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Power Quality Evaluation Based on Combinatorial Assignment and Normal Cloud Modelling
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Abstract: To accurately assess the power quality status of a system, a comprehensive power quality evaluation
method based on a combined weighting approach and the normal cloud model was proposed. Initially, a
comprehensive evaluation framework for power quality was established, encompassing three key dimensions:
amplitude quality, waveform quality, and frequency quality. To address the subjectivity and ambiguity inherent in
the traditional analytic hierarchy process for weight determination, an improved method utilizing trapezoidal fuzzy
numbers was introduced to derive subjective weights. Concurrently, an enhanced (criteria importance through
intercriteria correlation) CRITIC method was employed to calculate objective weights, which incorporates the
variability, conflict, and dispersion of the evaluation indices. The integration of subjective and objective weights
was then achieved through the principle of minimal information discrimination. Finally, the normal cloud model
was applied to perform a comprehensive evaluation of power quality, based on predefined grading standards. The
effectiveness and accuracy of the proposed method were validated through practical case studies, and comparisons
with existing evaluation methods demonstrate its superior performance.
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Fig.1  Assessment framework for power quality in

low-voltage distribution networks
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Tab.1 Trapezoidal fuzzy hierarchical analysis judgement matrix
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Tab.3  Monitoring site data
WEI R REMR R REN MR AR
Mo EM2 E % Hie % EI% V%
1 0.09 2.53 0.96 0.22 1.12 0.88
2 0.04 1.66 1.05 0.34 1.26 1.07
3 0.19 3.85 1.41 0.47 1.18 0.83
4 0.11 2.01 0.85 0.38 0.82 0.58
5 0.07 3.18 1.27 0.53 1.35 1.23
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Tab.4  Matrix of evaluation indicators based on trapezoidal fuzzy numbers
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Tab.6  Combined weights of evaluation indicators 0.8k
M bR FAALE HUALE HAG R
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c, 0.1360 0.1433 0.147 4 02rg | X AR 2 ﬁ
o 5 3 3 5 W i
C; 0.239 6 0.087 8 0.153 2 . ~‘ \.: ; f “gf . ,,x ",
C, 0.036 7 0.163 8 0.0819 0.00 005 0.0 015 020 025
R A (e
42 TMERMOWE B3 SRR C, 2B
MR bR, R BB T 0 DT A 5 SR 4N Fig.3 Evaluation indicator C, cloud model diagram
£ ITHIEIRI R B FASE
Tab.8 Numerical characteristics of the cloud model for each level of the evaluation indicator
PR S bR e fEhR 1 Hi7 2 673 fHr 4 /7 5 &R 6
E, 0.025 0.600 0.250 0.100 0.500 0.250
I E, 0.008 0.200 0.083 0.033 0.167 0.083
H, 0.001 0.020 0.008 0.003 0.017 0.008
E, 0.075 2.100 0.750 0.350 1.500 0.750
I E, 0.008 0.300 0.083 0.050 0.167 0.083
H, 0.001 0.030 0.008 0.005 0.017 0.008
E, 0.125 3.750 1.250 0.650 2.500 1.250
Il E, 0.008 0.250 0.083 0.050 0.167 0.083
H, 0.001 0.025 0.008 0.005 0.017 0.008
E, 0.175 5.750 1.750 0.900 4.000 1.750
\Y E, 0.008 0.417 0.083 0.033 0.333 0.083
H, 0.001 0.042 0.008 0.003 0.033 0.008
E, 0.225 8.000 2.250 1.100 6.500 2.250
% E, 0.008 0.333 0.083 0.033 0.500 0.083
H, 0.001 0.033 0.008 0.003 0.050 0.008
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Tab.9 Evaluation level of each monitoring point
M I I i v Vo OISR
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