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Advanced PV Monitoring Using Digital Twins, Bayesian Root Cause 

Analysis and Agentic Fault Management

C.Tissier, B. Schubnel, J. Simeunovic and P.-J. Alet

CSEM presents a complete framework for PV monitoring and diagnostics. A physics-based inverter digital twin enables

anomaly detection and segmentation, while probabilistic root cause analysis is performed using a Bayesian network driven by

observed symptoms. Detected issues are processed by an agentic control-room system that contextualizes faults, prioritizes

interventions, and automates maintenance dispatch, reducing operational effort and improving asset management efficiency.

Inverter Digital Twin for Anomaly Detection

Bayesian Root Cause Analysis

• Data Sparsity & Lack of Labels: Limited

historical data and no labeled anomalies,

especially for recent installations.

• Diagnostic Ambiguity: Multiple potential

root causes can explain the same

observed behavior at inverter level.

• Manual Analysis Overhead: Time-

intensive report review, decision-making

based on diagnostic and dispatch

management.

Agentic System for Operation and Maintenance

Agent Supervisor

Agent Analyzer

PV fleet
Tools

Challenges

Flagged Anomaly and 

Bayesian Network Diagnostic

Technicians

Inverter 

Measurements 

Storage

Maintenance Reports 

Storage

Look at past measurements, make 

similarity search, view historical 

reports

This work is part of the INCREASE Horizon Europe 

project under grant agreement No 101136112.

• Symptoms Identification: Weather-aware comparison of measured

and digital twin simulated inverter signals (e.g. current, voltage…).

• Mismatch Detection: Statistical thresholds used to flag significant

deviations.

• Causal Knowledge: Fault-symptom causal links mixing CSEM

expert knowledge with international reference [1].

• Bayesian Inference: Infer posterior root cause probabilities from

observed symptoms, ensuring interpretability.

• Data Efficiency: No labeled fault data required.

• Evaluation Results: 75% of top2 accuracy across 9 possible root

causes on synthetic fault data.

• Fit a digital twin on measurements. The

physics-based parameterization enables

low data requirements.

• Detect anomalies by comparing power

measurements to digital twin power output.

• Segment anomalous timesteps to exploit

temporal patterns using computer vision

for historical analysis or recursive merge

and outlier removal for live operations.

• Evaluated on synthetic data, yielding an

Area Under Curve (AUC) of 0.93.

BAYESIAN INFERENCE

Posterior: 𝑃(𝑅𝑜𝑜𝑡 𝐶𝑎𝑢𝑠𝑒 | 𝑆𝑦𝑚𝑝𝑡𝑜𝑚𝑠)

EXPERT KNOWLEDGE

• Likelihood: 𝑃(𝑆𝑦𝑚𝑝𝑡𝑜𝑚𝑠 | 𝑅𝑜𝑜𝑡 𝐶𝑎𝑢𝑠𝑒)
• Prior: 𝑃(𝑅𝑜𝑜𝑡 𝐶𝑎𝑢𝑠𝑒)

Figure 1. Error map between simulated and measured power, Lighter

area indicate high differences.

Figure 2. Extracted contours using computer vision techniques.
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ROOT CAUSES

• Snow

• Soiling

• Inverter malfunction

• etc.

SYMPTOMS

• Current mismatch

• DC/AC power gap

• Low temperature

• etc.

[1] International Energy Agency Photovoltaic Power Systems Programme (IEA-PVPS), 

"Photovoltaic Failure Fact Sheets (PVFS)," Paris, 2025.
Figure 3. Bayesian root cause analysis from observed symptoms.

Figure 4. End-to-end operation and maintenance workflow using AI agents. The analyzer refines the Bayesian diagnostic, enabling the supervisor to dispatch appropriate maintenance actions.
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