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Swarm Grid
● Swarm Grid Nodes

– act independently

– don’t rely on centralized instance

– share information

– share computing power
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● Central Instance 

– Gathers measurements

– Calculates network state

– Sends control commands
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State Estimation
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State Estimation

● Distribution System State Estimation (DSSE)

● Assumption:

– Only some data is available 

● Goal:

– Estimate missing data

● Purpose:

– Prevent voltage limit violations

– Create load profiles

– Localize faults

– Outage Handling

– Loss Monitoring
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State Estimation
in Literature (Wäresch 2018, Brandalik 2020) in this research project

● Low Voltage Systems are operated 
asymmetrically

– Absolute value of line currents is not identical

– Phase shift and voltages are different from symmetrical 
operation

– Thus: Calculation using simplified symmetrical system is not 
possible (prone to errors)

● Solution: Split up into three symmetrical 
components

– Positive sequence component (index 1) 

– Negative sequence component (index 2) 

– Zero sequence component (index 0) 

28.03.2023

Seite 8

● Simplified symmetrical system

– Accepting errors

Three – phase admittance matrix transformational matrix
Complex AC 

operator
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State Estimation Algorithms

Model-based Forecasting-Aided Data-driven

A single set of measurement data Recursive updates of state 
estimation

Trained on existing data

Weighted Least Squares Kalman-based Filters ANN / DNN

Least Absolute Value Extended Kalman Filters Physics aware neural networks 
(aware of structure of distribution 
network)

Least Trimmed Squares Unscented Kalman Filters

Least Median of Squares

Generalized Maximum Likelihood
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State Estimation
Literature

● In model-based algorithms

– One fully known state vector

– If values are unknown: 
filled with replacement values

● Virtual measurements

● Pseudo measurements

● Historical data
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● In data-driven & forecasting-aided algorithms

– Historical data

– Fresh measurements
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Bad Data Detection

● Measurement data may be flawed
● Obvious wrong data needs to be removed before state 

estimation
● Additional available measurement data is helpful!

Model-based
Data-driven

L²-Norm Linear regression

Largest normalised residual Support Vector machine

Chi-square test ANN, CNN

Margin Setting Algorithm

K-Means Clustering
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State Estimation
Starting Assumptions

● Network topology is known

– Through topology estimation

– Through manual input

● Nodal admittance matrix is available

● Measurement data is partially available

● Radial Network Topology

– Meshes will be dealt with later

● Phase shift is known

– Definition of a slack node (usually 
Transformer)
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State Estimation
Example Grid, expected values
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PandaPower Simulation
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State Estimation
Example Grid, known values
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State Estimation
Ohm’s Law with incomplete Vectors

28.03.2023

Seite 16



Grid State Estimation

Markus de Koster

State Estimation
Example Grid, Admittance matrix
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State Estimation
Transformation of Ohm’s Law
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State Estimation
Transformation of Ohm’s Law
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Weighted Least Squares 
- weights = measurement accuracies
- systematically fill in values in U
- minimize residuals between left side and right side 
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State Estimation
Fill partial vector into full vector
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State Estimation
Preparation for Constrained Least Squares
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=

Incomplete vector

Minimize:
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State Estimation
Constrained Least Squares
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Minimize:

=Constraints: sum(I) = 0
Boundaries: 
- Consuming nodes: I < 0
- Producing nodes: I > 0
- Voltages in defined range e.g. 210 < U < 250
Weights:
- measurement accuracies
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State Estimation
Overview
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State Estimation
Principal Pivot Transform
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Exchange elements from 
Current to voltage vector
- requires Matrix transformation
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State Estimation
Principal Pivot Transform
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State Estimation
Principal Pivot Transform
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State Estimation
Principal Pivot Transform

● Transformation results in equation system 
with fewer equations and fewer unknowns

● Mostly similar results

● Results in different matrix shape m x n with 
m >= n

– Allows minimization for overdetermined 
systems using QR Decomposition

● Python Library for PPT published on Github
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Worst Case Analysis
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Worst Case Analysis
Improvement Strategies

● Transform estimation bus to Zero Injection 
Bus (ZIB)

● Worst case:

– Power consumption at the end of line

– Results in highest line currents 

– And highest voltage drops

● Remove estimation bus at the beginning of 
line (closest to nearest measurement bus)
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Worst Case Analysis
Improvement Strategies
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Worst Case Analysis
Problematic Topologies
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Results
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Results

● Lower ratios:

– more known values

– better results

● 21000 grids
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Results

● Extremely accurate for
low ratios

● Caveats:

– Also shows ZIB

– Outliers removed

– Not all ratios 
represented equally
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Outlook
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Outlook

● Combination of Topology Estimation and 
State Estimation

● Improve worst case assumptions

● Asymmetrical network calculations

● Compare multiple algorithms
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