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feeders as a profile-similarity and proportional-
load-sharing problem, while different-bus feeders
are analyzed through voltage co-movement,
reactive-power residual coupling, and power-factor
rhythm. A daily 96-sample window is used for
robust feature extraction, and persistent alarms are
stored in an incremental SQL cache for operator
review. Historical data from the Zanjan Electricity
Distribution Company (ZEDC) are used to
demonstrate several validated paralleling intervals,
including homonymous and non-homonymous
feeder events. The proposed system provides a
practical safety layer for dispatch centers and field
operation teams.

Slo g 3o ah 3y (wil B (SHlb dgug JI1AY WY-A

(s (3 (g a3 03l b (S 5394
R Ge ply g Sialer (JyuS o]y S dlie
Slopjr &by S Gl opiiond hub sibre syl
b ooletiny b w3 oe ) Sye00)50 a5l Stz
EF P9 Uy S5 g it (oS Laly) ) 6pSo e
il (ol Olie gy il 5 Slpodl g uilS)3 s
Ol WS (o @il LS Lulpd b ceslite g by O g0 |,
Silwodly Sl (JpS L)l @y poegdle jlsle
polp CedolS sosiby 4 Sl e L S5

&ySe3lul @

PCC il

PCC L5
o (5 S ol
°~\-5 s )Ug e»» oo PO
'f’”"r‘ ] -
290 209 N 4
T L
£ (8

OMJ))S:S., q@) )U, é«a J.\a Pr 02 o )
29, S
Yssen i 5 ),.,1 (&, ) :
M-S Js 53Uy & Jua Py, 0s
y:s*s)i-w = bawgie 5y
Y el Y Sosnl —

Fog) aw Jald (glop i sl (IS (g lens 1dlia ) IS
Sl G3lme o ol SRS T 5 S S e

L ool Bubas ()98 & w30 (Ui (Sludnnd gl

Ol 5 dind «silre S5l Boet 9 @y B0F

Olie & ol gyl oS S8 b awglie 3 1) (il )3

2 Fm YA 4 QY e 5l g odndSy gm0 duoyd FAN Y

eleien e 1) ) ake Ll 4 ok 5 slgen iS5k

&,
..t.- }Ig

o ladgels 7e aSgyboa WS lulid g8 <>
b ooy ol losly & YU (el b 2lg 5 w3l anle
2 Wl o ezme 03D g ygme 0y S Couple 4 dag
Jlid slnyad dlas jlecilisen (sl yad (g pyomml (ololis

R I S

b dp @i s Wy ol (L3N MIAY ws. T
EEMD- Multi-Branch LSTM - &5 J&
16990 4dlke) Gradient Boosting Two-Output

(&5 5o Ol 308
do 425y (ae (S P Sy gy Su lie pl
Al OdeolisS absls s (EEMD) 29,5 o0
oyl 9 (Multi-Branch LSTM)  awslsse
Slub e3ls wiie lp Gradient Boosting

Se ogite ol sy el s ) (FVSI) g, 585
DIGSILENT = Lo (8ly w548
aw Jool b g )5 15 adlae 5,50 POWerkFactory
Slalllas ol Hb doyd VO g Voo e Jold (6)J38,L aws
il oadzl il Bres s Shg Cunl oid pll [ yisy
e Shy 5 g S slaShy L LSTM
5551 OlF 55Uy Gl (b e by p (e o pipe
sy Gradient Boosting Jue a4 4 oxd Sy

o Sy ommen Ngde @l FVSE i
b bl g Gl cunsy pasds Gy anadb

Ol @l sl oad aB)S Hlai > oS b)) plyea
eolio <83 b 1, FVSI w1 o (ooloiutin 3y 45 amd o0
i)l lp sy 5 @ (93,509) 9 035 (Swiie
S ol (6 NSl il gslaw )3 @i a8 Wy o)l

ARRYEEUSE S 4

Design of a Parallel Feeder Detection System for
Reducing Life-Threatening Risks to Field
Operational Personnel in Power Distribution
Networks

This paper proposes an electrical-measurement-
based detection system for identifying unintended
feeder paralleling without relying on mechanical
switch positions. The method treats same-bus
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Layer 2: ANALYTICS LAYER
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Data Mining & Dynamic Risk Predictive Deep Learning
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( o Layer 3: DECISION LAYER [
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Support System -
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HSE Management Online Dispatching
Alerts

Dashboard

Fig. 1 of the paper. Three-tier architecture of the
proposed smart HSE management framework in
power distribution grids.

The framework aligns directly with digital
transformation roadmaps in the utility sector
and offers a modular path for step-by-step
implementation ~ over  existing  IT/OT
infrastructures.
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Design of a Smart HSE Management
Framework Based on Data Mining and Risk
Analysis for Smart Power Distribution
Networks

This paper proposes a novel framework for smart
HSE management tailored for smart power
distribution networks, designed around a three-tier
architecture: the Data Aggregation Layer, the
Analytics and Risk Assessment Layer, and the
Decision-Making and Operational Intervention
Layer. In this architecture, heterogeneous data
streams from SCADA, DMS, GIS, ERP,
accident/near-miss logging systems, wearable
worker sensors (Smart PPE), and occupational
health records are cleansed, spatio-temporally
synchronized, and analyzed using data mining
techniques and machine learning algorithms to
extract leading and lagging indicators in real time.
Subsequently, a proposed dynamic risk engine
predicts occupational and equipment accident
probabilities, generating online alerts and
automated corrective interlocks for managers,
dispatchers, and field linemen via analytical
dashboards. System evaluation and model analysis
demonstrate  that the proposed framework
significantly  enhances grid reliability and
operational resilience by minimizing personnel
exposure to high-risk conditions, preventing human
errors through automated digital logical interlocks,
and fostering risk-informed dispatching decisions.
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network of the Zanjan region. A 30m digital
elevation model, atmospheric pollution
information, seasonal wind patterns, and asset
characteristics were integrated in ArcGIS Pro to
derive three spatial risk indicators: the Topographic
Dust-Trap Index, Elevation-Dependent Icing
Profile, and Micro-Climate Thermal-Inversion
Proxy. These indicators were extracted for
individual assets and combined with asset age,
insulation material, and operating voltage to
construct a predictive model. Because historical
failures represented only 0.47% of the asset
population, SMOTE was applied exclusively to the
training data to mitigate class imbalance while
avoiding validation leakage. A Random Forest
classifier was then used to generate continuous
asset-level failure-risk scores. The resulting model
achieved 88.8% recall, 76.4% precision, and an
AUC-ROC of 0.954 on the reported validation
dataset. Spatial integration of the predictions in
ArcGIS  Pro  enabled identification  of
geographically concentrated high-risk corridors and
supported targeted inspection and renewal
strategies. The proposed framework demonstrates
how spatially explicit environmental indicators can
complement conventional asset attributes and
transform  predictive-maintenance outputs into
actionable  GIS-based decision support for
distribution network operators.

Table 1of the paper: The Comparison Between Calendar-
based Inspection and GeoAl Directed Inspection

Rigid calendar | GeoAl directed

inspection inspection patrol
Scheduling Uniform twice- Risk-driven dynamic

yearly patrol routing

Scope Blanket High-density focus on top
coverage of risk corridors
20kV grid

Impact High labor has the potential to reduce
overhead,; patrol workload
missed
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A Data-Driven Approach to Evaluating the
Effect of Scheduled Outages on Peak Load and
Load Curve Modification in Distribution
Systems: A Case Study

In some regions, consumers’ awareness of
scheduled outage times has been observed to alter
their consumption behavior. For example, some
consumers increase the number or operating power
of cooling appliances before an outage to keep
indoor spaces cool during the interruption.
Similarly, after power is restored, the simultaneous
operation of several cooling appliances may
increase  because of the elevated indoor
temperature, resulting in a rapid rise in network
load. These behavioral responses can produce new
peaks immediately before or after the outage and
may reduce the effectiveness of scheduled outages
as a load-management strategy. Therefore,
accurately examining the effects of scheduled
power outages on consumption patterns and peak
load in real-world distribution networks is essential
for evaluating the effectiveness of this approach
and developing more efficient load-management
strategies.

A w -

GeoAl-Driven Predictive Maintenance: Spatial
Risk Mapping for Targeted Line Insulators
Renewal in Distribution Networks for
Mountainous and Semi-Arid Regions

This paper presents a GeoAl-driven predictive
maintenance framework for targeted renewal of
distribution-line insulators, integrating terrain
analysis, engineered microclimatic indicators, and
supervised machine learning within a GIS
environment. The framework was developed for
187,158 insulators in the 20 kV distribution
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Multi-Temporal Data Mining for Detecting and
Prioritizing Street Lighting Energy
Consumption Anomalies Using Smart Meter
Data

This paper proposes a robust operational
framework based on multi-faceted baseline
estimation and a three-level anomaly prioritization
scheme. The proposed methodology has been
integrated into a dedicated Anomaly Detection
Dashboard, a daily operational software solution
that provides real time visibility into the grid’s
health. The framework was validated using data
from 9,800 smart meters, successfully identifying
and classifying 628 anomalous events into three
distinct priority levels (P1, P2, P3). This approach
enables maintenance teams to transition from
reactive troubleshooting to proactive, data-driven
management, significantly optimizing resource
allocation and reducing operational expenditures.
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Real-Time Multi-Criteria Feeder Selection
for Dispatch Requested Load Relief in
Distribution Networks

This paper proposes a robust rolling horizon mixed
integer linear programming framework for real
time feeder selection under dispatch requested load
relief conditions. The proposed model separately
evaluates nominal and robust load relief, where the
robust contribution is calculated using conservative
lower-bound feeder loads to reduce the risk of
insufficient relief under forecast uncertainty. The
objective function balances dispatch performance
and operational equity, while the principal network
and implementation requirements are incorporated
into a unified MILP formulation. The framework is
evaluated on a practical case study network
representing part of the medium-voltage
distribution system of Hamedan Province, Iran,
including 55 feeders, eight substations, and three
operating zones. Results show close dispatch
tracking and compared with load-based and greedy
strategies, the method reduces nominal over-relief
by more than 70% and outage unfairness by more
than 60%. The ability to generate feasible and
executable decisions within the adopted 30-s
assessment threshold demonstrates the practical
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applicability of the framework for real time feeder
selection in operational distribution networks.
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framework merges conformance checking with
temporal analysis in order to identify deviations
and bottlenecks. The Explainability Engine
interprets the analytics results and makes them
understandable for experts to a conversational
human-in-the-loop  interface.  Assessment in
distribution control center shows that the proposed
framework is able to transform operational issues
from structural non-compliance and to allow
experts to confirm the detected abnormalities.

Table 1 of the paper: Structured Explanation

Output
Component Output
Fault detected — localization —
(Oc) — DMS recommendation — switches
Observed opened — switch closed —

restoration

Isolation of affected section

(Ec) — followed by network
Expected reconfiguration through the
topology of switches
(Dc) — S
Deviation No structural deviation identified
(Te) — 110 s between NO Switch close
Command and confirmation of the
Temporal S o
. open switch; total restoration =
evidence
864 s
(lc) — .
Operational Approximately 300 customers
impact were affected before restoration
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An Explainable Process Mining Framework for
Distribution Network Operations

In this paper, an Explainable Process Mining
framework is proposed to improve process
visibility and decision-making during outages and
service restoration. The developed framework
involves the integration of heterogeneous data with
standardized event logs and uses Inductive Miner
Infrequent for discovering processes. Moreover, the
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Lightning Strike Risk Assessment of Medium-
Voltage Overhead Distribution Networks Using
Terrain Topographic Indices and Satellite-
Based Lightning Flash Data

This study proposes a risk assessment framework
for identifying sections of the distribution network
that are highly susceptible to lightning strikes. The
proposed approach integrates terrain topographic
information derived from a Digital Elevation
Model (DEM) with lightning flash density data
extracted from the Lightning Imaging Sensor (LIS)
aboard the International Space Station (ISS). By
combining these independent indicators, a spatial
lightning risk index is developed to identify high-
risk locations within the distribution network. The
resulting risk map enables utilities to prioritize the
implementation of appropriate lightning protection
measures in the most vulnerable areas, thereby
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A Functional Data Analysis Framework for
Probabilistic ~ Forecasting of Distribution
Network Congestion

In this paper, a framework is proposed combining
Functional Data Analysis (FDA) and Quantile
Regression Forests (QRF) for probabilistic LV
network congestion forecasting. Daily load curves
are treated as functional objects, separating
amplitude and phase variations via Functional
Principal Component Analysis (FPCA). QRF
generates probabilistic load forecasts, yielding
prediction intervals and congestion probabilities to
guide operational decisions. Using 5-minute
resolution demand data from National Grid's API
across four the United Kingdom (UK) regions, we
demonstrate the pipeline. FDA converts discrete
data into smooth curves using B-splines, and FPCA
identifies dominant modes of variation. QRF
quantiles (5-95%) compute congestion
probabilities relative to network thresholds. Results
confirm interpretable forecasts with actionable risk
classifications (HIGH to VERY LOW). Although
demonstrated on limited API data, the method
scales to multi-year datasets and accommodates
covariates like temperature and irradiance. This
offers operators a rigorous statistical tool for
proactive congestion management, improving asset
utilization and guiding flexibility investments.
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Feeder-Specific Conservation Voltage Reduction
Assessment for an Agricultural Medium-Voltage
Feeder

This paper assesses feeder 34 of the 20-kV
Koshksaray distribution substation using utility
network data, measured load profiles, a five-class
load decomposition, and voltage-dependent load
models implemented in DIGSILENT PowerFactory.
Three source-voltage set-points, 1.00, 0.98, and
0.96 per unit, are examined over a 24-hour
operating cycle. The simulations show an active-
power reduction of about 2% at 0.98 per unit and
more than 3% at 0.96 per unit. However, the
feeder-end voltage is already close to the lower
operating limit in the base condition. The 0.98-per-
unit case is therefore marginal, whereas the 0.96-
per-unit case produces undervoltage at downstream
buses. The results demonstrate that energy
reduction alone is insufficient for selecting a
conservation-voltage-reduction set-point and that
detailed feeder-level voltage screening is necessary
before field deployment.
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reducing the likelihood of lightning-related outages
and improving system reliability. The proposed
methodology is validated using the medium-
voltage overhead distribution network of Rostam
County, Fars Province, Iran, as a real-world case
study. Furthermore, sensitivity analysis
demonstrates that the proposed risk model is robust
and exhibits low sensitivity to the weighting
coefficients assigned to the individual risk
indicators, confirming the stability and reliability of
the proposed assessment methodology.
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Design of a Parallel Feeder Detection System for
Reducing Life-Threatening Risks to Field
Operational Personnel in Power Distribution
Networks
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Design  of a Smart HSE Management
Framework Based on Data Mining and Risk
Analysis  for Smart Power Distribution
Networks
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A Data-Driven Approach to Evaluating the
Effect of Scheduled Outages on Peak Load and
Load Curve Modification in Distribution
Systems: A Case Study
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Real-Time Multi-Criteria Feeder Selection for
Dispatch Requested Load Relief in Distribution
Networks
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An Explainable Process Mining Framework for
Distribution Network Operations
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A Functional Data Analysis Framework for
Probabilistic ~ Forecasting of  Distribution
Network Congestion
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Lightning Strike Risk Assessment of Medium-
Voltage Overhead Distribution Networks Using
Terrain Topographic Indices and Satellite-
Based Lightning Flash Data
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GeoAl-Driven Predictive Maintenance: Spatial
Risk Mapping for Targeted Line Insulators
Renewal in Distribution Networks for
Mountainous and Semi-Arid Regions
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Multi-Temporal Data Mining for Detecting and

Prioritizing Street Lighting Energy
Consumption Anomalies Using Smart Meter
Data
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Feeder-Specific Conservation Voltage Reduction
Assessment for an Agricultural Medium-Voltage
Feeder
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