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Abstract

All civil buildings and structures require regular maintenance. Determining how this
maintenance is performed is done through an inspection process. The time spent on-site
during this process is considerably costly in terms of both time and money. Once report
details have been gathered they are shared using traditional documents and presentations.
The client would like to understand how virtual reality technology can be used to
improve this process, reducing the need for revisits to the site and improving the ability to
communicate findings from an initial inspection to other stakeholders.
This thesis aims to cover the process of researching and understanding a sufficient
method for presenting the results of an inspection to interested parties. It covers the
choices and development taken to construct a prototype application capable of doing so.
Feedback is then gathered from a target audience through the use of a video
demonstration and questionnaire surveys in order to understand how useful a virtual
reality application would be in the current workflow of inspectors and other stakeholders,
and which forms of beneficial value the application provided.
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Company Outline
1.1

Outline & structure

Infrastructure in Control (IiC) is an on-going project focusing on furthering Smart Maintenance, the Internet of
Things, and other innovative technological solutions for the cost-effective and trustworthy maintenance and
management of infrastructural objects.
IiC as a project is overseen by Ambient Intelligence, a research group composed of a number of highly skilled
professionals from across the fields of engineering, software, data science, and related and satellite fields. The
group focuses primarily on the integration of emerging or smart technologies into a number of workplace and
professional environments in order to improve safety and efficiency.
Frans Jonkman, a stakeholder in the project, is an engineer, researcher, and innovation manager from the
University of Twente and has contact with Matthijs van Veen, who himself is a lecturer and researcher at
Ambient Intelligence and acts as a client. Mr Jonkman has worked on a number of engineering projects before,
namely on the drone and sensor monitored Tankinkbrug in Ambt Delden with Rijkswaterstaat and Twente47 (a
Twents technological innovation foundation), and on an innovation platform with Provincie Overijssel.
Other partners in the IiC project are Twente47, which functions as project leader, while the Antea Group,
Strukton, Centric, the University of Twente, Saxion University of Applied Sciences, and World Class
Maintenance serve as project partners. There are a number of other concerned partners in the project,
specifically the Rijkswaterstaat.

1.2

Question & objectives

The question the client wants to understand is how new technologies can set about assisting in the domain of
infrastructure inspection and maintenance. Which areas can digital technology access and what benefits can it
bring in order to make the some aspect of the process safer, faster, more efficient, more comfortable, or more
accessible?

1.3

Products & services

The client seeks a form of prototype application that can serve as an example of how innovative technology—in
this case digital and game technologies—can help assist in the maintenance and inspection pipelines. An
application and report on it can provide a valuable showcase for what potential there is—and which steps and
missteps there might be—in developing new methods for performing integral tasks in the upkeep of civil
structures on which the public relies.

1.4

Limitations

The infrastructure inspection and management sector is not one I have had any prior experience in.
Understanding what type of application would suit the target audience’s needs, what types of information they
were concerned about, and was or wasn’t relevant required much research. Civil engineering resources in the
Netherlands are most often provided in Dutch, a language I am not a native speaker in. The resources and
documentation are also filled with layers of technical jargon; every definition of a term contains a number of

other pieces of jargon, leading to long chains of research in order to understand the context of the initial
information. This process is a heavy timesink.
Without having much experience in designing for virtual reality there are many unexpected hiccups and bugs
that can occur. It is also a space where new and ‘unorthodox’ ways of interacting and performing basic gameplay
operations are still being developed, leaving much uncertainty about the best or most tried-and-true methods
for supporting even simple actions.
Virtual reality applications also require high framerates in order to avoid user discomfort, which prevents heavy
scans of structures (such a point clouds with millions of points) or other resource-heavy behaviours from being
used within the application.
A virtual reality application naturally requires specific hardware and floorspace and as such was set up in the
workspaces provided by the Saxion XR Lab. Due to the 2020–2021 COVID-19 global pandemic there was a
chance interviewees would be hesitant to travel to location for a physical testing session. This proved to be the
case and as such testing was done in a limited capacity to the ideal situation.

Problem Analysis
2.1

Background

Modern safety and construction standards set tight guidelines on the maintenance and upkeep of buildings and
other public structures. These standards mandate regular inspections be carried out in order to assess the
current state of the structures and ascertain whether they have suffered any damages or material degradation
and to remark on the severity of any findings so that the appropriate maintenance procedures may be carried
out in a timely manner. This applies not only to historical constructions built before modern building practices
and standards but also to contemporary structures, which oftentimes experience substantial quantities of traffic
and heavy loads due to their size, accessibility, and the scale of the vehicles which make use of them, which
include heavy automobile traffic, lorries, barges, or trains loaded with freight.
The Dutch Directorate-General for Public Works and Water Management—known as the Rijkswaterstaat—is
the primary public body responsible for the construction and maintenance of water-management infrastructure
in the Netherlands and is thus also responsible for the protection against and prevention of flood and water
damage.
During the late 20th Century Rijkswaterstaat began step back from being the sole body responsible for all the
construction and maintenance of infrastructure within the country (Rijkswaterstaat, n.d.), and instead became a
managing partner, delegating to private institutions; however they still maintain a close oversight of the
infrastructure inspection process. The Rijkswaterstaat also upholds a series of standards for data transfer. Since
the Rijkswaterstaat’s step back, infrastructural works are now the property of asset owners, who are the official
and legal owners of the structure (referred to as ‘infrastructure asset.’) In an interview Reusen (2020) stated that
most often these are not individuals but rather large institutions like provincial or municipal authorities.
Every few years an asset must be subject to an inspection in order to judge its current state for safety and
integrity concerns, a process which costs around €6 billion a year (Peelen, n.d.). The inspection of these bridges,
viaducts, and other such objects is usually carried out by a consultancy firm. Often asset owners will set out to
perform a round of inspections on their assets; in many cases this is done en masse with multiple assets requiring
simultaneous inspection as they each have come to the end of similar operational windows.
An invitation to tender is then issued for the inspection contract by the asset owners wherein commercial
engineering bureaus vie to complete the inspection process, this makes previous data on inspections an unlikely
source as different companies could hold the data on different inspections over a structure’s lifetime. Once the
contract has been successfully awarded the firm will then begin the inspection process. An individual, or a team

of, inspector(s) is dispatched to complete the structural assessment. The current status of the structure is then
recorded, with each element and subelement being individually analysed and its condition and any aberrant
features noted down (Klanker, 2020. Interview). The inspection report is then analysed further, with each noted
detail being compared with industry knowledge, safety guidelines, and inspection norms imposed by local law or
national norm publications such as the CUR-CROW 117 Aanbevelingen (CROW-CUR, 2019.).
Once the inspection has been completed other experts look over and comprehend the inspection data, building
risk models and reports on the state of the asset and its components in order to draw up an advisory dossier
detailing recommendations, which is then sent from the engineering bureau back to the client—the asset
owner—in order to update them on the findings.

FIGURE 1
Infrastructure inspection & management flowchart

2.2

Definition

Infrastructure in Control seeks to find where technology can be implemented into existing processes. The
maintenance and inspection process consists of many different stages involving different parties. During the
inspection, the use of virtual reality for recording spatial details is still a tough problem as computer vision
tracking still struggles to accurately place data on a 3D object using virtual (or better, augmented) reality
(Hammad, Garrett, &, Karimi, 2012). As such the part of the pipeline that has been chosen for focus is the
post-inspection, discussion stage. During this stage details are discussed between a presenter and an audience, in
much the same way a traditional meeting with a slideshow presentation would take place.
The client is interested to see if we can apply a more forward-focused, innovate solution to the process of
discussing these results in the hopes of modernising the process as a first-order benefit, and perhaps providing
secondary benefits such as ease-of-use, increased remote accessibility, or a deeper understanding of the data as
second-order benefits.
Thus, a new model of interaction for presentation report findings after the inspection process is sought after
through a prototype virtual reality application; that is: a virtual reality, post-inspection presentation tool.

The target audience for this application would be inspectors who have gathered report data, the clients and
stakeholders of the inspectors to whom the data would be reported, and more broadly civil engineers who
would use such an application to meet in and discuss civil structures.
To satisfy the client’s need the application must explore how virtual reality can offer itself as a technology to this
space and must explore novel methods of report data representation. To prove itself appealing to the target
audience it must provide benefit to standard presentation methods.
Required research in order to better understand the field and create a relevant application are:
●
●
●
●
●

Control schemes for serious games in VR
Avoiding common pitfalls with VR
Interested parties so that a target audience might be discovered
Data recorded during an inspection that might be displayed
Tools & solutions currently in use by target audience

The required criteria for the application to suit the client are:
●
●
●
●

2.3

The ability to view 3D models in the common formats for infrastructure assets
A collaborative space to facilitate discussion
A parity between an office environment and the virtual discussion space
Comfortable methods for viewing report data

Research Questions

The primary research questions for this paper are as follows:

“How useful is it to integrate a virtual reality post-inspection presentation tool into the current
workflow of infrastructure inspectors?”
Expounded through the sub-questions:
●
●
●

“Does this application provide an added benefit to the usual post-inspection discussion?”
“Does this application provide a valuable method for working in the infrastructure inspection and
maintenance field?”
“Would inspectors feel comfortable or professional enough meeting with clients through this
application?”

Theory
3.1

Comfort in a virtual reality

The immersion into a full-view digital environment contains a number of caveats that traditional 2- or 3D
applications and games do not. Namely, the display of information and the ability to move through the world.
Traditional games present critical information to players through the use of UI heads up displays. This 2D
information is overlaid on the screen for a user to see. Virtual reality presents a plethora of options for
interacting with data and its representation in novel and unique ways (Bowman et al., 2004). In virtual reality, as
the cameras are representative of the user’s eyes, the display of information in a traditional 2D manner poses a
problem: If the UI is in the centre of screen it blocks the user’s vision, but it cannot be in the corners of the

screen either as the headset’s display becomes unfocused and unclear there due to the short distance between
the display and the user’s eyes. Therefore virtual reality games often choose to display information within the
game world. This led to the decision to present all information and text within the application in the form of
world space panels, rather than as UI overlays.
Another important factor in designing VR applications is the so-called ‘simulator sickness’ (Kim, et al. 2018). This
phenomenon has been observed not just in virtual reality simulations, but other simulators such as those used in
military or aviation applications. Participants afflicted by simulator sickness experience either disorientation,
oculomotor effects, or nausea. Traditional games can employ a variety of strange and interesting locomotion
styles where the only impact on the player is learning the new system. However, implementing a strange form of
locomotion, or even an improperly developed one, can cause severe discomfort, risking a user completely
halting their usage of the application (Martel et al., 2015). As such care needs to be taken to reduce the effects of
motion sickness, physical discomfort, and a lack of player grounding in the environment—especially since the
target audience cannot be relied upon to have to have experience with virtual reality games or applications. This
led to the design choice (§ 6.4: Core Application) of a static platform in the world with limited user movement
and objects moving around the user, rather than the more common inverse dynamic of having a user move
throughout the world.

3.2

Remote work

As the prospect of digital and cloud-based platforms becomes more appealing, more desk jobs transitioned to
part- or full-time remote work, growing 400% in the last decade (Bayern, 2020). Both employers and workers
are finding benefits in the flexibility of remote work, location-independence, and the reduced costs resulting
from less required office space.
Cloud-based platforms tout other benefits alongside the ability to work remote, naturally prioritising
device-independence, and the accessibility and assurance of important data being stored on remote servers.
There is a high-priority within engineering bureaus and consultancy firms to lower the overall time it takes to
complete an inspection. A large portion of that time arises from on-site visits or inter-party consultancy. The
ability for relevant parties to be able to remotely view, discuss, and present the details of an inspection report
would allow all parties to reduce the amount of physical meetings, as well as reduce the associated time and
travel costs.
Expanding the range of remote options, lowering travel costs, and reducing the requirement for in-person
meetings are all reasons that the application is intended as a multi-user experience, so that users may be able to
communicate and collaborate in sharing inspection findings from the location that’s most convenient to them.

3.3

Game technologies in civil engineering

Recently the field has seen an up-tick in the use of game technologies for digitally assisted inspection and
management, for example Katara et al.’s (2019) use of Unity3D for underwater robotic inspection. These game
technologies either take the form of techniques or algorithms used to perform specific computational operations
in a game engine. This must be done in a highly efficient manner due to the need for performance and real-time
interaction that is fundamental to many genres of modern video games, or software suites such game engines,
which allow for easy and extensive use of 3D manipulation and effects in a simulated world, with a remarkably
low barrier of entry; many of these engines being non-proprietary and freely available for public and
commercial use.
This low barrier to entry coupled with highly extensible feature sets and tools geared for high performance in
complex use cases makes game technologies a desirable and interesting opportunity-space for other forms of
visualisation applications beyond those used solely for entertainment.

Omer et al., (2019) have already proven photogrammetry models in a commercial game engine can be used to
assist with the inspection process, providing a safe, remote, and accessible method for discerning a number of
factors key to the inspection process, doing so by allowing the viewing and manipulation captures from
tripod-mounted LiDAR (‘Light Detection And Ranging’, or ‘Laser Imaging, Detection, And Ranging’) sensors,
rendered as models inside a virtual reality application.

FIGURE 2
Tripod-mounted LiDAR scanning device

Monniaux, D (2007, February 28th). Lidar P1270901 [Photograph]. Wikimedia Commons.

This case study highlights potential for the sighting of damages in darkened spaces without the use of lighting
kits, access to areas which are not usually easily accessible, and the removal of any potential workplace injuries.
This process closely follows the same methodology as a Principle Inspection (the U.K. equivalent to the Dutch
inspection procedure) and thus marks an interesting step in the integration of virtual reality and game
technologies into the civil engineering sector’s regular toolkit.
The use of game technologies, such as Unity-based virtual reality spaces, for different steps of the full inspection
procedure, including assertainting and inspection, suggest a potential continuum of the technology that allows
for a full pipeline of virtual reality assisted inspection and post-inspection work to be undertaken, from capture
through to communication and presentation of results.

3.4

Tools in the field

Like any industry, civil engineering and infrastructure inspection, maintenance, and management seek recent
developments and emerging technologies to modernise their workflows and apply new methodologies to
solve—or improve—existing problems.
As technological advances in computer vision, predictive algorithms, technical and graphical hardware, and the
fidelity of 3D models and environments (Spencer et al,, 2019) make it easier to create, analyse, and visualise
increasingly complex sets of geometry, new advances in infrastructure inspections and management look to
leverage these advancements to their gain.

Technologies such as drone-assisted LiDAR imaging and live sensoring have started to be tested and deployed
on a limited number of Dutch infrastructure assets (NovelT, 2019), capturing point cloud scans of the structure
along with other relevant data. The Tankinkbrug in Ambt Delden was one of the sites where a number of test
runs were undertaken for emerging technologies, overseen by the Dutch provincial governmental body
Provincie Overijssel and a series of private engineering firms, students, and other interested parties. These
advances to the field offer unique opportunities for utilisation to be explored.

FIGURE 3
In-flight drone, scanning the Tankinkbrug in Ambt Delden

Adapted from "Experimenteren met drones en sensoren voor inspectie bruggen en
viaducten" by RTV Oost, 2019, July 11th
(https://www.rtvoost.nl/nieuws/315591/Experimenteren-met-drones-en-sensoren-voor-in
spectie-bruggen-en-viaducten).
Popular asset management and inspection applications, such as Bris InspectDirect, currently use
clipboard-analogue digital tools (Xie, 2020. Interview) which allow for the appending of photographs and notes
to a list of structural elements. Some new tools, such as the ‘virtual tour’ application Roundme, utilise
“photosphere” technology for anchoring notes and photographs into a 360° capture of the local environment.
This marks a further step in grounding the results of structural inspections by utilising their ‘digital twin’ to
contextualise information relevant to the structure in question through positioning, iconography, and spatial
relations.

FIGURE 4
Screenshot of asset management program Bris InspectDirect

FIGURE 5
Screenshot of photosphere from virtual tour program Roundme

There is space then for a tool which allows integrates the photography and note-taking capabilities of traditional
applications with the captured scans of infrastructure assets and their associated data and improves their sense
of contextualisation, all within a contemporary game engine that could be integrated into other parts of an
inspection workflow such as inspection through the application entirety (§ 3.3: Game technologies in civil
engineering)

Scope
Even simple games are comprised of many different systems and ‘moving parts.’ Interactions, design choices,
level structure, data display, asset importing pipeline, networking architecture, network implementation,
network stability, and more are all areas that all deserve dedicated attention and time to implement and maintain
and require a fair amount of work to do so. As any bug or disconnect in even one of these systems can cause the
entire application to not perform, careful consideration must be taken in what to work on. The MoSCoW
method (Must have, Should have, Could have Won’t have) is a useful prioritisation tool for assessing the
importance of different tasks within a project.
The MoSCoW table below sets a guideline for the project’s scope.

TABLE 1
MoSCoW Prioritisation

MoSCoW
Priority

Feature

Must have

Viewing of asset in popular formats
Comfortable interaction methods
Ability to traverse structure with ease to reach inaccessible locations
Importing of report data
Viewing of report data in contextualised manner

Should have

3D drawing tools for note taking
Lighting and illumination controls
Lobby system for loading users

Could have

3D mesh slicing
Damage-over-time correlations from previous data sets
CUR-117 damage metrics for structural elements

Won’t have

Robust networking implementation
VoIP functionality
Pipeline for asset data to be automatically loaded into the application
Live sensor display from structure

Method
5.1

Technique

This section describes the set-up of the experimental prototype. It outlines the pre-requisites, from software to
hardware, and provides a general description of the prototype application.
The aim of this assignment is to investigate the feasibility of a virtual reality presentation tool being used to
demonstrate post-inspection findings of an infrastructure asset. This presentation could be performed for the
asset owner in particular but to anyone with an investment in the asset’s state in general and performed by the
inspector in particular and anyone familiar with the inspection report in general.

5.2

Hardware

Development and testing was performed on an HTC Vive Pro, with three Lighthouse 2.0 Tracking, and two
associated bluetooth controllers. The application was developed and tested on a Windows 10 64bit personal
computer with an i7-7820X 3.60GHz CPU, GeForce RTX 2080 Ti, and 64 GBs of DDR4 random access memory.
The application emphasises a full use of room-scale playspace in order to create a strong mapping between the
virtual viewing platform and the physical meeting space. This playspace should ideally be 3×3m or larger in area
and maps to a virtual space with a diameter of 3m.

FIGURE 6
Required floorspace

FIGURE 7
Testing location’s playspace area set-up

5.3

Asset mesh or models

Central to the application is the presence of a 3D representation of the structural asset at hand. Typically can be
acquired in one of four ways, as point clouds through LiDAR scans, as photogrammetry through photograph sets,
conventionally modelled using contemporary 3D modelling software, or converted from CAD files. 3 of these 4
methods require some sort of pre-processing before they are engine-ready.
LiDAR captured point clouds represent an array of individual points containing (x, y, z) spatial coordinates and a
corresponding RGB colour value. These clouds are most commonly saved as 357, LAS, or .ply format (KAARTA,
2020) .pts files. Software packages such as Cloud Compare can then convert the point clouds into a .ply format
(CloudCompare, 2020), if it’s not already, which can then be loaded into Unity through either a custom loader or
from an available Unity Asset Store package.

FIGURE 8
Point cloud scan

Adapted from "Predictive maintenance could save the Dutch economy hundreds of
millions of euros" by NWO, 2021, January 19th
(https://www.nwo.nl/en/cases/predictive-maintenance-could-save-dutch-economy-hundr
eds-millions-euros)
Photogrammetry meshes are another interesting new method to easily capture objects and construct a
3-dimensional mesh thereof through a series of sequential photographs. These photographs are then run
through a series of algorithms to determine overlapping areas and a 3D mesh is then constructed from the
results. Commercial tools such as AliceVision’s MeshRoom provide a free, open-source method of constructing
photogrammetry meshes. Both point cloud captures and photogrammetry allow for the on-site capture of
structures through the use of cameras and other sensor equipment, either mounted to drones or ground-based
tripods. This on-site capture means up-to-date models of the asset in question can be acquired during the
inspection and don’t rely on being hand-authored by another party. However, they can suffer from artifacting
due to inaccuracies of laser-capture, meaning a lack of attention to detail when scanning can cause a visually
unpleasant, or even inaccurate, model.

FIGURE 9
Method of photogrammetry capture

Adapted from "Photogrammetry, 3D Scanning With A Photo Camera" by Bitfab, nd,
October 31st (https://bitfab.io/blog/photogrammetry/)
Inversely, CAD-based models need to be created from existing CAD diagrams of the structure in question, or
created by someone skilled in CAD software tools. While this model might provide greater detail for individual
structure elements and overall accuracy to the ideal version of the asset, it lacks in the ability to reflect
real-world changes to the structure. Once created, the files need to be converted through a tool such as PiXYZ
or the CAD Exchanger SDK (CAD Exchanger, 2020)in order to be imported into Unity.

FIGURE 10
CAD model of a bridge

Adapted from "Bridge Across a River Autocad Free Drawing" by The Engineering
Community, 2019, October 31st
(https://www.theengineeringcommunity.org/bridge-across-a-river-autocad-free-drawing/)

Likewise, conventional 3D models also need to be made by a skilled modeller using some sort of 3D modelling
program. However, provided the program supports exporting to .fbx or .obj filetypes, they require no further
processing before they can be imported into the engine.

FIGURE 11
Conventional 3D model of the Venetian Rialto bridge.

Überall, T., 2019, [Screenshot] Shared with permission.
The application supports the loading-in of conventional 3D models and photogrammetry scans but requires
pre-prepared point clouds. It does not implement a rendering acceleration method such as mesh shaders for
viewing the point cloud and as such would suffer severe lag on any high-point count clouds. CAD models,
although common in the engineering sector, are not supported due to their pipeline for importing.

5.4

Software

This prototype was built with Unity 3D, a free, cross-platform commercial game engine, using version
2020.1.13f1 and the High Definition Render Pipeline. For virtual reality the OpenVR software development kit
(SDK) was used in conjunction with SteamVR.
For this prototype pre-processed models of structures were acquired through model hosting website SketchFab
due to a lack of public domain structural scans. Photogrammetry scans were acquired for the Coldstream to
Yarra Glen Railway Trestle Bridge in Yarra Valley, Australia; Chapel of Our Lady on the Bridge in Rotherham,
U.K.; Islington Canal Tunnel's East Portal in London, U.K.; and Monbulk Creek Trestle Bridge outside
Melbourne, Australia (anti-clockwise from top-right in Figure 14).

FIGURE 12
The structural models chosen for the application. The final chosen model is in the top-left.

A photogrammetry scan of The Chapel of Our Lady on the Bridge was eventually chosen as the centre piece
model for its size, complexity and scan quality; providing the best blend between an interesting viewing and
model quality and simulating methods of capturing structure data out in the world, instead of having it
custom-authored.

Implementation
6.1

Networking

The intention of the application is, of course, to provide a remote venue for discussion between more than
party. In order to facilitate a multi user space, some form of networking solution is required. There are many
different networking practices which can be implemented into video games, from creating a custom networking
solution, to using an assortment of plugins which offer different sets of pros and cons depending on the use case
(Sanchez, 2020).
As networking was a factor that was relevant to the application, but its specific implementation or efficiency was
not, it was more beneficial to choose from a number of pre-built options.

FIGURE 13
Comparison chart of Unity networking solutions

Adapted from “Realtime Networking Technologies for Unity” by Sanchez, R.J., 2020,
(Thesis)
While not free at higher tiers, Photon PUN offered the easiest set up with well proven tech and a reputable
company behind it; helpful documentation and support was an added benefit.

Eventually the scope of debugging the networking became larger than the focus on the actual application. As the
application is entirely symmetrical (all clients experience the same functionality), it was determined that if one
user could experience it and formulate an opinion that would help solve the same hypothesis. As such work on
implementing the networking was stopped in order to work on other parts of the prototype after building the
lobby scene (§ 6.2: Lobby) and learning how to join rooms and connect to a client server through Photon PUN.

6.2

Lobby

To facilitate gathering of multiple users and launching them into the correct shared instance a lobby scene was
constructed. The lobby consists of two main areas separated by a short walkway.

FIGURE 14
Lobby scene

A number of columns spin around the edges of the space, which are purely superfluous visual content, which
internal tests showed were more distracting than impressive and so would be removed.
The two areas are the same shape as the viewing platform users will find themselves on in the main scene, as to
already acclimatise them with their surroundings. The initial zone in which the user starts is the most important
one. It allows for a user to join a collaborative viewing session. The second zone allows for a user to create a
new collaborative viewing session.
The ‘JOIN’ platform centres a lectern-shaped device which hosts a large keypad. This panel is the first object of
interest a user would see as they spawn facing it and thus is set up as to introduce a number of key ideas for how
the user might interact with objects in this application and which icons represent the actions they might take.
This is further expanded upon in the following section.
The keypad itself could be used to type in a join code, after which the user would join an active server with that
code serving as a unique ID.

FIGURE 15
Lobby keypad for entering a session join code

Connecting these two platforms was a covered bridge whose internal walls hosted worldspace signage showed
the role of each of the different platforms. The two signs were coloured in strong colour pairs (blue and orange)
to create an extra visual differentiator. Overhead, fluorescent lighting in a zig-zag pattern led from one platform
to the other, with the lights matching the colours of the rooms and angled to point towards the signs, driving the
user’s eye with visual composition.
The second platform, ‘CREATE’, would have allowed the user to choose between loaded structures to view and
then create and launch an instance with Photon PUN from where other users could join them.

FIGURE 16
Lobby hallway separating the two rooms

6.3

Hand-based UI

As there is no in-game model representing the user’s body within the application, digital replicas of the
controllers are the only point of focus for the user’s body within the VR space. As the user’s hands—and
therefore the controllers by metaphor—are the things directly interacting with features in the world, instead of
via button-press on a regular application, communicating knowledge of how a user might use their hands to
perform specific functions is an important step for ensuring the user has a clear understand of what, and how,
they may do.
To facilitate this two methods were approached. In the first, interactable objects were surrounded by thin white
circles, similar to the one which encircles the user’s in-application virtual controller representation. This visual
clue sets up a design choice that all objects that are able to be interacted with through the presence of the
hands—and not buttons—would be outlined by the same circle. Second, bringing the controller close to the
panel triggers a visual icon to appear above the controller. The controller has a number of these icons, which
share similar shape and colour scheme as to remain consistent, which indicate different actions that can be
taken: in this case, that the keypad can be interacted with through touch. Together this was intended to create a
design language saying: the user can interact with anything that matches their hand, and how they can use that
(pointing, grabbing, swiping, etc) would be reflected above that hand.
Ultimately these reactive icons and indicators were found to be unpleasant or unnecessary and so removed in
order to streamline the interaction.

6.4

Core Application

The application consists of a primary scene in which all interaction takes place. This scene is composed of a
central hemispherical viewing platform, placed some distance away from a full-scale model of the structure in
question. The viewing platform has a diameter of 3m. This is quite a bit larger than the 2×2m minimum
playspace area recommended by Valve and SteamVR for an optimal virtual reality experience and thus requires
enough floorspace in an office or other open area to allow full traversal of the digital platform in a one-to-one
mapping with the user’s space.
In the centre of the platform a 1:200 scale model of the structure can be found. This scale model can be
manipulated by use of grabbing with the provided virtual reality bluetooth controllers. The model can be either
dragged and repositioned (translated) or rotated at will. Positional and rotational changes to the scale model will
be reflected in the full-scale model of the structure as well, with adjustments being mathematically multiplied to
scale, so as to make meaningful changes to the larger model.

FIGURE 17
Scale-model of the structure ( foreground) with life-scale model (background)

Free movement, especially for the inexperienced can often be a large barrier to virtual reality applications as the
disconnect between observed movement and experienced movement creates a sense of motion sickness
(Barrett, 2004). The presence of the viewing platform provides a static reference space for the observer to be
situated in. Extra visual markers along the floor at two depth levels also create points of reference to help
ground the user. The use of the scale model to manipulate the full-scale model inverts the usual order of events.
The user is now a static element in the world, with control of objects moving around them, rather than the sole
moving element in a static world. The manipulation allows the user to position themselves anywhere in relation
to the asset they are inspecting, providing the full six-degrees of freedom for movement around the inspected
structure while circumventing the nauseating effects of free movement in virtual reality spaces.

FIGURE 18
Viewing platform

To further aid in reducing disorientation—since, during the manipulation, the full-scale model has a chance to
take up a considerable portion of the user’s viewing space or otherwise obstruct the screen entirely—a series of
optional modules can be attached to any object undergoing interaction. These modules take the form of
extensible C# scripts, allowing for any set of desired functionality. In this case, a module has been created to
reduce the opacity of the materials of manipulated objects, thus rendering them partially transparent: reducing
the overall sense of disorientation caused by large objects close to the user’s view.
The scale model at the centre of the viewing platform also serves as the ‘conversation piece’ of the area. Prior to
the presentation the model can be appended with a number of 3D icons with represent points of interest. These
icons contain 3D ‘hitboxes’ which detect the proximity of the bluetooth controllers and can be thusly activated.
Upon activation these icons will trigger interactable panels to appear upon the circumference of the viewing
platform, which list any notes or photographs taken of the relevant point of interest.

6.5

Teleportation

Initially the application featured the ability to traverse the viewing space via teleport locomotion. This method
allowed the user to hold the face button of the controller while pointing at any empty space on a valid surface to
draw a ‘laser pointer’ onto that surface. Once the button was released the user would then be teleported to that
location immediately. This allowed for larger areas, and even potentially allowed the user to leave the viewing
platform to move over the structure as they saw fit.

FIGURE 19
Targeting laser from controller during a teleportation event

Initially the ability to move onto the structure, perhaps to inspect something up close on the real sized structural
model, was removed so that the user would only be allowed to move about the lobby floor or viewing platform
(areas marked explicitly in the engine as traversable.) This change was made in order to stop users accidentally
finding themselves disorientated by clicking the face button while gesturing and finding themselves hundreds of
metres away, as well as to draw more attention to the scale model as a method for viewing the structure.
Later, after testing with the client, the teleportation system was disabled altogether, leaving the sole locomotion
method to be physically walking around the playspace with the headset, which is then reflected by movement of
the user’s in-game character. Subsequently the viewing platform was modified and a larger amount of physical
space also became a requirement. This was done in order to create a sense of parity between the physical room
the user found themself in, and the digital presentation space: bolstering the feeling of the virtual discussion area
being an extension of the office environment by removing ‘gamified’ methods and relying more on direct and
physical manipulation.

6.6

Control

Basic interaction in the application is built on a relatively complex system. This system was designed so that new
iterative features could be added quickly, and can be expanded upon in the future.
A brief technical overview is as follows:
SteamVR’s Action system broadcasts events happening to the controllers, such as button pushes. A
finite state machine controls the state of the controllers, setting them into new, mutually exclusive
states as they either contact with other objects or certain button presses. These states contain handling
agents that implement specific and contextual hand behaviour. Inside the states the SteamVR Action

events are subscribed to by methods. When the events are delegated to they call virtual functions
within the agents. The agents themselves contain the desired behaviour to be performed—such as
either manipulating an object directly, scaling an object, or swivelling an object around an axis—as well
as optional modules that can be attached per instance. These modules allow expanded functionality,
for example: letting two different swivelling objects trigger different types of alternate behaviour when
interacted with.
Control of the models first used a number of methods to create a smooth and fluid feeling of interaction. To
rotate around a central point, for example, an axis of rotation would be defined based on the controller
trajectory and an angle was calculated between the controllers positions and the model. The distance travelled
by the controller would then be calculated and multiplied by physics force; meanwhile rotational control would
be determined by the angular and directional changes of the controllers between frames applied back to the
scale model.
After testing with the client, all of this was stripped away for a more direct approach where the model simply
reflects the position and rotation of the controller 1:1. This creates a somewhat jerky experience, but was
intended once again to increase the physical-virtual parity between application and office spaces.

6.7

Platform & surrounds

Different skyboxes (night, overcast weather, sunset) were tested internally to find which would give the best
visual impression. A bright, midday sun was eventually chosen, reflecting a time in which inspections would be
performed and keeping users (who are utilising the application during work hours) within the same time of day;
the sunlit environment is also preferential as it draws parallels to a time which is psychologically pleasing to
most people; as serotonin turnover has been found to highest in the presence of sunshine (Lambert et al., 2002).

FIGURE 20
Comparison shot of daytime vs nighttime skybox scenes

The viewing platform is a simple hemisphere however it used to contain a pavilion-like structure around it. This
framework served three purposes: First, it allowed for an unmoving, visual reference-point at all times in a user’s
vision, even if they were straining their neck to peer at an unusual angle at something they were curious about.
Second, it contextualised the platform by making it less abstract (a simple shape) and more in-line with a human
structure or building. And thirdly, it framed the information panels with inspection data that can be brought up,
allowing them to naturally be spaced around the circumference of the platform. Testing with the client however,
revealed the pavilion to be unnecessary and potentially interrupting the view of the structure, and so it was
removed.

FIGURE 21
Pavilion-like structure around the viewing platform

Damage icons and information display panels were initially located on the life-scale structure. As the user
looked upon the damage icons they would activate and play a short animation, revealing the damage panel in the
process, which would be positioned near the location of the damage on the life-scale model. After testing with
the client the damage icons were repositioned onto the scale-model and their animations removed; now when
interacted with the display panels are shown as large panels within the viewing platform. This was intended to
increase the feeling of control and agency the user had within the platform: all the necessary information and
items were at their fingertips and not floating far out of reach on the side of a building. This further emphasises
the platform as a centre of control in the viewing session, with the life-scale model of the structure something to
be viewed as users wish, not something they were forced to navigate around to perform basic interactions.

FIGURE 22
Damage indicators and information panels attached to life-scale model ( foreground) with
viewing platform in the distance

6.8

Icon Prefabs

The Point of interest 3D icons are constructed using Unity’s ScriptableObject system. This allows for simple
fields to be filled with data and then attached by drag-and-drop to an icon in the editor. At runtime a display
script will then generate a damage card with the necessary information that was loaded into the
ScriptableObject template.

FIGURE 23
Screenshot of the prefab information in the editor

6.9

Workflow

The proposed workflow to create a presentation is outlined as follows: Once a processed model has been
acquired that model can then be imported into the Unity engine. Any general data such as the asset name,
location, date of construction, cardinal orientation, inspection details or other notes can then be entered which
are displayed in-scene alongside the structural models. The user may then go about authoring the details of
points of interest. Prefabs—easily editable ‘clones’ of a digital item—can be created and positioned to represent
the 3D icons used for denoting points of interest—this is done inside Unity in a traditional desktop environment.
From there they can be appended with relevant data such as photographs or notes. Once the user is happy with
the details they have added the application can be built, thus making it executable from a desktop environment.

Testing
In order to determine whether the application provided benefits to the work process, and what they were for
the target audience, a testing session was needed. Initially an in-person session was planned. As the application
requires specific VR hardware that we cannot expect testers to possess, testers were required to visit the XR Lab
in Enschede where a testing zone was set up. In-part due to the distances the contacted inspectors lived from

the lab and in-part due to 2020–2021 COVID-19 global pandemic the testing session had to be remotely via
video and questionnaire instead. This was not an ideal testing situation, but was preferential to no testing.
The testing sessions begins with asking the participants to watch a video demo (Appendix A: Product Link),
which introduces the application and its intention to the tester:
“This application is a virtual reality, post-inspection infrastructure presentation tool. The goal of this
app is to present findings from an infrastructure inspection report to a client, a stakeholder, or any
other interested party and to contextualise those findings in a virtual 3D space.”
The video then goes on to show off the application, demoing a scene that is loaded with a 3D model of the
structure and loaded with point of interest data already. The demo video then walks through the main
functionality of the application, showing what the tester might be able to do with it.
The testers are then instructed to fulfil a 17 question long questionnaire (Appendix C: Testing Questionnaire)
which takes approximately 10 minutes to answer. The questionnaire is comprised of a number of questions
asking testers to rate a statement from 1–5, from ‘strongly disagree’ to ‘strongly agree.’ These statements are
followed up with text areas where the tester can expand on their answer by giving their personal thoughts and
feedback.

Results
A full snapshot of the results can be viewed in (Appendix C: Testing Questionnaire) where respondents’
expanded answers can also be read.
Testing was done with a small sample of available connections. Ideally this testing pool would have been larger
and contained an audience from related fields. Respondents consisted of a designer with knowledge of UX, a
civil engineer, and an engineer working as a researcher.
●

“Does this application provide an added benefit to the usual post-inspection discussion?”

Initial expectations were that there would be many features required to support large amounts of data overview
on an application to have it viable in the workflow, however this undervalued the simple ability to look at
structure as a reference at any point in time, without relying on photos taken from a single point of view. This
simple act alone sparked a lot of interest during the discussions with testers and was reflected in their feedback,
providing a valuable reference to a structure after the inspection has taken place without needing to rely on
blueprints or memories.

FIGURE 24
Results, bar graph: Consultation

●

“Does this application provide a valuable method for working in the infrastructure inspection and
maintenance field?”

Responses reiterated that the application allowed for the viewing of damages on structures, which appears to be
inherently valuable to the target audience. Testers also stated that the application would allow for a reduction in
time on-site, which is a noted point of inefficiency and cost in the inspection process, as well as lower the error
of estimation.

FIGURE 25
Results, bar graph: Valuable method

●

“Would inspectors feel comfortable or professional enough meeting with clients through this
application?”

Feedback suggested the application was clean and minimal, with nothing distracting the user from the core
purpose of the tool. This is likely due to many helpful iterations during the production phase where unnecessary
additions were stripped away. There were also UX considerations that could be changed, see (§ 8: Future Work).
The application also scored mediocre in terms of perceived comfort, although none of the testers used the
application themselves. One civil engineer noted that while they were personally in favour of this style of
application, in their experience many inspectors were old fashioned and slow to adopt what they saw as
‘futuristic’ technology, but without a larger sample size, it’s hard to draw any conclusions on that point.

FIGURE 26
Results, bar graph: Professionality

All respondents answered in favour of meeting clients through this application.

FIGURE 27
Results, pie chart: Meeting clients

“How useful is it to integrate a virtual reality post-inspection presentation tool into the current
workflow of infrastructure inspectors?”

FIGURE 28
Results, bar graph: Workflow

Overall the responses expressed interest and desire in using a virtual reality presentation tool. Most expressed
interest in adding it to their workflows, although one noted that might be difficult to adopt by individuals less
involved in technology. Initially the hurdles of setting up a virtual reality addition to the office (the required
hardware, software, and impetus to use this tool) seemed like it would be great however no respondent
commented on that being a perceived issue. All voted ‘agree’ or ‘strongly agree’ on the application adding
positively to their current workflow.

Future Work
The application is currently a demo prototype and therefore could stand to benefit from many improvements to
enter the market as a fully fledged application.

NETWORKING
The full realisation of this application is as a multiuser tool, therefore full implementation of networking
functionality would be a mandatory step to full release. Along with ‘multiplayer’, other common features such as
voice chat via VoIP would reduce the reliance on a secondary voice program in order to be able to properly
communicate.

PIPELINE
The current presentation set-up can be significantly optimised. A pipeline for reading in report data and
automatically implementing that data into the world would allow for a much more efficient use of the
application, and would be a requirement for commercial viability as game editor proficiency is too large a
requirement for app usage. Suggestions would include some sort of data structure for holding pictures, text, and
positional data which could then be loaded into application, or ideally generated at run time. A web application
which allowed inspectors to set up this data from whose server the application then interfaced with would allow
accessible, low barrier to entry authoring of report data in the application’s context.

FUNCTIONALITY
Mesh slicing could allow inspectors to peek inside meshes in order to understand specific contexts. A history of
damaged areas over time could provide valuable historical context to the stakeholders involved. Simple UX
improvements like the ability to reset the positions and rotations of users and structures would add small but
meaningful quality-of-life benefits.

POINT CLOUDS
As discussed in (§ 5.3: Asset mesh or models) point clouds are seeing increased use in the field, however they still
remain performance heavy to implement. As Baykal (2020) points out, the use of mesh shaders can have
significant benefits for performance when using point clouds, making them a viable option, especially in a virtual
reality context where sustained high framerates are a requirement.

MARKETING
The application could also see potential usage in forms of presentations outside of infrastructure inspection and
maintenance, wherever there might be a need to present data spatially on a central object. Perhaps this could be
expanded to the automotive industry for large trucks, aerospace for rockets and planes, or the military for
submarines.

Conclusions
Despite the initial hurdles of potential user discomfort, higher adoption costs for the hardware, and an
old-fashioned mentality reluctant to adopt a new method, results seemed to indicate that an application of this
sort could really benefit the infrastructure inspection and maintenance process. Even though the application
uses game technologies it wasn’t thought of as being less professional for that reason, and the overwhelming
response was a desire to meet with clients in this environment, which shows great potential.
Overall more work needs to be done to bring this application to market, however that was not this assignment’s
purpose. The demonstration application proved successful in generating interest from the users involved in the
testing process. However, the sample size for testing could have been larger. Physical testing would also provide
valuable feedback on the usage of the application. Some trends can be drawn from the data but definitive
statements are hard to make. The ability to contextually view information and its spatial relation to other data
points seems highly valuable and a clear desire has been shown to purpose technical visualisation methods in
the civil engineering workflow.
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Appendices
A:

Product Link

Video footage of the product can be viewed at:
https://youtu.be/sT9DhpybjNQ

B:

Reflection Document
Reflection
1.

Technical research & analysis

Working in VR required an understanding of the SteamVR Action system. Virtual reality is not a system
I’ve had much experience designing and developing for before. The Action system was coupled to both
a state machine as well as a series of components which utilised OOP principles to allow varying
functionality all from the same set of base classes, instead of reimplementing and rewriting each time
functionality was redesigned. The application also required an understanding of design principles,
about which basic operations would cause grievance or interruption to a player, which is especially
compounded in VR. Each action required a clear goal of how it would be perceived by a user, how it
would be perceived by a specifically non-technical user, and whether that was a good way to perform
the desired interaction at all. VR theory in motion sickness, orientation, and manipulation was also
considered. Although it wasn’t mentioned in the thesis due to irrelevance, the application was also
built in the HDRP, which allowed me to learn the new rendering pipeline and post processing volumes.
By the end of the project I felt more skilled in being able to develop virtual reality applications.

2.

Designing & prototyping

The application went through multiple different iterations. Many subtle methods of performing tasks
and displaying information were internally tested with the client to see their viability and then either
tweaked or removed and reworked. These prototypes help iron out a clearer, more valuable product
by the end.

3.

Testing & rolling out

A physical playtest session was planned, but due to distance and the global pandemic during the
project period, testers were unwilling to visit the labs. Internal testing was done with other developers
in the lab as well as the client in order to get feedback on the product as it was developed. This was
extremely helpful in narrowing the project down to its final form.
I also conducted several interviews with inspectors asking them about the tools they use and the
features they would find valuable and recorded these answers for reference when designing.
During those iterations in the production phases features improved based on the interactions of the
users. The removal of certain features felt like it left the application too bare, which was something I

had to overcome personally as feedback from testers however indicated they appreciated its
conciseness.
During the final testing phase members were chosen from not only inspectors, but also professions that
would also find themselves using the application. Information was provided as clearly as possible, and
all questions asking testers to provide a linear scale of their feelings on the application also included
appropriate areas to expand upon that rating, allowing for more nuanced answers.

4.

Investigating & analysing

Providing the best product for the client involved finding the right research questions to ask. I believe
the main question properly targets the project’s goal: to understand if a VR application of this sort can
fit into the workflow and provide recognisable improvements in either ease of use, time, or
possibilities.
Infrastructure inspection and maintenance & civil engineering is a topic that was completely foreign to
me before this project. Research was done on considerations for virtual reality, on user experience and
human-computer interfaces, on the new methods of application design that break the desktop
paradigm, on the process of infrastructure inspection, the Dutch civil engineering industry and its
many parts—from government bodies to private companies—, and on methods of technology
expanding into the field through drones, AUVs and more. Appendix E: External Bibliography shows the
breadth of research done in order to understand the problem space fully.

5.

Conceptualising

The application saw many different implementations. Designing the best method for performing the
core actions was a major part of development and many different options were designed and tested
out. Some of these were analysed to be undesirable through sketches or small prototype
implementations. Others were developed further and tested with the client.
During the process I also conducted several interviews with potential users, understanding what they
found useful so that those features could be designed and implemented. During development I also
spoke with other developers creating VR applications for their ideas on certain functionalities.

6.

Designing

Scoping the application to be developed within the timeframe of the project was a challenge, but the
resulting product is a usable prototype which demonstrates the potential of such a tool to the target
audience. It shows what the experience would be like to utilise the application and simulates the
experience of performing the desired consultation process. The results of the pre-production phase
and choices in what was included resulted in a product that performs its desired functionality and was
appealing to the target audience.

7. & 8.

Enterprising competences

A hurdle within the uptake of such an application would be the need to purchase specific VR hardware
for this application. The more VR applications enter the market working with inspection and

maintenance the more desirable it will be to have a VR set in the office for using the different suite of
applications. The cost of the hardware is a larger consideration for personal users in picking up VR—as
is seen in the case of for-entertainment games—whereas it plays less of a factor for a company which
has the money to invest into a set.
Feedback from testers highlighted the application’s potential to reduce inspector time on-site—one of
the most costly parts of the inspection process—and therefore save the bureau money.

9.

Working in a project-based way

During the project I would meet weekly with the client and my remote team member to discuss our
progress and the state of our research and applications. Features were discussed and a plan was made
on what to work on until the next meeting, and changes were then implemented in accordance with an
AGILE philosophy.
As I had more experience with game development and the Unity engine than my team mate I would
often provide help for his tasks, or we would have extended meetings after our client meeting to
implement a feature or understand a concept. These meetings moved to twice-monthly during the
later stages of development.

10.

Communication

During the project—in addition to regular project meetings with the client in order to discuss and
present progress—I also arranged and had a number of interviews (Appendix D: Interview Notes) with
inspectors to discuss a variety of topics including what needs they faced, current tools they used, and
features they would like to have in a potential application.
I believe I maintained a friendly and respectful attitude with all the lab staff in the workspace and with
other members of the labs, especially having to be considerate of other people when arranging voice
and video calls, which was much more frequent due to COVID-19.
At times I hesitated in responding to emails but I believe I always did so in a courteous and personable
way and with the respect and attitude they deserved. Furthermore I believe this reflection document,
the thesis report, the voiceover in the professional product, and all out-going communication
contained an excellent use of the English language, in terms of both vocabulary and grammar, and
adhered to respected punctuation and formatting rules.

11.

Learning ability & reflectivity

There were multiple occasions I believed strongly in a feature being included in the application but
was willing to hear the feedback from the client and adjust that to better reflect their desires, learning
that I might not have the correct idea on the implementation of something. I heard often too that I was
overthinking an issue, and that it was okay to take an easier approach. Something I tried my best to
implement.
The application itself was originally entirely different, based on incorrect information from an
interview, but upon further discovery I was able to conclude that an error had been made and
course-correct in order to develop a more compelling product.
I had initially submitted a report styled as a research paper. After feedback from my coach I entirely
restructured it to fit the thesis form, showing responsiveness and adaptability.

There are still aspects I would like to improve upon, such as more efficient communication, more
robust planning, and better task prioritisation.

12.

Responsibility

Although I felt dejected about the state of the project at times I still organised meetings with both the
client and my student coach to make sure it was brought to fruition, as the project was still my
responsibility.
During the questionnaire and testing I made sure that testers could remain anonymous so that any
answers they gave about their current practices would not reflect badly on them in their workplaces.
During any interview or testing session I made sure to ask permission before recording any footage so
that no one was unaware they were being recorded.
There were no specific societal or ethical topics that the application touched on: it did not seek to
recreate or draw inspiration from other groups or places and so did not accidentally cause harm or
offence.
When sourcing models for the application I ensured the assets were intended for reuse and were not
copyrighted. All software and tools used to develop the application were either free and open-source
or had the appropriate and valid licences.

C:

Testing Questionnaire

D:

Interview Notes

Permission for footage of interview with Xie, Y. not cleared for sharing.
Notes, Meeting with Frans Jonkman

Notes, Meeting with Maurice Reusen

Notes, Meeting with Giel Klanker

E:

External Bibliography

Extra sources used for research.

National
Rijkswaterstaat:
DISK:
https://www.rijkswaterstaat.nl/zakelijk/werken-aan-infrastructuur/onderhoud-kunstwerke
n/data-informatiesysteem-kunstwerken/index.aspx
Onderhoud Kunstwerken:
https://www.rijkswaterstaat.nl/zakelijk/werken-aan-infrastructuur/onderhoud-kunstwerke
n/index.aspx
Efficiënter werken:
https://www.rijkswaterstaat.nl/zakelijk/werken-aan-infrastructuur/efficienter-werken/inde
x.aspx
Products & Standards:
https://www.rijkswaterstaat.nl/zakelijk/werken-aan-infrastructuur/efficienter-werken/bou
wwerk-informatie-model/producten-en-standaarden.aspx
Handleiding en Tools van BIM:
https://www.rijkswaterstaat.nl/zakelijk/werken-aan-infrastructuur/efficienter-werken/bou
wwerk-informatie-model/handleidingen-en-tools.aspx
OTL Simplification:
https://otl.rws.nl/publicatieomgeving/#/

Zuid Holland KiC
https://www.iampro-portaal.nl/getattachment/praktijkvoorbeelden/Kunstwerken-in-contr
ol-Provincie-Zuid-Holland/kic_eindrapport.pdf.aspx

Europees Fonds voor Regionale Ontwikkeling (EFRO)
https://www.rijksoverheid.nl/onderwerpen/europese-subsidies/europese-structuur--en-i
nvesteringsfondsen/europees-fonds-voor-regionale-ontwikkeling-efro

Kunstwerkinspectie
https://kunstwerkinspectie.nl/

East
Saxion EFRO KiC
https://www.saxion.nl/onderzoek/smart-industry/ambient-intelligence/efro-kunstwerken-i
n-control

Smart Regio Twente KiC
https://smartregiontwente.nl/projecten/kunstwerken-in-control

UT Tankinkbrug KiC
https://www.utwente.nl/nl/et/nieuws/2019/7/245684/proeftuin-in-twente-voor-inspectie-v
an-bruggen-en-viaducten

RTVOost Tankinkbrug Experiment:
https://www.rtvoost.nl/nieuws/315591/Experimenteren-met-drones-en-sensoren-voor-in
spectie-bruggen-en-viaducten

Twente47:
https://www.twente47.online/
Meeting RWS 2018 with Maurice:
https://www.twente47.online/expert-bijeenkomst-kic-performance-bijeenkomst/

Companies
Royal Haskoning
https://en.wikipedia.org/wiki/Royal_HaskoningDHV
https://www.royalhaskoningdhv.com/en-gb/about-us/company-profile

ANTEA
AI-Vision: https://www.anteagroup.nl/diensten/data/ai-vision
Data: https://www.anteagroup.nl/diensten/data

Beweegbare Bruggen:
https://www.anteagroup.nl/diensten/beweegbare-en-vaste-kunstwerken/beweegbare-br
uggen
Information Management:
https://www.anteagroup.nl/diensten/data/informatiemanagement

BouwTotaal
Risicogestuurd onderhoud:
https://www.gwwtotaal.nl/2017/11/24/risicogestuurd-onderhoud/

Ingenieursbureau Westenberg
iASSET:
Dantec Dynamics DIC
A Powerful Solution:
https://www.dantecdynamics.com/notes/dic-a-powerful-solution-for-bridge-inspection-a
nd-monitoring/?sourceid=1602
DIC Overview:
https://www.dantecdynamics.com/solutions-applications/solutions/stress-strain-espi-dic/
digital-image-correlation-dic/
DIC 3D:
https://www.dantecdynamics.com/solutions-applications/solutions/stress-strain-espi-dic/
digital-image-correlation-dic/dic-standard-3d/

World Class Maintenance
https://www.worldclassmaintenance.com/

Industry Foundation Classes
https://standards.buildingsmart.org/IFC/RELEASE/IFC4/ADD2_TC1/HTML/

London Bridges Engineering Group
Bridge Conditions Indicators Project - Six Year Report:
http://www.bridgeforum.org/bof/meetings/bof33/BCI%20Study_Report_Final.pdf

Non-profit which develops and maintains BIM
IFC2x3 TC1, gevolgd door IFC4

Current is:
Industry Foundation Classes 4.0.2.1
Version 4.0 - Addendum 2 - Technical Corrigendum 1

Digital
AliceVision - Photogrammetry:
History: https://alicevision.org/#history
Pipeline: https://alicevision.org/#photogrammetry/texturing

LiDAR + VR Bridge Inspection
Use of gaming technology for bridge inspection, Manchester masonry:
https://www.tandfonline.com/doi/full/10.1080/15732479.2019.1615962

Advances in Computer Vision for Civil Engineering Inspection &
Monitoring
ScienceDirect: https://www.sciencedirect.com/science/article/pii/S2095809918308130
ResearchGate:
https://www.researchgate.net/publication/331565675_Advances_in_Computer_VisionBased_Civil_Infrastructure_Inspection_and_Monitoring

Building Windows Applications:
C-Sharp Corner:
https://www.c-sharpcorner.com/UploadFile/84c85b/building-windows-forms-applicationwith-C-Sharp/
MSDN: Windows Desktop: https://docs.microsoft.com/en-us/windows/apps/desktop/
MSDN: Choose your platform:
https://docs.microsoft.com/en-us/windows/apps/desktop/choose-your-platform

Ultimo Infra Asset Management Software:
https://www.ultimo.com/software-solutions/infra-asset-management-system

ASIGN Remote Infrastructure Monitoring & App:
https://www.ansur.no/remote-inspection/

UX & HCI
Speculative OSes:
Jason Yuan & MercuryOS:
Overview of MercuryOS: https://uxdesign.cc/introducing-mercury-os-f4de45a04289
The Desktop metaphor must die:
https://uxdesign.cc/the-desktop-metaphor-must-die-676fbb34afdb
Twitter: https://twitter.com/jasonyuandesign

elementaryOS:
Overview: The fast, open, and privacy-respecting replacement for Windows and
macOS ⋅ elementary OS

Artifacts:
Overview: http://artifacts.fyi/

Desktop Neo:
Overview: https://desktopneo.com/

Semilattice:
Overview: https://www.semilattice.xyz/

10/GUI:
Overview: http://10gui.com/

UI Patterns:
Modal Windows: http://ui-patterns.com/patterns/modal-windows

User Experience:
A Research Agenda:
https://www.tandfonline.com/doi/abs/10.1080/01449290500330331

HCI Playlist:
Playlist:
https://www.youtube.com/playlist?list=PLqhXYFYmZ-VfI01g9kvHI84y7ycubBncd

Jef Raskin - The Humane Interface

Adam Wiggins:
How we interact with our tools:
https://adamwiggins.com/making-computers-better/interact

Ink & Switch:
Overview: https://www.inkandswitch.com/
Cambria bi-directional schema lenses: https://www.inkandswitch.com/cambria.html

GOMS Software Efficiency Model:
https://en.wikipedia.org/wiki/GOMS

UX Flow: How to Build a Seamless UX
https://wandr.studio/ux-flow/

Overflow:
https://overflow.io/

Webflow:
17 UI/UX Design Tools: https://webflow.com/blog/ui-ux-design-tools

Dark Theme:
https://uxplanet.org/8-tips-for-dark-theme-design-8dfc2f8f7ab6

Apple Developer:
Human Interface Guidelines:

Google Material Design:

https://material.io/design/color/dark-theme.html

Anti-Mac Interfaces:
Article: The Anti-Mac User Interface (Don Gentner and Jakob Nielsen) (nngroup.com)

CSS-Tricks:
Easing animations: https://css-tricks.com/ease-out-in-ease-in-out/

Marker Menus:
Paper: www.billbuxton.com/MMUserLearn.html
https://blog.bitsrc.io/how-we-build-our-design-system-15713a1f1833
https://www.sciencedirect.com/topics/engineering/underwater-inspection
https://smi.onramp.dot.ca.gov/downloads/smi/files/Manuals/SM%26I%20Procedure%2
0Manual/Section%207/7_2%20Bridge%20Inspection%20Report%20Narrative%20-%2
0Final%20Draft%20(09-2016)%20V2.pdf
https://dot.ca.gov/-/media/dot-media/programs/maintenance/documents/f0009172-uwiprocedures-a11y.pdf

API
Stripe:
API versioning middleware: https://stripe.com/blog/api-versioning
Link in Cambria.

HCI Playlist:
Playlist:
https://www.youtube.com/playlist?list=PLqhXYFYmZ-VfI01g9kvHI84y7ycubBncd

Building a mobile app
Xamarin:
Xamarin.Forms: https://dotnet.microsoft.com/apps/xamarin/xamarin-forms
MVVM:
https://docs.microsoft.com/en-gb/xamarin/xamarin-forms/xaml/xaml-basics/data-bindin
gs-to-mvvm?WT.mc_id=docs-dotnet-xamarin
Building cross-platform UI (C# or XAML):
https://docs.microsoft.com/en-gb/xamarin/xamarin-forms/user-interface/controls/views?
WT.mc_id=docs-dotnet-xamarin
Shared vs Portable Class Lib vs .NET Standard:
https://www.xamarinhelp.com/portable-class-library-pcl-vs-shared-projects/

How to make an inspection app in PowerApps:
Video: https://youtu.be/Kl6LqNfhGRY

Multi-user VR brain scans:
Paper: Multiuser virtual reality environment for visualising neuroimaging data (nih.gov)

Unite Europe:
Visualising geospatial big data in Unity: (27) Unite Europe 2017 - Visualizing geospatial
big data in Unity - YouTube

NEN-Rijkswaterstaat App:
Ii:
https://www.nen.nl/bouw/beheer-en-onderhoud/conditiemeting/nen-2767-4-webapplicat
ie
(27) Leergang NEN 2767: Conditiemeting van gebouwen - YouTube
(27) Kennissessie NEN 2767 - Organiseren en interpreteren van inspecties - YouTube
(27) Conditiemeting NEN 2767 en MJOP objectief in kaart gebracht door Quote Invest.
- YouTube
(27) NEN 2767 inspecties met O-Prognose op de iPad - YouTube
(27) NEN 2767 inspectie - YouTube

(27) Schouw app - NEN2767 inspectie - YouTube

Competing Applications:
DroNet Infrastructure Inspection Application
https://youtu.be/BOy9q67VAik

Data
RWS:
Over: Open Data | Rijkswaterstaat
Sensoren tonen of bruggen open of dicht zijn | Rijkswaterstaat
Meer dan 200 sensoren monitoren ‘bio’-brug - Aandrijven, regelen en besturen Kennis - Engineersonline.nl
Dankzij data betere doorstroming over water en weg (ew-installatietechniek.nl)

Standards & Protocols
CROW-CUR
Over: https://www.cur-aanbevelingen.nl/over-cur
Wat is:
https://www.crow.nl/over-crow/nieuws/2019/december/wat-is-een-crow-cur-aanbeveling
Inspectie Handboek:
https://www.pveno.nl/handboek-voegovergangen/handboek/instandhouding/7-2-inspect
ie/7-7-inspectiehandboek-cur-117/

Cobouw:
Bad news for CURnet:
https://www.cobouw.nl/marktontwikkeling/nieuws/2017/05/doek-valt-voor-sbrcurnet-101
247899?io_source=www.google.com

ArchitectenWeb:
SBR + CURnet fusion: https://architectenweb.nl/nieuws/artikel.aspx?ID=30766

Standards
NEN2726
https://infostore.saiglobal.com/en-us/Standards/NEN-2726-1992-824930_SAIG_NEN_
NEN_1966805/
Superseded by standard: NEN EN 12798 : 2007

https://infostore.saiglobal.com/en-gb/standards/NEN-EN-12798-2007-796569_SAIG_N
EN_NEN_1910083/

Bouw Informatie Raad Kenniskaart
https://www.bouwinformatieraad.nl/main.php?mode=download_cat&cat_id=2

BIM basis ILS: IFC
https://www.bimloket.nl/p/325/Hoofdstuk-2---Hoe
BIM Basics Delivery Manual:
https://www.bimloket.nl//documents/BIM_basis_ILS_v1_0_ENG.pdf

Construction Dive:
ISO publishes global BIM standards:
https://www.constructiondive.com/news/iso-publishes-first-international-bim-standards/
547136/#:~:text=The%20International%20Organization%20for%20Standardization,Info
rmation%20Modeling%20(BIM)%20standards.&text=ISO%2019650%20is%20based%
20on,user%20construction%20costs%20by%2022%25

CAD & Company
Meer data in BIM: https://cadcompany.nl/blog/meer-data-in-bim/

ISO Asset Management Systems & Standards:
https://www.iso.org/news/2014/01/Ref1813.html

Asset Management: An Anatomy
https://theiam.org/knowledge/asset-management-an-anatomy/

General
Scibbr
Theoretical Framework:
https://www.scribbr.co.uk/thesis-dissertation/theoretical-framework/#:~:text=In%20your
%20thesis%20or%20dissertation,combine%20relevant%20theories%20and%20model
s

Contract Tender
https://www.infoentrepreneurs.org/en/guides/tender-for-a-contract/

Tunnelling Online: Inspection Methods
https://tunnelingonline.com/inspection-methods-tools-for-monitoring-aging-infrastructur
e/

Frontiers
Sensor Data Interpretation in Bridge Monitoring—A Case Study
https://www.frontiersin.org/articles/10.3389/fbuil.2019.00148/full

Storing Live Sensor Data to the Platforms of IoT Using Arduino and
Associated Microchips
https://www.researchgate.net/publication/339992716_Storing_Live_Sensor_Data_to_th
e_Platforms_of_Internet_of_Things_IoT_Using_Arduino_and_Associated_Microchips

Abbreviations:
O&O
(Opleiding en ontwikkeling)
GWW
(Grond-, weg-, water)
B&U
(Burgerlijke en Utiliteits)

COINS
(Constructieve Objecten Integratie van Processen en Systemen)
BIM
(Bouw Informatie Management (ook Modellering, en Model))
ILS
(Informatieleveringsspecificatie)
MKB
(Midden- en Kleinbedrijf)
IFC
(Industry Foundation Classes)

Standards:
NEN 2627:92
NEN EN 12798:07
CUR-117
BIM
IFC2x3 TC1, gevolgd door IFC4
Industry Foundation Classes 4.0.2.1
Version 4.0 - Addendum 2 - Technical Corrigendum 1
Technically IFC develops and maintains BIM

Inertia Technology, DRONExpert, Antea Group, Strukton en Pelle Loonbedrijf
betrokken.
How to Design a Wireframe For your Project? | Mobile App Development Process Step
-3
https://kodytechnolab.com/mobile-app-development-process-create-wireframe
Responsive Grid
https://medium.muz.li/responsive-grid-design-ultimate-guide-7aa41ca7892

Agile UX
http://www.uxforthemasses.com/agile-ux-managing-your-work/
Desginers as Researchers
http://www.uxforthemasses.com/designers-and-researchers/
Vr control scheme:
Proceedings Template - WORD (fdg2015.org)

