
Received 27 July 2022, accepted 7 September 2022, date of publication 22 September 2022, date of current version 30 September 2022.

Digital Object Identifier 10.1109/ACCESS.2022.3208910

Evaluation Index and Evaluation Method of
Three-Phase Imbalance Treatment Effect Based
on Commutation
JIE CHEN 1, FEIYAN ZHOU1, LINGYUN GU1, HUI YIN1, LI ZHANG2, AND CHAOFEI GAO 2
1Beijing Key Laboratory of Distribution Transformer Energy-Saving Technology, China Electric Power Research Institute, Beijing 100192, China
2Beijing Information Science and Technology University, Beijing 100192, China

Corresponding author: Chaofei Gao (gaocf@bistu.edu.cn)

This work was supported by the Open Fund of Beijing Key Laboratory of Distribution Transformer Energy-Saving Technology, China
Electric Power Research Institute, under Grant PDB51202001511.

1

2

3

4

5

6

7

8

ABSTRACT With the construction and development of the distribution Internet of things in China, the
three-phase imbalance treatment in the distribution area has gradually attracted attention as an optional
function, and a large number of intelligent terminal manufacturers have begun to study this aspect. In this
paper, research is carried out on the three-phase imbalance treatment function based on commutation control.
The evaluation index system of imbalance treatment based on commutation is proposed in combination
with the imbalance harm and the influence of treatment, and the three-phase imbalance treatment effect is
evaluated by combining the analytic hierarchy process and improved entropy weight method. An example
is given to verify the effectiveness of the evaluation method proposed in this paper.
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INDEX TERMS Three-phase load imbalance, intelligent terminal, index system, analytic hierarchy process,
improved entropy weight method.

I. INTRODUCTION11

With the gradual upgrade and expansion of the distribu-12

tion network in China, the problems of insufficient planning13

and management, the surge and unbalanced distribution of14

the single-phase load, and the time characteristics of the15

load make the three-phase load imbalance problem of the16

low-voltage distribution network more prominent. Serious17

three-phase imbalance will increase the power loss of the18

low-voltage distribution network, damage the power equip-19

ment, and seriously affect the quality of the power supply and20

the economic operation of the low-voltage distribution net-21

work [1], [2]. Therefore, the in-depth study of the three-phase22

imbalance treatment method in the distribution network can23

ensure good power quality, effectively reduce equipment and24

line losses, and reduce the occurrence of destructive acci-25

dents, which has important theoretical research significance26

and practical application value for the economically safe27

operation of distribution networks.28

The associate editor coordinating the review of this manuscript and

approving it for publication was Shun-Feng Su .

At present, the methods to deal with three-phase imbal- 29

ance mainly include load phase sequence balance, distri- 30

bution network reconfiguration, and three-phase imbalance 31

compensation devices. Each treatment method has its own 32

advantages and disadvantages, and the scope of application 33

is also different [3], [4], [5], [6], [7], [8], [9]. The imbalance 34

treatment method based on commutation switch collects the 35

data of the terminal by analyzing the electricity consumption 36

information, the optimal control strategy is used to switch the 37

phases of a certain number of single-phase users, and the load 38

redistribution on the three-phase line is realized [8], [9]. 39

The construction of the distribution Internet of Things can 40

realize the real-time monitoring of the line load, and the 41

status of the distribution line load switch can be visualized 42

and controlled, which provides the hardware foundation and 43

data support for the three-phase imbalance treatment based on 44

the commutation switch. At the same time, the development 45

of advanced application analysis functions in the intelligent 46

fusion terminal can meet the power supply service and man- 47

agement needs of the distribution area in different scenarios, 48

which is the development demand of the distribution Internet 49

VOLUME 10, 2022 This work is licensed under a Creative Commons Attribution 4.0 License. For more information, see https://creativecommons.org/licenses/by/4.0/ 101913

https://orcid.org/0000-0003-0472-4551
https://orcid.org/0000-0001-9907-0495
https://orcid.org/0000-0001-9777-128X


J. Chen et al.: Evaluation Index and Evaluation Method of Three-Phase Imbalance Treatment Effect

of Things [11], [12]. At present, although the three-phase50

imbalance treatment function is an elective requirement for51

intelligent fusion terminals, an increasing number of intel-52

ligent terminal manufacturers are gradually developing this53

application.54

Judging from the literature, there are many imbalanced55

treatment commutation strategies, and the treatment goals are56

also quite different, resulting in different treatment effects.57

However, there is a lack of evaluation at the national and58

industry levels regarding the effects of various strategies.59

The State Grid’s ‘‘Notice of the State Grid Operation and60

Maintenance Department on Carrying out the Treatment of61

Three-phase Load Imbalance Problems in the Distribution62

Area’’ (referred to as the ‘‘Notice’’) only gives the scope of63

treatment; that is, the continuous overlimit time for more than64

1 hour in one day is set as 1 overlimit day. The distribution65

area with an average loading rate greater than 20% and more66

than 5 days exceeding the limit in a single month should be67

included in the scope of treatment. There is a lack of what68

standard to achieve after load adjustment and the basis for69

evaluating the effect after treatment. Therefore, it is very70

important to study the treatment effect index system of the71

treatment method based on load commutation and to evaluate72

the treatment effect.73

Although there is a lack of research related to effect eval-74

uation on three-phase imbalance treatment, there are many75

mature evaluation theories and methods used in various fields76

of power systems, such as the comprehensive evaluation of77

power quality combined with subjectivity and objectivity,78

fuzzy mathematics evaluation methods, and radar chart meth-79

ods [12], [13], [14], [15], [16]. Reference [13] establishes a80

scientific and reasonable evaluation index system of distribu-81

tion network adaptability and combines the analytic hierarchy82

process (AHP) and entropy weight method to determine the83

index weight. Reference [14] combines AHP and the entropy84

weight method to comprehensively evaluate the reliability85

of the power consumption of a distribution network. Refer-86

ence [15] assesses the power quality of distorted distribution87

networks incorporating renewable distributed generation sys-88

tems based on an analytic hierarchy process. Reference [16]89

presents a data-driven abnormity assessment algorithm for90

low-voltage power consumers based on the CRITIC method91

and the improved radar chart method. Reference [17] uses the92

minimum deviation combination weight method to calculate93

the optimal combination weight of each evaluation index and94

uses the improved radar chart method to comprehensively95

evaluate the power quality of the distribution system. Based96

on extensive literature analysis, the key to the evaluation97

of the three-phase imbalance treatment effect lies in the98

construction of the index system and the selection of the99

evaluation method.100

Aiming at the problem that there is, at present, neither an101

evaluation index nor an evaluation method for three-phase102

imbalance treatment based on commutation, this paper starts103

from the imbalance influence and the imbalance treatment104

mechanism of load balancing, proposing an evaluation index105

system for three-phase imbalance treatment based on com- 106

mutation switch. The subjective weight of each index is given 107

by the analytic hierarchy process, and the objective weight 108

of each index is determined by the improved entropy weight 109

method while overcoming the defect of polarizing index 110

importance. The three-phase imbalance treatment based on 111

commutation is comprehensively evaluated by combining 112

subjectivity and objectivity. 113

II. THREE-PHASE IMBALANCE TREATMENT EFFECT 114

EVALUATION INDEX SYSTEM 115

A. THE HARM OF THREE-PHASE IMBALANCE AND ITS 116

REGULATION BENEFIT INDEX 117

1) THE HARM OF THREE-PHASE IMBALANCE 118

When a serious three-phase imbalance occurs in the outlet 119

of the distribution area, it increases the loss of the power 120

grid, endangers the electrical equipment and lines, causes the 121

malfunction of the protection device, brings economic losses 122

to the power supply enterprise, and affects the power quality 123

of the users. The root cause of its harm is mainly reflected in 124

the increase in current loss and voltage deviation caused by 125

imbalance. 126

The increase in current loss caused by imbalance includes 127

the load loss of distribution transformers in the station area, 128

the loss of low-voltage lines, and the loss of high-voltage 129

lines in the station area. The increase in loss not only directly 130

affects the economic benefits of power supply enterprises but 131

also causes the superheating of equipment and lines. It brings 132

about problems such as equipment damage and line failure, 133

which indirectly affect the safety and economy of the power 134

supply. The factor that affects the degree of loss is the current 135

size of each phase. Therefore, not only the degree of imbal- 136

ance but also the size of the current, that is, the loading rate, 137

should be considered when performing imbalance treatment. 138

The three-phase load imbalance causes voltage deviation 139

in each phase, which causes a certain degree of damage to 140

the high- and low-voltage equipment. The calculation of the 141

voltage deviation is not related to the size of the current but 142

only to the imbalance degree of the current. 143

Therefore, the treatment effect index must be comprehen- 144

sively considered from the two aspects of imbalance degree 145

and loading rate. 146

2) REGULATION BENEFIT INDEX 147

The regulation benefit is defined as a first-level index of 148

three-phase imbalance treatment, reflecting the benefits that 149

can be brought after treatment. There are two second-level 150

indices, namely, the imbalance degree and the imbalance loss 151

coefficient. 152

Imbalance degree, k: The imbalance degree of the three- 153

phase current, according to the State Grid Corporation’s 154

enterprise standard (Q/GD W519-2010) ‘‘Procedure for dis- 155

tribution network’’, can be calculated as 156

k =
Imax − Imin

Imax
×100% (1) 157
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In the formula, Imax is the significant value of themaximum158

current in three phases, and Imin is the significant value of the159

minimum current in three phases.160

The imbalance loss coefficient, α, the product of the load-161

ing rate, and the imbalance degree reflect the influence of the162

current imbalance on the loss.163

α = k × β (2)164

In the formula, β is the loading rate of the transformer.165

The overall loss caused by imbalance is a function of the166

current of each phase and can be expressed as a function of167

the imbalance loss coefficient, α, that is, in the form of loss =168

f (α). The calculation of the loss value involves the loading169

rate, line topology, and line parameters, and it is difficult to170

calculate accurately. Therefore, this paper uses the imbalance171

loss coefficient, α, to replace the specific loss value as the172

evaluation index of the treatment effect.173

B. THREE-PHASE IMBALANCE TREATMENT PRINCIPLE174

AND REGULATION COST INDEX BASED ON175

COMMUTATION176

1) THREE-PHASE IMBALANCE TREATMENT PRINCIPLE177

BASED ON COMMUTATION178

The three-phase imbalance treatment system in the distribu-179

tion area is composed of an intelligent terminal and a phase180

commutation switch. As shown in Figure 1, the intelligent181

terminal detects the current transformer data at the outlet of182

the station area in real time. When the imbalance is judged,183

it communicates with the commutation switch to obtain the184

current data of each controllable load. The intelligent terminal185

controls the commutation unit to switch the single-phase load186

by optimizing the control strategy analysis and realizes the187

three-phase balance of the entire station area from the load188

side.189

At present, the commutation switch combines the advan-190

tages of semiconductor devices and contactor switches,191

which avoids the problem of a large surge current caused192

by the contactor switch at the moment of load switching193

and greatly shortens the power supply interruption time dur-194

ing the commutation process. Even so, a certain degree of195

power supply interruption will occur during the commutation196

process. Frequent switching of the commutation switch will197

bring poor user experience and will affect the practical life of198

the commutation switch and other faults in the commutation199

process.200

Therefore, when evaluating the effect of three-phase load201

imbalance treatment, it is necessary to take into account the202

influence introduced by the treatment process, that is, the203

possible losses caused by the treatment, namely, the regu-204

lation cost. In this paper, the commutation switch action is205

considered to represent the regulation cost.206

2) THE REGULATION COST INDEX207

The regulation cost is defined as a first-level index for three-208

phase imbalance treatment, which is mainly reflected by the209

action of the commutation switch. There are two second-level210

indices under it, which are the total number of commutation 211

switch actions and the degree of commutation switch action 212

difference. 213

The total number of switch actions, n: the total number 214

of actions of all commutation switches within the statistical 215

time. 216

Switch action difference, m: the ratio of the maximum 217

number of actions of a single commutation switch to the aver- 218

age number of actions of all commutation switches within the 219

statistical time. 220

C. THE INDEX SYSTEM COMBINING REGULATION 221

BENEFIT AND REGULATION COST 222

1) IMBALANCE TREATMENT INDEX SYSTEM 223

Although the ‘‘Notice’’ sets out the regulations for one over- 224

limit day (continuous overlimit time for more than 1 hour in 225

one day) and the conditions that the distribution area needs 226

to be treated, nonetheless it does not specify what standards 227

must be met after treatment. Therefore, various treatment 228

strategies can easily achieve this index, such as taking action 229

every 45 minutes to keep it from exceeding the limit continu- 230

ously for 1 hour, but it cannot reflect the ultimate reduction in 231

loss and the improvement in voltage quality. Longer treatment 232

intervals (one action every 45 minutes) may not be able to 233

guarantee the load balance state after treatment, while shorter 234

treatment intervals (one action every 15 minutes) will bring 235

about the frequent action of the commutation switch. There- 236

fore, the three-phase imbalance treatment evaluation not only 237

considers the treatment effect under the condition of a fixed 238

load but should also consider the comprehensive treatment 239

effect over a period of time. 240

Considering the treatment effect and the influence intro- 241

duced in the treatment process, this paper divides the three- 242

phase imbalance treatment index system into two first-level 243

indices: Regulation benefit and regulation cost. The two first- 244

level indices correspond to the two second-level indices. The 245

treatment index system is shown in Figure 2. 246

2) THE CLASSIFICATION BASIS OF EACH INDEX 247

The second-level indices of regulation benefit are divided into 248

five levels. Based on expert opinion, the threshold values for 249

each level are shown in Table 1. Because it is a periodic eval- 250

uation, the specific value of the imbalance influence index 251

after treatment is the statistical value of the time occupied by 252

each level. 253

The second-level indices of regulation cost are also divided 254

into five levels, and the threshold value of each level is deter- 255

mined through specific test cases. A three-phase imbalance 256

test scheme is designed, in which six fixed loads and six 257

adjustable loads can be set, each load has an adjustment range 258

of 0–3 KW, and the adjustment step value is 0.1 KW. Given 259

the load test data for a period of time, calculate all possible 260

switch action combinations, count the action combinations 261

with an imbalance loss coefficient greater than level 5 after 262

adjustment, and then determine the threshold value of each 263
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FIGURE 1. System diagram of the three-phase imbalance treatment of the distribution station area.

TABLE 1. Regulation benefit index of three-phase imbalance and its classification limit.

level for each second-level index. taking the index of the total264

number of switch actions as an example, there are 200 groups265

of switch action combinations, of which the lowest 5% of the266

total number of switch actions is considered to be level 1.267

Then, the total number of switch actions corresponding to the268

10th group is regarded as the threshold value n1 of the level269

1 index. By analogy, the index threshold values at all levels270

can be obtained.271

III. THE COMPREHENSIVE EVALUATION METHOD272

COMBINED WITH SUBJECTIVITY AND OBJECTIVITY273

The effect of the three-phase imbalance treatment needs to274

be comprehensively evaluated from the following aspects:275

the imbalance degree after treatment, the loss of power dis- 276

tribution area, and the number of switching actions. It is a 277

multilevel and multi-index comprehensive evaluation. This 278

paper uses the analytic hierarchy process and entropy weight 279

method to determine the subjective and objective weight of 280

each index in the evaluation of the imbalance treatment effect 281

so that the final evaluation results are more objective and 282

reasonable. 283

A. CALCULATION OF SUBJECTIVE WEIGHT BASED ON 284

ANALYTIC HIERARCHY PROCESS 285

The analytic hierarchy process (AHP) is a hierarchical 286

analysis method that combines qualitative and quantitative 287
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FIGURE 2. Index diagram of the three-phase imbalance treatment.

analyses to yield a subjective weighting method. The steps of288

using AHP to evaluate the effect of the three-phase imbalance289

treatment are as follows.290

1) BUILD A JUDGMENT MATRIX291

By collecting the opinions of a number of experts, accord-292

ing to the 1–9 ratio scaling theory, the pairwise judgment293

matrix is established for the indices at each level. The sig-294

nificance of the 1–9 ratio scaling is shown in Table 3. The295

intermediate state between the two scales, such as 2 and 4,296

indicates that the importance of the two indices is between the297

two scales.298

2) PERFORM A JUDGMENT MATRIX CONSISTENCY CHECK299

After the judgment matrix has been formed, the consistency300

check should be performed to calculate the consistency index301

CI and the consistency ratio CR. If CR < 0.1, then the302

consistency of the judgment matrix is considered acceptable;303

if CR > 0.1, then the judgment matrix should be revised until304

the consistency is acceptable. The formulas for calculatingCI305

and CR are as follows.306

CI = (λmax − y)/(n− 1) (3)307

CR = CI/RI (4)308

where λmax is the maximum eigenvalue of the judg-309

ment matrix and RI is the average random consistency310

index.311

3) DETERMINE THE SUBJECTIVE WEIGHT312

After passing the consistency check, the maximum eigenvec-313

tor of the judgment matrix is calculated and normalized, and314

then the total sorting is performed according to the level to315

obtain the subjective weight si of each index.316

B. CALCULATION OF OBJECTIVE WEIGHT BASED ON 317

IMPROVED ENTROPY WEIGHT METHOD 318

Information entropy is a measure of the uncertainty of a 319

random event. The basic idea of the entropy weight method 320

for determining the objective weight is as follows: according 321

to the test data, the entropy value ei of each index of the three- 322

phase imbalance treatment is calculated and compared, and 323

then the corresponding weight of each index is determined 324

according to the entropy value. The specific steps are as 325

follows. 326

1) ESTABLISH THE FUZZY JUDGMENT MATRIX 327

The treatment effect index set V = {v1, v2 . . . , vn} is a set 328

composed of n indices to evaluate the treatment effect, and 329

the evaluation set Q = {q1, q2 . . . , qm} is a set composed of 330

m evaluation results of each evaluation index. Select excel- 331

lent, fine, passed, poor, or very poor, corresponding to the 332

1st to 5th levels of the evaluation results, respectively. The 333

evaluation function, fij, from index vi to evaluation element 334

qj is established, and then the fuzzy evaluation matrix F from 335

V to Q is obtained, which is expressed as follows. 336

F =


f11 f12 . . . f1m
f21 f22 . . . f2m
...

...
...

...

fn1 fn2 . . . fnm

 (5) 337

2) CALCULATE THE ENTROPY VALUE 338

The entropy value of each index is calculated by the improved 339

entropy weight method. First, for the judgment matrix, the 340

entropy value, ei, of the relative importance of a certain index, 341

vi, is calculated. 342

ei = −
1

ln m

∑m

j=1
fij ln fij (6) 343

To prevent the variation of some index data from affecting 344

the weight of the corresponding index, this paper uses acti- 345

vation function logistics to improve the traditional entropy 346

weight method, and the improved entropy value is e′i. 347

e′i =
1

1+ e−ei
(7) 348

3) CALCULATE THE OBJECTIVE WEIGHT 349

Calculate the objective weight, wi, of each index using 350

method shown in Formula (8). 351

wi =
1− e′i

n−
∑n

i=1 e
′
i

(8) 352

C. DETERMINATION OF COMPREHENSIVE WEIGHTS 353

After the subjective weight and the objective weight have 354

been calculated by Formula (9), the comprehensive weight, 355

θi, of each index can be obtained. 356

θi =
siwi∑n
j=1 siwi

, i = 1 . . . , n (9) 357
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TABLE 2. Regulation cost index and its classification limit.

TABLE 3. Judgment matrix formation criteria.

IV. THREE-PHASE IMBALANCE TREATMENT EFFECT358

EVALUATION PROCESS359

The evaluation process of the three-phase imbalance treat-360

ment effect using AHP and the improved entropy weight361

method is as follows.362

Determine the evaluation time, T , classify the imbalance363

loss index and imbalance degree index according to expert364

opinions, and then determine the threshold value of each level365

of the switch action index according to the statistics of all366

switch action combinations under the load data of the specific367

test.368

According to the test data, the time of the i-th index at the369

j-th level is calculated, which is represented by tij, and the370

probability distribution of the imbalance index at the j-th level371

is determined.372

pij =
tij
T

(10)373

Count the total number of switch actions of the device374

under test within the statistical time T , calculate the degree375

of switch action difference, and determine the level of these376

two indices according to the threshold values given in step (1).377

If there is a corresponding level, pij = 1; otherwise, pij = 0378

Form the fuzzy judgment matrix, F , in which the element379

fij = pij represents the probability of the i-th index at the j-th380

level.381

Calculate the subjective weight and the objective weight,382

obtain the comprehensive weight θ = [θ1, θ2. . . , θn] of383

each evaluation index, and then calculate the comprehensive384

TABLE 4. Statistical time at all levels of benefit index.

evaluation result R. 385

R = θ · F (11) 386

Perform a weighted averaging on R to obtain the final 387

evaluation result D. 388

D =

∑n
i=1 iRi∑n
i−1 Ri

(12) 389

V. EXAMPLE ANALYSIS 390

According to the three-phase imbalance test method 391

described in Section III, C, the load test data are given, the 392

total time is 2 hours, the load changes every 15 minutes, 393

and the level limit of each index is obtained according to the 394

load data. The factor set V and the judgment set Q of the 395
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TABLE 5. Evaluation results of each example.

treatment effect are determined. In the text, V = {imbalance396

loss, imbalance degree, total number of switch actions, degree397

of switch action difference}, Q = {excellent, fine, passed,398

poor, very poor}, corresponding to the five levels of treatment399

effect. The control result of a certain device is evaluated by400

the method combined with subjectivity and objectivity.401

A. DETERMINE THE SUBJECTIVE WEIGHT BY USING AHP402

According to the expert opinions, the judgment matrices R1403

and R2 between the second-level indices of imbalance influ-404

ence and switch action and the judgment matrix R between405

the two first-level indices are established.406

R1 =
[
1 3
1/3 1

]
R2 =

[
1 2
1/2 1

]
R =

[
1 3
1/3 1

]
(13)407

Explanation: For the influence of three-phase imbalance,408

the main consideration is the loss effect. After the loss effect409

is distinguished, the influence degree of imbalance is reduced,410

so the scale between the two indices is 3.411

After the judgment matrix is formed, the consistency check412

should be carried out. Since the number of indices at all413

levels in this paper is 2, there is no need to check. Finally, 414

the subjective weights of each index are calculated as s1 = 415

0.5625, s2 = 0.1875, s3 = 0.1667, and s4 = 0.0833, which 416

in turn represent the subjective weights of imbalance loss, 417

imbalance degree, total number of switch actions, and degree 418

of switch action difference. 419

B. FORM THE JUDGMENT MATRIX, F 420

According to the load data, the imbalance loss coefficient and 421

the time when the imbalance degree is at different levels after 422

the imbalance treatment of the tested intelligent terminal are 423

counted. Table 4 is a set of statistical results. 424

The probability occupied by each level is calculated 425

according to Formula (10), and together with the statistical 426

value of the switch action index, a judgment matrix F is 427

formed, as shown in Formula (14). 428

F =


0.125 0.625 0.250 0.000 0.000
0.000 0.125 0.500 0.250 0.125
0.000 1.000 0.000 0.000 0.000
0.000 0.000 1.000 0.000 0.000

 (14) 429

VOLUME 10, 2022 101919



J. Chen et al.: Evaluation Index and Evaluation Method of Three-Phase Imbalance Treatment Effect

C. CALCULATE THE OBJECTIVE WEIGHT BY USING THE430

IMPROVED ENTROPY WEIGHT METHOD431

The entropy weight method is improved by Formulas (6)432

and (7), the matrix F is calculated, and the information value,433

e′i, e
′

i of each index is 0.6363, 0.68, 0.5, and 0.5. Then, using434

Formula (8), the objective weights of each index are calcu-435

lated as w1 = 0.2160, w2 = 0.1901, w3 = 0.2970, and w4 =436

0.2970.437

D. CALCULATE THE COMPREHENSIVE WEIGHT438

By using Formula (9), the comprehensive weights of each439

index are calculated as θ1 = 0.5251, θ2 = 0.1540, θ3 =440

0.2139, and θ4 = 0.1069.441

E. CALCULATE THE COMPREHENSIVE EVALUATION442

RESULT VECTOR443

The comprehensive evaluation result vector is calculated by444

using Formula (11).445

R = θ · F446

= [0.0656, 0.5614, 0.3152, 0.0385, 0.0193]447

F. OBTAIN THE FINAL EVALUATION RESULT448

The results are judged by the weighted averaging method,449

and the final evaluation result, D, of the treatment effect is450

obtained. It is calculated that D = 2.384, which is between451

2 and 3, indicating that the treatment effect is between fine452

and passed.453

The evaluation results of several test statistics are shown454

in Table 5. Although the data in example 1 have a high455

degree of imbalance, its imbalance loss coefficient is low,456

which corresponds to the situation of a high imbalance degree457

and low loading rate, and fewer switch actions can achieve458

the effect of reducing loss. Therefore, the comprehensive459

evaluation result is between fine and passed. Comparing460

example 1 and example 2, if the same switch action level can461

reduce the imbalance degree and imbalance loss coefficient,462

then the comprehensive evaluation result is obviously better.463

Example 3 shows that although the imbalance degree and464

imbalance loss coefficient are low, switching too frequently465

also reduces the overall evaluation result. Example 4 reflects466

the situation in which the number of switch actions is small,467

both the imbalance degree and imbalance loss are high, and468

the comprehensive score is low. The comparison between469

example 5 and example 2 achieves the same imbalance degree470

and imbalance loss, the number of switching actions is high,471

and the difference is also determined. The final evaluation472

result is reduced from 1.987 to 2.479. Example 6 and example473

3 are compared, due to the less number of switching actions,474

the difference is small, and the strategy is obviously better.475

The evaluation result is improved from 2.186 to 1.993, and the476

effect is better. The above examples reflect the mutual influ-477

ence between regulation benefit and regulation cost and can478

provide a comprehensive evaluation of three-phase imbalance479

treatment based on commutation switch.480

VI. CONCLUSION 481

This paper focuses on the three-phase imbalance treatment 482

evaluation of intelligent terminals in the distribution area 483

based on commutation switching and performs the following 484

work: 485

The influence of the three-phase imbalance in the distribu- 486

tion area and the three-phase imbalance treatment principle 487

based on the commutation switch are analyzed, the treatment 488

effect and the influence introduced by the treatment process 489

are combined, and the index system for the three-phase imbal- 490

ance treatment of an intelligent terminal is proposed. 491

Theweight of each evaluation index is determined by using 492

AHP, and the improved entropy weight method is used to 493

overcome the influence of some index data concentrations 494

and determine the objective weight. The subjective weight 495

and objectiveweight are combined to evaluate the three-phase 496

imbalance treatment effect of the intelligent terminal. 497

The effectiveness of the evaluation method is verified by a 498

set of examples. However, the algorithm still has some short- 499

comings, which cannot accurately distinguish the number of 500

switch actions, and the evaluation results will be significantly 501

different when its value is near the classification threshold 502

value. 503
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