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Why? …it must be important…
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הדלק הנכנסת כמות

כמות החשמל היוצאת

η= P2/P1

P2
P1

P1 = ?
η = ?

רווחיות= יעילות 
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Performance Ratio = “PR”

171373 / 221258 = 0.775

"  יחס הביצועים"
"יעילות יחסית"או 

עקב קרינה שלא מגיע  
החזר  –אל התאים 

בזכוכית או נופל בין  
תאים

עקב נצילות הפנל נמוך  
STCמהמוצהר ב

ברמות הארה נמוך  
יותר

עקב סטיות בהספק  
המוצהר של הפנל
IVהפרשים בין צורת 

של הפנלים במערך

עקב פעילות מעל  
הספר הממיר

זרם מתחת לזרם התחלתי  
של ממיר  

עקב מתח מעל המותר  

עקב מתח מתחת  
למינימום
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Current State of the Art
Performance Ratio
Temperature Corrected PR
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8 strings x 15 SB x 12 inverters = 1440 monitored channels 

Current State of the Art
String Monitoring
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The Motivation

Utility Grade PV:
• High level of predictability
• High level of availability
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Across Europe by 
Capacity:

2016

The Motivation
…but the story is residential

Australia: 1.6M systems 
under 10kWp
California: >200,000 systems 
under 10kWp
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The Motivation
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Current State of the Art?

≈
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...אני מוכר פחות חשמל
...משלם יותר עבור עתודות

!!!וסובל מבעיות באיזון מתחים

...לרשתחיוני –ניטור 
The Motivation
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• Smart Monitoring for Residential Solar

• Machine Learning for Fast Fault Recognition

• Fault Prediction Using Clustering Algorithms

• Fault Detection Using Artificial Neural 
Networks

Statistical Performance Monitoring
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• Monitor mounted in the household electrical 
panel

• Australian NWS Meteo data and satellite 
maps

Smart Monitoring for Residential Solar



IEA INTERNATIONAL ENERGY AGENCY

PHOTOVOLTAIC POWER SYSTEMS PROGRAMME

System parameters:
– Location 
– PV module type 
– Inverter type 
– PV module orientation 
– PV module tilt 
– String configuration 

Smart Monitoring for Residential Solar
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• Generation Estimation
• Real-time monitoring - day end evaluation
• Performance losses:

– Shading 
– Inverter clipping
– Power Factor correction 
– Degradation 
– String/Module faults

Smart Monitoring for Residential Solar
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Finding faults in strings without string monitoring

Smart Monitoring for Residential Solar
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Smart Monitoring for Residential Solar

Measured 
Production

Measured vs
Expected Production

Inverter 1 Inverter 2

Inverter 1 Inverter 2
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Smart Monitoring for Residential Solar

1 hour resolution

5 minute resolution
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Smart Monitoring for Residential Solar

Power: 
5 second resolution

Power and Voltage: 
5 second resolution
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Machine Learning for Fast Fault Recognition
• Prediction software
• No sensors
• No irradiation maps
• No system configuration
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Machine Learning for Fast Fault Recognition

• Temperature
• Humidity
• Barometric pressure
• Wind speed
• Dew point 
• Rain
• Sky view 

Hourly generated 
power+


No irradiance
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Machine Learning for Fast Fault Recognition

Ratio between 
PREDICTED energy 
and PRODUCED 
energy

Daily State of Health 
Score

A = 100 to 97 % 
B = 97 to 95 % 
C = 95 to 90 % 
D = 90 to 85 % 
E = 85 to 80 % 
F = less than 80 %

Previous week in 
daily SoH
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Machine Learning for Fast Fault Recognition
Regression Tree:
• Dependent Variable

– Energy
• Independent Variable

– Temperature
– Humidity 
– Barometric pressure
– Wind speed
– Dew point 
– Rain
– Sky view 
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Fault Prediction Using Clustering Algorithms
Clustering:
• Dependent Variable

– AC Power
• Independent Variable

– Weather parameters
– All available inverter 

parameters
– Yesterdays generation
– Last hours generation
– Trigonometric transformation
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Fault Prediction Using Clustering Algorithms
1. Generate a clear data set
2. Choose an output value (dependent variable)
3. Add the following to each record

1. Generation from previous hour
2. Generation from this hour yesterday
3. Day of the year expressed as: 

4. Develop an equation for each cluster with CI of 99%
5. Test with new data; output should match data by 0.001
6. All new data run through equation; should fall within CI

)
365

2cos(),
365

2sin( Π××Π×× dayofyeardayofyear
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Fault Prediction Using Clustering Algorithms
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Fault Prediction Using Clustering Algorithms
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Fault Detection Using Artificial Neural Networks

Neural Network Algorithms 
Three algorithms:

– LAPART - Laterally Primed Adaptive Resonance 
Theory 

– SVM - Support Vector Machine
– GPR - Gaussian Process Regression 
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Fault Detection Using Artificial Neural Networks

LAPART:
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Fault Detection Using Artificial Neural Networks

Support Vector Machine (SVM):

Optimal Hyperplane

Maximum Margin
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Fault Detection Using Artificial Neural Networks

Gaussian Process Regression (GPR):

f(x)=GP(μ(x),k(x,x'))
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Fault Detection Using Artificial Neural Networks

30 Days 1-min. data including 10,000 faults
LAPART
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Fault Detection Using Artificial Neural Networks

PV array – 10.8kWp; 4x10 modules
SVM
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Fault Detection Using Artificial Neural Networks

I-V Curve 
SVM + GPR
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Statistical Performance Monitoring
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