G S U i S
MEASUREMENT TECHNOLOGY

ELECTRONIC 2024 7 H

DOI:10. 19651/j. cnki. emt. 2416182

A 3 R SR R B

MEIR =

%g;&:”
Q. AFREIBRFIIRAEKRARRE
FEARETELERT T

i e R

i',l 6{]‘ ‘%‘1,2,3 6@ /@1,2,3 }_ )ﬁr
BEEBARBREAAFH P T 210044; 2. HFAZE TARKF
210044; 3. TR EIRRFEFELALEIRESFR &

&t SR

THRBEAFEMNE
# 210044)

7 OE: T AMLIT R m A RGBT oR AR SO T T — R B G R ke A e BELIRL B A R AR . HO . R AR
TR Bl 1% (CFD) WY 5 1 1 F 55 1 A JC 7 i G 28 e 2 A o BELYRL 3 A% B8 76 2 W0 335 T 1) O B S R 2, Rl AT 3% 1
Br. KRG . SRR 1 4 AL SV VD UKL T BF U8 A6 S8 0] 5 AL (PSO-SVMD Sk I 2R AR L 30 I 70, e, #5241
AR R 52 56 G AR L e a8 KA, X b S0 B0HE 5 B A T 45 S . ST WA L AR SCHR Y I e S 2 A el L
TR AL R B B 25 0. 014 1 KL 7R 25 8 0. 015 0 K,

SRR TC AL AR A e B 5 B e G B A WA B 2 R T RO MK S R REAL

RESHES: TN376 SXERARIRED: A ERREER SRR 160. 402

Design and research of airborne radiosonde temperature sensor

Pan Xu''?® Wang Ke''**

(1. Jiangsu Collaborative Innovation Center for Atmospheric Environment and Equipment Technology, Nanjing University of

Mao Jialong"®® Liu Qingquan'*?®

Information Science and Technology, Nanjing 210044, China; 2. The Jiangsu Key Lab for Meteorological Detection and
Information Processing, Nanjing University of Information Science and Technology,Nanjing 210044, China; 3. School of Electronic

and Information Engineering, Nanjing University of Information Science and Technology,Nanjing 210044, China)

Abstract: Aiming at the demand of UAV for high-altitude weather detection, in this paper, an armoured platinum
resistance temperature sensor with radiation shield is designed. Firstly., a computational fluid dynamics (CFD)
approach was employed to work out the solar radiation error of armoured platinum resistance temperature sensors with
or without radiation shield under multi-physical fields, and the comparative analysis was carried out. Then, Support
Vector Machine (SVM) and Particle Swarm Optimization Support Vector Machine (PSO-SVM) algorithms were used
for training data to compare the the forecast models. Finally, a low-pressure wind tunnel experimental setup was
constructed for simulating the upper atmosphere environment, and the experimental data and the algorithm prediction
results were compared. The experimental findings indicate that the mean measurement discrepancy of the proposed
platinum resistance temperature sensor with radiation shield is 0. 014 1 K. and the root mean square error is 0. 015 0 K.

Keywords: unmanned aerial vehicle;armoured platinum resistor;radiation shield;computational fluid dynamics; particle

swarm optimization support vector machine
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Fig. 1 Sonde structure diagram

T AR R A AR A
Ah . 5 EE R B AR G R 5 B0 IR R 3k W % 25 1 1 R
S I LA T L 3 25 0 D0 0 8 A D 0 B 6 3 S 0 i 1, R
T RE A B 1E BH O BRGS0 R AL AR b R R R A R
ARk PN R AN 1Y) 23 A E A 1 B L o B TR ) RO IR

AW R EEM IR EERS AR N
2mm.E N5 mm. 3 LE)E RN 10 mm. EHAEHN 0.3 mm,
7 B R 439 e — S A T AR L BT U PR AR R, B R A R
HMUAR 2 R 5 2 ik 95 %0, W] LA R0 S K BH 4 5 T
B AR TR 2 1 W U A 95 %6, AT LA A W 0K FR A A
B, 7 S B DAY R T N K B S S A B IR AR g L B
IEATE AR 30 mm &N 40 mm JEE R 0.7 mm. B
R S LR e 2R A v BEL VL AT SRR AR A TR AN BT 2 TR

2 WERBBEWE

Fig. 2 Structure diagram of sounding sensor
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Fig. 3 Fluid-structure coupling model of sensor

1.4 BEZSW

g T AL e 2 A A L TR A R AR AR T AL T B R e
BRI R YB3 BT AE 2~20 km 75 Bl Y, € AN TR
s S N S KRR EFE 5~16 m/s, 7E CFD {jj &
T AR TP OK B A R O R B 1 200 W/m® . Xt G By 4 A
LB AR AR B3R 64T CFD {5 B4 HT . 15 S0 i 3 v B2 13 5
J9 2 km, 2R BEEN 5 m/s, I EEE AP RBT
BEEY , KRR RER 0.852 K, KA. Bk
BERE N 10 km, F MBI E N 10 m/s, IF HAERE 4(0)

ORI T E R  HOR B R S R 25 0. 955 Ko i,
B 5 FEBE N 20 km, 28 R BE N 16 m/s, If HLTE
AC) s il T e E Y R RS R 228 1. 717 K,

(a) To B ta st SR BE A% IR AR FE VIR o A
2 km. SIS m/sHIBREY
(a) Temperature field of temperature sensor (b) Temperature field of temperature sensor
with radiation shield at an altitude of 2 km
and airflow speed of 5 m/s

(b) A PyEST RIE AL RIS AEWHR B
2km. SPHES m/sHIREY

without radiation shield at an altitude of
2 km and airflow speed of 5 m/s

(c) LBpiES EUR BEAL R BTEIEIRTE () AR ST B 12 AR AR 3 A
10 km, SYIEFE10 m/sHIEES 10 km. “THLHLE10 m/sHR BE
(c) Temperature field of temperature sensor ~ (d) Temperature field of temperature sensor
without radiation shield at an altitude of ~ with radiation shield at an altitude of 10 km
10 km and airflow speed of 10 m/s and airflow speed of 10 m/s

[K] ;

(f) 5 B BRI BE A SR AR MR B
20 km. “SYLHEE16 m/sHIEES)

(f) Temperature field of temperature sensor

with radiation shield at an altitude of 20 km

and airflow speed of 16 m/s

B4 iR

Fig.4 Sensor temperature field
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(e) Temperature field of temperature sensor
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(a) The relationship between the radiation error of the sensor
without the radiation shield and the airflow speed and the
altitude when the solar elevation angle is 0°
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(b) The relationship between the radiation error of the sensor
without the radiation shield and the airflow speed and the altitude
when the solar altitude angle is 20°
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(c) The relationship between the radiation error of the sensor
without the radiation shield and the airflow speed and the
altitude when the solar altitude angle is 40°
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Fig. 5 The relationship between the radiation error of the sensor
without the radiation shield and the solar elevation angle.
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(a) The relationship between the radiation error of the sensor
with the radiation shield and the airflow speed and the
altitude when the solar elevation angle is 0°

é/o 1173
13
(m-gry 191473 T R
(b) A PH TR BE A 920° B B B 5t B R R AT R E 5
AL, IR AR R
(b) The relationship between the radiation error of the sensor
with the radiation shield and the airflow speed and the altitude
when the solar elevation angle is 20°
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Fig. 7 Flowchart of SVM neural network
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Fig. 12 Flowchart of the experiment

R1 ZHERMBN LR
Table 1 Experimental results and predicted data
ko R AKPFH AU PSO-SVM  #2
mRE/ O HIE/ WM/ SERE/ BOME/ XA/
km  (mes™ ") ) K K K
2 5 40 0.049 0.041 0.008
2 6 40 0. 045 0.038 0.007
4 6 40 0. 049 0. 041 0. 008
6 7 0 0. 066 0. 056 0.010
8 7 20 0.070 0. 060 0.010
10 8 20 0.075 0.063 0.012
12 8 20 0. 088 0.074 0.014
12 8 0 0.092 0. 077 0.015
14 9 0 0.101 0. 085 0.016
16 9 20 0.115 0. 097 0.018
18 10 0 0.134 0.113 0.021
20 10 0 0.153 0.129 0.024
20 10 40 0.124 0.104 0. 020
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