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Abstract: With the development of disciplines such as climate diagnosis, climate change and weather forecasting, the measurement
accuracy of the sounding temperature sensor has increased to the order of 0. 1°C. Due to the interference of factors such as solar
radiation, lift-off speed, cloud in and out of the cloud, the sensor measurement error can reach 3°C or even higher, which has become
the main obstacle restricting the improvement of meteorological detection accuracy. Aiming at this problem, firstly, the optimal design
scheme of the temperature sensor is obtained through three-dimensional modeling and fluid mechanics analysis. The measurement error is
minimized from the sensor morphology design. Then, by analyzing and summarizing historical meteorological observation data, the first
domestic high-altitude observation dataset containing 900 000 detection records based on the real environment was constructed to solve
the problem of deviation between the simulated environment and the real environment. Finally, Morlet wavelet is used as the activation
function of the deep neural network. The support vector machine, XGBoost, deep neural network, and linear regression are combined to
construct a prediction model for the measurement error of the sounding temperature sensor. After the error prediction model proposed in
this paper, the average error is reduced from 0. 817 to 0. 008, the root mean square error is reduced from 0. 878 to 0. 068, the standard
deviation is reduced from 0. 458 to 0. 204, and the fitting coefficient R* is 0. 93. The measurement accuracy of the temperature sensor
has been significantly improved, which is more conducive to the development of relevant content of the meteorological discipline.
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Fig. 1 Physical model of thermistor
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Fig. 2 Numerical calculation model
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Fig. 3  Sensor temperature field distribution
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Fig.4 Diagram of volume and radiation error

s TN = 2 TIN5 W ANG o=l 1 B U
ARZEZIRIN B TR JEE B3 I, A [ )T e B
[ PRy 5 2 Wl 3 0 R R KT A2 1.5 € K 4 ]
R R BEL RO ST e/ i Sf 4 B AR R 2 e e/ [ IR )
L RAR IR AR 3 T 2Rt
1.3 RREEREREMHRENKRE

NIRRT TR IR TR P i T 51 R M H A



12 3

PRl B AR S AR R 25 T B AR5

« 27 -

Ii) 777 X} A e 0 235 TR A 2 o 3 e g 5 | e A iR B
0°.60°,120° . 180° PUFP AR AT, R PE47 Btk AL e BHL SR
TFEANr 51 T 514k M S5IRES A E 5 iR,

0.02

' 301418 8 01512
301335 = 301424
301253 301335
301171 301247
~0.01 301,088 301,159
301,006 301071
300,924 300,982
300,841 300,894
300,759 300.806
0.02 300,676 300718
4 300,594 I 300629
300,512 | 300541
300,429 00453
-0.03 300347 300365
i 300265 300276
300,182 300,188
300,100 300,100
-0.0 -
-0.01 0.02 0.02

301.700
301.606
301.512
301418
301.324
301.229
301.135
300.041
300.947
300.853
300.759

301.700
1 301.606

300.665
300.571
300.476
300.382
300.288
300.194
300.100

0.02

0.01

04

~0.01 0
(c)120°
K5 Bl&demS5iREG M

Fig.5 Distribution of angle diameter and temperature field
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Fig. 6  Distribution of wire diameter and temperature field



- 28 - LSRR R e o

LURRE

o

y4
L= ~ ) S

v g
. L N e

R 7L R 7 BV
Fig. 7 Radiosonde flight trajectory diagram

P AE— AT R P AT LAMCER B 6 000 £ A 2%k S
PRASA ML B0 an 3% 1 B, A i i) RO TR
FE BRJEAE 15 A5 RAOULIN AR 5C A R K | I B X
WA SR R BE R AR
x1 REUHEER
Table 1 Radiosonde data

24 il 24 il
Fisf 18] 18.58.05 g 112.787 9°
< 992. 59 hPa S 28.109 5°
URRRITYES 30. 94C i f 76. 4°
W3 68% T £y 1. 6°
9 24.34°C FrifER 39 483
WK 119.3 m ARt 0.02 Wh
A 5.35 m/s PRI 992.5 hPa
il 128.1° bR L 31.2%C
ey 0.148 m BRfER 65%

55 S i s B S A B, BT 150 YO
SRR AR LR EEF] 6 000 45 15 DMYEE RS
B, TECIERE b AR SO T — A 3 T B S0 I A A
PR ZS 15 B B 4R 12 8080 AR 2L 900 000 24
M, o — 4808 15 M SRR HNAE &R IEAR
T, AR SCIR SIS N 2K TE B A R O E A xR
MBS TRRHEBE JEAT 50 BT 5 AR, Sl 52 90 1 B A%
TSI 15 2 0 FRLIN , MY 18 TR 255 1l 3 A SR 1 )
R EE , LM J5 22 14 R A TR0 | A58 Wb At v s 1) i
X%,

2.2 [|EFEMSEHE

R SEPRARAS T A5 SRS R 25 T, AR AE TR R O
AR B —2 AU 1Y e s T B A
AN 418, ASBE 4 7 {0 1l S e 5 308 3 A SRR 0 e 15R 25
SR AR 2R Ry ST e R B b i 22 U, 5 LA
FHEEAZ 7 00 i s B s 1E AT 434, DA 3 5 0
R IRAR M IR ZZAHOC I IR R 2R R fiE T RE 1 a2
FE AR Hh B IBURN AL 3 -5 % A 152 25 A5G 1) A8
T, 0BRSS i S T AR BB
B

AR SCHE SR AR A FER L 3l R B A A 5C
SRR R g R B R BE A TR ER SOV | T A R A R A

2 220 Wi AT SR R T 8 2

1) KA

X BH 55 B S 52 e A% e DN i 25 R A SRR 22— (H
PRASAOTFANGE S BN A BH 25 B2 A B0 | PR Ot 5 85 ok
FRIE AR B 5 R 0 R B w8 BE A A T3 R B v B2 A
S RTAL i I ) 2 B A OG, Hot B A (1)
PR,

sing = sina X sind + cosa X cosd X cost (1)
K @ KRR A,

SRR AR 1152 B AT R BRI, K B &
LA 8 PR

— KPR A
4441

4420

S
ES
(=]

K RH R BE /0
&

S
w
(=2

~
o
~

IO I I O )
P A
NEENAENAENZENAENAENAEN

B 18] /s
K18 KM EMEL

Fig. 8 Variation of solar altitude angle
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Table 2 Table of LR model cross validation score
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Table 5 Table of optimal parameters of SVR model
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Table 7 Comparison table of prediction errors

iR #2/hPa HrifEZE/hPa MSE/hPa R?
o i 0. 817 0. 458 0. 878
LR 0.074 0.364 0.573 0. 80
SVR 0.126 0.351 0.315 0. 81
DNN 0.104 0.336 0.215 0.83
XGBoost 0.115 0.229 0.178 0. 88
Al £ A 0. 008 0. 204 0. 068 0.93
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Fig. 17 Comparison diagram of prediction effect of each model
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