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From technological point of view BIM includes a set of procedures for spatial mod-
eling of designed building structures to support modern design, construction and opera-
tion techniques from the early stage of life of a new object. The basis for BIM design is 
shaping the three-dimensional body of the object, including its technical equipment, 
supported by its spatial visualization. Thanks to it, the design process of the structure is 
complemented by currently created views that can be used in the decision-making pro-
cess and conflict situations. Observation of the project in the background of its surround-
ings allows also assessing the feasibility of its implementation in relation to objects re-
lated to the place of its final location. The method of such observation is currently re-
ferred to as a virtual or augmented reality (VR or AR) and is based on 3D visualization 
techniques. 

In order to meet the requirements of spatial visualization, the way the map for design 
purposes is made must ensure its three-dimensional location in the field. Thanks to this, 
also invisible terrain content will be visible in the VR/AR mode, which should be con-
ducive to the detection of spatial collisions and the optimal location of new networks and 
devices in the increasingly complex underground reality. It will also be possible to detect 
map errors as well as the newly designed object as soon as possible. This needs not only 
to see not only the map or design in real environment, but all mentioned components 
have to reference to each other. Such approach is sometimes called Extended or Mixed 
Reality (XR or MR). The subject of this publication is the introduction to the issue of 
this aspect of XR/MR applications and the indication of directions of 3D mapping de-
velopment in accordance with the requirements for the form and content of the map for 
design purposes. 

1. INTRODUCTION

The map as a model of real world, through its simplifications and symbol-
ism, introduces the observer to the conventional reality, which – depending on 
the degree of abstraction of the map – provides him/her with important infor-
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mation about a specific part of the real space and/or phenomena occurring on it. 
In this confrontation there is something what is sometimes referred to as mixed 
reality – the combination of direct observation of the world with its map image. 
However, when computer technology enabled people to spatial observation of 
abstract images, the conditions becomes for the joint observation of real space 
along with its cartographic model. The technical solution of this idea was called 
the Virtual or Augmented Reality (VR/AR), which in this form is the basic ele-
ment of the visualization of building projects developed in BIM technology 
(Petrova et al. 2017, Wang et al. 2014). Petrova et al. (2017) refer used term VR 
in reference to the American Heritage Dictionary (Mifflin, 2001), and Wang et 
al. (2014) prefer to use AR.  

Miffin (2011) defined Virtual Reality as “an experience in which a person is 
surrounded by computer generated 3D representation and is able to move around 
in the generated virtual word and see it from different angles, reach into it, grab 
it, and reshape it”. According to Wang et al. Augmented Reality (AR) may be 
defined as the view of space combined with other, most often artificially created 
images, which are relative to it in a specific spatial relation. In the era of the 
intense development of electronics, these "other" images are created by comput-
er on the background of the space being viewed, or its photographic image (vid-
eo). The result is a view of non-existent, synthetically generated objects “super-
imposed” on the observed space along with the physical objects existing on it. 
These artificially generated objects can represent invisible parts of physical ob-
jects, but also intangible objects or phenomena. In the map context, they can be 
– invisible parts of buildings, infrastructure, natural objects, or record data.

In BIM technology, these are the elements of the project, whose view on the
background of reality allows viewing the designed objects or structures, or non-
geometric information assigned to them (descriptions, labels). Thanks to this, it 
is easier to find them and take necessary actions in relation to them or for other 
practical purposes. 

In order for the map to be an element of visualization of objects designed in 
BIM technology, it is necessary to solve two technical aspects: 
1) the use of appropriate electronic devices,
2) run IT solutions for preparing the map.

The state of visualization and information techniques in the context of their
application in engineering issues based on the map and numerical design data 
will be described below. 

2. COMPONENTS OF AUGMENTED REALITY OF MAP

2.1. Hardware solutions 

The bases of AR technology are head-mounted portable computers (head-
sets) with screens that allow viewing images in front of the observer's eyes. As 
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a result of minimizing the dimensions of electronic devices, they are becoming 
more and more similar to safety glasses – goggles. Thanks to the technology of 
projecting images (holograms) on glass (transparent screens located in front of 
the eyes), they enable simultaneous visibility of the surroundings and images 
generated by the computer. AR-related technologies are developed very dynami-
cally, so any review of them will quickly lose its relevance. Nevertheless, for the 
sake of clarity, a brief description of the leading solutions should be given. 

Microsoft HoloLens glasses 
Microsoft was the first company which introduced glasses controlled from 

a microcomputer located in their casing (Figure 1). It transmits virtual images to 
the observer's eyes via two small HD displays and four lenses. Three of them 
generate primary colors (blue, red and green), the fourth displays shades of gray, 
which results in a full color palette. 

a)  b)

Fig. 1. Microsoft HoloLens forehead computer with goggles enabling simultaneous 
visibility of real and artificial reality: a) folded headset, b) components of the device 

with visible electronic part (www.mocrosoft.com) 

In order to locate the observer in space, his environment is recorded by sev-
eral cameras – one leading and four 3D distributed on the sides. A new Windows 
Holographic operating system has been developed for handling the glasses, be-
ing a version of Windows 10 specially modified for this aim. 

Despite the revolutionary possibilities, the device is still (in the middle of 
2018) insufficiently developed technologically. The main challenge for its pro-
ducers is to improve the field of view of holograms. The technology, however, is 
being intensively developed and undoubtedly will be soon replaced by another, 
even better generation. At the same time, modifications are being developed to 
allow the use of hololens in various visibility conditions. 

Gogle Lenovo VR 
Lenovo is the first company that, following Microsoft, developed virtual re-

ality goggles based on the Windows Holographic platform (Figure 2a). They are 
equipped with two OLED displays with a resolution of 1440×1440 (compared to 
the resolution of 1080×1200 previously developed for Oculus Rift and HTC 
Vive). Two cameras in the housing are responsible for position tracking and 
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assessment of the distance to the surrounding objects. As in the case of Mi-
crosoft goggles, there is no access to comprehensive knowledge about the tech-
nological solutions used in them. However, they prove that there is growing 
competition among manufacturers of electronic equipment in the field of this 
type of solutions, which should lead to the increasing availability of equipment 
enabling their various applications. 

a)  b)

Fig. 2. Competitive solutions running on the Microsoft platform, based on visualization 
on the tablet screen (OLED): a) Lenovo goggles, b) model offered by ACER 

Goggle ACER 
Windows Mixed Reality developed by Acer is a kind of combination of typ-

ical wired virtual reality goggles with Microsoft Hololens augmented reality 
glasses (Figure 2b). Like the Lenovo VR headset, the Acer product will be 
equipped with two 90-Hz OLED displays with a resolution of 1440×1440 and 
two cameras used to locate the observer in space. Just like the MS Hololens 
goggles, they will be able to capture the depth of the surroundings. The manu-
facturer predicted the possibility of a quick deviation of the goggles, so that 
without removing the headset, the user could make changes in the source code or 
data, or to look at other objects in the environment or even to rest for a moment 
from digital reality. 

Similar solutions are being developed by other manufacturers of electronic 
devices. 

2.2. Cartographic representation of the third dimension 

The basis for virtual applications of cartography is the possibly faithful, con-
tent-rich numerical map. At the current stage of development, the numerical 
Base Map (Mapa zasadnicza) is created in the form of rich content databases, 
which can be used both to generate the image of a classic map and its various 
modifications. The most important factor for spatial visualization is the three-
dimensional record of the map content. In this respect, the biggest problem to be 
solved is to move away from the paradigm of a map to be a projection 3D space 
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to the plane (planimetric) with some elements of the third dimension, to fully 
represent the third dimension. The solutions are therefore: 
 modification of definition of the spatial reference system, 
 cartographic representation of the third dimension, 
 supplementing the description of spatial objects with the third dimension. 

The solution to these problems will only occur as a result of the implementa-
tion of the 3D cadastre, e.g. object records with a full description of the third 
dimension. However, the way to achieve this goal seems to be long. Towards 
these solutions, technology is again coming out. In this case these are techniques 
for acquiring and processing data (point clouds) from 3D laser scanning or digi-
tal photos. Currently offered hardware and IT solutions enable generation of 
three-dimensional fragments of real space, their spatial location and connection 
into larger structures such as buildings or engineering structures, cable networks, 
technical equipment of industrial plants, and even cultural or natural regions. 3D 
models are created for selected objects, but it is difficult to expect them to cover 
larger areas and become the standard of large-scale cartographic elaborations. 

With regard to mixed reality, there are no expectations as to the full content 
of the map; the most important are invisible objects in the area – the boundaries 
of plots and arable lands with their bonitation classification and the networks of 
underground utilities. Both sets of data are collected in the national geodetic 
repository in the form of two databases – EGiB and GESUT. Also in these data-
bases is missing full information in the third dimension. 

With regard to EGiB, two problems need to be addressed: 
 the shape of the vertical boundary lines, 
 the ability to turn on/off the visibility of buildings. 

Lack of the third dimension may cause disturbances in the visibility of the 
boundary course, however its introduction is impossible on the base of available 
data, which lack the height component. Solutions should be looked at in project-
ing the boundary database to the digital terrain model (DTM), the input of which 
to the repository appears to be necessary. It can be obtained from a rich collec-
tion of LiDAR data collected within ISOK program, or from photogrammetric 
studies created in the national or local range. However, the case of displaying or 
concealing buildings may serve to verify the implementation of the map, and on 
the other hand – their visibility on the background of existing objects can signif-
icantly disrupt the readability of the combination of real and artificial content 
viewed. Especially that the cartographic models of buildings are very simplified 
and in their main mass do not have described altitude data. 

The GESUT data, by definition, contains a component of heights, however, 
due to neglect of the past as well as routinely used generalization, existing data 
are insufficient to model the define of wires or pipes in three-dimensional space. 
Therefore, an immediate solution will be to locate the utilities on the surface of 
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the terrain model or to deepen them in a simplified way – for example based on 
technical recommendations for a given class of objects. 

3. IMPLEMENTED CARTOGRAPHIC APPLICATIONS

3.1. Positioning of virtual map images in the open space 

In the general case, the orientation in the open space requires the determina-
tion of the absolute coordinates of the position of the observer and the direction 
(azimuth) of observation. While in closed spaces one can use 3D cameras or 
scanners, but in open space it is only possible using the combined GNSS and 
INS technique supported by the application used in headsets. Holographic gog-
gles currently offered for this type of application typically do not have such 
technical capabilities. Simplified solution is possible using devices in which the 
virtual image is implemented on the screen of a smartphone equipped with a 
GPS sensor and an electronic libel and compass (Figure 3a). There are also solu-
tions (such as presented by augview.net), where the tablet software uses an ex-
ternal GNSS receiver (Figure 3b). To ensure the highest accuracy of location, 
this receiver should work in RTK mode, and at least take into account satellite 
corrections and work in DGPS mode. 

a)    b)

Fig. 3. Technical solutions for the location of an observer (and image) in space: a) using 
built-in position and orientation sensors (http://www.bitrebels.com), b) using an external 

sensor (www.augview.net) 

It seems an obvious consequence that – thanks to the progressive miniaturi-
zation of the above sensors – similar solutions will also be available in devices 
with holographic screens. 

3.1. Examples of cartographic applications 

The basic field of cartographic VR applications is visualization of map ob-
jects or symbols invisible directly in the field – above all, these are already men-
tioned traces of boundaries and underground utilities. 

The solution presented after Pinterest (https://pinterest.co.uk/) in Fig. 4 is an 
application showing the course of designed underground devices on a static im-
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age. This is one of the forms of project visualization by pasting the numerical 
model into the image of the real world. 

Fig. 4. Visualization of underground cables in the photo of the analyzed fragment  
of space (https://pinterest.co.uk/) 

A similar approach to solving this task is shown in Figure 5, where the con-
tent of the view has been supplemented with numerous database information of 
the descriptive type (labels). Such composed images can be supplemented with 
the results of additional measurements or other notes, visualization of various 
descriptive data or symbols. 

Fig. 5. AR image with descriptive data and symbolism of selected objects. 
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The future of mobile solutions is also seen by the leading developers of VR 
applications in the use of navigation maps. Figure 6 shows an example of using 
such a system in the Pioneer's Cyber Navi application.  

Fig. 6. A mobile application in the navigation version equipped with elements  
of augmented reality supporting the orientation in a complicated city space 

(www.engadget.com) 

Meanwhile, the application AR City (https://blippar.com/) represents a class 
of programs implementing mixed reality on any mobile computer, combining the 
image of real objects with images of other, non-existent objects. This and similar 
programs are used in urban tourism, and virtual data are used for orientation in 
urban space and contain cognitive information. As a source, there are views or 
models of historical objects – existing, changed or already forgotten – along with 
a description of events and people associated with them. Objects and events can 
refer to different periods and historical situations (i.e. the content of historical 
maps). The location in the field is based on the techniques of computer vision 
and image analysis.  

Fig. 7. Map application for tourist applications (https://blippar.com/) 
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Similarly, applications with the content of a classic map could be imple-
mented, which could also be used as a source of data for cooperation with locali-
zation algorithms in an urban environment. 

3.1. Photogrammetric aspect of mobile mapping 

In addition to the third dimension, an important requirement for a vector map 
in MR/XR applications is its topicality. Sometimes this feature is referred to as 
the fourth dimension of the map – extremely important in multitemporal studies. 
The development of digital photogrammetry along with laser scanning, make 
their results the main sources of current three-dimensional spatial data. Due to 
the development of DIC (Digital Image Correlation) computing techniques, 
good photogrammetric elaborations can be obtained based on photos taken with 
smartphones or tablets. Good quality programs are created to support accurate 
3D maps. With the development of shared activity, where data is placed in the 
cloud, the models based on photos taken by different authors are becoming more 
and more real. The block diagram of such activities is illustrated in Figure 8. 

Fig. 8. Block diagram of photogrammetric elaboration based on diffused photographic 
data and cloud computing 

The application referred here works with the images saved with metadata 
(image quality, coordinates, orientation) in the cloud, implementing correlation 
algorithms in three stages: (1) coarse 3D modeling using the SfM (Structure 
from Motion) method, (2) developing a detailed model in based on multiple 
views (MVS – Multi-view stereo), (3) creating a detailed model using remote, 
strong servers. The main advantage of this solution is the use of various photo-
graphic sources. Similar applications are developed by various teams. 

The next step is vectorization of the map – this type of tasks are developed 
by specialist IT such as BlueSky [https://www.vrs.org.uk/headsets/bluesky-pro/]. 
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4. ENGINEERING APPLICATIONS OF MAP AND BIM
COMPONENTS IN MIXED REALITY

4.1. Trends in the use of engineering maps in MR mode 

Cartography in MR (or XR) mode will soon be used by designers to place 
newly created objects right in the planned place of their localization, to solve 
collision problems or to optimize spatial relations. Investors will be able to take 
virtual walks in and around designed objects, which will help them to make op-
timal (in their assessment) decisions. Engineers will be able to find underground 
geological devices or objects, verify projects in terms of location and plan earth 
works taking into account potential threats. 

Virtual maps will also be used by surveyors – at the stage of field intelli-
gence, detecting deficiencies and / or faults, and verification of the map updated 
with new measurement content. The image of hidden or damaged border marks, 
valve devices or other invisible details will allow them to be easily found. The 
whole can be presented in the form and according to the rules commonly used in 
GIS software, even if it is implemented in the MapView program by the New 
Zealand Company AugView (Figure 9).  

Fig. 9. A mobile application supporting the work of surveyors and engineers in the area 
of non-visible map content (https://www.augview.net/English/product/downloads.html) 

The appearance of MapView application is the one which is known to a GIS 
or a Google Maps™ users. Solutions similar to the above will be a natural next 
stage in the visualization of computer maps and will certainly be used in control-
lers supporting the acquisition of spatial data and in the mapping of map or de-
sign data, as illustrated in Figure 9. 

4.2. Applications of Mixed Reality in Trimble technology 

Trimble – a leader in technological innovation in the field of measurements 
and BIM – has developed and implements recently its own solutions based on 
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VR/XR. The initiative Trimble Mixed Reality (mixedreality.trimble.com), aims to 
support various fields of engineering by implementing this idea. It is based on the 
Microsoft Hololens technology and adaptation of the software to use holographic 
goggles. It was implemented in programs such as Trimble Connect (project view-
er), SkechUp Viewer (graphic viewer browser), Connected Mine (mine), 
SiteVision (field viewer) and Trimble Operations (technical infrastructure man-
agement). As a result, models traditionally presented on the screen are trans-
ferred to the work environment, which helps people to interpret physical and 
digital information and spatial relations between them more effectively. The 
displayed holograms can look alive and can move, shape and change depending 
on the interaction with the user or the physical environment. Gestures, views and 
voice commands can be used to navigate and control the presented content. 

A typical terrain application in the mobile version is Trimble SiteVision. By 
combining the image with a precise GNSS receiver, it can be used to accurately 
locate 3D projects in the field (Figure 10). Of course it needs to precisely place 
designed object in current coordinate system. This is particularly useful for visual-
ization of planned earthworks or positioning some elements above ground level, 
but also for tracking the location of existing and designed underground utilities 
and related devices. In surveying tasks, SiteVision can be used to verify maps or 
3D data, field inspection and visualization of stakeout data. 

Fig. 10. Trimble SiteVision program used in a dedicated tablet with a precise GNSS 
receiver (http://sitevision.trimble.com/) 

Trimble has also implemented the Microsoft HoloLens technology so that it 
can be integrated with the protective helmet (Figure 11). Thanks to this, employ-
ees can see their models located in the physical environment, enabling more 
precise cooperation and coordination of the project.  
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Fig. 11. Microsoft HoloLens headset for Trimble SiteVision visualization mounted 
on a helmet with safety goggles (http://sitevision.trimble.com/) 

By using this solution at the construction site, it will be possible to observe 
the designed elements in the space of the existing facility. Predefined views fur-
ther simplify field use thanks to fast and easy access to visualization of designed 
3D data. In this way, it is possible to compare plans with the progress of works. 
Advanced visualization allows users to view assigned tasks and measured data. 
It reduces the human error, thanks to which projects will become much more 
reliable than at present. 

Trimble Connect in the HoloLens version uses MR technology, providing in-
terested parties with a design with improved 3D design analysis, coordination, 
collaboration and project management processes. Thanks to two-way communi-
cation with the cloud, the participants of the decision process have the most up-
to-date data on the preview, and at the same time they can modify it themselves. 

Following Trimble, one can formulate the expected benefits that participants 
in the design process should draw from such a solution. These are: 
 raising the quality of design by providing 3D models for viewing by all 

stakeholders, 
 improvement of communication and cooperation between local and remote 

stakeholders thanks to the function of remote holographic presence and data 
visualization in the full 3D context, 

 reducing costs through earlier and more frequent involvement of stakeholders 
in the project, eliminating the need for reprocessing and reducing travel costs, 

 increasing safety by reducing the need for on-site visits, remote employee 
training and identifying potential project failures before they occur, 

– maximizing the impact of investments in existing technological solutions by
means of a tool compatible with existing work processes and compatible with
all 3D data.
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5. SUMMARY AND CONCLUSIONS 

The publication reviews current hardware and software capabilities – 
operating or being in the implementation phase – that can be effectively used to 
work on a VR/XR map content. It was pointed out that it should be necessary to 
adjust the paradigm of a large-scale map in the direction of the possibility of its 
three-dimensional visualization. The third dimension can be created based on the 
results of classical measurements, laser scanning or photogrammetric 
development of digital photos. These techniques also become the main source of 
data necessary for the location of a three-dimensional construction project in 
space, sometimes referred to as the fifth dimension of the map (the forth is 
changing in its content over time). This in turn opens the way to adding further 
dimensions of the map: the sixth, showing the ongoing progress of construction 
works, the seventh, illustrating the state of exploitation of the finished object and 
the eight (or fourth time in the time loop) showing the planned changes of the 
object's shape, its modification or demolition. It is a necessary consequence of 
adaptation of cartography to the requirements of modern BIM. 

The above issues are addressed in this publication, giving examples of 
numerous technical solutions and indicating the directions of development of 
this field of engineering activity. A detailed overview of Trimble solutions for 
design and construction applications has been provided. 
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