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How to generate the appropriate power 

system operating data?

 Operation data affects model performance and testing

(a) The impact on performance (b) The impact on model testing
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 Mathematical relationships among the variables                 

(AC-Power flow equations) – Newtown method

 Geographic correlation of operational Data                           

(A region's loads have similar characteristics)

 Inherent characteristics of power Systems                               

(Thermal unit output is not completely random)          

These three factors need to be considered.
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 Existing methods for geographic correlation    

No data generation method that considers the  geographic 

correlations and actual operational characteristics properly 

 Existing methods considering operational characteristics 

➢ Sample variables independently Ignoring geographic Correlation 

➢ Use historical data directly

➢ Use computational platforms

➢ Sample only one variable            Simplifying geographic Correlation 

➢ Evenly distribute the load to thermal power units

➢ Randomly distribute loads to thermal power units

Limiting the scope of the application 
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2.1 Overall process

Data Augmentation & Data Generation
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2.2 Parameter Estimation and Sampling Variable Acquisition

Bus loads Multivariate normal distribution 

Photovoltaic 

factor
Weibull distribution

Maximum likelihood method

Covariance Calculation Method

𝑫 = ൯൫𝑫𝟏, 𝑫𝟐, ⋯ , 𝑫𝑴
𝑻

𝑫‘ = ሻሺ𝑫𝟏’, 𝑫𝟐‘, ⋯ , 𝑫𝑴’
𝑻

Linear transformation

Linearly related

Linearly irrelevant
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Historical load data Covariance matrix Eigenvector matrix

Related sampling variable Irrelevant sampling variable

Cov(D)

Eigendecomposition
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2.3 Sampling

𝑺 = 𝑫𝟏
′ , 𝑫𝟐

′ , ⋯ , 𝑫𝑴
′ , 𝛈𝒔,𝟏, 𝜼𝒔,𝟐, ⋯ , 𝛈𝒔,𝑹

𝑻
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2.3 Sampling

1
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Linear transformation

Random order matrix O Updated order matrix G

Correlation coefficient

matrix ρ𝑂
𝝆𝑶 = 𝑻𝑻𝑻 𝑮 = 𝑻−𝟏𝑶

Origin order matrix Updated order matrix G

Cholesky decomposition
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2.3 Sampling
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Bijection

Net load samping matrix ෩𝐷
𝑫 = ሺ𝑸‘ሻ−𝟏 𝑫′

Net load = load - new energy output
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2.4 Generation Benchmark Settings

Area A Area B

Voltage source

Power source

Net Load

How to distribute the net 

load to thermal units？

➢ Load balancing

➢ Anti-risk ability

➢ Power generation cost

 Conditions to be met

UC Model
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2.4 Generation Benchmark Settings

Fuel costs Generation benchmark
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2.5 System operation data calculation

Generation benchmark Net load samping matrix ෩𝐷Power System Parameters

Matpower
(Newtown Method)
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3.1 Comparison of sampling methods

.

Sampling 

method

Average error 

(MW)

Max error 

(MW)

Method 1 2.81 106

Method 2 128 3176

Method 3 42.6 721

Table 1. The overall error of different sampling methods

Origin data

1 Proposed in this paper 2 Sampling individually 3 Sampling only one factor
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3.2 Comparison of generation benchmark settings

➢ The injected power of a bus was 

simulated 50 times

➢ The power generation benchmark 

has a very large impact on the data
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3.2 Comparison of generation benchmark settings

Benchmark-setting strategy Average error (MW) Max error (MW)

Default power generator 

benchmark
20.0964 444

Benchmark solved using UC 2.81 106

➢ Comparing the performance of different generation benchmark setting methods in 

data-driven models

➢ The method proposed in this paper significantly improves the performance of data-

driven models

Table 2. The overall error of different generation benchmark settings.
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3.3 Influence analysis of renewable energy

Type of error Average error (MW) Max error (MW)

Only test set access to 

renewable energy
3.42 160

Both sets access to 

renewable energy
2.81 106

No set access to 

renewable energy
0.11 6.02

➢ We designed an experiment to test the impact of renewable energy on the data-driven 

linear power flow model.

➢ Access to renewable energy has a very large impact on the data-driven model.

➢ Considering renewable energy when generating the data allows for better simulations.

Table 3. The overall error of different systems
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➢ This paper proposes a data generation method with

consideration of geographical correlations and actual

operational characteristics.

➢ Eigendecomposition and UC model are introduced into the

proposed method to accurately characterize geographic

correlations

➢ UC models are introduced to accurately characterize

actual operating characteristics of thermal units.

➢ In the future, nonparametric estimates can be used, and

more categories of renewable energy could be considered

in the future to generate datasets with wider applicability.



Thank you for your listening!
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