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Abstract

The wavelet mother function is embedded in the neurons of artificial neural network to form the
compact wavelet neural network. This kind of network is applied to the data fitting of remote
sensing temperature measurement, which could improve the fitting accuracy of the pure BP neu-
ral network. Based on the infrared temperature measurement experiment at Hongyanhe nuclear
plant using unmanned aerial vehicle, the data fitting is conducted for a group of obtained tempera-
ture data. The statistical analysis is performed for the experimental data, and the results show
that wavelet neural network could ensure the fitting errors in a small range, which is better than
the BP neural network. In this paper, the fitting error of remote sensing temperature measure-
ment is controlled at 0.4°C which can meet the measurement requirements.
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Figure 1. Measured route of surface vessel (left) and measured route by UAV at 200 meters altitude (right)
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Figure 2. Fixed-wing UAV X80
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Figure 3. Infrared thermal imager
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Table 1. UAV performance parameter table

=1L REANMRES R

TH R
THEE 3.2kg
IENLYL S 19 m/s
TR 3000 m
SEfiIn [A] 60 min
TR T
R 7% 07 = 15
TAEIR 0°C~40C
SEAL GPS. dt:3f
Hfehnie 433 Mhz
Table 2. Pan parameters table
#= 2. nEMEESEE
WH WE 323
ik MPU-6050 %41 6 4iliz 2 A A% k4
R 131 LSBs/*/sec
YR 0.10 sec/60° 6V HJE
R~F 90 x 90 x 40 mm
R 1kg
RENURE R 0.18°

Table 3. Data box performance table
= 3. MIRIEREMESHER

WH
RF
HE
5t
BIERG
N
Tkt
RHRG
WA Z A
RAM

el

boiL:3
96 mm x 67 mm x 47 mm
172 g
LS|

Linux &4t

10~48 VDC
12w

B RIRA%E XU
32GB
2 GB LPDDR3 RAM

2xUSB3.0; 1xUSB2.0; RJ45; GPS;
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Table 4. Infrared thermal imaging lens performance table
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mH ks
AR 0°C~50C
AH W 10%~95%, JE4kE
ey B, BRI
JRsF 46 mm x 56 mm x 84 mm
RS 207g
P 5VDC (it USB 2.0 B 14 r1)
FLIALI HE K 500 mA
Hrern USB2.0
bR REAEE -20°C~+100°C
Pix i 640 x 480
W Sy 60" x 45°
RGKEE +2°C 2%
REUE 0.075 K
UipUEES 32 HZ
g 7.5~13 um

Table 5. Portable GPS performance parameter table
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mHE ks
RAF 23.4x99x56cm
TAETREE —-20°C~+50°C
SR 4.2 ~FBE%E, VGA (480%640) 15 %
Tk WE 35 G e, A 1.2
T SCFF GPS LIC/A. L2C. L2E 5%, L1. L2 #i; GLONASS
LIC/A. L1P. L2C/A. L2P

B 1HZ

i SZIN RIS 4b B8 £50 cm £ 1 ppm
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l+e
WEEE R 4 PR,

HRRT R, WEGREWEZNREEMAETT, =2 NG 2% ) LT IR E I A T 2t R E 2
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XEEHhRE R A TR IR — 2P B .
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Figure 4. Fitted temperature curve of BP neural network
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Figure 5. Fitted temperature curve of wavelet neural network
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Figure 6. Fitted relative error curve of wavelet neural network
6. EMEZMEIEEIIRERE
Table 6. The comparison of the two fitting methods at some of the measuring points
6. BN RIS 7 ERIRTEE AR
I JE IR R NN I 2 U BP & i £ 40
AENGE R DR FiAn S5 A ZE MEHE 72l MEHE ZE
1 17.10 19.10 2.00 17.1134 0.0134 16.9614 —0.1386
2 17.02 19.12 2.10 17.0325 0.0125 16.9658 —0.0542
3 17.12 19.08 1.96 17.1055 —0.0145 16.9932 —0.1268
4 16.96 18.98 2.02 16.9774 0.0174 17.0155 0.0555
5 17.03 18.38 1.35 17.0102 —0.0198 17.0657 0.0357
6 17.21 19.03 1.82 17.2358 0.0258 17.5263 0.3163
7 17.82 18.86 1.04 17.7449 —-0.0751 17.7266 —0.0934
8 18.13 18.94 0.81 18.0558 —0.0742 17.8675 —0.2625
9 18.47 19.08 0.61 18.4355 —0.0345 18.211 —0.2590
10 18.74 19.01 0.27 18.7211 —0.0189 18.3354 —0.4046
11 18.97 19.00 0.03 18.9498 —0.0202 18.8175 —0.1525
12 18.92 18.98 0.06 18.9097 —0.0103 19.0557 0.1357
13 19.09 19.01 —0.08 19.1004 0.0104 19.1141 0.0241
14 19.10 18.98 -0.12 19.0637 —0.0363 19.1237 0.0237
15 19.31 19.26 —0.05 19.2947 —0.0153 19.1344 —0.1756
16 19.36 19.19 -0.17 19.3508 —0.0092 19.1288 —0.2312
17 19.40 19.07 -0.33 19.3893 —-0.0107 19.1214 —0.2786
18 19.61 18.71 —0.90 19.5125 —0.0975 19.2106 —0.3994
19 19.51 18.52 —-0.99 19.5145 0.0045 20.3042 0.7942
20 22.58 21.58 -1.01 22.5638 —0.0162 22.8204 0.2404
21 22.63 21.69 -0.94 22.7005 0.0705 22.9245 0.2945
22 23.21 22.59 —-0.62 23.2087 —0.0013 22.8784 —0.3316
23 23.39 23.11 —0.28 23.3842 —0.0058 23.4007 0.0107
24 23.98 22.74 -1.24 23.9707 —0.0093 23.9112 —0.0688
25 24.01 22.91 -1.10 24.0295 0.0195 23.9293 —0.0807
26 24.08 22.88 -1.20 24.0772 —0.0028 23.9717 —0.1083
27 24.34 23.24 -1.10 24.3321 —0.0079 24.2623 —-0.0777
28 23.26 22.38 —0.89 23.2904 0.0304 23.7936 0.5336
29 23.10 22.88 —-0.22 23.0753 —0.0247 23.1401 0.0401
30 20.12 21.69 1.57 20.1377 0.0177 20.4386 0.3186
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