, ensuring
success in a rapidly evolving industry landscape.

Looking toward the future, while the rapid advancement and democratization in 3D laser
scanning and mobile mapping technologies provide more efficient, accessible, and accurate
tools, the role of a skilled surveyor at the helm of these tools remains irreplaceable, given their
unique expertise in data interpretation, decision-making, and problem-solving in the context of
spatial data management.
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