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Competition Overview

q Competition : VSB Power Line Fault Detection
§ Host: ENET Centre(Energy Research Center), VŠB – Technical University of Ostrava(Czech)

§ Period: Dec 2018 – Mar 2019

§ Participants: 7,600+ entrants / 1,400+ teams

q Background of the Competition
§ Partial discharge (PD) is an early indicator of insulation failure in overhead power lines

§ PD often does not cause an immediate outage, so faults can progress undetected

§ Detecting PD early helps prevent line failures before they escalate

§ However, traditional inspection methods are costly and inefficient

Ø Need for automated, signal-based fault detection through PD pattern analysis
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Motivation

q Potential for application in various fields – military domain
§ Power infrastructure of military bases is directly linked to operational sustainability

§ Applicable to monitoring of electric wires installed in extensive and difficult-to-access areas

§ Suitable for military domain -> significant cost and operational constraints

q Research experience on unique 3-phase data structures
§ The 3-phases share the same electric wires, making interdependent-channel time-series 

classification insufficient for capturing cross-phase information

§ This competition provided research experience in analyzing interdependent multichannel signals 
and physically coupled time-series data.



Data
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Dataset Description

q The VSB dataset contains high-frequency voltage signals collected from a three-phase
power system. 

q Each measurement event consists of three simultaneously recorded phase signals, and 
each signal contains 800,000 measurements over 20 ms, corresponding to one full 50 Hz 
cycle.

q The task is to classify each signal as normal or faulty based on partial discharge 
patterns. 

Three-Phase Voltages and Composite Power

Balanced power delivery
Phase-shifted signals produce smoother total power.

More reliable power delivery
The three phases complement each other, reducing power 
fluctuations.

Real power-line structure
Transmission systems commonly operate with three-phase AC 
power.

Why three-phase signals?
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Data Preprocessing

q Raw voltage signals contain various types of noise and electrical interference.

q To detect line faults, we need to identify PD-related abnormal impulse patterns hidden 
in the signal.

q To highlight these patterns, we applied data preprocessing approaches.

: Discrete Spectral Interference

: Partial Discharge pattern

: Random Pulse Interference

• Extract peak / statistical features
• Represent abnormal patterns

Feature Extraction

• Suppress noise & false peaks
• Preserve PD-related impulses

Noise Reduction



Methodology
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Approach 1: Methods & Results

q Insights from Related Work and Feature Extraction
§ Related work: A complex classification approach of partial discharges from covered conductors 

in real environment (2017, IEEE) 

Before (7 feature)

0.5806
After (42 feature)

0.6545

Key insight
Adds three-phase statistics and 
relative values to a model that 
previously viewed only one phase 
independently

3-phases Structure
80% of defects are defective in 
all three phases

If one phase is defective,
the probability that the other 
phases are also
defective is 92.8%

Added a featureFeature Selection
Using the 7 features with high 
MI presented in the paper

• Max/Min/Mean width

• Max/Min/Mean height

• Number of peaks

•  Group each of the 7 features 
by 3 phases and add Max / Min 
/ Mean / Std as new features

•  Compute the relative value 
of each original feature against 
those statistics, and add as new 
features
 

→  42 features in total

Max

min

mean 

Std

Number of peaks 4

Max height 0.61

Min height 0.30

Mean height 0.41

〮〮〮〮〮 〮〮〮〮〮 Relative

Number of peaks Max0.31 
height 〮〮〮〮〮

13 0.61 〮〮〮〮〮

4 0.31 〮〮〮〮〮

7 0.46 〮〮〮〮〮

5.2 0.15 〮〮〮〮〮

0.74 0.32 〮〮〮〮〮
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Approach 2: Methods & Results

q Deep Learning with PD pattern image
§ PRPD : 2D plot that maps PD events onto the phase angle

• x-axis : phase angle / y-axis : amplitude / color : number of events

§ PD pattern recognition via CNN model

q Submission to Kaggle
§ About 47th ..? Not enough!

1. Data preprocessing

•

•

Denoising : Filter cutoff & 
Pulse threshold

Filter cutoff
→ 1kHz high-pass

Pulse threshold :
1.0𝜎 / 2.0𝜎 / 3.0𝜎

2. Model training

•

•

•

Training with PRPD image

Backbone : 
ResNet18 + imageNet

Optimizer : AdamW

Scheduler : Cosine-
Annealing

3. Measuring 
GroupKfold validation
(K = 5)

OOF prediction : 
Validate each fold with
val. Datasets (20%)

4. Experiment
Adapting different 
variables

• Changing 
aggregations
(mean/max/median)

• Threshold tuning
best t : 0.39

Final submission score



Agentic Research Workflow
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Toward an Agentic Research Workflow

q Conventional Kaggle Workflow
1. Exploratory Data Analysis

2. Paper & Literature Review

3. Data Preprocessing

4. Modeling

5. Performance Evaluation & Insight Generation

6. Hypothesis Refinement

Human-Driven (AI-powered)

AI Agent-Driven
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Autonomous Kaggle Research Agent

Knowledge Inputs1

Research Notes

Cross-Session 
Memory

Prior Trial Results

Trial Cycle2 Kaggle MCP

• Accuracy improved?
• Truly different?
• Ensemble lift 
expected?

Kaggle 
Leaderboard

•Measure accuracy
• Check uniqueness
• Try in ensemble

• 5-fold CV training
• Train-set prediction
• Test-set prediction

Decide

Feedback Loop3

Updates Research 
Notes

Updates Cross-Session 
Memory

EvaluateTrainPlan

• 3 trials in a row fail to 
improve
• Prior rule contradicted
• Sudden large score gain

Trigger

• Review past results
• Spot weakness
• Design experiment

vs.

(Kaggle MCP availability)
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Trial Journey on Private Score Progression

q 6 phases of trials climbed the Private Score from 0.6537 to 0.7202

q Each phase resolved different limitations
§ similar models → same input → same approach → missing domain insight
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Final Result

q Private Leaderboard Score
§ Late Submission, 1446 Teams

q Beyond the Leaderboard

AI Agent

Highest Score (0.72022)

1st on leaderboard

7 models, black-box

Hard to interpret/deploy

Manual Approach

Interpretable

Single lightweight model

Domain-grounded

Lower score
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