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Fig. 1. Three Dimensional furnace system diagram.
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Fig. 2. Exact temperature distribution in the volume

element.
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Fig. 3. Exact temperature distribution on the typical

cross sections: (a) The cross section ¢ = 5; (b) the

cross section j = 5; (c) the cross section k = 5.
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Fig. 4. Temperature field reconstruction errors with

measurement errors under Tikhonov and TSVD.
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Fig. 6. Temperature distribution on the typical cross

sections under TSVD algorithm: (a) The cross section

i = 5; (b) the cross section j = 5; (c) the cross section

k=5.
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Fig. 5. Temperature distribution on the typical cross %EE@%E@EE% Eﬂ- 7 %E@Hﬂ-l‘ﬂ I}ﬁyﬂ\[ﬂ%ﬁé
sections under Tikhonov algorithm: (a) The cross sec- N . . o \
tion 7 = 5; (b) the cross section j = 5; (c) the cross ﬁﬁﬁ}?f’t’ ﬁ_‘ﬁ*ﬂ‘ﬂ\ﬁ%ﬁﬁ 17_37?0 k" BT EL
section k = 5. %@J, E@Hﬂ‘IET‘I*D{M%l%%IL%Z&ﬁ%%, E@Eﬁ
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Fig. 7. Temperature field reconstruction time with

measurement errors under Tikhonov and TSVD.

#1 Tikhonov 5 TSVD &t fx i i & ) Lh K
Table 1. Maximum reconstruction temperature under
Tikhonov and TSVD.

g W IR BRI R R

MR RZE /% FTERTT JAEARTT

Tikhonov 0 0 445 445
0.01 0.1322 445 535

0.03 0.3723 445 445

0.05 1.0156 445 435

0.07 1.9196 445 444

0.1 1.6374 445 203

TSVD 0 0 445 445
0.01 0.4735 445 345

0.03 1.7751 445 556

0.05 2.7335 445 455

0.07 2.5486 445 434

0.1 1.6954 445 203
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Abstract

Radiative imaging of combustion flame in furnace of power plant plays an increasingly important role in combustion
diagnosis. The flame radiation image taken by a charge-coupled device (CCD) camera can reconstruct three-dimensional
flame temperature distribution in the furnace. CCD cameras are used for capturing the flame images to obtain the line-
of-sight radiation intensities. The temperature reconstruction matrix equation is a seriously pathological equation. Thus
the temperature field reconstruction problem is an ill-posed problem. The two algorithms (Tikhonov regularization and
truncated singular value decomposition (TSVD)) for solving the temperature field reconstruction are introduced. The
size of the numerical simulation system is 10 m x 10 m X 10 m, which is divided into 10 x 10 x 10 volume elements
in the three dimensions. Each volume element is a unit cube. Generalized cross-validation (GCV) is used to select
the correct regularization parameter. The measured data are simulated by adding different random errors to the exact
solution of the direct problem. The reconstructed temperature deviation is calculated by the two algorithms separately.
When the measuring errors are 0.05 and 0.10, the reconstruction errors based on Tikhonov are respectively 19.3% and
7.0%, less than those based on TSVD. When the measuring errors are 0, 0.01, 0.03 and 0.07, the differences between the
two kinds of errors are all less than 3%. Both the algorithms can reconstruct the correct temperature field. The times
required to reconstruct the temperature field by the two algorithms are compared and their effects of the maximum
temperature are also compared. When the measuring errors are 0, 0.01, 0.03, 0.05, 0.07 and 0.1, the reconstruction times
based on Tikhonov are respectively —0.0917, —0.049, 0.161, 0.002, 0.135 and 0.091 s, shorter than the reconstruction
times based on TSVD. There is singular value decomposition (SVD) in TSVD. And this process takes more than 2 s. If
the problem is more complicated, SVD takes much more time. The errors of the maximum reconstruction temperature
under Tikhonov are smaller. And the position of the maximum reconstruction temperature under Tikhonov is near the
position of the exact maximum temperature in space. The maximum reconstruction temperature under TSVD is not
so good as that under Tikhonov. Preliminary results indicate that the Tikhonov-based reconstruction is slightly better
than the TSVD-based reconstruction, especially in reconstruction error, reconstruction time, and effects of the maximum

temperature.

Keywords: temperature reconstruction, Tikhonov regularization, truncated singular value decomposi-

tion, random
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