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ABSTRACT 

The demonstration in hand is a facility management interface for 
handheld devices. It utilizes a combination of VTT’s ALVAR 
point cloud tracking for accurate coupling of indoor location and 
information related to points of interest, and Google’s ARCore for 
enhanced mobility and less restricted experience. The application 
can connect to a database of a Finnish commercial facility 
management operator Granlund Oy, allowing the user to instantly 
access and modify information related to a selected part of a 
Building Information Model (BIM). Such information includes 
temperature and flow rate of air conditioning, for example. 

Keywords: Augmented and mixed reality, BIM, facility 
management. 

1 INTRODUCTION 

Building Information Models (BIMs) are a widely accepted tool 

for planning and construction phases of the building industry. The 

application of BIMs after the building work has been completed 

has remained low, even though a lot of the BIM information could 

also be employed in the building’s life cycle applications such as 

maintenance and repair. In addition to the BIM metadata, the 3D 

representation of the building can serve as a platform to link 

various other information, e.g. facility management systems.  

Our long term goal has been to produce a mobile AR system to 

access BIM and related data for mobile maintenance work. Our 

earlier implementation [1] acted as a proof of concept and user 

tests were carried out to evaluate its usability, with very positive 

results. The participants mostly agreed that it would be 

worthwhile to develop the system in to a completed product. In 

this paper we describe our latest implementation especially with 

regards to the new tracking technologies employed. 

2 COMBINED TRACKING 

The tracking system in our demonstration is based on a 

combination of Google’s ARCore and a VTT developed point-

cloud-based 3D tracking system, which is an integrated part of 

ALVAR (A Library for Virtual and Augmented Reality) [2]. The 

system allows a less restricted AR experience with the use of 

ARCore’s dynamic understanding of the environment and 

provides the necessary tools to tie content in the surroundings in 

advance. It can also keep the tracking going in areas where point 

cloud tracking generally fails, e.g. dark or featureless areas, to 

some extent. 

While ARCore can handle tracking on its own, predefining any 

spatial orientation and position is very limited. ARCore does 

support flat image recognition and thus a way to initialize content 

in the surroundings is possible without user intervention. 

However, in the scale of a whole building, this might not be the 

preferred way of approach since it is important that the accuracy 

of the the augmentation does not suffer. A single picture might not 

always be visible making it impossible to reaffirm the validity of 

the tracking. 

Both ALVAR and ARCore are Unity compatible, so Unity was 

chosen as a platform for the application. Running them 

simultaneously within a Unity application led to a certain level of 

desynchronization between the systems. This was tackled by first 

evaluating the amount of lag present by comparing the tracking of 

the two systems inter-individually. Apart from desynchronization, 

the comparison showed great correspondence between the 

systems as seen in Figure 2. Then we implemented a series of 

Figure 1. Overview of the system with a wall-mounted diffuser selected and parts of an air 
conditioning unit seen through the wall. 
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calculations to match the first system’s interpretation of the 

target’s position and rotation to the one of the other’s at different 

times corresponding the evaluated time lag. This noticeably 

reduced the visible lag present, but also partly introduced and 

partly highlighted jitter in the tracking. A linear filter was applied 

to reduce this. 

In the case of buildings and rooms, which are mostly stationary, 

the previously described time lag compensation and use of linear 

filters do not reduce the quality of tracking significantly. More so 

because these methods are used to update the position and rotation 

inside the ARCore’s understanding of the world, and the tracking 

of the phone’s orientation is still solely handled by ARCore. In 

addition to the image received from the phone’s camera, ARCore 

uses information from the other sensors of the phone, such as 

gyroscope and accelerometer, which seems to improve the 

tracking quality when compared to purely camera-based tracking 

solutions. 

In the ideal case, where no perception errors should occur and 

the position and location of the target in question remains 

unchanged, ALVAR could be used to only initialize the 

augmentation. While this works for some time, the positioning of 

the augmentation starts to drift, especially when the user is 

moving around. That is why it is necessary to reaffirm the position 

and rotation of the augmentation whenever possible by using 

ALVAR. 

The product of this combination is more robust than a pure 

point-cloud-based tracking solution and more manageable than 

pure ARCore. 

 

3 BIM INFORMATION 

In our demo application we have incorporated a way to access site 

specific information from Granlund Designer [3], which is a 

building services data management software of a Finnish 

commercial maintenance operator Granlund Oy. This can include 

any relevant information regarding the surroundings such as the 

energy consumption of manufacturing equipment or the flow rate 

and temperature of an air conditioning unit and it can be edited 

through the interface to be uploaded to the database. 

This digital twin of the building is based on the related BIM, 

which is usually created in the earlier stages of the building’s life 

cycle. The 3D representation is used in the application to register 

user input to determine what object the user wants to interact with. 

It is also used to give the user an option to look behind the walls 

and obstacles, to see what is normally hidden. That way, the 

electrician can see the electrical grid behind the walls or the 

plumber can locate a junction in the plumbing network by simply 

pointing a phone towards it. During the creation of the point 

cloud, the BIM model is also used to ensure the compatibility and 

to tie in the model. 

 

4 CONCLUSION 

Tackling the problems of big data is a part of the motivation 

behind the application. Data regarding facility management is 

constantly created by the residents, maintenance personnel and 

devices in the IoT, including automation systems of the property. 

A fact is that the amount of this information created each year is 

increasing and suitable tools for accessing and visualizing the data 

are needed. This application provides a way to access the 

information based on your location within the building thus 

bypassing the need to search through vast databases. 

The demonstration in hand has a well working tracking system 

tuned for practical use. The application has been developed to fill 

the requirements of an actual user scenario and that makes it stand 

out. It is an example of the possible new AR based applications 

that could be found to be in use in the near future and as one, we 

hope it can inspire people about what can be done and what still 

needs to be done when it comes to AR in practice. 

 

ACKNOWLEDGEMENTS 

This work was conducted in the VARPU project with financial 

support by Business Finland. We thank Dr. Charles Woodward 

for comments and advice from VTT and Tero Järvinen from 

Granlund Oy. 

REFERENCES 

 

[1] Woodward C., Kuula T., Honkamaa P., Hakkarainen M. and 

Kemppi P., "Implementation and evaluation of a mobile 

augmented reality system for building maintenance", 

Proceedings of the 14th International Conference on 

Construction Applications of Virtual Reality (CONVR2014), 

Dawood N. and Alkass S. (eds.), Sharjah, UAE, Nov 16-18, 

2014, pp. 306-315.  

 

[2] ALVAR web pages 

http://virtual.vtt.fi/virtual/proj2/multimedia/alvar/index.html 

 

[3] Granlund Designer web pages 

https://www.granlundgroup.com/finland/solutions/software/gr

anlund-designer-software/ 

Figure 2. Comparison of the tracking results of the two systems 
before combination. 
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