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Analysis of Artificial Intelligence Applicationsin Electrical Equipment Predictive
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Abstract

Accompanied with the rapid development of science and technology, things previously
unpredictable are now probable. Thanks to the continuous improvement of artificial intelligence
(Al), big data analysis, etc., the health condition prediction of power equipment is now feasible
and has been widely used in various fields of power industries. This study summarizes the Al
applications regarding predictive maintenance of electrical equipment, and a large number of
international documents for reference have been surveyed, namely Al applications in predictive
diagnosis of hydraulic, thermal power, and nuclear power plant equipment; operation and
maintenance of wind and photovoltaic farms; life cycle management of power plants; as well as
Al applications in electricity transmission and distribution, such as fault diagnosis of substation
equipment, i.e., transformers and circuit breakers, and asset management of power equipment.
Based on the survey, we believe that machine learning technology has great potential when
applied in the predictive maintenance of power equipment. Hopefully, this paper may excite the
interest of experts and scholars and have them work together in the aforesaid fields.

FE#EERI(Key Words) : A T47£: (Artificial Intelligence) - #2352 (Machine Learning) ~ &3
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Research on Applying Artificial Intelligence to Wind Power Forecasting
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Abstract

In this research, we propose a model and the procedures of deterministic and probabilistic
forecasts, e.g., hour-ahead and day-ahead, for wind power generation. The contents of this research
include numerical weather prediction, data pre-processing technique, and forecasting models
using artificia intelligence methods. Regarding the inputs of the model, we had considered three
kinds of NWP wind speeds, generated by the Central Weather Bureau based on three atmospheric
models, namely WRFD, RWRF and WEPS, and historical wind power generation. The measured
wind-speed, out of an anemometer tower, were used to compare with the NWP wind speeds to help
us select the least error time combination. Regarding data pre-processing, NWP wind-speed
correction based on the height of wind turbines and PCA and EMD for exacting wind-speed
feature had been tested. Asfor the forecast model, we used artificial neural network and X GBoost
to predict the generation of wind power, and a number of error indexes had been used to evaluate
the performance of the forecasts. The empirical data from an windfarm in Taiwan verifies the
accuracy of the method we applied in this research. What worth mentioning, the importance of
model selection, numerical weather prediction, and data pre-processing is self-evident.
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Application of Modified Fuzzy Model on Photovoltaic Power Generation
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Abstract

In recent years, the photovoltaic (PV) power generation in Taiwan has increased
significantly. However, most PV facilities, especially small-scale sites, have not yet installed
monitoring and real-time measurement devices. Unmonitored generation may pose huge
challenges on the scheduling/dispatching of power system. It is necessary for us to adopt suitable
methods to deal with the problems. The main purpose of this paper is to propose an improved
fuzzy model to estimate PV generation. The contents of research include 1) clustering processing
of PV sites, 2) selecting representative PV sites, and 3) improving the existing fuzzy model. First,
this research used K-nearest neighbor (KNN) algorithm to deal with the imputation of the missing
data, and applied two algorithms for PV sites clustering. The generation of single PV site was
then used to compare with the cluster’s total generation to pick out representative PV sites.
Finally, we used an improved fuzzy model to estimate PV generation. An averaged estimation
error of 7% had been achieved in this research, demonstrating the efficacy and practicality of the

proposed method

BE#EER(K ey Words) @ &[5¢E(Solar Photovoltaic) ~ [EFF %25 & (Invisible Power Generation) ~ {t
T KPS CEE 2 (Representative PV Sites) ~ 2588 & {fi (Power Estimation) ~ &5 247 (Fuzzy
Systems) °
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Simulation of Hydroelectric Power Generation - Using Techi Reservoir as an Example

FE AR 5> & RE ik &R
Chou, Li-Fen Tsao, Hao-Han Chang, Chih-Jung
Y F* & g 2
Lin, Jhe-Yu Tsao, Chao-Yang Leu, Yih-Guang
=

KITEEEARS - AU EAVR M - HERYRE - REG BRI - HulfE
BRI EER M EZ 2 AT - AMEEMN L FRSR Z BHLE - FFENK
FEITAZEINGNT - BeE R PRI E  KEFAHES R 7R F AR
B TF B R AT SRR PR Y BT B8 Rl 2 IRV K > /KR SR IR AR AP - RiemivkK
R I /KHYEE AR ASCB AR KERGT T —& 48 /NEF AR B BRI FFUATARST © 3% %
G T R AU S ER UEAC GE R 2 JE 1 A A - SR PRI AR R A T A S B
SR AT SR W IE PR R IE 5T - (E{S I B BRI A R 22 A A — 15y - RN A [
(R LA AN SREF RV RE & » Ry AR ST S 75 o s ] — RIS o3 e e 1B T 0 B - FE T4
BRRETE ST T TR AL R DASET T PO AR AR - RS A S Sasat— s s e ThRE
DATEMEEES By BAE > ST A EIBUK BRI NEKALEEL - BIREIR BHEE A ¥R 2 HATHE
HPFEAR ETA MBS R - ¥UKERMEFAESHIERIEE -

Abstract

Unlike intermittent renewable energies such as wind and solar, hydropower can ramp up and
down quickly to adapt to ever-changing energy demands. To put it differently, hydropower may
very well function as load following or peaking units. In recent years, due to climate change, we
witness more and more extreme weather events, which also lead to the need for flood control. To
fulfil the requirements for reservoirs and improve their operation effectiveness, we developed a
48-hours ahead reservoir water level and inflow forecasting system, based on type-2 neural fuzzy
classifiers and neural networks with multi-stage architecture, to simulate power generation
dispatching modes according to the forecast results of reservoir water levels, at the same time,
enhance the application value of reservoir operations.

BR#EEE (Key Words) : /K K FEHI(Reservoir Water Level Forecasting) - JE{H#4E 48 (Artificial
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A Study on Applying Al Technology to the Planning of Smart Substation and the Development of
Automated Design System Using AutoL I SP to Comply with IEC61850 Supervisory Control Architecture
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Abstract

To cope with the government policy of implementing smart grid and to realize the relevant
applications of smart substations, Taiwan Power Company (TPC) has successively initiated
power grid reinforcement program, while introducing |[EC 61850 monitoring framework at the
same time. To help achieve the policy goal 20% renewable energy (RE) generation in 2025, 4.9%
nowadays, TPC needs to construct a friendly interconnection environment, i.e. more substations,
switchgear stations and transformers, to necessitate the development of RE. Restricted by tight
schedule and short manpower, we decided to apply artificial intelligence (Al) deep learning (DL)
algorithm to calculate the optimal planning configuration, and use Visual Basic software to
develop human machine interface. We then combined the DL algorithm and AutoCAD drawing
software and applied AutoLISP, which is a built-in program of AutoCAD, to develop an
automatic drawing system to replace manual drawing. In this study, we put forward an innovative
method helpful to improve the current planning operation, shorten the time in need for design,
and elevate the accuracy of drawing.

BE#EER (K ey words) : 45848 (Smart Grid) ~ FiE A JF (Renewable Resources) ~ A T 475 (Artificial
Intelligence) ~ J%/%E25 (Deep Learning) °
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Application of Unmanned Aerial Vehicle Intelligent Inspection Combined with Transmission
Facility Maintenance and Management System in Line Accident Inspection and Repair
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Abstract

This article mainly introduces Taipower’s smart grid policy and advanced practices in grid
management. One of the practices is to optimize the existing Transmission Facility Maintenance
and Management System(TFMMYS), which was developed by the Institute for Information
Industry(l11), meanwhile integrating with the Total Lightning Detection System (TLDS) and the
fault location estimation system, to allow accurate integration of accident information and
geographic map data. The data will then be displayed on a map platform system to facilitate the
maintenance personnel to promptly locate the accident sites. In this way, the power outage timeis
shortened, and the inspection efficiency improved. The second is to develop a smart inspection
system, using drones together with artificial intelligence real-time image recognition system, to
detect abnormalities in transmission tower insulators and accessories and to analyze the possible
risks, so that we can fully comprehend the operating condition of equipment and conjointly
ensure stable power supply.

FE#EER(Key Words) : i A% (Unmanned Aeria Vehicle) - 45E3 % (Intelligent Inspection) ~ A T
i (Artificia Intelligence) ~ GIS [E & (GIS Map) -
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The Analysis for Implementing Al Technology in Circuit Breaker Operation Time and
Condition-based Maintenance
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Abstract

In 2014, the Department of Power Supply entrusted the Department of Information
Management to build a real time circuit breaker (CB)operation measurement system- to compare
the CB operation time and the time recorded by inspections to determine whether the operation of
CB is normal. However, different substation CB wiring methods usually result in a difference
caused by deferred time (the measuring system and the actual operation)and then cause CB
misjudgments. This paper introduces the applications of artificial intelligence technology on the
analysis of CB operation time- to increase the accuracy of the measuring system and realize
preventive maintenance. The method may effectively reduce misjudgments of CB operation time,
help improve the accuracy of prediction, and lead the transformer equipment step by step towards
Condition-based Maintenance(CBM). This paper aims to introduce the concept of artificia
intelligence (Al)in an easy-to-understand way to assist the others colleagues to understand Al
technology- those interested in machine learning and neural networks may online search for the
algorithms mentioned in this paper. The information in this paper can also serve as reference for
the topics of asset management and risk management and control.

BE#EER (Key Words) : A T4 (Artificial Intelligence) - A #5517 (Big Data Analysis) ~ jREEH:#E
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(Machine Learning) ~ XGBOOST -
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Study on Insulation Status Assessment for Power Cable Joints Based on Partial Discharges
Patterns and Convolutional Neural Network
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Abstract

The maintenance and monitoring of high-voltage underground cables have become a research
trend in recent years. For underground cable accidents, accessories such as cable joints and cable
terminations are most likely the causes of insulation failure. In this study, based on 13 sets of
complete degradation test data of 25 kV distribution-level underground cable joints, various types
of phase-resolved partial discharge pattern (PRPD) data and pul se sequence analysis pattern (PSA)
are proposed to establish the automatic assessment model of insulation status by convolution
neural network. A decision rule available to interpret the insulation states, unknown, attention, or
risky stage, has been established with the help of expert experience. The results of this study show
that both types of the decision rule developed in this study are competent to provide before the
event warning and may serve as reliable reference for maintenance personnel. It is noteworthy that
we may apply the pulse sequence analysis pattern to places where voltage cannot be measured, and
achieve similar performance, when comparing with the commonly used phase-resolved analysis
pattern, which is useful for underground cables among others.

BA ST (Key Words) : 5 /i & (Partial Discharge) « 254455 (Cable Joint) ~ o) i i B AH L ffAfT
(Phase-Resolved Partial Discharge) ~ Ak & = %1] 43 #7 (Pulse Sequence Analysis) ~ & & fH 4% 4 p&
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A Research on Applying Artificial Intelligence to the O& M Strategies of Power Transformers
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Abstract

This research aims to develop a set of operation and maintenance (O&M) strategies for
power transformers (PT) with the application of Artificia Intelligence (Al). On the basis of IEEE
and |EC standards, Pearson Correlation analysis, and k-Nearest Neighbor (KNN) techniques, we
developed various online engineering calculation modules and Al analysis models for PT online
thermal monitoring, to provide early warning against potential abnormalities and to assist regular
and Dissolved Gas Analysis (DGA) inspections. In addition, PT related engineering calculations,
together with analysis models and importance ranking for different PT components, may be used
to define Health Index (HI) for the purpose of comprehensive PT hedth analysis, to serve as
reference for the experts to determine the causes/types of potential failures. It is expected that the
results of this research will assist and turn on-site maintenance works from Time-based
Maintenance into Condition-based Maintenance to achieve optimal O& M results.
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Identifying Abnormal Electricity Activities with Artificial Intelligence Modelling Methods -
Taking High-tension AMI as an Example
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Abstract
Electricity loss of distribution systems consist of technical and non-technical causes.
Regarding non-technical loss, theft is one of the key causes. The current detection system for
abnormal consumption, to a considerable extent, depends on the experience and expertise of
inspection personnel. To improve the efficiency of abnormal consumption detection, this research
utilizes AMI data to construct a neural network and Gaussian mixture model based artificial
intelligence system. The said system may automatically compute and interpret the degrees of
suspicion to decide the priority for on-site inspections.
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Short-term Load Forecasting Based on Machine Learning and Time Series Analysis
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Abstract

Since high-voltage customers have been fully deployed with AMI, Taipower is utilizing the
High-voltage Customer Service Portal to provide customers with value-added services. One of the
services is load forecasting (LF), which combines AMI and temperature data to offer customers
load predictions of the coming two days. To improve the functions of LF, we use
autoregressive model to obtain initial results for short-term load forecasts and construct
machine learning models, creating some new characteristic variables (month,
weekend/weekdays, time-of-use), to optimize the models. Finally, we use MAPE to compare
the forecast results of the machine learning model and the autoregressive model. We look
forward that the results of this study may serve as reference for the portal to optimize its load

forecasting functions.
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the Electric Industry
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Abstract

In pursuit of intelligence and ecology, this research explores the feasibility of applying big
data and artificial intelligence (Al) technologies, focusing on the confronting problems, data
classification and applicative technologies, to help electric utilities align with the requirement of
environmental protection and their needs in chemistry related businesses. We implemented an
autoML web page (http://app.ezbear.net/) and used the data analysis and drawing functions of
Python language to solve the problems of data analysis and visualization, whereas the problems
of predicting the reagent dosage for waste water treatment, the regression and classification
functions of machine learning. In practice, autoML web interface had been devel oped to carry out
the relevant calculations and the visualization of the calculation results, through the functions of
button clicking and parameter setting of the said web page. As for time series prediction of air
quality /PM2.5, we used long-term and short-term memory models to process the relevant data
and make predictions. In addition, the problems of image classification, e.g., the analysis of boron
concentration in the water and the analysis of microalgae concentration, were classified by deep
learning architecture of convolutiona neural network. Lastly, the intelligent underwater
ecological monitoring system, we applied object detection technology to record the quantities of
marine species for the purpose of long-term trend analysis.
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