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WAMS-based Dynamic Model Validation & Calibration
Value Proposition
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Drivers:
Á Inaccurate Dynamic models:  Inability to predict grid conditions

- PG&E case (see figure)

- BPA experience suggests 60-70% of power plant models did not match 

disturbance recordings even after the baseline test was performed.

Á Mandated Reliability Standards: 

- PRC-012-2 Remedial Action Schemes requiring PCs to evaluate existing RAS 

within its planning area. 

- NERC MOD-026 and MOD-027 requiring transmission planners and operators to 

verify generator models (turbine and excitation controls) on a periodic basis.

- MOD-033-1 Steady-State and Dynamic System Model Validation requiring 

PCs to validate system planning models against real-time system data. 

- Validate Dynamic model for Real time operational studies

PG&E Colusa case

Benefits:
Á Cost-effective method for TOs and GOs to satisfy NERC Reliability Standards .

Á Non-invasive online approach that allows asset owners to continue operating the 

plant (and realizing revenue) without stopping operations.

Á More accurate models for stability analysis => Improved Reliability

Á More accurate calculation of system operating limits => Better Asset Utilization



Conceptual Approach
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Disturbance Data

V, f, P, Q PMU data at POI

Forced Simulation

Run Simulation Engine using 

Forced Simulation

Simulation Validation

Compare measurements to 

initial model response

Model Validation

Calibration Report

Report estimated parameter 

values, confidence metrics

Design

Event Analysis

Determine events qualitatively 

different from previous events

Parameter Identifiability

Determine most identifiable set 

of parameters across all events

Optimization

Optimization based parameter 

estimation

Calibration Validation

Compare measurements to 

calibrated model response

Sensitivity Analysis Model Calibration

Stage I Stage II



Design Considerations

- Production -grade software tool
- Generic for wide variety of models (PSLF, TSAT and PTI PSS/E)

- Minimal data flow change on existing tools

- Account for non-linearity in models

- Quality of solution with reasonable speed

- Account for multiple different events

- Avoid tuning parameters that may already be at their true values

Two Stage Approach for Model Calibration
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Stage I: Sensitivity Analysis
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ÅRank deficiency of ὃcan result from: 
(1) very small entries in columns of ὃ
(2) columns of ὃbeing nearly linearly dependent

Sensitivity

Determine most identifiable set of parameters across all events
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Stage II -Multi -Event Calibration

Performance (in r.m.s.terms) of events calibrated for only one event (in corresponding column) evaluated against 

all other events (listed in the rows). It shows the generator parameters tuned by single event could not explain 

other event very well. 

Models and data sets obtained via NASPI-NERC model verification workshop, 2016*

*Courtesy: Dr. Ryan Quint, NERC

2 orders of magnitude reduction from initial error

1 order of magnitude reduction from initial error

reduction from initial error

Increase from initial error
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Multi -event Calibration -Preliminary Results

Performance of estimates from the sequential estimation approach for 
the gas plant case shows the proposed approach effectively reduce the 
overall error across all events.

2 orders of magnitude reduction from initial error

1 order of magnitude reduction from initial error

reduction from initial error

Increase from initial error

Event no. True set Def

Sequential, 

forgetting 

factor = 1e-2

Sequential 

without prior 

weight

1 0.19 2.80 1.02 0.38

2 0.28 1.34 0.32 0.25

3 0.03 1.23 0.58 0.37

4 0.35 2.64 1.00 0.35

5 4.15 3.10 3.81 3.72

6 0.29 1.56 0.35 0.30

7 20.49 14.68 19.39 19.25

8 0.03 0.99 0.47 0.18

9 1.14 4.82 1.17 0.83

10 0.24 1.12 0.27 0.29

11 0.01 0.27 0.10 0.04

12 0.02 0.62 0.29 0.08

1 0.21 1197.90 2.71 0.91

2 0.04 60.99 0.29 0.03

3 0.22 995.61 3.25 0.69

4 0.46 1370.90 27.41 10.48

5 0.13 215.22 1.24 0.38

6 0.03 41.74 0.54 0.10

7 0.92 1856.30 9.45 0.69

8 0.26 668.64 3.18 0.38

9 0.43 2613.00 304.42 6.79

10 0.07 57.92 5.16 0.81

11 0.05 63.22 0.93 0.15

12 0.12 474.97 0.18 0.08

delta p 2-norm 12.2178 15.9934

delta p inf-norm 9.2333 14.402

Perr rms

Qerr rms

Obvious solution : run calibration simultaneously on all events of 

interest strung together but this comes at the cost of computational 

expense and engineering involved in enabling running a batch of events 

simultaneously. 

Our solution : carry some essential information from the earlier 

calibrations runs and guide the subsequent calibration run that helps 

explain the new disturbance without losing earlier calibration matches. 



Implementation & Demonstration 
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Grid scale wind farm 

New validated and calibrated plant parameters

Dynamic model of wind farm 

ÅDynamic simulation engine
V nlBµ wzsm

V w±¹§´{§¥ªBµTSAT

ÅSystem Configuration
V PMU at POI

V PMU at Generator Terminal

ÅSteady state & Dynamic model
V EMS-operational model

V System planning model

ÅPhasor Data
V e-terraphasorpoint/openPDC/openHistorian

V JSIS CSV files/COMTRADE files/PI historian

Software Implementation -Generality & Robustness



Demonstration Using US WECC Model 
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* Note: Synthesized PMU data using Dynamic Model Courtesy WECC
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Initial VALIDATION Results 

(MISMATCH)

Onset of disturbance


