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1 Background

O Operation data affects model performance and testing
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(a) The impact on performance (b) The impact on model testing

How to generate the appropriate power
system operating data?
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1 Background

These three factors need to be considered.

O Mathematical relationships among the variables

(AC-Power flow equations) — Newtown method

O Geographic correlation of operational Data

(Aregion's loads have similar characteristics)

O Inherent characteristics of power Systems

(Thermal unit output is not completely random)
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1 Background

Existing methods for geographic correlation
Sample variables independently Ignoring geographic Correlation
Use historical data directly

Limiting the scope of the application
Use computational platforms

v v Vv v O

Sample only one variable Simplifying geographic Correlation

O Existing methods considering operational characteristics
»  Evenly distribute the load to thermal power units
» Randomly distribute loads to thermal power units

No data generation method that considers the geographic
correlations and actual operational characteristics properly
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2 Data generation method considering geographical
correlations and actual operation characteristics

2.1 Overall process

[ Historical load data J

Compute covariance matrix { | Use the Latin hypercube method Set benchmarks for power
and estimate parameters for each sampling variable i generation using UC models

\ 4 E E \ 4 E E Step 4 v
[ Decouple variables to make 1_ [ Obtain sampling permutations } [ Calculate power flow using }

variables uncorrelated. using Cholesky decomposition Newton-Raphson method

Generated power
system operations data

Data Augmentation & Data Generation
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2 Data generation method considering geographical
correlations and actual operation characteristics

2.2 Parameter Estimation and Sampling Variable Acquisition

| ~Covariance Calculation Method Y
~  Bus loads > Multivariate normal distribution | |
i “Photovoltaic ) Maximum likelihood method ~ N i
: > Weibull distribution i
1 factor L J
Linearly related l i
_ T + | Historical Covariance Eigenvector | |
D = (D1,D;,, Du) i | load data matrix matrix | !
1 Linear transformation |

. [ Related Irrelevant

D' = (Dy, Dy, Dy)T sampling sampling

variable J variable

Linearly irrelevant
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2 Data generation method considering geographical
correlations and actual operation characteristics

2 2 Parameter Estimation and Sampling Variable Acquisition

s D N
Historical load data —{Covarlance matrle Eigenvector matrix i

E ( = h I N |
Related sampling variable {Irrelevant sampling variable |:
T — —
D = (Dy,D,,-,Dy) 4 0 L 0
0 4, L 0
‘ Cov(Q'D) = M MO M
Cov(D)
‘ Eigendecomposition _0‘ 0 L 4]
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2 Data generation method considering geographical
correlations and actual operation characteristics

2.3 Sampling

—

T . .
S = (D1, D%, -, Dy Ms1,Ms2 > NsR) Sampling matrix X

i X X2 Kz Xig X M2 X3 X i
i Xor Xop Koz Xpy Xop Koz Koy Xy i
i | X3 Ksp X33 Kag | | X33 X3 K34 X3p | !
i Origin sampling matrix X Updated sampling matrix i
| One to one‘ i One to one |
! mapping Random linear mapping |
] permutating transformation i
123 4 12 3] 12 314 i
123 4 P |23 m 23 41 |
i 1 2 3 4 4 12 3| | 1311 412 i
+ Origin order matrix Random order matrix O Updated order matrix G !
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2 Data generation method considering geographical
correlations and actual operation characteristics

2.3 Sampling
(1 2 31 4] Linear transformation (1 i2 31 4]
2 3 4 1 > 2 3 4 1
412311 301 452
Origin order matrix Updated order matrix G
Random order matrix O Updated order matrix G
l Cholesky decomposition '
Correlation coefficient
— T =711
matrix p, 4p0—TT h G=T"0
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2 Data generation method considering geographical
correlations and actual operation characteristics

2.3 Sampllng

i Mo M Ns K A X2 Nz K i
i Y KM Koz Aoy Xap Xos Xouo Xy i
i R R F Rk I M M Maa X | i
i Origin sampling matrix X Updated sampling matrix i
i Bijection i Lo :
| Bijection !
i l Random Cholesky i
P _permutating ~decomposition i i
P12 3 4 112 314 1 23 4 ]
1234 P (2341 WP |23 41 |
12 3 4 402 311] 3 l.l.----ft__i 2. |

Orl gin order matrix

D=(Q)"D

Net load =

load - new energy output

Net load samping matrix D
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2 Data generation method considering geographical
correlations and actual operation characteristics

2.4 Generation Benchmark Settings

Net Load
How to distribute the net

ﬂ load to thermal units?
Area A Area B

Power source

T

VoItage source

0 Conditions to be met

UC Model - >  Load balancing
> Anti-risk ability

»  Power generation cost
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2 Multi-stage

Robust Economic Accommodation

Model Considering Carbon Emission Cost

2.4 Generation BenchmarkISe

ttings

min

» C p?

g
PioZi =]

Fuel costs

Generation benchmark

)
Z p,-g =0 »  Load balancing constraints
i=1 m=1

P<pé <, pPj—= Generator output limit
zhsprszbi=12,.. — constraints

I

5 g .

Z(ZiB Pi ) > SR

=1

ZI *|  Spinning reserves constraints
> (pf-zPR)2 SR
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2 Multi-stage Robust Economic Accommodation
Model Considering Carbon Emission Cost

2.5 System operation data calculation

Generation benchmark Power System Parameters Net load samping matrix D
Matpower
(Newtown Method)
P, ..., P, Of, .., O,
data, = Vlk, ey VA’;, Hlk, ey QA’}
k k k k
PF", ..., PF , OF" ..., OF,
v
System operating
data
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3 Numerical Tests

3.1 Comparison of sampling methods

Covari . .
o 0.06960 Table 1. The overall error of different sampling methods
R3 0.05552 Sampling Average error Max error
0.04144 method (MW) (MW)
S R2
. 0.01328 Method 2 128 3176
-8.000E-4
" s " Method 3 42.6 721
area
Oriain data Cﬁvarimﬁ?ﬁﬁ?ﬁ.{] f_‘.nvariarﬁn.:ﬁﬁqm Covariar(l)(_:g%o
R3 0.05552 R3 0.05552 R3 0.5566
0.04144 - 0.04144 - 0.4173
2 R2 2 R2 % R2
0.02736 © 0.02736 0.2779
R1 0.01328 o, 0.01328 - 0.1386
-8.000E-¢ -8.000E-4 -8.000E-4
R1 R2 R3 Rl R2 R3 R1 R2 R3
area area area
1 Proposed in this paper 2 Sampling individually 3 Sampling only one factor
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3 Numerical Tests

3.2 Comparison of generation benchmark settings

h
<=
T

I uc solution » The injected power of a bus was
Default solution . )
: simulated 50 times

+a
L

2
=

Injected power (MW)
L
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» The power generation benchmark
has a very large impact on the data

—
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3 Numerical Tests

3.2 Comparison of generation benchmark settings

Table 2. The overall error of different generation benchmark settings.

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

Default power generator 20.0964 444
benchmark
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

Faculty of Electronic and Information Engineering
MOE KLINNS Lab, Xi'an Jiaotong University 202~ 1420 17720




3 Numerical Tests

3.3 Influence analysis of renewable energy

Table 3. The overall error of different systems

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

Only test set access to

3.42 160
renewable energy
Both sets access to 781 106
renewable energy

No set access to 0.11 6.02

renewable energy

» 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.
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4 Summary

» 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.
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Thank you for your listening!

mao1234@stu.xjtu.edu.cn
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