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Abstract 

For the limitations in existing assessment methods, the ambient temperature of the 
running cable, the ambient humidity, the partial cable discharge and the ground line 
leakage current as the evaluation factors, and then a comprehensive evaluation method 
for running cable insulation state was propose based on IFAHP. Firstly, an IFAHP-based 
multi-factor cable insulation state evaluation model was established combined fuzzy 
evaluation theory, which achieves more objective, reasonable and accurate insulation 
evaluation of the running cable. Secondly, a comprehensive evaluation system for 
running cable insulation state was designed based on LabVIEW, which is convenient for 
practical engineering applications. Finally, the validity and practicability of the 
evaluation model in this paper are verified by an example analysis. 
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1. Introduction 

In recent years, cross-linked polyethylene (XLPE) power cables have been increasingly used in urban 

distribution networks due to their good manufacturing processes and insulation properties[1]. At 

present, the three-core XLPE power cable in the 10kV distribution network mostly uses cable trench 
laying and pipe laying[2]. However, due to factors such as cable production process and cable laying 

environment, long-term operation of cables and their accessories will cause a certain degree of 

irreversible insulation degradation, which can lead to cable failure and threaten grid security[3-4]. 

Therefore, in the context of building a strong smart grid, how to use multiple factors to achieve a 

more intelligent and accurate comprehensive evaluation of insulation aging is very important.  

According to the cable aging mechanism[5], the amount of partial discharge of the cable can directly 

reflect the degree of deterioration of the cable insulation; the value of the capacitive leakage current 

on the ground line will gradually increase with the deterioration of the cable; temperature effect and 

humidity effect (water molecules in the insulation layer) Intrusion) will seriously affect the aging 

process of the cable. Therefore, the comprehensive evaluation of the insulation state of the running 

cable by using the multi-features related to cable aging can more accurately reflect the insulation 

condition of the running cable and stabilize the grid security. In the multi-factor evaluation method, 

the literature [6] proposed multi-factor evaluation based on the analytic hierarchy process. However, 

the method relies too much on expert experience and lacks objectivity, which seriously affects the 
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accuracy of the evaluation results. Literature [7] proposed multi-factor evaluation using fuzzy analytic 

hierarchy process. Although this method can improve the objectivity of AHP to a certain extent, only 

one aspect of membership degree in expert evaluation is considered when constructing fuzzy sets. 
Therefore, the evaluation information cannot be perfected and will still affect the accuracy of the 

evaluation results.In order to overcome this shortcoming, this paper introduces Intuitionistic Fuzzy 

Analytic Hierarchy Process (IFAHP), which constructs an intuitionistic fuzzy set that considers the 

information of membership degree, non-subordinate degree and hesitation in decision makers' 

evaluation, and fully retains the evaluation information of decision makers. The objectivity and 

accuracy of the assessment results are guaranteed. 

In order to obtain a more objective, reasonable and accurate insulation state of the three-core cable 

running in the cable trench, this paper selects the leakage current of the grounding wire, the partial 

discharge of the cable and the temperature and humidity of the cable operating environment as the 

evaluation factors of the cable insulation state. Combined with the fuzzy evaluation theory, a 

comprehensive evaluation method of cable insulation state based on IFAHP is proposed. Firstly, in 

order to realize the objective, reasonable and accurate evaluation of the insulation state of the running 

cable, this paper proposes a comprehensive evaluation method of cable insulation state based on 

IFAHP, and establishes a comprehensive evaluation model of the insulation state of the running cable. 

Secondly, the host computer terminal designed by LabVIEW and MATLAB is designed. It can not 
only monitor and store the signal of each evaluation factor in real time, but also realize the filtering 

process of partial discharge signal, the drawing of PRPD spectrum and the extraction of feature 

information. A comprehensive evaluation of the insulation state of the running cable is facilitated for 

practical engineering applications. Finally, through the example analysis, the validity of the 

evaluation model established in this paper and the practicability of the host computer terminal are 

verified. 

2. Comprehensive evaluation principle and modeling 

In order to obtain an objective and reasonable evaluation result of cable insulation state, this paper 
proposes a comprehensive evaluation method of cable insulation state based on IFAHP. This chapter 

introduces the principles and modeling process of the IFAHP-based cable insulation state 

comprehensive assessment method. 

2.1  Cable insulation comprehensive assessment process 

In the 10kV distribution network, the cable insulation state can be divided into three levels: severely 

aged, mildly aged, and unaged. In order to more intuitively observe and compare the insulation state 

of the cable, this paper quantifies the grade of the cable insulation state, and the weight scores of 

unaged, mildly aging and severe aging are represented by the values 100, 60 and 30, respectively, 

and establish a weight score matrix S = [100; 60; 30]. The process of comprehensive evaluation of 

cable insulation status based on IFAHP is as follows: 

The first step: the evaluation index of the ambient temperature, humidity, grounding line leakage 

current and partial discharge of the cable laying, using the IFAHP theory to establish a normalized 

index weight W. 

The second step: according to the fuzzy evaluation theory, determine the appropriate membership 

function, and establish a fuzzy relationship matrix M of the measured values of each evaluation index; 

The third step: establishing a comprehensive evaluation matrix B according to the fuzzy relationship 

matrix of each indicator weight and the measured value of each index, that is, the membership matrix 

of the cable insulation state. 

The fourth step: based on the quantized cable insulation state weight score, combined with the 

membership degree matrix of the cable insulation state to calculate the comprehensive score of the 

running cable insulation state. 
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2.2 IFAHP algorithm steps 

Step 1: Construct an Intuitionistic Fuzzy Judgment Matrix 

According to Table 1, the comment level obtained by comparing the importance of each indicator can 

be converted into an intuitionistic fuzzy number, and then the intuitionistic fuzzy judgment matrix 

R=(rik)n×ncan be constructed. Among them, rik=(μik,vik)(i,k=1,2,…,n),μik[0,1],vik[0,1],μik+vik≤1. μik 

indicates that the importance of the attribute i is better than the degree of the attribute k, vik indicates 

that the importance of the attribute k is better than the degree of the attribute i, and πik=1-μik-vik 

indicates the uncertainty of the decision maker, that is, the degree of hesitation. It can be seen that 

compared with the construction of fuzzy sets in fuzzy analytic hierarchy process, constructing the 

intuitionistic fuzzy judgment matrix with intuitionistic fuzzy numbers can describe the preference 

information of decision makers more comprehensively and meticulously, and guarantee the accuracy 

of the evaluation results. 

Table 1 Corresponding chart of comment level and intuitionistic fuzzy numbers 

Comment level Intuitionistic fuzzy number 

i is extremely important than k (0.90,0.10,0.00) 

i is more important than k (0.80,0.15,0.05) 

i is significantly more important than k (0.70,0.20,0.10) 

i is slightly more important than k (0.60,0.25,0.15) 

i is as important as k (0.50,0.30,0.20) 

k is slightly more important than i (0.40,0.45,0.15) 

k is significantly more important than i (0.30,0.60,0.10) 

k is more important than i (0.20,0.75,0.05) 

k is extremely important than i (0.10,0.90,0.00) 

Step 2: Consistency check and correction 

In order to obtain a reasonable evaluation result, it is necessary to perform consistency check on the 

constructed intuitionistic fuzzy judgment matrix. In the IFAHP method, the consistency test standard 

is established by constructing a consistent intuitionistic fuzzy judgment matrix R
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When the consistency of the intuitionistic fuzzy judgment matrix is acceptable [8], satisfied: 
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In equation (3), 
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If the intuitionistic fuzzy judgment matrix fails the consistency check, you need to set the parameter 
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From the equations (5) and (6), the adjusted intuitionistic fuzzy judgment matrix R
~
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,and substituting it into equation (4) and recalculating. If the consistency test is still not 

satisfied, it is only necessary to adjust σ to recalculate until the condition of equation (3) is satisfied. 

Step 3: Calculate the indicator weight 

For the intuitionistic fuzzy judgment matrix R satisfying the consistency test, the weight vector 

ωi=(αi,βi) (i=1, 2,...,n)of each index relative to the previous layer (this is the target layer, ie, the cable 

insulation state) can be determined by equation (7). 
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The relative weights obtained by equation (7) cannot be directly applied to the comprehensive 

evaluation of cable insulation state. Therefore, this paper introduces a new score weight function to 

convert two-dimensional weight vector into one-dimensional weight value: 

( )
1

1






−
=

+

i
i

i

H

                              

(8) 

Where H(ωi) represents the one-dimensional weight value of ωi transformation, γi=1-αi-βi. The weight 

of each index can be obtained by normalizing the one-dimensional weight value based on equation 

(8). 

2.3 Establishment of fuzzy relation matrix 

According to the fuzzy evaluation theory, the appropriate membership function can reflect the fuzzy 

relationship between the cable insulation state and each evaluation index, and characterize the 
possibility of cable insulation failure [9]. In practice, cable insulation aging is a slow and non-linear 

change process. In order to make the selected membership function closer to the process of cable 

insulation aging state change, the ridge-shaped distribution function is used as the membership 

function of this paper. The function curve is shown in Fig.1. 

It can be seen from Fig. 1 that the membership function of the ridge-shaped distribution has three 
stages: small, intermediate and large, corresponding to the three states of cable insulation, such as 

unaged, mild aging and severe aging, and the non-phase between the stages. Linear conversion is 

consistent with the actual cable insulation degradation process. In Fig. 1, a0 is the unaged boundary; 

a0-a1 indicates the transition from unaged to mild aging; a1 and a2are mild aging boundaries; a2-a3 

indicates the transition from mild aging to severe aging; and a3 is the severe aging boundary. 
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In this paper, the evaluation criteria of cable insulation state are cable partial discharge (u1), leakage 

current (u2), ambient temperature (u3), and ambient humidity (u4). According to the cable insulation 

criterion [16] and relevant national and international standards, the evaluation criteria for the aging 

state of cable insulation can be established for each evaluation index, as shown in Table 2. 

1

0
a0 a1 a2 a3

Small Intermediate Large

x

f

 

Fig.1 Membership function graph 

 

Table 2 Judging criteria for evaluation index 

Evaluation index a0 a1 a2 a3 

u1/ pC 5 50 150 200 

u2/mA 20 100 200 300 

u3/°C 30 40 45 50 

u4/% 65 85 90 95 

According to the evaluation criteria of each index of Table 2 and the membership function of the 

ridge-shaped distribution, the fuzzy relation matrix M=(mij) 4×3 of the comprehensive evaluation of 

cable insulation state can be established, as shown in Table 3. 

Table 3 The fuzzy matrix of M 

Evaluation index Unaged Mildly aged Severely aged 

u1 m11 m12 m13 

u2 m21 m22 m23 

u3 m31 m32 m33 

u4 m41 m42 m43 

2.4 Establishment of comprehensive evaluation model for cable insulation 

According to the IFAHP method in 2.2, the normalized weight matrix W=[w1, w2, w3, w4]of each 

index can be established, where wi(i=1,2,…,4) represents the weight of the indicator ui, which is 

established in combination with 2.3. The fuzzy relation matrix, using the weighted average method, 

can establish a comprehensive evaluation matrix of cable insulation state B=W°M=[b1,b2,b3], 

bi(i=1,2,…,3) indicates comprehensive evaluation of cable The degree of membership of the rear 

cable insulation state (unaged, mildly aged, severely aged). The weighted scoring matrix S of the 

cable insulation state quantified in 2.1, combined with the established comprehensive evaluation 

matrix B, can establish an expression for quantifying the cable insulation state after comprehensive 

evaluation: 

                      

( ) ( ) ( )1 2 31 2 3= + +y b S b S b S

                           

(9) 

Where y represents the score of the cable insulation state after evaluation. 



 

 

80 

International Core Journal of Engineering 

ISSN: 2414-1895 

Volume 5 Issue 12, 2019 

DOI: 10.6919/ICJE.201911_5(12).0011 

3. Design of comprehensive evaluation system 

According to the above theoretical analysis, a mathematical model for comprehensive evaluation of 

cable insulation state can be established. On this basis, this chapter will further discuss the design of 

the cable insulation state comprehensive evaluation system to achieve real-time monitoring of each 

evaluation index and comprehensive assessment of the operating state of the cable insulation. 

3.1 System design 

In order to effectively measure the weak capacitor leakage current on the cable grounding wire, the 

zero-flux Hall current sensor designed by Hall element and closed-loop control circuit is used for 

measurement. The schematic diagram is shown in Fig.2. 
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Fig.2 The principle diagram of zero flux hall current sensor 

The working principle of Fig.2 is: when the current in the circuit under test passes, the magnetic field 

generated by the measured current I1 will sense the Hall element and make the Hall element output 

voltage. At this time, the power amplifier circuit is turned on and generates the compensation current 
I2.  The magnetic field generated by I2 compensates for the magnetic field generated by the current 

being measured, thereby reducing the output of the Hall element and slowing down the increase of 

the compensation current I2. When the magnetic fluxes on both sides of the primary side and the 

secondary side are equal, I2 is no longer increased. At this time, the measured current I1 can be 

measured by I2. 

When the cable is partially discharged, the effective ultrasonic signal is generally between 50kHz and 

300kHz. Considering the electromagnetic interference in the field, this paper selects the PXR15 

ultrasonic sensor with a center frequency of 150kHz, high sensitivity (>65dB) and wide frequency 

band (>100kHz) to measure the part of the cable. Discharge signal. The system plan is shown in Fig.3. 

 

Fig.3 Diagram of hardware system 

3.2 Comprehensive evaluation of the design of the monitoring terminal 

In order to realize real-time monitoring of each evaluation index signal and comprehensive evaluation 

of cable insulation status, this paper designs a set of upper computer monitoring terminal based on 

LabVIEW by using MATLAB and LabVIEW mixed programming. The subsystems included in the 

host computer terminal and the functions realized by each subsystem are shown in Fig. 4 . 
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Fig.4 Block diagram of host computer monitoring terminal system 

4. Case analysis 

This paper takes a cable trench actually laid in the urban area of Hangzhou as an example. The cable 

trench has ten three-core cable lines. The model is shown in Fig. 5. 

 

Fig.5 Cable trench model 

4.1 System operation result 

In order to observe the operation results of the system, this paper takes the left cable in the cable 
trench as an example for analysis. The real-time acquisition waveform of each data is shown in Figure 

6. 

 

Fig.6 Data real-time waveform 

According to the partial discharge data of the left 1 cable collected by the monitoring terminal, the 

two-dimensional spectrum drawn after filtering the noise interference in the partial discharge signal 
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is shown in Fig. 7 , and the three-dimensional spectrum and the gray scale diagram drawn are as 

shown in Fig. 8 . 

 

Fig.7 Diagram of two-dimensional spectrum  

(a) Three-dimensional image
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(b) Grayscale image  

Fig.8 Diagram of three-dimensional and grayscale 

It can be seen from Fig. 7 and Fig. 8 that the maximum partial discharge of the left cable is about 

30pC, the discharge phase corresponding to the maximum discharge is about 50°, and the number of 

discharges of different discharge phases in one discharge cycle is small (≤1). . It can be seen from 

Fig. 6-8 that the monitoring terminal designed in this paper can not only monitor the ambient 
temperature, ambient humidity, cable leakage current and partial discharge signal of the three-core 

cable in real time, but also analyze the collected local part in an instant and effective manner. The 

discharge signal is convenient for practical engineering applications. 

4.2 Cable insulation comprehensive evaluation 

The intuitionistic fuzzy relation matrix can be established by experts based on the two-two evaluation 

of the importance of each evaluation index. After the consistency test and correction, the weight 

vector after partial discharge, leakage current, ambient temperature and environmental humidity 

normalization can be obtained. The weight vector is: W=[0.3275, 0.2787, 0.2234, 0.1704].  

Based on the comprehensive evaluation system established in this paper, the new left, left 2, left 4, 
right 1, right 2, and right 3 loop cables in the cable trench and the left aging 3, left 5, and right 4 with 

severe aging are more serious. The right 5 loop cable is evaluated. The insulation state of unaged, 

mildly aged and severely aged is indicated by good, medium and poor respectively. The measured 

values and evaluation results of the cable evaluation indicators are shown in Table 4. 

Table 4 Cable evaluation indicators and evaluation results 

Cable 

number 

Discharge 

amount/pC 

Ambient 

temperature/°C 

Leakage 

current/mA 

environment 

humidity/% 

Insulation 

score 

evaluation 

result 

Left 1 31 22.81 50.51 69.22 87.7 unaged 

Left 2 39 20.02 65.32 70.12 80.6 unaged 

Left 4 36 22.45 63.53 70.51 82.2 unaged 
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Right 1 33 19.32 57.72 69.75 85.2 unaged 

Right 2 34 23.41 60.61 71.44 83.5 unaged 

Right 3 29 25.71 47.35 72.11 87.9 unaged 

Left 3 65 23.27 135.52 72.72 73.5 
mildly 

aged 

Left 5 69 24.58 138.21 69.71 74.8 
mildly 

aged 

Right 4 60 26.76 112.54 70.93 74.4 
mildly 

aged 

Right 5 63 23.22 120.51 71.91 73.9 
mildly 

aged 

It can be seen from Table 4 that the newer cables in actual operation have higher insulation scores 

and lower partial discharges and ground line leakage currents; conversely, cables with more severe 

aging in actual operation have lower insulation scores. And the partial discharge amount of the cable 

and the ground line leakage current value are higher, which is consistent with the actual. It can be 
seen that the comprehensive evaluation model of the running cable insulation state established in this 

paper has a relatively accurate evaluation of the insulation state of the cable in actual operation, and 

verifies the effectiveness of the IFAHP-based cable insulation state comprehensive evaluation method. 

5. Conclusion 

In this paper, the three-core cable laid in the cable trench is taken as the research object, and the 

operating temperature, environmental humidity, grounding line leakage current and partial cable 

discharge are taken as evaluation factors. The evaluation of the insulation state leads to the following 

conclusions: 

Taking the three-core cable laid by cable trench as the research object, combined with the fuzzy 

evaluation theory, a comprehensive evaluation method of multi-factor cable insulation state based on 

IFAHP is proposed, and the running cable insulation is established. The mathematical model of state 

assessment guarantees the objectivity, rationality and accuracy of the assessment results. 

Designed a comprehensive evaluation system based on LabVIEW for the insulation state of the 

running cable, which can realize the real-time monitoring of the measured values of each evaluation 

index, and complete the comprehensive evaluation and insulation warning of the insulation state of 

the running cable, which has good application value. 

The evaluation system established in this paper evaluates the newer and more aging three-core cable 

in the actual operation of the 10kV cable trench, and verifies the effectiveness and practicability of 

the proposed method. 
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