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Research on reconstruction algorithm of boiler
combustion temperature field based on AT
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Abstract: In order to monitor the combustion state and measure the temperature distribution in the fur-
nace, a three-layer progressive grid temperature field reconstruction algorithm based on acoustic tomo-
graphy (AT) is proposed. The algorithm first computes the sparse grid temperature information with
the least squares method (LSM), and then uses the least squares support vector machine (LSSVM) to
establish a fine grid model for the temperature field. In order to further improve the reconstruction accu-
racy, the parameters of the LSSVM reconstruction model are tuned by the differential evolution algo-
rithm (DE) (Referred to as the LLD algorithm) to establish a detailed temperature description of the en-
tire measured temperature field. Through the reconstruction of three different types of temperature
fields provided by Dongfang Boiler Industry Group, the results and error analysis show that the LLD al-
gorithm can describe the temperature distribution information of the measured combustion zone globally
and achieve high-precision reconstruction of the temperature field.
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algorithm
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Fig. 2 Transducer arrangement and the division of meas-
ured region
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Fig. 4 Reconstruction results forthe single-peak temperature field
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Fig. 5 Reconstruction results for the double-peak temperature field
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Fig. 6 Reconstruction results for the high-low peak temperature field
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Tab.1 Single-peak temperature field reconstruction errors
PO X R 2 NG IR IR IR
G EERGR
Enean /K Ems/ % Enean /K Ems/ % Eean /K Ems/%
LSM-BI 20. 11 1.71 / / 20. 11 1.71
LSM-SP 20. 75 1.78 67.98 6.03 43. 41 4,23
ART-SP 19.03 1. 61 66. 29 5. 58 41. 71 3.91
LSM-KR 21. 60 1. 90 63. 26 6.21 41. 59 4. 38
LSM-MQ 24. 26 2.07 72.08 7.33 47. 20 5.12
LLD 16. 99 1. 50 56. 24 5. 11 35. 82 3.59
F2 NEREHERERE
Tab. 2 Double-peak temperature field reconstruction errors
P X iR 2 NG IR IR Edmi
ARk
Enean /K Ems/% Enean /K Ems/ % Eean /K Ems/%
LSM-BI 52.23 4,24 / / 52.23 4,24
LSM-SP 47,27 3.89 141. 50 14. 83 92. 48 10. 19
ART-SP 50. 89 4.09 147. 41 14. 60 97. 20 10. 10
LSM-KR 62. 95 5.15 99. 22 10. 17 80. 35 7.74
LSM-MQ 61.56 4.98 104. 06 10. 46 81. 95 7. 84
LLD 48.42 3.92 73.35 7.29 60. 38 5. 64
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Tab. 3 High-low peak temperaturefield reconstruction errors
P X R 2 NG BIRYE 2 JRiR2E
iR EERGR
Enean /K Ems/ % Enean /K Ems/ % Eean /K Ems/%
LSM-BI 49. 32 4. 34 / / 49. 32 4. 34
LLSM-SP 50. 21 4. 40 129. 14 13. 46 88. 08 9. 56
ART-SP 53. 19 4.71 136. 31 14,17 93. 07 10. 09
LSM-KR 50. 14 4.51 102. 81 11. 11 75.41 8. 14
LSM-MQ 48. 84 4.22 111. 32 12. 30 78.82 8.79
LLD 32.99 2. 96 97.42 10. 24 63. 90 7.19
1 RN THIER S N O ISR 2E R R, R 2 TR M X T UG IR 2 37, LSM-

MG IXIIRIERF . LLD FILE @GR F 4 SPRIEM ART-SP BAM R R R, WA
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HATNGHR SOAFEARRIRZRR . S5HAL 0 0 T R 2 . LLD S5 S 45 1 e b0
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Tab. 4 Reconstruction errors of LLD algorithm with noise
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