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ABSTRACT 

Elenia and Exove tested augmented reality for 
representation of underground cables in the summer of 
2018. The idea of the project was to find out whether the 
location precision needed for correct visualisation of the 
cables is reachable without expensive positioning devices. 
The project revealed that with some moderations and 
improvements to the application used the augmented 
reality can be used for visualisation of underground cables 
and other infrastructure.  

INTRODUCTION 

Elenia Oy (later Elenia) is the second largest electricity 
distribution company in Finland (www.elenia.fi). Elenia 
operates and builds electricity network and has an 
extensive contractor network. Exove Design (later Exove) 
is Finnish IT company, who help their clients to look into 
the future and achieve growth by designing and creating 
visually attractive, user-friendly and seamlessly working 
digital solutions (www.exove.com/en).    
About 40% of Elenia’s network is underground cable, the 
rest is overhead lines. By 2028 Elenia will reach cabling 
ratio of 70%. Elenia is a rural company, most of its 
customers are located quite far from each other. The length 
of network per customer is about 160 meters.  
Cabling of overhead lines ensures higher security of 
supply and fewer power outages due to storms and heavy 
snowfall and Elenia believes that underground cabling is 
the most economically feasible way to build new or 
renovate old networks. However, growing cabling ratio 
poses new challenges for network operation. The fault in 
overhead line is often visible, whereas fault in 
underground cable might be hard to find. There is also a 
growing number of underground cabling faults caused by 
the third parties, such as an excavator digging though the 
cable, causing danger to the driver and a power outage. 
According to Elenia’s operations manager Heikki 
Paananen, about 25% of all network faults are now caused 
by third parties.  
Elenia’s underground cables are located during their 
installation and this information is stored in the Network 
Information System (NIS). About 76% of the cables are 
located, while some of  the old ones are digitized from the 
drawings. These digitized cables are marked differently in 
NIS.  
Elenia wanted to test possibility to visualise underground 
cables in such a way, that it would be easy and accessible 

to use, not only for own personnel and contractors, but also 
for the third parties, such as communities ordering the 
excavation works next to Elenia’s cables. Elenia began 
discussion with Exove in February 2018 and in May 
reached an agreement for Proof Of Concept (POC) project. 
The project began in June 2018 and was finalized in 
September 2018. This paper is based largely on the final 
report of the project made by Exove [1] and master’s thesis 
by Joona Siivonen (the chapters on test fields and 
conclusion as a whole) [2], which are both available in 
Finnish.  

THE AIM OF THE POC 

The aim of the POC was to build an AR tool which would 
allow for visualisation of the underground cabling, other 
underground infrastructure, such as piping or 
telecommunications cabling and property boundaries. 
Thus, the tool should be useful also for planning purposes.  
Elenia requires their contractors to locate the cables built 
with an accuracy of ±50 cm. The location information is to 
be transferred to the network information system used by 
the company. The accuracy of location of the POC tool 
should thus be also ±50cm and the aim of the POC project 
was to find out whether accuracy of this magnitude is 
possible to achieve with inexpensive household equipment 
such as tablet or mobile phone.  
For the purpose of the POC, it was decided that at this 
point, the integration with Elenia’s NIS will be left out of 
the scope. The network maps of the test area were 
delivered to Exove in .dwg format, showing the cabling of 
different voltage levels, transformers and cable cabinets.  

User interviews  
Before implementation of the tool, Exove did three user 
interviews with the potential future users of the tool. This 
was done to achieve better understanding of user needs.  
As result of these interviews, the following user cases were 
identified.  
On-site network planning 
On-site planning is done by Elenia’s contractors in order 
to achieve the final plan for cabling. This is the stage where 
the land-use agreements are also made. At this stage, the 
AR visualization tool could be used to visualise the 
planned route of the cable and possible on-site 
constructions, such as transformers and low voltage cable 
cabinets. This way, the land owners will get a better picture 
of the possible changes to their land. The planner can also 
easily see the possible obstacles for the cable digging 
work, such as big rocks, which are not visible on map, and 
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make changes to the plan accordingly.  
Acceptance check 
Acceptance check is done by Elenia’s own personnel to 
ensure, that the cabling is built in accordance with the 
instructions and specifications given by Elenia. AR could 
be used to ensure that the cable positioning is accurate. 
Also, the AR can be used to verify that the connections in 
transformers and cable cabinets are done as agreed. The 
planned connection should be visualised on screen when 
looking at the open cabinet.  
Maintenance and fault repair 
AR can be used for maintenance inspections in the same 
way as with the acceptance inspections. AR can help to 
visualise the correct type of markings etc. and the real 
situation can be easily compared to.  
For fault repair, there are two viewpoints. Firstly, since 
vast amount of the faults to the underground cabling are 
caused by the third party, for example during excavation 
works, the tool could be used to show the location of the 
underground cables. Secondly, for the faults in the cable 
itself, the visual representation could show the location of 
the cable and possibly even the location of the fault, if it 
was located by other means and systems. Thus, the tool 
would ease the work of the contractors doing the repair and 
shorten the disruption time.  
All user interviews underlined the following requirements 
for the tool: the correct positioning is the most important 
feature and must be in place; the tool should show both 
planned and installed network and function both for 
Elenia’s own employees and Elenia’s contractors’ 
employees.   

TECHNICAL CHALLENGE AND PROPOSED 
SOLUTION 

In order to achieve graphical augmented reality, the virtual 
object must be represented in the right position to the 
physical surroundings, which, in turn, means that the 3D 
model and the observer must be identified in the physical 
surroundings. The positioning of the camera can be 
defined by using the information from the camera, by 
recognizing specific shapes from the picture or markers 
used for identification purposes. After that, the connection 
between the 3D model and the camera can be established. 
Furthermore, the positioning can be specified by 
projecting the coordinates of 3D object onto the 2D picture 
and minimizing the distance between the known objects.    
Other techniques used are for example use of Global 
Navigation Satellite System (GNSS), electronic compass 
and accelerometer. Different positioning techniques 
complete each other, and the best result can be achieved by 
combining several techniques into so-called hybrid 
positioning. [3] 
The positioning by GNSS gives a very rough estimate of 
the location of the user, and with use of compass and 
accelerometer, the position can be enhanced to some 
extent. However, because of the positioning challenges, 
there are very few examples of use of the AR for technical 

solutions.   
The biggest challenge of the POC was achieving a precise 
location using a household portable device, such as a tablet 
or mobile phone. The location precision depends on the 
position of the satellites, weather conditions, terrain and 
the device used and may vary from one to tens meters. [4] 
These challenges do not weaken the user experience for 
map based 2D applications, but for AR tools they may 
cause problems. To achieve the most precise position, it 
was decided to examine the challenges associated with the 
location precision of mobile devices by comparing the 
mobile devices, external GPS devices and prototypes.  
The POC tool was decided to build using the Unity 3D -
programme, which is one of the most advanced and 
versatile programmes used for creating the AR tools. Unity 
3D also allows the use of different add-ons, such as ARkit, 
which are vital for the functionality of the tool. As the basis 
for the tool, ARkit -application was used. ARkit allows to 
combine the physical and virtual reality using visual-
inertial odometry, instead of, for example, markers. The 
technique combines the data from the device’s movement 
sensors with the pictures from the device camera using 
machine vision. This allows for the virtual object to move, 
while the physical surroundings remain in place. The 
ARkit only works with iOS devices, so for the POC 
purposes Apple iPad Pro was chosen as the test device.  

FIELD TESTS AND RESULTS 

Based on the user interviews and discussions with Elenia, 
Exove seek to find a solution, which is portable, mobile 
and easy to use. Elenia and Exove decided to test Bad Elf 
66 -device as the external GNSS receiver. The precision of 
the device is only about 2,5 m, but it is inexpensive. The 
terrain of the testing area is quite open, without high trees 
or buildings, which allows the device to find the satellites. 
For precision below one meter, the price of the external 
device is several thousand euros. Additionally, such 
precise devices usually need an external antenna, which 
further worsen the usability of the device. Since the 
accurate locating demands for expensive and bulky 
external device, attention was paid to possibility to 
manually calibrate the position of the device based on 
physical location of the known constructions and GNSS 
coordinates given by the external device.    
The test area chosen is a new industrial area in town of 
Pirkkala, next to Elenia’s head office. The area is currently 
under construction, but the cabling of the area was done in 
last few years. The cables were positioned with a radar at 
the building phase and their location data is found in NIS. 
Before the field tests, the cables were radar positioned 
once more, and the actual location of the cables was drawn 
on the ground. Thus, during all the tests, the actual position 
of the cable was visible in blue line shown in picture 1.  
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Picture  1: The actual position of the cable was drawn on the 
ground in blue 

There were three tests done, on 12.7., 24.8., 7.9. and 
12.9.2018. Adjustments to the tool were made between the 
tests and newer versions of the tool were provided to the 
devices used by Elenia and Exove. Elenia personnel was 
present in all test occasions and contractors personnel in 
one.  
To measure the precision of the positioning of the tool and 
device, only the network components and piping were 
given as the background data for the tool. It was possible 
to export also sewage network and property boundaries but 
comparing those to their actual position would require 
involving several third parties. For the test purposes, it was 
enough to see the electricity network and to know, that also 
other components are available, if needed.   
During the first test, it was noted, that the GPS location 
used by the test device was not accurate enough and that 
was corrected by using external Bad Elf 66 GPS receiver 
for the remaining three tests. The manufacturer of Bad Elf 
claims, that the accuracy of the location is 2,5m. The 
accuracy of the location of the testing device (iPad) is 
unknown.  
Two aspects were tested: the location accuracy, i.e. the 
correctness of the GPS of the test device with the external 
receiver versus the location given by a more accurate 
device and the accuracy of ARkit application, i.e. the 
positioning of the virtual elements shown by device versus 
the actual position of elements.  The accuracy of the device 
and application was tested by walking four different routes 
along the cabling line and recording the effect on the 
distance walked to the accuracy. The application first 
automatically defined its position and orientation using the 
GPS signal and inbuilt compass. After this the device used 
the ARkit picture recognition and the device’s 
accelerometer to define the direction and speed of the 
device.  
From the beginning of testing., it became clear, that the 
direction of the device had to be calibrated manually to the 
physical components (such as cable cabinet or 
transformer), because the compass reading of the device 
itself was not accurate enough. In some of the tests also the 
positioning of the device had to be calibrated manually, if 
the position given by the device differed significantly from 

the real position. After the initial calibrations, each of the 
four routes was walked along the line depicturing the real 
position of the cable and the difference between the cable 
position visualized in the application and the real drawn 
cable position was measured with a measuring tape (see 
picture 2 for the routes and picture 3 for the measuring). 
 

 
Picture  2: The routes walked during the testing (linja = route) 

 
Picture  3: Measuring the difference between the visualised cable 
(thick blue line) and actual position of the cable (short blue line 
on the ground) 
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The accuracy of the location of the testing device was 
additionally measured by comparing the results with 
Trimble Geo 7X device, that is used for positioning the 
cables and that uses differential satellite positioning. The 
Trimble device informed that it’s positioning accuracy was 
10 cm during the whole test period. First measured route 
is visible in picture 4.  

 
Picture  4: Comparison of route located by the test device, 
Trimble device and the actual location of the cable 

The route was walked from right to left, along the cabling 
visible in the picture. The first measurement was made at 
the cable cabinet marked 579449 right after calibration. 
The second measurement was taken after 10 m walk, the 
following after 40 m and 50 m respectively, amounting the 
whole route to 100 m with 4 measurement points. The 
position given by the device is shown in red line, the 
position given by Trimble Geo 7X in yellow. The 
difference between the positions given has been calculated 
by Autocad measurement tool and is presented for all four 
routes in table 1.  
 

 
Table 1: The difference between the visualised and actual cable 
position and between the GPS location 

 
 

Picture 5 shows the relation between the distance and error 
of the ARkit and device. The error of the AR kit, or the 
error in orientation is always zero in the beginning, since 
the calibration was done before beginning each route. The 
error grows as a function of the distance walked. The error 
in GPS position given by the device and the Trimble Geo 
7X however differs indifferently of the distance walked.   
 

 
Picture  5: Error in positioning to distance from the starting point 

Tests revealed an error in the logic of the application. The 
ARkit error is even bigger than the error in the GPS signal, 
meaning that the device tends to use the picture recognition 
and accelerometer, even though the GPS position was in 
clear conflict with the position obtained in such way. The 
logic of the application should be altered so, that the device 
would use automatically the GPS signal, should the 
difference between those two grow too big. Use of picture 
recognition is somewhat problematic because of the 
changing surrounding terrain and the user, who can point 
the device at sky or snow while walking, which makes the 
positioning using the picture recognition even more 
challenging.  
On the other hand, without any more precise measurement 
or testing, Trimble Geo 7X seems to be accurate enough 
and would be enough for AR use. The price of the 
positioning device however should be moderate for it to be 
taken into broader use. Keeping the expenses in mind, the 
future development should aim at finding common 
household devices with better positioning accuracy than 
the device used for test purposes.   

FURTHER DEVELOPMENT AND 
CONCLUSION 

Once the challenges with the positioning accuracy have 
been solved, the next step is to create an interface between 
the NIS and AR application, which would give the users 
access to the whole information needed.  
The techniques for the functioning of the application is 
available already. During the tests the positioning and 
orientation of different mobile phones was approximately 
compared with the device. When the GPS coordinates 
from Google Maps app running on Samsung Galaxy S8 
phone were inserted in the application the application was 
calibrated accurately enough. Also, when defining the 

Route
Measurement 
point

Distance 
[m]

AR error 
[m]

GPS 
difference 
[m]

1;1 0 0 9,49
1;2 10 0,45 9,49
1;3 50 1,4 9,06
1;4 100 1,9 7,23
2;1 0 0 4,12
2;2 10 0,3 5,00
2;3 50 2,7 5,66
2;4 100 5,9 4,43
3;1 0 0 3,99
3;2 10 0,9 2,00
3;3 50 10,2 4,24
4;1 0 0 8,60
4;2 100 6,2 6,00

Route 1

Route 2

Route 3

Route 4
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direction, Google Maps application provided 
approximately correct orientation. These observations 
agree with the perception that the key to application 
functioning is the choice of the right device and finetuning 
of the application logic.  
When considering the accuracy, one should also take into 
account the initial positioning of the cables. Some of the 
cables were never located by radar in the first place, while 
their location was merely digitized from the drawings. The 
cables that have been located with a radar, are often 
documented apart from each other event though they are 
installed in the same narrow trench. This is done to ensure 
the visibility and differentiation of different cables in the 
NIS. For trenches with several cables, their representation 
in the NIS can be even meters away from each other. This 
means that the accuracy level of one meter may never be 
reached, when compared to the real position of the cable. 
The example of this is shown in the picture 6, where the 
cable tube is documented (and visualized) somewhat away 
from the cable.  

 
Picture  6: Screenshot from the application right after calibration 
of the device. Different colors mark different cable voltage levels 
and the blue line is plumbing 

Picture 6 also shows why the application may be of great 
interest in the future for different tasks, for example to 
visualize the  operation of the network; the plans for 
cabling to be built by the contractors; visualise the  cabling  
to planners and land owners. When the other infrastructure 
is connected to the same AR model, the work on field can 
be made more efficient and easier. The route walked can 

be traced by device, which can be of great help in the 
planning tasks. All in all, AR provides many possibilities 
for enhancing the work.  
The AR technology is already today useful and ready for 
broader use, however, being strongly dependent on the 
input data provided. The application and AR part of the 
POC was successful enough and the development agile 
and effective. With further development of the accuracy of 
positioning the application has the potential to be used on 
day to day basis.  
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