
Proceedings – Int. Workshop on Atmospheric Icing of Structures IWAIS 2022 - Montreal, Canada, June 19-23 

 

1 of 4 

Equipment for Reflectometric Monitoring of 

Overhead Lines  
Minullin R.G.1, Kasimov V.A.1, Piskovatskiy Yu.V.1, Filimonova T.K.1, Sabirzyanova A.Sh.1 

1 Kazan State Power Engineering University, Kazan, Russian Federation  

minullin@mail.ru, vasilkasimov@ya.ru, yura_kazan@mail.ru, filimonova.tamara@bk.ru, sabirzynova25@gmail.com 

 
Abstract— The work is devoted to the reflectometric method 

of the state of overhead power lines with a voltage of 35-750 kV. 

The principle of detecting the presence of ice deposits on wires is 

described. The experimental data of line reflectometry are 

analyzed when ice deposits with different densities are formed on 

them. The dielectric characteristics of various types of icy-frost 

deposits with different densities are described. The influence of 

various types of icy-frost deposits on reflectometry signals is 

determined. The developed equipment and its functionality are 

described. 
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reflectometric detection method, reflectometer, equipment  

I. INTRODUCTION 

Of all the elements of the power system, overhead lines are 

the most susceptible to disruption of normal operation, due to 

their damage. The causes of damage to overhead power lines 

can be natural and technical. Natural influences include wind, 

ice, temperature drop, thunderstorms; technical events include: 

short circuits, internal overvoltages, violations of the rules of 

technical operation and others. 

To monitor the condition of overhead lines in real time, the 

reflectometric method can be used, which is developed at the 

Kazan State Power Engineering University (KSPEU). This 

method allows detecting ice deposits on the wires, preventing the 

development of ice accidents. In the event of damage to the power 

transmission line, it provides prompt determination of the 

distance to the place of damage. Currently, reflectometric 

equipment are installed at seven substations and provide year-

round daily operational monitoring of lines leaving these 

substations in automatic mode with the transmission of visualized 

data to the dispatch centers of the corresponding substations. Also, 

recent developed modifications of the reflectometric equipment 

will make it possible to control the temperature of the wires and 

the process of melting ice deposits. 

The reflectometric method consists in applying a pulse 

signal to a controlled line and determining the time spent on 

its propagation along the wire in the forward and reverse 

directions after its reflection from any inhomogeneities of the 

wave impedance that is present on it. Inhomogeneities are 

high-frequency barrier, points of connection of branches to the 

power line, points of connection of overhead lines with cable 

insertions, ends of lines or branches from them. 

A feature of this method for detecting ice deposits is that when 

determining the size of deposits, integral along the length of the 

line, changes in attenuation and delay of reflected signals are used, 

therefore, the method most objectively operates with uniform 

deposition of ice along the entire length of the line. However, in 

case of uneven ice deposition, the line can be divided into 

separate areas by reference points, and it becomes possible to 

determine the thickness of the deposits separately in each of the 

areas. In this case, the reference points are natural (places of 

connection of branches, places of transposition of wires, anchor 

supports, etc.) and artificial (barrier filters) inhomogeneities of 

the wave impedance of power lines. 

The paper considers the principle of detecting the presence 

of ice deposits and then the principle of determining their size 

and density. For the problem of determining the size and 

density of ice deposits, the dielectric characteristics of pure ice 

and other various types (snow, crystalline hoarfrost, granular 

hoarfrost, mixed deposits) are investigated. Having the 

dielectric characteristics of each type of ice-frost deposits, the 

dependencies of the change in the parameters (attenuation and 

delay) of the reflectometric signals passing through the wires 

of the icy overhead line are determined. The developed 

equipment is described that implements the functions of 

determining the size and density by changes in the parameters 

of the reflectometric signals. 

II. ICE DETECTION 

Ice deposits on the wires represents lossy dielectric, which 

reduces the velocity of signal propagation along the line, as a result 

of what an additional delay of the reflectometric signal Δτ occurs. 

Therefore, an additional attenuation with decrease of the amplitude 

ΔU occurs due to the dielectric losses of the electromagnetic wave 

energy that is used for heating of the ice coating layer. The 

reflectometric method allows to detect the formed ice deposits on 

the wires of the power lines by comparison of the time of the 

reflected signal propagation or their amplitudes in the presence and 

in the absence of ice coatings. 

Decrease of the amplitude ΔU and delay Δτ of the reflected 

impulse signal relative to the reference signal is studied in the 

process of analysis of the reflectometers of the corresponding 

power line as shown in fig. 1. The wall thickness of the ice 

coating on the wires of the power lines is determined using 

these data. 

 

Fig. 1. Indications of decrease in the ΔU amplitude and increase 

in the delay Δτ of the reflected signal (dashed line) relative to the 

reference signal (solid line) 

Experimental studies of the special features of ice coating 

detection on power lines using the reflectometric equipment 

designed and manufactured by the KSPEU employees have been 
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carried out since 2009 for 35–110 kV lines within the areas of the 

Bugulma-110 and Kutlu Bukash substations (Volga region). 

In Fig. 2 the relationship of the attenuation δα and the delay 

δτ of the reflectometric signals for the period 2016–2019 are 

presented. According to the meteorological data on this period 

there occurred rime, snow and ice deposits. 

 

Fig. 2. The relationship of the attenuation values δα and the delay 

δτ of the reflected signals for various cases of ice formation on the 

“K. Bukash–R.Sloboda” from 2016–2019 

In this graph, the arrows indicate the course of time, thus the 

original "trajectories" of ice formation are obtained. In the cases of 

ice formation, the trends of the "trajectories" of these processes 

have a smaller tangent of the slope angle in comparison with the 

trends of the "trajectories" of snow formation. 

It was assumed that in the coordinate plane of the decay-

delay there should be regions of equal density of ice deposits, 

and in the first approximation the constant density of the ice 

deposits has rays radially diverging from the origin (in δα = 

0 dB/km, δτ = 0 μs/km). 

The trend corresponding to the process of rime formation has a 

smaller tangent of the angle of inclination (Fig. 2), and probably the 

deposits should have a greater density than on preview cases.  

It was also noted that the "trajectory" of formation and collapse 

of glacial deposits may not coincide, forming a kind of "hysteresis". 

Descent of rime (Fig. 2) and ice passes along a "trajectory" with a 

smaller angle. That can be caused by changes in the temperature 

and density of ice deposits. 

Thus, it was necessary to investigate the influence of 

various types of ice deposits, i.e. to determine the dependence 

of the permittivity on the type of ice deposits, and according 

to the results, correct the model. 

III. COMPLEX PERMITTIVITY OF ICE AND SNOW 

To determine the complex dielectric permittivity of various 

types of ice deposits, they are represented as a mixture of air and 

ice. Further, the term "snow" refers to a mixture of air and ice.  

A significant part [1–7] of works on determining the 

permittivity of snow describes the megahertz and gigahertz 

frequency areas. In these areas, the period of variation of the 

electric field exceeds the time of orientational relaxation of the 

ice molecules and, consequently, the tangent of the loss angle 

tgδ << 1, taking into account this ratio, simplified formulas for 

calculation of snow permeability are obtained. The 

reflectometric device operates in the kHz range near the time of 

orientational relaxation and, therefore, the condition tan δ << 1 

does not hold, i.e. simplified formulas obtained in these works 

can not be used. 

To determine the permittivity of snow, various ratios have 

been proposed (Table 1), depending on the shape of the snow 

inclusions (the structure of the mixture). 

TABLE I. FORMULAS FOR THE DIELECTRIC PERMITTIVITY OF A 

MIXTURE FOR SNOW [1] 

№ The formula of the mixture Shape of inclusions 

1 
 

Spherical 

2 
 

u = 0 for vertical,  u = ∞ for 

flat 

3 
 
Spherical 

4 
 
Spherical 

Due to the lack of reliable data on the structure of snow 

(needle-shaped or disk-shaped, or spherical, or elliptical) on the 

wires of power lines and experiments in the kilohertz areas that 

determine the most reliable description of the permittivity of 

snow, it is assumed that the permeability of snow (Table 1, No. 

2) is described by Wiener's dependence on the mixture, which is 

used in further calculations. In general terms, it has the form: 

 
() 

where u is determined by the structure of the mixture, p is the 

volume concentration of substance 1 in the mixture. 

Taking into account that for snow (a mixture of air and ice) 

ε2 = 1 + j0, p = ρsnow/ρice, where ρ is the density of matter, we 

obtain from (1): 

 
() 

 
() 

 () 

It should be emphasized that when the sediments’ density ρ 

changes, the frequency f will change, at which the maximum 

of the dielectric loss tangent tgδ is reached (Fig. 3). 

 

Fig. 3. The tangent of the dielectric loss angle tgδ as a function of 

the frequency f for ice sediments with the density ρ 0.15, 0.3, 0.6, 

0.9 g/cm3 (u = 10, θ = 0 ° C) 

To substitute in the equations for calculating attenuation and 

delay, it is necessary to calculate the snow wall equivalent in 

weight to the wall of pure ice with density ρ = 0.9 g/cm3: 

 
() 

Using the temperature dependence of the relaxation time and 

the difference in static and optical permeability ice, the Debye 

theory equations for real and imaginary dielectric constants, 

substituting them into the formula of the mixture (3), we obtain 

the complex dielectric constant of snow, on which are 
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determined the real part of the dielectric constant and the 

tangent of the dielectric loss angle of snow (4). Thus, we obtain 

multiparameter dependences of attenuation and delay  

Δα, Δτ = F (beq, ρsnow, lsnow, θsnow, rwire, Zwire, pwire, Kwire, fsignal). 

IV. ATTENUATION AND DELAY DEPENDENCES 

In Fig. 4 are graphs of the interrelation between the linear 

attenuation and delay depending on the parameters of the 

equivalent wall b, density ρ, temperature θ, signal frequency f. 

The obtained dependences clearly demonstrate the 

dependence of attenuation and delay on these parameters.  

The radially divergent lines from the origin (Fig. 4) 

correspond to the graphs of the wall thickness variation, all 

other lines (Fig. 4) are isolines of the thickness of the 

equivalent wall of ice sediments, i.e. isolines of constant mass 

with variation of one of the parameters. 

The graph does not reflect the variations in the radius of the wire, 

since they lead to a change in the mass of ice deposits at the same 

equivalent wall, this dependence can be formulated: as the radius 

of the wire increases, additional attenuation and delay of signals in 

the transmission line decreases (the ice effect decreases). 

As a basis (Fig. 4), we used the linear attenuation values δα 

and the delay δτ for snow of density ρ = 0,6 g/cm3, the signal 

frequency f = 200 kHz, the temperature θ = 0 ° C, the snow 

structure u = 10, the equivalent wall Ice beq= 25 mm. And 

changes in attenuation and delay were considered with 

variation of one of the initial parameters. 

The interrelation between attenuation and the delay when 

the equivalent wall beq is changed is linear, i.e. both 

parameters of the signal δτ and δα either grow synchronously 

(with increasing the wall of the beq) or they decrease 

synchronously (with a decrease in the wall of the beq). 

However, the individual dependences of attenuation on the 

wall and the delay from the wall are not linear, so the influence 

on the signal decreases with the growth of the wall, for 

example, a twofold increase in the wall will lead to an increase 

in the attenuation and delay of less than 2 times. 

When the frequency of the signal f is varied, the 

interrelation of δτ and δα is inversely proportional: with 

increasing frequency, the attenuation increases nonlinearly 

and the delay is nonlinearly decreased. 

With an increase in the temperature of snow from -30 to 0 °C, 

delay and attenuation first increase, then at a temperature of about 

-3 °C (Fig. 4) attenuation reaches a maximum and begins to 

decrease, and the delay continues to grow. Graphs of the 

interrelation δα and δτ with a change in the wall for temperatures θ 

0 °C and -9 °C have one angle of inclination, but at -9 °C the 

influence of ice sediments on high-frequency signals is less than at 

0 °C. That is the same attenuation and delay values will be obtained 

with a smaller wall for a temperature of θ = -9 °C than for θ = 0 °C. 

In general terms, we can say that the maximum attenuation δα is 

reached at a temperature θ for which the tangent of the dielectric 

loss angle tgδ (Fig.3) is deposited with the density ρ at the working 

frequency f; and the delay δτ increases monotonically with 

increasing temperature θ.  

With an increase in the temperature of snow from -30 to 

0 °C, delay and attenuation first increase, then at a temperature 

of about -3 °C (Fig. 4) attenuation reaches a maximum and 

begins to decrease, and the delay continues to grow. Graphs 

of the interrelation δα and δτ with a change in the wall for 

temperatures θ 0 °C and -9 °C have one angle of inclination, 

but at -9 °C the influence of ice sediments on high-frequency 

signals is less than at 0 °C. That is the same attenuation and 

delay values will be obtained with a smaller wall for a 

temperature of θ = -9 °C than for θ = 0 °C. In general terms, 

we can say that the maximum attenuation δα is reached at a 

temperature θ for which the tangent of the dielectric loss angle 

tgδ (Fig.3) is deposited with the density ρ at the working 

frequency f; and the delay δτ increases monotonically with 

increasing temperature θ. 

 
a 

 
b 

 
c 

 
d 

Fig. 4. The interrelation between the linear attenuation δα and the 

delay δτ of the reflected signals with the variation of the parameters: 

a – the equivalent wall b (0-25 mm), b – the density ρ (0,05-0,9 

g/cm3), c – the temperature θ (–30 – 0 ° С), d – frequency of the signal 

f (10-1000 kHz) of ice sediments on wires  

With decreasing snow density ρ, attenuation δα and delay 

δτ first increase, then the delay δτ reaches a maximum at a 



5

10

15

20

25



5

10

15

20

25



5

10
15

20
25



5 10
15

20
25

0

0.5

1

1.5

2

2.5

3

0 0.2 0.4 0.6 0.8 1

δα, dB/km

δτ, µs/km

ρ = 0.05 g/cm³ ρ = 0.3 g/cm³ ρ = 0.6 g/cm³ ρ = 0.9 g/cm³

0.05
0.1

0.2

0.3

ρ = 0.6 

g/cm³
0.9

0.5

1

1.5

2

2.5

3

0.6 0.7 0.8 0.9 1 1.1

δα, dB/km

δτ, µs/km

θ = -30 °C


-20

-10

θ = 0 °C

0

0.2

0.4

0.6

0.8

0.7 0.8 0.9 1

δα, dB/km

δτ, µs/km

10

50

100

200

300

500

f = 1000 kHz

0

0.5

1

1.5

2

2.5

3

0.6 0.7 0.8 0.9 1 1.1

δα, dB/km

δτ, µs/km



4 of 4 

density ρ 0.4-0.5 g/cm3 and begins to decrease, then 

attenuation δα reaches a maximum at a density ρ 0.1-0.2 g/cm3 

and begins to decrease. The minimum attenuation δα is 

obtained at a density of 0.9 g/cm3, i.e. for pure ice. And the 

minimum value of delay is reached at the minimum density 

(of the order of 0.03 g/cm3), i.e. for crystalline rime. 

The change in the snow structure coefficient u from 0 (ice layers 

perpendicular to the electric field, Fig. 2) to ∞ (ice layers parallel to 

the electric field, Fig. 2) leads to an increase in both parameters of 

the high-frequency signal δτ and δα. That is the maximum effect 

on the parameters of the signal will be produced by snow, which is 

a mixture consisting of layers of air and ice parallel to the electric 

field (in our case, cylindrical layers along the wire). The minimum 

impact will be a multilayer mixture consisting of layers of air and 

ice perpendicular to the field (for example, disks mounted on the 

wire). 

It should be noted that the basic formulas for calculating 

attenuation and delay are obtained with allowance for the 

double transmission of the power lines by reflected signals, so 

in order to obtain formulas in general form it is necessary to 

remove this coefficient. 

V. REFLECTOMETRIC EQUIPMENT 

The employees of the KSPEU together with industrial partner 

LLC Promenergo, developed a multi-channel reflectometry 

equipment for monitoring of the overhead power lines with 

voltage of 35–750 kV for detection of glaze-ice and rime 

depositions and determination of the points of location of the 

wires damaged under their weight with indication of the distance. 

Equipment shall be connected to the operating power line through 

a coupling capacitor and a connecting filter that ensure protection 

of the low-voltage pins against any effects of high commercial-

frequency voltage. The equipment is designed using the block 

modular principle and it has standard dimensions of 19”× 6U × 

350 mm and it is shown in Fig. 5. 

 

Fig. 5. Reflectometry equipment 

The reflectometry equipment allows reliably to monitor in 

real time the dynamics of ice formation on the wires, to 

determine the distance to the place of damage for any type of 

break: open circuit, single-phase, two-phase and three-phase 

short circuits [8]. It allows clearly to determine the point of start 

of the required melting of ice deposits for prevention of wire 

breakage in the power lines and the resulting customer 

curtailment of electric power. The method allows to monitor the 

effectiveness of ice melting and it makes it possible to 

determine the time point of its timely stopping when the danger 

of line damage and wire breakage disappears. 

As mentioned above, the latest equipment modifications allow 

to control the temperature and sag of the wires. According to the 

experimental data of reflectometry sensing, the wire temperature 

and sag change causes the attenuation and delay change of the 

reflected signals spreading along the wires of the power 

transmission line [9]. The influence of ice and frost deposits 

significantly exceeds the influence of temperature. Therefore, at 

the formation of ice and frost deposits during the period with 

negative ambient temperatures, the determination of the wire 

temperature by this method will be difficult. On the other hand, 

in the summer, due to the high ambient temperature, the 

dangerous sagging of the wires is most likely. In this regard, the 

task of the wire temperature determination is most relevant in the 

summer, when the change of the reflected signal parameters 

occurs mainly due to the wire temperature influence.  

VI. CONCLUSIONS 

The formation of ice-frost deposits on the wires of overhead 

power lines causes additional attenuation and a decrease in the 

speed of propagation of reflectometry signals. The presence of 

ice-frost deposits on the wires can be detected by changes in the 

attenuation and delay of the received reflected signal. At the 

same time, different types of deposits (ice, rime, snow) with 

equal mass cause different changes in attenuation and delay. For 

example, low-density deposits (rime) cause more signal 

attenuation and less delay than pure ice deposits. 

Using these dependencies, the size and density of ice-frost 

deposits can be determined from changes in the parameters of 

reflected signals. Using this principle, reflectometric equipment 

was developed for monitoring the state of overhead power lines. 

Also, this equipment allows you to detect damage on wires (short 

circuit or open circuit), control the temperature and sag of wires, 

control the melting of ice deposits, reflectometric method allows 

one device to serve all the lines outgoing from one substation, 

without affecting the process of power transmission and the 

operation of the relay protection and automation. 
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