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Temperature field reconstruction algorithm based on Reflected-Sigmoid
radial basis function interpolation
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(College of Electronics and Information Engineering, Sichuan University, Chengdu 610065, China)

Abstract; The acoustic thermometry has a good application in the special temperature field environment.
That is, the continuous distribution of temperature field can be reconstructed using the flight time spent
on the finite ultrasonic propagation path. The least square method is one of the acoustic temperature
field reconstruction algorithms, and the reconstructed temperature field will have the phenomenon of
missing edge information using this method. In order to solve this problem, an algorithm based on Re-
flected Sigmoid radial basis function interpolation is proposed to reconstruct the two-dimensional distri-
bution of temperature without information loss. In this algorithm, the least square method is adopted to
determine the temperature matrix and the Reflected-Sigmoid function is used to interpolate the tempera-
ture field. The reconstruction results and error analysis of two typical single peak temperature field
models show that the root mean square percentage error of the symmetrical single peak temperature field
is 1. 6% and the root mean square percentage error of the skewed single peak temperature field is 3. 5%
after complementing the edge of the temperature field.
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Fig. 1 Schematic diagram of temperature measurement
by acoustic method
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Fig. 2 Position distribution of ultrasonic probe and parti-
tion of plane area
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Tab. 1 Position coordinates of ultrasonic probe

R R G [DATE L
Sy 0,0
Sy (0. 6,0)
S; (1.2,0)
S, (1.2,0.6)
Ss (1.2,1.2
Ss 0.6,1.2)
S; (0,1.2)
Sg (0,0.6)
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Fig. 3 Isothermal diagram of two simulated tempera-
ture fields
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Fig. 4  Reconstruction results of least squares com-
bined with three degree polynomial interpola-
tion
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Reconstruction results of least squares com-
bined with Kriging interpolation
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Tab. 2 Error analysis of reconstruction results based on
least square method combined with three degree

polynomial interpolation

wn VTS
Enmax/K 16. 9140 53.5585
Euin/K 0.0190 0. 0028
Enen /K 5.6276 18. 9669
Ems/% 0. 8092 2.8779
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Tab. 3

Error analysis of reconstruction results based on

least square method combined with Kriging inter-

polation
A B XS FRIR L ) e O R
TM, (x,y) TMy (x,y)
Enax/K 42. 5855 63.5733
Enin/K 0. 0079 0. 0051
Enean /K 11. 5837 17.1558
Ems/% 1. 7757 3.1442

R4 BINZFELEE Reflected-Sigmoid 12 [a] £ oF £ 1FH &
BERERIRESW

Tab. 4  Error analysis of reconstruction results based on
least square method combined with Reflected-Sig-
moid radial basis function interpolation

e TR
Emax/K 33. 8565 144. 1298
Enin/K 1.4318 0. 0016
Erean/K 10. 1960 19. 2518
Emd/% 1. 6395 3.1266
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Tab. 5 Error analysis of reconstruct temperature field cen-

ter area results based on least square method com-

bined with Kriging interpolation

FRIGEXTRRIR 5 PRI (i AR B
RENH TM (a0, y) PO X, TM (x5 ) HL X 5,
e AR T e AR
Emax/K 17.1253 37. 9514
Emin/K 2.9542 0. 0051
Enean /K 14. 0194 10. 4302
Euns/ % 1. 6741 1. 8283
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BEHFORIEERRESHT

Tab. 6 Error analysis of reconstruct temperature field cen-

ter area results based on least square method com-

bined with Reflected-Sigmoid radial basis function in-

terpolation
B X BRI ) AR AR )
WS TM (e, ) Hub X TM (s y) HL X 35

RS I pi gl 1 45 RS J pR BT A4
Enmax/K 16. 9140 45.1532
Enin/K 1. 4318 0.0016
Enen/K 6. 3542 11. 7103
Ems/% 0. 8621 2.0913
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Tab. 7 Error analysis of reconstruct temperature fieldedge

area results based on least square method combined

with Kriging interpolation

FRIGEXT IR IR & PRI I AR 5
WEMT TM (x, ) AKX TM (x4 y) H% X35,
b AR i B AR AR
Emx/K 42,5855 63.5733
Erin/K 0. 0079 0.0110
Emean/K 9. 6058 22. 6170
Eums/ % 0. 3709 0. 8249
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Tab. 8 Error analysis of reconstruct temperature fieldedge
area results based on least square method combined
with Reflected-Sigmoid radial basis function inter-
polation

PR TR EE Pl fr R EE
BT TM (a0, ) HEIX I, TM, (s ) IIGEIX IR
RS 5t b i 45 RS 5t o Bl g 45
Eoni /K 33. 8565 144. 1298
Enin/K 2.9731 0. 0591
Enean /K 13. 3155 25. 3755
Eums/ % 0. 3521 0. 8210
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