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Abstract. The article is devoted to the study of the state of diagnosing the 

integrity of cables. The current state of diagnostics of problems of damage 

of cables is shown. Formulas for calculating several signals reflected from 

damage have been removed. To ensure the automation of the measurement 

process, based on the functional diagram of the automatic diagnostic device 

with measurement of distances to damage by the combined pulse-phase 

method, a block diagram of an automated distance meter to damage was 

developed, which allows measuring the investigated cable in automatic 

mode. This reduces the loss of time to perform measurement operations and 

ensure the required sequence of actions without the participation of the 

operator. 

1 Introduction 

Under the influence of various external and internal factors, the cable changes its internal 

structure - inhomogeneity. For each of the existing types of lines, different types of 

heterogeneity that may occur in the cable during its operation play a greater or lesser role. 

The basic types of damage (heterogeneity) that occur are [1, 2]: 

- short circuit between the cores or between the core and the screen and breaks (so-

called "final" inhomogeneity); 

- change of physical parameters of cables, such as longitudinal resistance, change 

of capacity or resistance between cores ("partial" heterogeneity). 

To solve the problem of diagnosing damage, there are a large number of devices that are 

based on the use of the pulse method. Distance meters based on phase shift measurement 

have not found wide practical application. Devices based on pulsed sounding cables have 

become much more widespread [3, 4, 5]. Improving their characteristics is only due to 

technical means: increasing the sensitivity, increasing the power of the probing pulse signal, 

the use of special shape signals, mathematical processing - the use of statistical processing 

of information (filtering, approximation, recovery), evaluation of signal parameters such as 

amplitude, delay relative probing signal. 

Carrying out measurements for long distances becomes more difficult with increasing 

signal attenuation. The use of switching devices in low-frequency communication lines is 

limited by the following factors: 

- much more signal attenuation requires an increase in the duration of the probing 
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signals compared to RF cables; 

- the limited bandwidth of the lines in some cases significantly reduces the distance 

at which the measurement can be performed. 

Accordingly, it can be stated that today the problem of measuring distances in low-

frequency communication lines remains relevant. 
 

2 Problem statement  

Phase shift measurements are one of the most accurate measurements. Issues of use, 

implementation and practical use of phasemetry methods for research evaluation [6] and 

considered in [7,8]. 

The method of determination is based on measurements of the shift between the outputs 

and reflected from the damage signals. Since it is known that the phase determination occurs 

at the levels of tenths and hundredths of a degree [9, 10,11], the error of determination will 

also depend on the wavelength of the probing line. Distance to the damage location in the 

cable l  defined as [Błąd! Nie można odnaleźć źródła odwołania.0]: 
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where   – wavelength of the probing signal; 

  – phase shift angle. 

Let's analyze the accuracy of the method. For example, as can be seen from formula (1), 

given the wavelength of 1 m (corresponding to a frequency of 300 MHz) and the error of 

determining the phase shift of 0.1% (0.36°), the error of determining the distance will be 

only: 
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One of the problems when using this method is the case of uncertainty of distance 

measurement, which occurs when the wavelength is less than the cable length. L .  

Then 
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l , where n  – integer from 0 to  L .  

In this case, the actual value of the phase shift angle   – unknown. 

A number of methods that can eliminate these uncertainties. For example, for systems 

with high frequency signals (satellite positioning system, GPS) to increase the accuracy of 

determining the distance to one object using the method of improving the accuracy at a 

known base distance - the so-called "combined wave detection" [12], which is based on using 

two signals of different frequencies 
1  and 

2 . 

To accurately measure the unknown distance, the so-called multi-scale method is used 

[6,11].  The formation of a number of frequencies from the lowest, the wavelength of which 

is necessarily not less than the length of the cable (which eliminates the ambiguity of the 

transition through 2 ) to the highest, the period of which will determine the smallest error 

in determining the distance. 

We highlight the following advantages of the method of measuring phase shift: 

- High accuracy of determination of phase shift allows receiving high accuracy of 

definition of distance to damage; 
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- The use of low frequencies during measurements can greatly simplify the 

construction of the meter, reduces the sensitivity to external factors; 

- Phase determination is possible for significant time intervals, which significantly 

improves accuracy. 
 

3 Analysis of recent references and publications 

Currently known methods for determining damage in communication lines [13, 14,15, 16], 

which are based on measuring various physical parameters of lines (resistance) or measuring 

signals (time of reflection or phase shift between probing and reflected signals). 

According to the measurement time, the methods of measuring distances can be divided 

into two groups: 

1) Measurement of dynamic parameters (measurement of values that change 

constantly over time); 

2) Measurement of static parameters (measurement of values, the values of which 

are constant throughout the measurement time). 

It should be noted that the value of the measured value can be considered constant 

(unchanged) during the measurement time, if the limits of change of the value of this value 

are less than the sensitivity of the measuring device. Consider the advantages and 

disadvantages of several basic methods for determining the distances to the damage. In part, 

other authors performed such an analysis in [17, 18, 19, 20, 21]. 

In general, the measurement process can be divided into 3 successive stages: 1st and 2nd 

- measurement, 3rd - calculation. In more detail, these steps can be written as follows: 

1st stage. Determining the number of injuries k , their nature and approximate distance 
kl  to 

each of the damage. This problem is solved with the help of a pulse reflectometer, which 

performs the following actions: A pulse signal of a given duration is formed t  and 

amplitude oU , which is fed into the line under study. 

When reflecting the probing signal from objects in the line, we obtain a model of the 

reflected signal, which can be represented as: 

( ) ( ) ( )teUKteKeUS lll
в == −−−   coscos 2

00  (2) 

 

where K  – damage reflection coefficient; 

l  – the distance from the damage to the signal source, or from the first damage to 

the second. 

The signal is measured from the cables. Each reflection determines the change in 

amplitude in the received signal. At the same time the time of appearance of reflection is 

fixed kt  and signal amplitude kU . 

2nd stage. Determination of the phase shift angle between the probing and reflected 

signals. As already shown in Section 2, to solve equation that necessary to measure the phase 

shift between the probe and the reflected total signal at different frequencies.  

Because of the existence of signals from each damage simultaneously and their 

interference, we obtain a total signal of the form: 
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where 𝑘– number of reflections. 

The phase shift measurement is performed by a phase meter. At this stage, the following 

steps must be performed: At the output of the phase shift meter, a continuous sinusoidal signal 

with a known frequency is formed if , starting from the smallest value determined from 

formula. At the input, we obtain a signal of the form. From the received signal is subtracted 

the known signal, which is generated by the generator harmonic phase shifter. The total phase 

shift angle is determined 
  and from the known times of the appearance of the reflections 

kt
 using calculate the phase shift angles k , formed by each damage kt . 

The measurement cycle is repeated for a number of known frequencies. 

3rd stage. Solution of the system of equations (3). 

The values of the phase shifts in the low-frequency line practically depend only on the 

distances to the objects. By repeating all the above mathematical calculations for each 

frequency for the system, you can get the following system of equations [23, 24]: 
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where 
kN ,  – phase shift angle for -th damage to the N -th probing signal; 

NA  – the total amplitude of the reflected signal for N -th probing signal; 

N  – total phase shift angle for N -th probing signal; 

кU  – he amplitude of the reflected signal k -th damage. 

The total number of equations N is determined based on the number of damages. In the 

case of 2 damages, the equation of system is reduced to the next system of two equations. 

4 Presenting main material 

Based on the above stages of measurement, a general block diagram of the installation for 

research of the pulse-phase method of determining the distances to damage in the conductive 

communication lines, based on which further development of the measuring device is 

possible. 

An example of a functional diagram of a device that implements the considered block 

diagram, which is used to determine the length of the electric transmission cable to the 

damaged places, is shown in Fig. 1. 

The device consists of the following components: clock generator 1 (GTS), control and 

calculation device 2 (CCD), which also contains means of data exchange and indication, 

pulse generator 3 (GI), sinusoidal signal generator 4 (GSS), analog-digital converter 5 

(ADC), signal switch 6 (CS), matching and separation device 7 (MDS). In addition, the test 

line 8 and the agreed load 9 are connected to the circuit. 

GI 3 and ADC 5 are used to implement the IP unit (Fig.1). GSS and ADC 5 are used to 

operate the VF unit. Data from ADC 5 is sent to CCD 2, which performs operations on 
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recording and further processing of information. The device of coordination of PU is realized 

by means of KS 6 and MDS 7. 

 

 
 

Fig.1. Functional diagram of a device for measuring distance pulse-phase method:  

1 - clock generator (GTS); 

2 - control and calculation device (CCD);  

3 - impulse generator (GI); 

4 - generator of sinusoidal signals (GSS);  

5 - analog-to-digital converter (ADC);  

6- signal switch (CS);  

7 - matching device and separation (MDS);  

8 - the studied line;  

9 - agreed load. 

 

Consider in more detail the functional diagram of the device (Fig.1). GTS 1 generates 

clock signals for the operation of GI 3 and GSS 4. The output of GTS 1 is connected to GI 2 

and GSS 4. The outputs of generators 2 and 4 are connected to GS 6, the output of which is 

connected to the input MDS 7. 

The output of the MDS 7 is connected to the test cable 8, the other end of which is loaded 

on the agreed load 9. The output of the MDS 7, GI 3 and GSS 4 is connected to the ADC 5. 

CCD 2 is connected to the GTS 1, GI 3, GSS 4, COP 6 and ADC 5. Diagrams of the presented 

scheme are shown in Fig.2. 

Mathematical processing of the obtained values. The final processing of the measurement 

results is performed using CCD 2. Using the data obtained in steps 1 and 2 for the system of 

equations (4): 
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Fig.2. Diagrams of operation of the meter of distances to damages. 

 

The calculation of the specified distances to damages is carried out. To do this, we use 

the algorithm of the iterative solution considered in Section 2 (Fig.3), which is implemented 

using the proposed software. 

To perform the previously discussed 3 stages of measurement, it is necessary to develop 

a device that uses the proposed block diagram of the distance meter to damage. 

For development of the scheme of the automated measuring instrument of distances to 

damages we will take as a basis the functional scheme considered earlier (Fig.2). The use of 

modern automation tools due to the transition from hardware to hardware and software 

implementation can further reduce the complexity of the scheme. 

The use of software and hardware implementation makes it possible to transfer part of the 

functions of the circuit to the device control program m and make the meter not inherent in 

the measuring instruments of previous years capabilities [25, 26, 27,]. Such as: processing 

the input signal to select a useful signal; saving data results for further processing; formation 

of source information in the form of figures and tables; condition change control cables [28, 
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29, 30]. 

The CCD unit performs actions to set the operating modes of the nodes. We implement it 

on the basis of a computer. The exchange of data between the computer and the nodes is 

performed using control registers 3-7. Control registers 3-7 are used to set the appropriate 

operating modes of the circuit. Thus, for hardware implementation it remains to develop 

signal generators (GI and GSS), ADC, signal switch and matching device. 

The developed block diagram of the automatic diagnostic device with measurement of 

distances to damage by the combined pulse-phase method is shown in Fig.3. 

 

 
Fig.3. Block diagram of an automatic diagnostic device with measurement of distances to damage by 

the combined pulse-phase method. 

 

The block diagram of the meter consists of the following blocks: The computer 1 through 

the data bus and control (SDC) 2 is combined with the control registers 3, 4, 5, 6, 7 and the 

output of the clock counter (LTS) 11. The output of the register 3 is connected to the input 

controlled clock generator (GTS) 8. The output of the register 4 is connected to the input of 

the counter 9 - the pulse generator (GI). The output of register 5 is connected to the input of 

the address counter (LA) 10. The output of register 6 is connected to the input of LTS 11. 

The output of register 7 is connected to the input of DAC 12. The output of GTS 8 is 

connected to inputs of counters 9, 10 and 11. The output of the counter 9 is connected to the 

input of the amplifier 16. The output of the counter 10 is connected to the input of the ROM 

13. The output of the ROM 13 is connected to the input of the DAC 14, the output of which 

is connected to the input of the amplifier 17 and the comparator start signal 18. Signals from 

amplifiers 16 and 17 are fed to the adder 19, the output of which is connected to the output 

amplifier 20. The output of the amplifier 20 is directly connected to the output of the device 

21 and simultaneously to the input of the comparator 15. The output of the DAC 12 is 

connected to the second input comparator 15, the output of which is connected to the input 

of the meter. The output of the comparator 18 is connected to the meter 11. 

The operation of the device is controlled by a computer 1, the task of which is to transmit 

the necessary data (codes of clock frequency, harmonic signal frequency, pulse duration) to 

the control registers and read the obtained values (reflection time, signal amplitude values). 

The work process begins with loading into register 3 the code of the required clock 

frequency. According to the selected measurement mode, register 4 or 5 is selected. 
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Thus, the register 4 and the counter 9 perform the function of a pulse generator for operation 

in the mode of the pulse reflectometer. The register 4 is designed to store a code of the 

required pulse duration, based on which the counter 9 will generate a signal of a certain 

duration. According to the signal "clock" from the generator 8, the counter 9 from the register 

4 is loaded with the pulse duration code. 

In the mode of the phase-shift angle meter, the value of the increment step of the values 

of the counter 10 is recorded in the register 5. The counter 10 performs sequential address 

search in the ROM 13 with the specified step value. The ROM 13 is designed to store the 

harmonic signal translated into digital code. The digital code from the ROM 13 is fed to the 

DAC 14, which generates a corresponding output analog signal. By changing the increment 

step in register 5, the frequency of the signal at the output of the DAC changes. 

The pulse signal from the output of the counter 9 goes through the amplifier 16. The 

harmonic signal from the DAC 14 is fed to the amplifier 17. Pulse and harmonic signals are 

fed to the inputs of the adder 19, from which the signal goes to the output amplifier 20 with 

variable output resistance. 

To measure the value of the amplitude of the input signal uses a gated ADC, which is 

implemented using registers 6 and 7, the counter 11, the DAC 12 and the comparator 15. 

Time diagrams of ADC operation are shown in Fig.4. Computer 1 sequentially loads the 

pulse duration code or the clock frequency code of the probe signal synthesizer, the clock 

frequency code (code f, pos. 1), the DAC output voltage value code. The next step is to start 

the measuring system. The computer puts the SDC in read mode and waits for the count to 

complete. After that, the time code is read from the counter 11. 

The counter 11 in its work uses data from registers 6 and 7 and the comparator 15. The 

register 6 stores the delay time code, during which, starting from the beginning of the count, 

the counter 11 does not respond to signals from the comparator 15. 

In the register 7 is loaded the code of the output voltage of the DAC 12. After the specified 

time, the counter 11 stops the digit only after the signal from the comparator 15 or when the 

counter is overflowing. 

 

 
Fig.4. Timing diagrams of the automatic diagnostic device with measurement of distances to damage 

by the combined pulse-phase method.  Pulse meter operation mode. 1 - Control data; 2 - Clock signal; 

3 - pulse probing signal; 4 - operation of the meter; 5 - input pulse from the comparator. 

 

The process of measuring the level of the output signal with the performed method of 

sequential approximation was experimentally tested. The general appearance of the stand is 
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shown in Fig.5. 

If the level of the input signal is greater than (or equal to) the set, the counter 11 will stop 

at the same time that was set in the register 6. If the amplitude of the input signal is less than 

the set threshold, the comparator 15 will not generate a signal (pos. 4, fig. 5). In this case, the 

time value code obtained at the output of the counter 11 will be much larger than the set time 

in accordance with (4) in the register 6. 

The developed distance meter will make its errors in the process of measuring values. Its 

instrumental errors will be determined by the element base used. 

As can be seen from the functional diagram of the device (Fig.4), The main units of the 

measuring system are the following nodes: output signal generators (pulse generator 5 and 

harmonic signal 6) and analog-to-digital converter 7. Parameters such as speed and signal 

impact are important for them. Therefore, in this section a more detailed analysis of the 

development of these nodes of the scheme. 

 

 
Fig.5. Experimental test of automatic diagnostic for sounding cables pulse signals: 1) pulse generator 

G5-63; 2) measuring the phase difference F2-34; 3) phase calibrator F1-4; 4) amplifier unit P1-P5; 5) 

power supply; 6) oscilloscope C1-99. 

 

Transfer of reflections in the table at different wavelengths of the probing signal shows 

on Fig.6 and Fig.7. Where   – probing signal; L  – cable length, relative to the length of the 

probing signal  ; 1X , 2X  – distance to inhomogeneity; 1F , 2F  – phase shift angle from 

each inhomogeneity, radians. 
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Fig.6. Phase shift signals for =1L . 

 

 
Fig.7. Phase shift signals for = 2L . 
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Conclusions 

In accordance with the analysis of the values to be determined for use in the pulse-phase 

measurement method, a general block diagram of a distance meter that implements this 

method is proposed and the sequence of stages of the measurement process is determined. 

The general block diagram allows you to determine the main nodes that need to be created. 

The functional scheme of the device for distance measurement by the pulse-phase method is 

developed. A sequential description of all stages of measurement is shown, for which the 

operation of the device in the mode of a pulse reflectometer and measurement of the phase 

shift angle is considered. The device operation diagrams for each of these measurement steps 

are given, showing the main signals of the device and the relationship between these signals 

over time. 
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