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Recursive Subspace-based Model Refinement Method for Digital Twin of Thermal
Power Unit

Abstract

Abstract: Due to factors such as simplified assumptions or equipment characteristic deviation, modeling
errors are inevitable in the mechanism modeling of thermal power units. To deal with the problem, this
paper proposes a novel model refinement method based on recursive subspace for the digital twin of
thermal power units. Firstly, the digital twin models are built based on mechanism analysis and combined
with small sample data of typical conditions, ensuring interpretability and generalization performance.
Secondly, based on the recursive subspace identification method, the refinement model is built and
updated online in real time to compensate for the modeling error, improving the prediction accuracy and
ensuring the high fidelity of the overall digital twin model. Finally, simulation results validate the
effectiveness of the proposed method.
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Table 2 Comparison of error indexes for main stream pressure under changing coal flow

. F AL TI(MPa) 1R 2 BT (%)
NOMR SMR ANNMR RSMR SMR ANNMR RSMR
EA 0.004 0 0.000 7 0.000 6 0.000 1 82.5 85.0 97.6
EMAX 0.004 7 0.001 3 0.001 4 0.000 3 73 70.2 93.6
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Table 3 Comparison of error indexes for output power under changing coal flow

. T Ih R/ MW R 72 BER %
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Fig. 5 Comparison of predictive curves for output power
under changing valve opening
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Table 4 Comparison of error indexes for main stream pressure under changing valve opening

. Ik J1/MPa R PR %
NOMR SMR ANNMR RSMR SMR ANNMR RSMR
EA 0.004 0 0.001 1 0.000 7 0.000 3 72.5 82.5 92.9
EMAX 0.005 5 0.002 5 0.001 6 0.000 7 54.6 70.9 87.3
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Table 5 Comparison of error indexes for output power under changing valve opening
. i /MW PR ZE R/ %
NOMR SMR ANNMR RSMR SMR ANNMR RSMR
EA 5.278 8 0.749 3 0.263 0 0.1372 85.8 95.0 97.4
EMAX 5.686 7 0.806 7 0.679 3 0.192 8 85.8 88.1 96.6
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Fig. 6 Comparison of predictive curves for main stream

pressure under concurrent changing coal flow and valve opening

Fig. 7 Comparison of predictive curves for output power
under concurrent changing coal flow and valve opening
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Table 6 Comparison of error indexes for main stream pressure under concurrent changing coal flow and valve opening

- F7&IUL 1/ MPa TR 22 PRI/ %
NOMR SMR ANNMR RSMR SMR ANNMR RSMR
EA 0.004 2 0.001 6 0.001 6 0.000 1 61.9 61.9 97.6
EMAX 0.008 1 0.002 2 0.002 5 0.000 4 72.8 69.1 95.1
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Table 7 Comparison of error indexes for output power under concurrent changing coal flow and valve opening
- it D% /MW 22 PR %
NOMR SMR ANNMR RSMR SMR ANNMR RSMR
EA 5.1189 0.646 8 0.708 5 0.3852 87.4 86.2 92.5
EMAX 5.657 6 0.8513 1.243 1 0.485 4 85.0 78.0 91.4
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