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OVERHEAD ELECTRIC POWER LINE MONITORING  

WITH REMOTE SENSING METHODS 
 

The paper aims to investigate the most optimal remote sensing method for overhead power transmission line monitor-
ing in Latvian conditions. Today, in various sectors of the national economy, infrastructure monitoring is important in the 
overall management of the system. It also plays an essential role in electric power, especially in maintaining overhead 
power transmission lines. Realizing the possibilities of digital development, the monitoring of power lines is more often 
performed by applying different remote sensing methods. 

The study examined and compared several remote sensing methods used for power line monitoring, however, image 
acquisition, creating an orthophoto map, and laser scanning from an unmanned aircraft were recognized as more optimal 
in Latvian conditions.  

The main conclusion is that for the application of remote sensing methods for overhead power line monitoring, it is 
necessary to find out the initial data about the power line. This study included Power Line A-24 which is mainly made up 
of I-type wooden supports. Also, deforestation of the protective strip of the A-24 power line is required in several places, 
by removing the entire tree and/or bush, but in some cases, only the removal of a specific branch is sufficient. Powerline 
A-24 is mostly made up of I-type wooden supports that have different vertical offsets. 

Keywords: Electric Power Lines, Electric Power Lines Monitoring, Remote Sensing Methods, Drone Monitoring.  
 

Introduction 
The total length of power lines in Latvia reaches 93 

thousand. Km, of which the percentage distribution of 
overhead power lines in 0.4 kV and 6−20 kV voltage pow-
er lines is 64 %, so their monitoring is of great importance. 
(History. The evolution… 2024). 

Nowadays, infrastructure monitoring occupies an im-
portant place in the overall system supervision and man-
agement in electric energy. Power line monitoring helps to 
notice unwanted changes in time and to eliminate defects 
that are potential causes of accidents on the power line. 
This contributes to the safe supply of electricity to con-
sumers and helps reduce the cost of power line mainte-
nance. (Matikainen et al., 2016). Realizing the possibilities 
of digital development, the monitoring of power transmis-
sion lines is increasingly performed using various types of 
remote sensing methods. The obtained results help to re-
duce the monitoring execution time, identify the condition 
of the power transmission line infrastructure, and assess 
the situation of the area near it. 

The study examines and compares several remote sens-
ing methods applied to power transmission lines. Howev-
er, image acquisition by creating orthophotos and laser 
scanning from an unmanned aerial vehicle was recognized 
as more optimal in Latvian conditions. The advantages of 
these methods include the ability to obtain data on the 
power line from the air, the ability to analyze it along its 

entire length and to provide access to equipment in hard-
to-reach places. 

As part of the study, two flight routes were drawn up 
and implemented over the selected power line A-24 in the 
Jelgava State City (56°38′54″N 23°42′50″E) and the Jel-
gava municipality. During the flight, an unmanned aerial 
vehicle with built-in imaging equipment and an unmanned 
aerial vehicle with an installed laser scanner were used. 
The obtained data of the flight routes were collected and 
processed with special computer programs, as a result, 
providing visual information about the specific state of the 
power line and the situation of the area. 

Aim of the paper: to investigate the most optimal re-
mote sensing method for overhead power transmission line 
monitoring under Latvian conditions. 

To achieve the aim, the following tasks were set:  
• Investigate more optimal remote sensing methods 

for power transmission line infrastructure monitoring; 
• Take images from an unmanned aerial vehicle and 

create an orthophoto map of overhead power lines; 
• Perform laser scanning of overhead power lines 

from an unmanned aerial vehicle and classify objects in a 
point cloud 

• Summarize the obtained results, draw conclusions 
and make proposals about the application of remote sens-
ing methods in power line monitoring. 

mailto:armands.celms@lbtu.lv
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Materials and Methods 
An electrical transmission line is any voltage overhead 

line and cable electrical device designed to transmit elec-
tricity over a certain distance. Power transmission lines 
can be divided into two groups according to the construc-
tive solution:  

• overhead line − power line, the wires of which are 
fixed on supports on insulators at a certain height above 
the ground;  

• cable line − power line created with a special insu-
lated wire − cable and installed in the ground, along the 
walls of the building, in cable channels, pipes, or the like.  
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Fig. 1. An example of the structural elements of an overhead 

power line. 1 − line phase wires (A,B,C); 2 – screen cable 
(T1,T2); 3 – support; 4 – string of insulators; 5 – armature;  

6 – base of supports (Source: created by the author) 
 

Supports can be made of metal (for all voltages), rein-
forced concrete (up to 500 kV), or wood. For wooden 
supports, pine or deciduous trees are most often used, the 
standard length of which is up to 16 m in height, and they 
are used in power lines with a voltage of up to 220 kV. 

A natural strip intended for the operation of the power 
line, which is part of the protective strip and is kept free of 
trees and bushes, is called a power line track. Protection 
zones are defined along the power line route, which en-
sures the operation and safety of the power grid, its 
equipment, and structures. Guard belts are established to 
ensure the operational safety of electrical networks, 
equipment, and structures (Aizsargjoslu likums, 1997). 

The main structural elements of the power line are line 
phase wires, cables, supports, support foundations, a string 
of insulators, and auxiliary elements that ensure the trans-
mission or distribution of electricity from the power plant 
to substations, consumers, and connection to other energy 
systems. 

To hold the wires off the ground or water at a safe 
height, aerial power lines use supports. The shape of the 
supports depends on the point of view of mechanical 
strength and safety, but the location of the support (at the 
ends of the line, in the middle, at turns, overpasses) de-
pends on the number of supports on the line (Knipšis, 
2012). 

Monitoring is a system of condition observation, con-
trol, analysis, and forecasting. The main task of electric 
power line monitoring is to record incoming information 
and track changes in the power line (Matikainen et al., 
2016). It helps to notice unwanted changes in time and to 
eliminate the causes of damage in time, which could lead 
to accidents on the power line. Monitoring promotes safe 
electricity transportation and helps reduce maintenance 
costs (Matikainen et al., 2016). 

Monitoring can be carried out with the help of remote 
sensing technologies − by taking orthophotos or perform-
ing laser scanning. 

An orthophoto is a photographic image of the earth ob-
tained in a photogrammetric manner and corresponding to 
the geometrical characteristics of a map or plan. In es-
sence, an orthophoto (Fig. 2) is an image of the earth's 
surface, for which all distortions that occur in the scene at 
the time of image acquisition as a result of the influence of 
the slope and relief of the scene have been removed. 
 

 
Fig. 2. Power transmission line monitoring  

with orthophoto (Source: created by the author) 
 
While the primary end product of laser scanning is a 

point cloud (Fig. 3) – a dense set of points consisting of 
millions of points, where the XYZ coordinate of each of 
them is determined with an accuracy of a few millimeters 
(Xiongang and Yanming, 2018). 
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Fig. 3. Power transmission line monitoring  

with laser scanning method (Source: created by the author) 
 
By studying the literature, the most suitable remote 

sensing methods for power transmission line monitoring 
were collected (Table 1). 

By studying the literature can be concluded that the 
most optimal remote sensing methods for power lines 
monitoring and vegetation monitoring are laser scanning 
images from an unmanned aerial vehicle and optical imag-
es from an unmanned aerial vehicle. 

 

Orthophoto image acquisition methodology 
As part of the research, in compliance with all the 

requirements defined in the regulatory acts, aerial 
photography of the A-24 power line was carried out and 
orthophotos were obtained after data processing. The work 
was carried out using the method of optical remote 
sensing. It is one of the most popular remote sensing 
methods for power line monitoring. 

As part of the research, an unmanned aerial vehicle DJI 
Phantom 4 RTK (see Fig. 4) with a built-in RTK (Real 
Time Kinematic) module was used for image acquisition 
(DJI Phantom 4 RTK..., 2018). 

 

 
Fig. 4. DJI Phantom 4 RTK drone (Source: author’s photo) 

Table 1 

The most suitable remote sensing methods for power line monitoring 

Application Remote sensing method 

Power transmission  
line mapping  

and monitoring 

Monitoring of wires and poles 

*laser scan data from an unmanned aerial vehicle (drone) 
*optical images from drone 
*land mobile system images 
*laser scan images from mobile devices 

Monitoring of power line elements  
(including wires and insulators) 

*optical images and thermography from aircraft (also from 
unmanned aircraft) 

*images of a mobile land system 

Vegetation monitoring 

Forest surveying near the power line  
(tree heights, tree species) 

*laser scan data from aircraft (also from drone) 
*optical images from drone 
*optical images from satellites 

Mapping of individual trees that  
are potentially dangerous  
to the power line 

*laser scan data from drone 
*laser scan images from mobile devices  
*optical images from drone 
*land mobile system images 

Monitoring  
of power line damage 

The approximate location of the zone 
is damaged 

*radar images from satellite 
*optical images from satellite and aircraft (including 

unmanned aircraft) 
Detailed damage mapping Depending on local conditions and schedule: 

*optical images from drone 
*land mobile system images 

Source: designed by the author according to Blaschke, 2010; Karjalainen et al., 2016; Liew, 2001; Matikainen et al., 2016;  
Wolff, 2015. 
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The course of work can be conditionally divided into 4 
stages: 

1) preparing the equipment for work, turning on the 
exact coordinates acquisition mode; 

2) flying over the power line with an unmanned aircraft 
and inserting the obtained data into a special image-
processing computer program; 

3) processing the obtained data in various computer 
programs and obtaining orthophotos; 

4) evaluation of results, conclusions about the object, 
and data preparation for laser scanning. 

In order to be able to do the job, the DJI Phantom 4 
RTK drone was initially equipped with RTK mode and it 
connects to the nearest LatPOS base station. This allowed 
the device to operate with an accuracy of 6 cm (Standard 
Deviation Δ xyz = 6 cm). In this way, the machine 
immediately works in exact coordinates and does not need 
a mark, thus saving working time. The installation of the 
route took place on-site, using the initial data. The total 
length of the route flown was 12 km, which was divided 
into several sections. Flight duration 1.5 hours. The width 
of the image acquisition corridor is 60 m (30 m on each 
side of the central axis). The flight was made at a height of 
70 m above the power line, at a speed of 20 km per hour. 
In total, images were obtained in an area of 0.91 km2. 

During operation, image acquisition was at nadir and 
was carried out on round-trip routes. It should be noted 
that the frontal coverage of the images was 80 %, and the 
lateral coverage was 70 %. After data acquisition with the 
device, data processing followed in the special image 
processing computer program PIX4DMapper. Data 
processing was automatic. From the processing of all data 
with this computer program, an orthophoto is formed − 
images for which all distortions that occur in the scene at 
the time of image acquisition as a result of the influence of 
the slope and terrain of the scene are eliminated. It was 
possible to process the images in the Bentley MicroStation 
software to further prepare the route for laser scanning. 
 

Laser scanning 
• The following equipment was used: 
• Unmanned aerial vehicle DJI Matrice 600 PRO 

(Fig. 5); 
• GNSS base station StonexS900N with NovAtel 

board; 
• GNSS base station Stonex S900A with Hemisphere 

board; 
• LiDAR scanner YellowScan Surveyor with Ap-

planix APX-15 board. 
The DJI Matrice 600 PRO model was chosen as the 

unmanned aerial vehicle for laser scanning practical work 
because of its high carrying capacity (up to 15.10 kg). The 
duration of the operation is up to 35 minutes. 

Initially, the YellowScan Surveyor laser scanning de-
vice was installed on the DJI Matrice 600 PRO unmanned 

aerial vehicle. The unmanned aerial vehicle served only as 
a carrier of the laser scanning equipment. To ensure the 
movement of the unmanned aircraft, a specific flight route 
was programmed for it. 

 

 
Fig. 5. DJI Matrice 600 PRO drone (Source: author’s photo) 

 
To later synchronize kinematic and static data with the 

help of computer software, base stations were installed, 
which allowed for obtaining high accuracy. The base sta-
tions were installed 30 min before the flight, so that infor-
mation on all available satellites was accumulated during 
the measurements. 

The first time, the base station stood for 4 hours 46 
minutes in one place and received 15 satellites. The height 
of the antenna was 1.87 m (phase center), and the surface 
height of LAS 2000.5 (2000.5 in the Latvian height sys-
tem) was 3.74 m. 

On the other hand, during the second flight, the base sta-
tion stood in one place for 58 minutes and received 16 satel-
lites. The height of the antenna was 1.87 m (phase center), 
and the height of the LAS 2000.5 surface was 3.51 m. 

The A-24 power line, located in Jelgava State city 
(56°38′54″N 23°42′50″E) and Jelgava municipality, was 
chosen for the study. It is a medium-voltage AC bare-wire 
overhead power line of local importance. According to the 
nature of the consumers, it is added to the city's electrical 
network, as it supplies electricity directly to consumers. 
The total length of the power line is 4,670.98 m. The se-
lected power line consists of 86 wooden supports (Fig. 6). 

 

 
а b c  

Fig. 6. The supports on the A-24 power line:  
a − wooden support; b−  wooden V-shaped support;  

c −  wooden three-legged support (Source: author’s photo) 
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Table 2 

Quality parameters of obtained orthophotos 

Quality parameter Value 
Image The average number of points in the image 57 550 

Data collection 

Number of images acquired 1 161 
Number of calibrated images 1 148 (98 % of all) 
Number of invalid images 326 
Number of flights 5 

Camera data The relative difference between the original and optimized internal parame-
ters of the camera 

1.42 % 

Alignment Image pairs in a calibrated image 9 460 

Source: created by the author using the PIX4DMapper program. 
 
Results and Discussion 
Power transmission line monitoring  
with orthophoto 
Table 2 shows that 1,161 images were obtained during 

the work, of which 1,148 images (98 %) were valid for 
further work. During calibration, 326 images could not be 
further used, because after data processing, they lacked 
correct coordinates. This can be explained by a temporary 
loss of signal, so this step required re-image acquisition. 

After data processing, an orthophoto was obtained, 
where you can see roads, vegetation level, construction 
sites, power lines, etc. objects (Fig. 7). 

 

 
Fig. 7. Orthophoto map for selected power line A-24  

(Source: created by the author) 
 

The work was done with an average of 57,550 points 
per image. The relative difference between the original 
and optimized internal parameters of the camera was 
1.42 %, which means a good compatibility between the 
camera and the computer software, as there was no need to 
make many corrections to the images. It should be noted 
that the pixel size is 2.07 cm, which is high precision. 

It should be noted that the shadows of the objects are in 
motion, so it partially showed a disturbance. 

Shadows from objects are sometimes advantageous in 
helping to accurately identify the support type in the pow-
er line (Fig. 8). 

 
Fig. 8. Position of power line wires, supports  

and their shadows in an orthophoto  
(Source: created by the author) 

 
Laser scanning 
Two independent laser scanning jobs of power line  

A-24 were carried out. In both cases, the workflow of laser 
scanning was similar, but only the number of satellites 
received and the technical parameters of the used base 
stations differed. 

Regulatory acts determine the minimum vertical dis-
tances from the overhead medium voltage power line to 
the ground, other structures, and engineering networks in 
the overhead power lines with a voltage of 6−20 kV 
(Noteikumi par Latvijas..., 2014), this distance was taken 
into account in the framework of the study, analyzing the 
presence of various objects above and below the wires of 
the selected overhead power line.  

In the regulatory acts, the minimum distance from the 
overhead power line to the street, and roadway crossing is 
set at 7 m (Noteikumi par Latvijas..., 2014). After pro-
cessing the data, it was found that along the entire length 
of the power line, from the power line wires to the asphalt-
ed and gravel roads, this minimum distance has been ob-
served. For example, in the figure 9 it can be seen that in 
the selected section the distance of the power line wires to 
the asphalted road is 7.3 m. 
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a b 

Fig. 9. The distance of the wires to the asphalted road:  
a − view from above; b − cross-sectional view  

(Source: created by the author) 
 

Normative acts stipulate that the distance from power 
lines to buildings should be at least 2 m. For example, the 
picture shows that the distance of the power line wires to 
the chimney of the building is 3.1 m (Fig. 10). After pro-
cessing the data, it can be concluded that the distance of 
the wires to the parts of the building along the entire 
length of the power line was in accordance with the dis-
tance specified in the regulatory acts. 

 

 
a b 

Fig. 10. The distance of wires to building parts: a – view from 
above; b – cross-sectional view. (Source: created by the author) 

 
The minimum distance from an overhead power line 

with a voltage of 6 kV–20 kV to another overhead power 
line, defined in the normative acts, is set at 2 m. For ex-
ample, the picture (Fig. 11) shows that the vertical dis-
tance from the wires of the selected overhead power line to 
the wires of another power line is 4.0 m within the city 
limits. And at some other stage, they are 4.5 m. 

After processing the data, it can be concluded that the 
vertical distance of the overhead power line to other over-
head power lines was in accordance with the distance 
specified in the regulatory acts. 

The selected overhead power line is located both with-
in the borders of Jelgava State city and outside the city − 
in the Jelgava municipality. According to the law, the 
width of the protective strip from the axis of the horizontal 
line must be at least 2.5 m on both sides in the city, but 

outside the city, the distance from the axis of the horizon-
tal line must be at least 6.5 m on both sides. Therefore, it 
was necessary to perform data classification by determin-
ing the distance of objects to a selected power line. These 
critical distances − 6.5 m and 2.5 m on both sides − were 
entered manually into the program. 

 

 
a b 

Fig. 11. The distance between the wires of two different  
power lines: a – view from above; b – cross-sectional view  

(Source: created by the author) 
 

One of the most important pieces of information about 
the quality of protective strips is the mass of the vegetation 
to be cut, so the TerraSolid program was used to classify 
the vegetation, showing the part that is observed in the 
protective strip. 

Places where the mass of vegetation touches the pro-
tective zone, that is, the distance from the selected over-
head power line to the vegetation in the urban area is less 
than 2.5 m, and outside the city − less than 6.5 m, are 
called landfills. In this study, 349 landfills were classified 
and created with the help of the program. It should be 
noted that the landfill can be formed by several trees or 
just one tree branch. 

Then, with the help of software, by choosing colors for 
each object, the situation is visualized, and all the vegeta-
tion in a certain section of the flight route, which is closer 
than 6.5 m, is colored white, and the vegetation further 
than this distance is colored green (Fig. 12). 

 

 
a b 

Fig. 12. Visualization of vegetation closer  
than the given corridor width: a – view from above;  

b – cross-sectional view (Source: created by the author) 
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Based on this type of image, a decision can be made 
about the part of the vegetation to be cut, leaving the part 
that does not fit into a certain corridor. By setting the nec-
essary parameters, it is also possible to determine the vol-
ume of the vegetation area to be cut in m2. 

 

 
a b 

Fig. 13. Vegetation in the city, which is closer than  
the width of the specified corridor, is colored in a different color: 

a – view from above; b – cross-sectional view  
(Source: created by the author) 

 
In the city, trees have a special meaning, they help fight 

air pollution, create a landscape, and sometimes are even 
protected natural objects, so similar images of vegetation 
were also created for landfills on the flight route within the 

city limits. In cases where the fate of a tree near a power 
line has to be decided, this kind of representation of the 
situation is very helpful. For example, in the Jelgava State 
city, there are trees near the overhead power line with only a 
few branches closer than 2.5 m so in this area it is not nec-
essary to cut down the whole tree, but only to cut down the 
individual branches, preserving the tree (Fig. 13). 

One of the most important factors is the assessment of 
the verticality of power line supports. After classifying the 
objects in the TerraSolid program, a table was created in 
which the lower and upper XYZ coordinates of the sup-
ports were determined, thus calculating the vertical dis-
placements of the supports (table 3). 

The table 3 provides information about both supports 
with a small displacement along the X axis (X std) and 
along the Y axis (Y std) and with a significant displace-
ment along these axes. Knowing this displacement and the 
height of the support, it is possible to calculate the final 
displacement of the support along the vertical (vector) in 
the upper part of the support. 

Support 53 (marked in green in Table 3) is recognized 
as a good support, whose displacement along the X axis is 
-0.05 m (X std = - 0.05 m) and along the Y axis is - 0.01 m 
(Y std = - 0.01 m). 

Table 3 

Verticality of power line supports 

Support 
Nr. 

X top Y top Z top Z bottom 
Support 

height, m 
X bottom Y bottom X std, m Y std, m 

4 483636,98 275753,00 4,199 13,997 9,798 483636,95 275752,79 0,06 0,4 

7 483774,13 275722,24 4,132 14,715 10,583 483774,02 275721,86 0,22 0,53 

9 483877,97 275740,16 3,884 13,333 9,45 483878,32 275739,63 -0,44 0,63 

12 484031,84 275774,44 4,315 15,136 10,821 484031,66 275774,04 0,35 0,5 

16 484260,3 275830,18 4,664 15,128 10,464 484260,26 275829,63 0,08 0,71 

18 484373,98 275858,27 4,015 14,827 10,812 484373,78 275858,29 0,09 -0,08 

20 484486,57 275885,65 4,561 15,156 10,595 484486,49 275885,71 0,02 -0,07 

24 484652,98 275955,55 5,375 14,407 9,032 484652,85 275955,41 0,04 0,05 

36 485049,59 276298,2 3,642 14,926 11,284 485049,45 276298,14 0,07 0,07 

53 485957,83 276245,65 3,483 13,431 9,948 485957,75 276245,71 -0,05 -0,01 

78 487306,32 276524,33 3,651 14,724 11,073 487305,49 276524,89 0,63 -0,62 

82 487521,14 276577,42 3,358 14,715 11,357 487521,34 276577,64 -0,44 -0,22 

Source: made by the author by table created in the Terrasolid software. 
 
Therefore, when calculating the vector value, the verti-

cal displacement of this support is 0.05 m, which is a good 
indicator. You can also see in the picture that the support 

looks like a point from above (Fig. 14, a), not like a line, 
but in the cross-section picture, the shift in verticality at 
the top of the support is not noticeable at all (Fig. 14, b). 
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a b 

Fig. 14. A wooden support with a slight shift in verticality can be 
recognized as good: a – the view of the support from above is in 

the form of a point; b – representation of the support cross-
section (Source: created by the author) 

 

 
a 

 
b 

Fig. 15. A wooden support with a significant vertical shift  
a – the view from above of the support is in the form of a line;  

b – representation of the support cross-section  
(Source: created by the author) 

 
For example, support 78 (marked in red in the table) is 

recognized as a bad support, whose displacement along the 
X axis is 0.63 m and along the Y axis is − 0.62 m. There-

fore, when calculating the vector value, the vertical dis-
placement of this support is 0.62 m, which is a bad indica-
tor. The picture shows that the support looks like a stripe 
from above (Fig. 15), but the cross-section picture clearly 
shows a shift in verticality. 

Analyzing the verticality of the A-24 I-type wooden 
support of the power line shifts, it was found that: 

• 69.70 % or 23 supports have vertical displacements 
of up to 0.25 m; 

• 21.21 %, or 7 supports, vertical displacements are 
within 0.25 − 0.50 m; 

• 9.09 %, or 3 supports, vertical displacements are 
within 0.50 − 1.0 m. 

I-type wooden supports with a vertical offset of less 
than 0.25 m do not require an on-site survey, while sup-
ports with a vertical offset of more than 0.5 m would re-
quire an on-site survey and a search for a solution for the 
offset in the future, so that the supports do not threaten the 
safety of the power line. In this case, the solution could be 
to disconnect the support or to replace the entire support. 

Summarizing all the previously obtained results, it can 
be concluded that the overhead line EPL A-24 is main-
tained in good condition. 

 
Conclusions 
• For the application of remote sensing methods for 

overhead power line monitoring, it is initially necessary to 
find out the initial data about the power line. 

• For the study was chosen overhead power line  
A-24, which is located in Jelgava State city (56°38′54″N 
23°42′50″E) and Jelgava municipality. It is a medium-
voltage AC bare-wire overhead power line of local im-
portance. According to the nature of the consumers, it is 
added to the city's electrical network, as it supplies elec-
tricity directly to consumers. The total length of the power 
line is 4,670.98 m. The selected power line consists of 86 
wooden supports. 

• To obtain a high-quality orthophoto map of the se-
lected power line A-24, it is necessary to fly with an un-
manned aerial vehicle at a height of 70 m at an average 
speed of 20 km per hour. An image with an overlay of at 
least 4 images is recognized as a high-quality orthophoto. 

• A high-quality laser scanning point cloud of a se-
lected power line A-24 requires a flight at an altitude of 
16–35 m with an average speed of an unmanned aircraft of 
5 m per second. 

• Deforestation of the protective strip of the A-24 
power line is required in several places, by removing the 
entire tree and/or bush, but in some cases, only the remov-
al of a specific branch is sufficient. 

• Powerline A-24 is mostly made up of I-type wood-
en supports that have different vertical offsets: 69.70 % 
offset is up to 0.25 m, 21.21 % offset is within 
0.25−0.50 m and 9.09 % offset is within 0.50−1.00 m. 
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