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1. Event Detection and Event Classification (Machine Learning):
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2. Event Location Identification (Hybrid Model‐Based):
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• We used only two micro-PMUs

• We can remotely and automatically monitor all load switching events

• Therefore, we can keep track of switching configurations. 
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• Feeder Aggregated Load Model:
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• Individual Load Models:
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• Complex Power Conservation:
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• KVL:
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• Combined Equations:

• For any switching configuration 𝒎𝒌:

Hamed Mohsenian-Rad Nonintrusive Load Modeling Using Micro-PMUs UC Riverside

Step 1: Circuit Model Equations

9 / 18

𝑆ೖ ൌ  𝑆
,ೖ 𝑆𝑊

ೖ



ୀଵ

  𝑍 
𝑆ௗ

,ೖ

𝑉ௗ
,ೖ

∗

ൈ 𝑆𝑊ௗ
ೖ



ௗୀ

ଶ

ୀଵ

𝑉
ೖ ൌ 𝑉ೖ െ  𝑍 

𝑆ௗ
,ೖ

𝑉ௗ
,ೖ



ௗୀ

∗

𝑆𝑊ௗ
ೖ



ୀଵ

, 𝑖 ൌ 1, ⋯ , 𝑛

𝑆
,ೖ 𝑉

ೖ 𝑖 ൌ 1, ⋯ , 𝑛Unknowns:  𝑆
,ೖand 𝑉

ೖ for 𝑖 ൌ 1, ⋯ , 𝑛

𝑛  1 𝑛   𝑆𝑊
ೖ



ୀଵ

Number of Equations: Number of Unknowns :



• For any two distinct switching configurations 𝒎𝒌 and 𝒎𝒉:
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• Given 𝒄 distinct switching configurations:
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Theorem: We need to observe at least 𝑐 ൌ 2𝑛 distinct switching 
configurations to solve the nonintrusive individual load modeling problem.
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• # of Equations: 258 
• # of unknowns: 246

In Presence of Error in Measurements

• We solve an “estimation” problem.

Error in Line Impedances
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= 0.4+j0.3ns6

2.5+j0.75

Pointer of Metering 
at Feeder Head

V    , P    , Qm m mk   k k

• Residual Test (In Presence of Two Erroneous Configurations):
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• Install a few micro-PMUs at feeder head and end buses.

• Remotely and automatically Identify:

• ZIP Model for all individual loads across the distribution feeder.

• AMI / Smart Meters:

• Not Available: Our Approach is a Replacement 

• Available: Our Approach is an Oversight

• AMI Failure
• Electricity Theft
• Cybersecurity
• … 

Non‐Intrusive
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