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ABSTRACT ARTICLE HISTORY

— The operators play a important role in the distribution system Received 11 October 2021
control centers, especially during network contingencies. In Revised 29 December 2021
these situations, the operators have to quickly restore the ser- Accepted 18 January 2022
vice and mitigate the impact of a failure on the electrical net-

works. The utilities need to know how efficiently the operators

have executed their maneuvers and whether they are following

the company proceedings. Thus, it is paramount to the utilities

to have computational tools to evaluate operator performance.

The development of this evaluation system is not usually dis-

cussed in the literature, whose focus is on developing computa-

tional tools for operator training and system operation

simulators. Hence, we developed a computational system to

evaluate the operator performance of distribution networks,

taking the operator’s past actions and their impact on the

company’s economic and technical indexes into account. This

paper’'s main contribution lies in proposing a multicriteria meth-

odology and the computational model, based on an expert

system, to assess the distribution network operator perfor-

mance, considering 13 technical and economic criteria. The

obtained results, by using real data from a Brazilian utility,

present not only the operator’s global performance but also

which criteria the operator has to improve, when past contin-

gencies are analyzed.

Introduction

Despite the Smart Grids is a well-known topic in the electrical power system area,
the concepts associated with this philosophy are not entirely applied in most
distribution systems worldwide. Mainly, concerning advanced control methods
and automatic restoration (self-healing) issues, there is a lack of solutions to
distribution networks and significant challenges to overcome (Dileep 2020).
Thus, the operators are still essential to maintain electrical energy distribution
quality, considering it a product and an associated service. As demonstrated in
Prostejovsky et al. (2019) the nature of human intuition when dealing with
abnormal situations is indispensable in the operation of electric power systems.
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Since the operators usually have to deal with a considerable amount of data
and information, especially in contingency situations, it increases the cognitive
and stress burden in these cases (Park and Jung 2006; Park, Jung, and Kim 2020).
In these situations, the operators are more prone to making mistakes (Bao et al.
2018), causing severe problems to the electrical system, consumers, and even
themselves. Therefore, the utilities must evaluate the operator’s performance to
know how efficiently their maneuvers have been executed.

The development of computational systems to evaluate operator perfor-
mance has not been focused on research in the technical literature. Most
papers aim only to develop computational tools for operator training
(Elizalde, Sucar, and De Buen 2006; Faria et al. 2009; Lambert-Torres et al.
1997; Vale et al. 2000), operator training evaluation (Bronzini et al. 2010; Lei,
Shengtao, and Jiaojiao 2020; Vinodchandra, Ushakumais, and Mayadevi 2014)
and operation simulators development (Rabinovich, Morzhin, and Parfionov
1995). There seems to be a gap related to the development of computational
tools to assess distribution operator performance. This evaluation is complex
because it must consider technical and economic criteria aligned to the
company goals, leading to a multicriteria approach.

This paper proposes an intelligent system to assess operator performance
when facing some contingency in the electrical distribution network. In this
situation, his actions and maneuvers on the network and the respective impacts
on the electrical system and consumers can be evaluated ex-post. The evalua-
tion is executed offline, taking into account historical data and information
about some past contingency. This methodology uses a multicriteria analysis
procedure embedded in the developed expert system based on total quality
control philosophy. This proceeding considers descriptors, metrics, and weights
associated with each evaluation criterion, and an additive aggregation function
obtains the final operator performance evaluation.

This paper is organized as follows: Section 2 describes the main aspects of
the operator performance evaluation in the context of electrical power sys-
tems, the needs of both a multicriteria analysis and emulation of the stretch-by
-stretch inspection. The developed computational system is presented in
Section 3, where the Expert System role is discussed, the data entrance process
is described, and the multicriteria evaluation process is detailed. Section 4
presents a real case study, while the final remarks are drawn in Section 5.

Operators performance evaluation
The importance of operators performance evaluation

The operators of distribution networks have a significant stress burden,
especially in contingency situations. In these cases, the risk of committing
a mistake or even execute an inadequate maneuver can be raised. Hence, it is
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paramount to the company to know how efficient its operators are and if their
maneuvers are aligned with its best operation practices. A computational tool
to periodically assess the operator 's performance, considering past maneuvers,
is worthy to the company.

The operators must search for minimizing the time that the distribution
network assets remain unavailable, taking into account their maneuvers.
This philosophy is essential to reduce the switchings’ impact on the
company’s technical and economic index, such as SAIDI (System
Average Interruption Duration Index) and SAIFI (System Average
Interruption Frequency Index). Moreover, the presence of priority con-
sumers and network safety criteria must be considered during the switch-
ing process. These maneuvers are necessary due to distribution network
reconfiguration proceeding and typical operation situations, for instance,
involving programming maintenance.

The development of electrical power system simulators, especially for
substation operators’ training, is a well-known issue in the technical
literature (Bingda, Shiwei, and Dong 2000; Bronzini et al. 2010; Faria
et al. 2009; Rabinovich, Morzhin, and Parfionov 1995; Silva Netto and
Vieira 2010; Vale et al. 2000). Most of these approaches are based on
artificial intelligence techniques, such as intelligent agents (Bronzini et al.
2010; Faria et al. 2009; Vale et al. 2000), and expert systems (Bingda,
Shiwei, and Dong 2000). In these cases, the focus is developing
a computational environment to simulate switching of circuit-breakers
and switchgear, short-circuits in the distribution and sub-transmission
networks, aiming to identify failures in the substation environment.
However, the studies’ emphasis is the simulator per se, as a training
environment, not focusing on the operator performance evaluation.

In some works (Lei, Shengtao, and Jiaojiao 2020; Vinodchandra,
Ushakumais, and Mayadevi 2014), the authors propose a methodology for
assessing operator performance during the training. However, this methodol-
ogy has one evaluation criterion based on error identification, and the evalua-
tion is defined only according to the number of errors.

Thus, the main contributions of this paper are:

¢ To the best of our knowledge, there has been no previous effort to develop
computational systems to evaluate power system operator performance,
considering technical and economic criteria aligned to the company goals.

e There seems to be a gap related to the development of computational tools
to assess distribution operator performance.

e A multicriteria operator evaluation approach based on an expert system,
considering 13 technical and economic criteria and real data from
a distribution utility. No other publication considers as many criteria as
this work.
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e The proposed evaluation criteria are also a novelty: quality of electrical
energy product (voltage limits and distribution lines loading), extra costs
(revenue reduction associated with non supplied energy and penalties due
to power outage), service quality (SAIDI, avoided SAIFI, number of
consumers without energy, priority consumers, and average duration
per switched off equipment), maneuvers compliance (network safety
and switching sequence) and personal aspects of the operator (knowledge,
skill, and competence).

e This tool can be used in post-operation studies for assessing the actions
executed by the operator during contingency situations.

e The reports generated by the system can guide training strategies for the
operators who did not achieve good evaluation or performance.

Multicriteria evaluation

The operator performance evaluation involves several aspects associated with
the distribution network restoration process, after some contingency. Hence,
we organized the evaluation criteria according to the Total Quality Control
(TQC) philosophy (Kiran 2016), whose model has a multidimensional feature
and aims mainly to guarantee the quality of product and service related to
electrical energy supplied to the consumers. The TQC has five dimensions:
intrinsic quality, cost, delivery quality, safety quality, and morale. We had to
adapt the five general aspects of TQC to the operator performance evaluation
problem. Thus, we defined the new five dimensions of TQC philosophy
applied to this problem based on company experts’ opinions. The criteria
are quality of electrical energy product (voltage limits and distribution lines
loading), extra costs (revenue reduction associated with non supplied energy
and penalties due to power outage), service quality (SAIDI, avoided SAIFI,
number of consumers without energy, priority consumers, and average dura-
tion per switched off equipment), maneuvers compliance (network safety and
switching sequence) and personal aspects of the operator (knowledge, skill,
and competence).

In this evaluation, we consider only the part assigned to the operator actions
for each of these criteria when he restored the network after some contingency.
These criteria are assembled into the five dimensions of TQC, forming the
criteria tree presented in Figure 1. The distribution criteria tree was proposed
firstly in (Aranha Neto et al. 2016; Teive et al. 2017).

Each criterion in Figure 1 is evaluated on how far the operator performance
is from the ideal performance. It is important to emphasize:

e The line loading and the voltage levels are related to the deviation between
the obtained values from the operator’s switching plan and the predicted
values from the company reference plan.
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Figure 1. Proposed Criteria Tree.

e The professional competence criterion evaluates three aspects of the
operator: technical skills, knowledge, and attitude. In section III we will
give more details about this criterion.

e EUSD means the revenue reduction due to the non-supplied energy for
big consumers (industrial consumers).

e DMIC means the maximum interruption duration. It is a continuous time
defined by the Regulatory Agency for each consumer. If the interruption
in hours is bigger than DMIC, the utility has to pay the penalty.

e The Queue Average Time is a company data, which means how long the
operator waited to call a maintenance team (field crew), even he knowing
there was an available team.

e Priority consumers are considered: hospital, water station, city hall, and
big consumers.

e AD (Average Duration) means the average duration per switched equip-
ment off, including Switches, transformers, automatic reclosers and cir-
cuit-breakers.

¢ The operator maneuver compliance is evaluated according to two aspects:
the switching sequence executed by the operator and network safety. The
switching sequence is evaluated by the expert system (ES), and the net-
work safety criterion represents the evaluation of whether the operator
maneuver actions put the field crew or even the passersby at risk.

Since the operator performance evaluation is a multicriteria process, and
the criteria do not have the same importance to the company, it is necessary to
define weights for these criteria from the company’s experts’ perspective.
Several approaches have been proposed to determine weights in multicriteria
models. We selected a ranking weight method for its simplicity and
effectiveness.
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We adopted in this work the rank-order centroid (ROC) weight approach,
proposed by Barron (Barron 1992), which produces an estimate of the weights
that minimize the maximum error of each weight by identifying the centroid
of all possible weights. This method is called rank-order centroid weight
because these weights reflect the centroid (center of mass) of the simplex
defined by the criteria’ ranking.

In this case, the decision-maker, operators supervisor, can provide prefer-
ence information among the criteria, ranking the criteria according to their
importance for the company. Afterward, the ROC weight method converts the
list of ranks into numerical weights for n criteria by using the rank order
weighting formula (equation 1). The rank is inversely related to weight (rank
r; = 1 denotes the highest weight).

I~ (1) .
WTI':;Z<—_>,I—1,"',1’1. (1)

=

In equation (1), wr; means the weight of criterion i, n means the number of
criteria. and j means the rank of the considered criterion.

The ROC weight method is compared to other methods in (Barron and
Barret 1996). These authors conclude that the ROC method presents an
excellent tradeoft between the facility of obtaining the weights and the effec-
tiveness of selecting the best alternative. Hence, the ROC weights method is
a practical tool for multicriteria models.

The utility experts defined the ordinal preference of the distribution evalua-
tion criteria. The weights were calculated by using equation 1 and are depicted
in Figure 5, section III-3.

Stretch-by-stretch inspection

In general terms, when a contingency occurs in a distribution network, the
operator has to follow a standard inspection procedure, whose logic is shown
in the flowchart of Figure 2, aiming for the distribution system restoration.
This process is called stretch-by-stretch inspection, and its goal is to isolate the
fault and keep the most consumers with energy, mainly the priority consu-
mers, while the fault is located and the problem is fixed by the field crews.
The evaluation process related to the stretch-by-stretch inspection, repre-
sented in the flowchart of Figure 2, is guided by the developed Expert System
(ES). The ES analyses the operator’s actions in the stretch-by-stretch inspec-
tion of the distribution network, comparing them to the expected actions. The
ES also proofreads the wrong actions executed by the operator and recognizes
the correct actions and maneuvers. The developed ES searches for represent-
ing this process, emulating the logic of an expert operator. After the rules
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Figure 2. Flowchart of distribution networks standard inspection.

chaining process, the ES can verify the operator’s efficiency and evaluate his
performance based on queries that the operation supervisor answers. More
details of the developed ES are presented in the following section.

Developed computational system
Developed expert system

The developed ES has two leading roles in the process of operator performance
evaluation:

e Identify operation errors committed by the operator when executing
maneuvers on the distribution network during the restoration process,
taking into account the operation analysis report (OAR). The ES emulates
the stretch-by-stretch inspection, whose process is represented in
Figure 2.
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e Aid in the operator’s assessment process about the Maneuvers
Compliance criterion, considering the number and sequence of switch-
ings. In this case, the expert system identifies the operator’s wrong
maneuvers during the distribution network reconfiguration.

Figure 3 depicts the whole process of distribution operator performance
evaluation, focusing on the expert system role. The process starts with creating
a new case. The user (operation supervisor) has to fill some filters in, con-
sidering: contingency period, substation, or feeder name related to the con-
tingency or contingency name. The evaluation result is presented in the
criteria tree, where the performance for each criterion is shown, considering
deviation to the desired performance. The criteria tree also presents the
operator’s final evaluation (see Figures 9 and 11).

The expert system (ES) was developed in CLIPS using the ClipsNet
API, and it was encapsulated in software coded in C#. The developed ES
has more than 50 production rules. The application was configured in
a local server, executing services developed in the C# language. The used
database was an SQL server. The full access is made through an intranet,
allowing the software users to assess the distribution operators by applica-
tion terminals.

Beggining of assessment process

The operator performance evaluation process starts with the creation of a new
case. The user (operation supervisor) has to fill some filters in, considering:
contingency period, substation, or feeder name related to the contingency or
contingency name. The system interface is depicted in Figure 4. Afterward, the
system queries the utility database for identifying the equipment that failed
(cause root equipment) and the operator’s registration code, who worked in
this contingency. The user gives a name for the case, and it is saved into the
system. In the example of Figure 4, related to the feeder CJU-06 and CJU
substation, the registration code of the operator, who acted in the contingency,
is ¢3005595.

After creating a new case, the expert system searches for a reference man-
euvers plan for this feeder. If there is a reference plan registered in the
database, the operation supervisor edits the maneuvers executed by the opera-
tor, following the Operation Analysis Report (OAR), as is depicted in Figure 8,
for example. The operator actions are compared to the feeder reference plan by
the supervisor (as an example, see Figure 8). If two plans’ actions are different
or there is no reference plan for this feeder, the stretch-by-stretch inspection
evaluation, guided by the expert system, is performed, searching for the
operator maneuvers’ assessment. Then, the evaluation criteria are assessed,
taking into account each criterion’s weight and the deviation calculated for
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Figure 3. Process of operator performance evaluation.

each criterion, comparing the actions executed by the operator to the expected
values of the switching reference plan. The considered weights for each
criterion are presented in Figure 5.

The developed system has as possible primary users the Operation and
Control Center of distribution networks. This tool can be used in post-
operation studies for assessing the actions executed by the operator during
contingency situations. This system allows the company to monitor its
operator’s performance and be used for any utility. The utility has only to
aligned the criteria with its strategic goals. The reports generated by the
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Figure 5. Criteria Ordinal Preference.

& | Priority Criterion Weigth
— 1 Network Safety
2 Professional Competence 16.770
EE Priority Consumers Interruption 12.924
4 Queue Average Time 10,360
5 Number of consumers without energy 8.437
6 Interruption Duration (SAIDI) 6.898
7 Line Loading Variation 5.616
8 Minimum Voltage Magnitude 4518
9 Switching Sequence 3.556
10 Interruption Frequency (SAIFT) 2701
n DMIC 1,932
12 EUSD 1.233
13 AD (Average Duration) 0.592

system can guide training strategies for the operators who did not achieve
good evaluation or performance. This system’s final aim is to allow the
utility to maintain high-quality services to consumers, involving reliability

and safety.
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Evaluation criteria

We calculated the criteria weights according to the ROC weight method (see
equation 1), considering the company’s experts’ ordinal preference. Figure 5
shows the value of the weights of the 13 operator performance evaluation
criteria. The network safety criterion is the most important for the company
from the point of view of the company experts, while AD (average duration
per switched-off equipment) is the least important criterion.

The implemented evaluation metrics assess each criterion, considering the
deviation between the predicted values (feeder reference plan) and the values
generated by the operator’s actions in a past contingency. Each criterion in
Figure 5 is evaluated on how far the operator performance is from the ideal
performance.

The evaluation system calculates the deviations between the expected values
from the reference maneuvers plan and the values generated by the maneuvers
plan executed by the operator, considering a multicriteria evaluation. The
deviation calculation is executed according to equation (2), considering, for
instance, the criterion SAIDI. Further information about the calculation
process can be found in (Aranha Neto et al. 2016; Teive et al. 2017).

|(SAIDIOpemtor - SAIDIReferencePlan)| * 100%

SAIDIpeyiation =
Deviation SAIDIReferencepian

(2)

In equation 1, SAIDI;perator means the Interruption Duration caused by the
operator’s maneuvers, SAIDI,cference means the interruption duration expected
by the company for this contingency (feeder), and SAIDIp means the differ-
ence between these values. The calculation of the operator final performance
evaluation is executed according to an additive aggregation function, as
depicted in equation (3):

Gmde,- = 100% - Z W,'.Di (3)
i=1

W, represents the weight of criterion i; D; represents the deviation between the
predicted values and the values generated by the operator’s actions, for
criterion i and; n represents the number of considered criteria.

Technical knowledge and skills

The expert system considers the following rules for defining the evaluation of
the Personal Aspect and Professional Competence criteria. These rules are
based on a probabilistic model developed in this work. We developed this
model considering the data of operators who work in the operation control
centers of the company. We considered operators with three expertise levels
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(high, medium, and low), different interface quality levels, and the usual stress
burden. This study demonstrated that the operator response time is inversely
proportional to the working time. The higher is the operator’s expertise, the
smaller is his response time for executing determined action. Further informa-
tion about this study can be found in (Aranha Neto et al. 2016).

e If the working time is < six months, the deviation is 16,60%, and the
evaluation is 83,4%.

e If the working time is > six months and < two years, the deviation is 6,5%,
and the assessment is 93,5%.

e If the working time is > two years, the deviation is 3% and the evaluation
is 97%.

Attitudes

¢ Default value: deviation is 0,0 and evaluation is 100%. These values can be
edited for each operator by the operator supervisor.

4. Results
Distribution case test

The system chosen for the test, suggested by the company expert, is the feeder
CJU-06 related to the Substation Cajuru 06. In this case, the contingency
(fault) was a broken wire between switches 554818 and 45716, as depicted in
Figure 6. This contingency switched 4.535 consumers off, including residen-
tial, commercial, industrial, and public service. Besides, there are two priority
consumers connected to this feeder. These priority consumers are related to
one big consumer and a water station (public service). In Figure 6, the priority
consumers are represented by PCO01 (big consumer) and PC02 (water station).

The following sections present the evaluation process related to the operator
performance to solve this problem in the CJU-06 feeder. All the actions
executed by the operator are assessed considering deviation concerning
expected proceedings, starting from the stretch-by-stretch inspection analysis,
guided by the expert system.

Stretch-by-stretch inspection analysis

After the occurrence of some contingency, the distribution operator has as
a first duty to proceed with the inspection along the feeder, called stretch-
by-stretch inspection. This process is used to locate the fault. The reason-
ing involved in this inspection process was implemented in an expert
system, following the logic of Figure 2. Then, the ES searches for
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Figure 6. Single line diagram of test system.

CB06

identifying possible mistakes made by the operator during the process of
stretch-by-stretch inspection, and it executes an evaluation of the opera-
tor’s actions during the process of seeking the fault location. In Figure 6,
the parts in red are energized and the parts in green usually are without
energy.

In the case of feeder CJU-06" contingency, the ES makes a set of
queries, which the operator supervisor must answer. The supervisor
answers the questions based on the operation analysis report (OAR).
Figure 7 shows the result of the stretch-by-stretch inspection analysis
executed by the ES for this contingency, considering the developed ES’s
inference process, whose reasoning is based on the logic of Figure 2.
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The ES starts the inference process for knowledge acquisition with the
general question about the substation circuit-break. Then, the ES makes
a questions chaining for emulating the stretch-by-stretch inspection logic.
Finally, the ES makes an operator performance evaluation about the stretch-
by-stretch inspection process, taking into account the correct and wrong
actions executed by the operator. The operator had 66% performance and
a deviation of 33% compared to the reference maneuvers plan of the feeder
CJU-06, as is shown in Figure 7.

Definition of the reference maneuvers plan

The reference maneuvers plan is generated by the system, which determines
the reference network. The reference network is obtained by a multiobjective
genetic algorithm (MOGA) - NSGA-II, which executes a network reconfi-
guration after some contingency. Further information about the developed
MOGA can be found in (Teive, Rese, and Parreira 2019). The network
reconfiguration process considers the following objectives:

non-supplied energy.

Feeders capacity.

Penalties for outage (EUSD).

The number of consumers without energy.
Distribution lines impedance.

Priority consumers.

The network reconfiguration is executed by the NSGA-II algorithm after the
distribution line under contingency is withdrew from the system data. In this
case, the distribution line under contingency is between the switches 554818
and 45716, as depicted in Figure 6. The reference maneuvers plan is showed
in Figure 8. This plan is generated by the NSGA-II Algorithm, while the
operator maneuvers plan is edited by the operator supervisor, based on
the OAR.

The operator executed two different maneuvers compared to the reference
maneuvers plan, as demonstrated in Figure 8. Moreover, the operator took
much more time than expected to act. Thus, the interruption duration was
longer than predicted and affected the operator performance in the criteria:
Costs (EUSD, DMIC) and Service Quality (SAIDI, Priority Consumers) (see
criteria in red in the heat map of Figure 9). Concerning the Priority con-
sumers PC1 and PC2, the operator attended the big consumer PC1, switch-
ing on switch KS45444 and the automatic recloser AR992395 (maneuvers 8
and 9), feeding him through feeder F05. However, he forgot to feed the
priority consumer PC2 and did not execute maneuvers 8 and 9, as predicted
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Figure 9. Operator Evaluation — CJU-06 Case.

in the reference plan. Based on the maneuvers plan of Figure 8, the devel-
oped system executes the operator performance evaluation for each consid-
ered criterion.

Calculation of evaluation criteria deviation

e Criteria without deviations for this contingency

The operator’s maneuvers for this contingency were appropriate consider-
ing the criteria related to Product Quality (see criteria in dark green in the heat
map of Figure 9). For these criteria, the operator got the maximum grade (no
deviation comparing to the reference plan), because no voltage and loading
violations were recorded in the utility operating system for this contingency.
Moreover, the criteria interruption frequency (SAIFI), number of consumers,
and Average Duration (Service Quality criterion) were equal to the reference
plan and the operator got the maximum grade.

The operator procedure about the maintenance team was considered ade-
quate, and his actions do not put the field crew or even the passersby at risk.
Hence, he also got a maximum grade for the criteria Queue Average Time
(Service Quality criterion) and Network Safety (Maneuver Compliance
criterion).

e Personal Aspects: Skills and Knowledge
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Since this operator is three years working in this job, he got a deviation of 3%
for the subcriteria Skills and Knowledge (Rule: If the working time is bigger
than two years, then the deviation is 3%, and the evaluation is 97%).

e Costs: EUSD and DMIC.

The CJU-06 feeder has one big industrial consumers (PCO1 in Figure 6). The
revenue reduction due to the non-supplied energy for industrial consumers
(EUSD) is proportional to these consumers’ interruption duration. Since the
energy interruption duration due to the operator’s maneuvers for these con-
sumers was 57 minutes and the expected duration for this contingency,
whether the operator had executed correct actions, was 47 minutes, the
EUSD deviation was calculated according to equation (4).

(57 — 47) * 100%

EUSDDeviation = 47

=21,28% (4)

The maximum interruption duration (DMIC) means a continuous time
defined by the Regulatory Agency for each consumer. The expected DMIC
for this contingency was 111 minutes (see Figure 8); however, the interruption
time due to the operator’s maneuvers was longer than necessary, as depicted in
Figure 8. The DMIC deviation was calculated according to equation (5).

(150 — 111) * 100%
111

DMICpeviation = = 35, 14% (5)

e Service quality: SAIDI, Priority Consumers. We have the following
deviations:

The SAIDI (System Average Interruption Duration Index) is calculated accord-
ing to equation (6), while the SAIDI deviation is defined by equation (9).

o . .
>~ onsumerswithoutenergyxDuration

SAIDI = ©6)

Numbertotalofconsumersaffected

The SAIDI due to operator’s maneuvers and the expected SAIDI were calcu-
lated according to equations (7) and (8), based on the data of Table 1.

Table 1. Interruption duration data.

Operator Reference
Maneuvers Plan
Number of Consumers Duration Consumers Number of Consumers Duration Consumers
without energy (minutes) x Duration without energy (minutes) x Duration
4535 37 167795 4535 61 276635
3200 56 179200 500 18 9000
2200 57 125400 250 32 8000

Total 150 472395 Total 111 293635
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472395 .
SAIDIoperador = 535 104, 17minutes (7)
293635
SAIDIReferencePlan = ﬁ = 64, 75minutes (8)

(SAIDIOpemtor - SAIDIReferencePlan) * 100%

SAIDIpeyiation =
Deviat SAIDIReferencePlun

=60,87% (9)

The interruption duration for priority consumers was calculated considering
all priority consumers (PC 01 and 02) affected by this contingency. In this case,
the expected interruption duration for these consumers was 79 minutes. The
deviation was calculated by equation (10).

(150 — 79) * 100%

pCIDew'ation = 79

= 89,87% (10)

e Maneuver Compliance: Switching Sequence

The maneuvers executed by the operator were different from the expected
maneuvers for this contingency. The ES identified a deviation of 33% con-
cerning the standard procedure in the stretch-by-stretch inspection, as
depicted in Figure 7.

Results analysis

Considering all deviations calculated in this case, the operator achieved an
evaluation of 81,72%, representing a good performance, taking into account
the considered contingency and a multicriteria evaluation, based on the five
dimensions of TQC philosophy and ROC weights methodology. The final
evaluation is calculated by using an additive aggregation function (equation 3)
and the weight of each criterion (Figure 5). The operator performance evalua-
tion for the contingency in the feeder CJU-06 is depicted in Figure 9.

The heat map of Figure 9, representing the operator performance for each
criterion on the contingency CJU-06, shows that the operator had bad evalua-
tion mainly in two aspects: number of consumers x interruption duration
(SAIDI) and energy restoration for priority consumers. These criteria gener-
ated the most significant deviations regarding the calculation executed for
each criterion of the reference maneuvers plan. The bad operator performance
related to the interruption duration affected other criteria related to penalties
(costs): EUSD and DMIC. Despite the lousy performance in these specific
criteria, the overall operator evaluation was good because he had full evalua-
tion (null deviation) in some criteria whose weights are high, such as network
safety and queue average time. The operator who attended this contingency
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also had a good evaluation in the personal competence criterion, considering
skills and knowledge, because he has great expertise in his job (more than two
years).

Since the criterion Queue Average Time (QAT) is a value of a problematic
acquisition because there is usually no available data about that, the evaluation
can be made without this criterion. In this case, new criteria weights must be
calculated, considering only 12 criteria. Figure 10 shows the new calculated
weights, without the QAT criterion (criterion QAT blocked).

The result of operator performance evaluation, without the QAT criterion,
is presented in Figure 11. In this particular case, the operator performance
overall evaluation decreases due to the withdrawal of the QAT criterion from
the evaluation process because this criterion was initially with the full assess-
ment (null deviation about the expected performance).

In this case, the operator achieved an evaluation worse without the QAT
criterion than with all criteria included but still representing a good perfor-
mance. Since the number of criteria decreased to 12, the weight of each
criterion increased, and the impact on revenue reduction (EUSD), penalty
due to maximum interruption duration (DMIC), SAIDI, and interruption
duration of priority consumer was higher than with 13 criteria. Hence, the
operator had a poorer overall evaluation, as depicted in Figure 11.

The validation of these results was executed by the utility’ experts. The
experts concluded after analyzing the operation analysis report of the con-
tingency CJU-06, and the operator’s maneuvers that the operator evaluation
provided by this system was coherent.

This tool can be used in post-operation studies for assessing the actions
executed by the operator during contingency situations. The reports generated
by this system can guide training strategies for the operators who did not
achieve good evaluation or performance These results demonstrated mainly in

o Priority | Criterion _\\'eigth
— |1 Network Safety 25,860
S 2 . Professional Competence . 17.527
a 3 . Priority Consumers Interruption ‘ 13.360
5 Interruption Duration (SAIDI) 8.499
6 | Line Loading Variation 6.832
7 | Minimum Voltage Magnitude |5.443
8 Switching Sequence 4253
9 | Interruption Frequency (SAIFT) [3211
10 | DMIC |2.285
1 |EusD [1.452
12 | AD (Average Duration) |0.694

Figure 10. Criteria Ordinal Preference without the QAT criterion.
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Figure 11. Operator Evaluation — CJU-06 case without QAT criteria.

this case that this operator has to pay more attention to the priority consumers
connected in the electrical network, and he has to try to restore the energy for
these consumers firstly.

5. Final remarks

The obtained results with this computational system, using real data from
a distribution utility, have indicated that the operators have to improve some
aspects of their operation proceedings. In particular, in the contingency pre-
sented in this paper, the operator had problems with the restoration process
duration, which directly affected the criteria related to cost and SAIDI and
with the switching sequence. Moreover, the interruption duration of a priority
consumer was longer than expected and the operator had a higher deviation in
relation to the reference plan of the feeder CJU-06 (almost 90% of deviation).

We propose a computational system based on an expert system for evaluating
the operator performance of distribution networks, considering past contingen-
cies analysis. The evaluation is executed under the five dimensions of Total
Quality Control (TQC). Each dimension has several evaluation criteria, as
depicted in the criteria tree (Figures 9 and 11). For each criterion, the developed
system compares the feeder reference plan to the operator’s actions. The evalua-
tion is made, considering the deviation between the predicted and the executed
by the operator. The company’s experts define the criteria, and they are aligned
to the company’s goals. An operation or post-operation supervisor can use this
system. The reports generated by this system can guide training strategies for the
operators who did not achieve good evaluation or performance.
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To the best of our knowledge, there has been no previous effort to develop
a computational system to evaluate distribution systems operator perfor-
mance. Most papers aim to develop computational tools for operator training,
operator training evaluation, and operation simulators development. There
seems to be a gap related to the development of computational tools to assess
distribution operator performance. This evaluation is tricky because it must
consider technical and economic criteria aligned to the company goals, leading
to a multicriteria approach.

Frequently, the operators have to solve problems related to the contingencies
in the electrical network. In these cases, the fault elimination and energy
restoration process must be as fast as possible, searching to mitigate the
consumers’ impact, especially the priority consumers. However, the operators
are more prone to making mistakes in contingency situations due to their stress
burden. Hence, the electrical utilities must evaluate the operators’ performance
to know if their maneuvers have been executed following the company refer-
ence plans and the best operation practices. As future developments on this
system, we intend to improve the software front-end and the communication
with the company’s database. We also intend to apply machine learning algo-
rithms in the evaluation process of operator performance
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