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Phase 1: Event Detection

Sensor

Event 1 Event 2 

120 fps

On Average: 500 Events Per Day Per Feeder
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Phase 2: Event Classification

• Methodology:

Data Driven

Unsupervised Classification

Supervised Classification

Labeling Training Samples (Classes 1, 2, and 3)

Feature Extraction

Power Engineering

Model Based

Utility Records

2309 Events
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Phase 3: Event Source Identification
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Phase 3: Event Source Identification
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Step 3-1: Extract Differential Synchrophasors
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Step 3-2: Forward Nodal Voltage Calculation
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Step 3-3: Backward Nodal Voltage Calculation

Y1

Z1 Zn-1

 Ik

 Vn Vk

|V
d
|   V

d

|I
d
|    I

d
Z

u  Z
d

 V2  Vn-1 V1

    I1 

Y2

  I2

Yk

  Ik

Yn-1

 In-1

Yn

 In

Downstream

 

 

|V
u
|   V

u

|I
u
|    I

u
 

 

Upstream

Zk-1
 Vk-1

   Ik-1

Zk
 Vk+1

  Ik+1

𝑘: Event Bus (Unknown) Backward

II

∆𝑉𝑛−1
𝑏 = ∆𝑉𝑛

𝑏 + ∆𝐼𝑑 + 𝑌𝑛∆𝑉𝑛
𝑏 𝑍𝑛−1

⋮

∆𝑉𝑛
𝑏 = ∆𝑉𝑑

∆𝑉𝑘
𝑏 = ∆𝑉𝑘+1

𝑏 + ∆𝐼𝑢 + 𝑌𝑛∆𝑉𝑛
𝑏 +⋯+ 𝑌𝑘+1∆𝑉𝑘+1

𝑏 𝑍𝑘

∆𝑉𝑘−1
𝑏 ≠ ∆𝑉𝑘

𝑏 + ∆𝐼𝑢 + 𝑌𝑛∆𝑉𝑛
𝑏 +⋯+ 𝑌𝑘+1∆𝑉𝑘+1

𝑏 + 𝑌𝑘∆𝑉𝑘
𝑏 𝑍𝑘−1

∆𝑉1
𝑏 ≠ ∆𝑉2

𝑏 + ∆𝐼𝑢 + 𝑌𝑛∆𝑉𝑛
𝑏 +⋯+ 𝑌2∆𝑉2

𝑏 𝑍1

⋮



Hamed Mohsenian-Rad Situational Awareness Using Distribution Synchrophasors UC Riverside 13 / 19

Step 3-4: Analysis of Discrepancy Index
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Phase 3: Event Source Identification
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• Data-Analytics Package for Distribution Synchrophasors

• Event Detection

• Event Classification

• Event Source Identification

• Case Study: Remote Asset Monitoring

Recap: Big Data?

Billions of Data Points

Device-Specific Event Signatures 
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• Event Detection

• Event Classification
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Recap: Big Data?

Billions of Data Points
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Distributed Energy Storage
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Case Study: Asset Monitoring

Three-Phase Switched Capacitor Bank

Rating: 3 x 300 kVAR = 900 kVAR

Volt/VAR Control

Onsite Switch On / Switch Off Controller

No Monitoring
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Case Study: Asset Monitoring

Typical Issues:

Unbalanced Operation (Fuses) Switching Operation (Controllers)1 2
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Case Study: (Remote) Asset Monitoring

Typical Issues:

Unbalanced Operation (Fuses) Switching Operation (Controllers)1 2

Remote Monitoring?
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Case Study: (Remote) Asset Monitoring

Switch Off Event

(Micro-PMU 1)

Detection & 
Classification

Location Identification

(Micro-PMU 2)

Event Bus: 25 (Correct)

Discrepancy Index
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Case Study: (Remote) Asset Monitoring

Switch Off Event

(Micro-PMU 1)

Detection & 
Classification

Reactive Power Support

Slightly Unbalanced Operation

Phase B is always higher

Likely fuse blowing on C and A
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Case Study: (Remote) Asset Monitoring

Switch Off Event
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Switching Transient
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Case Study: (Remote) Asset Monitoring

Switch Off Event

(Micro-PMU 1)

Detection & 
Classification

Switching Transient

Two-Step 3-Phase Switch

Step 1: Phase C (Zero Crossing)

Step 2: Phase A/B (Possible Malfunction)

C ⟼ A/B

Unbalanced
System
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Further Reading

IEEE PES Magazine 2018 IEEE TPWRS 2018 IEEE TSG 2019
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Further Discussion

Alireza Shahsavari Mohammad Farajollahi


