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Abstract For the upper air observations, a temperature measurement using radiosonde is a
common method, and the compensation of solar radiation effects in the radiosonde temperature
sensor is an important factor. In this paper, we present various experiments and compensation
methods of the radiosonde temperature sensor to overcome the errors caused by the movement
of the radiosonde rotation, etc. The methods and procedures of this study are as follows. First,
we used the solar simulator to analyze the temperature variation and solar effect of the tempera-
ture sensor in the radiosonde according to the insolation. We also analyzed the temperature vari-
ation and solar effect of the temperature sensor according to the incident angle between the solar
simulator and radiosonde. Second, we measured and analyzed solar radiation absorbed by solar
cells attached to radiosonde. Third, we present combined compensate solution of the first and
the second experiment results, to overcome errors caused by insolation effects in the radiosonde
temperature sensors. Fourth, we compared that the reference temperature in similar environ-
ment with the upper air conditions, to verify the new radiated compensation performance of the
radiosonde temperature sensor. Finally, the radiosonde fabricated in this study was raised to the
atmosphere, and the laser correction algorithm proposed through experiments was reviewed. As
a result of the radiosonde SRS-10 produced in this study, the temperature deviation from Vais-
ala RS92 was 0.057°C in nighttime observation, 0.17°C in daytime observation, It is expected
that the GRUAN under WMO will be able to obtain a high test rating of 5.0.
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Fig. 1. Research flowchart of compensation for the solar
radiation effect.
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Table 1. Electrical characteristics of the temperature sensor.

upg A o208 - AAA - AL 285

Temperature Sensor
- Solar Panel

] & 9] F(Boom)oll F2E =414 = NTC
(Negative Temperature Coefficient-thermic resistor) A1
U 2AHE, FE2EE -100~+50°CE, A7 o=
+ 1%, Dissipation factor 0.4~0.5mW °C™' 22|32 0°C
el Ao 8.12kQe EAL AL 3
(Table 1).
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o2 B35 KOLAS (Korea Laboratory Accreditation
Scheme) A PH7IALE F3le] =t FastdoA 3
7o AT A, 2xAlM ] SESETE 024°CR
gt &gl #8571 A ettt Table 2= =AM
o] PgEsle Wt A3E veRH AotMTIE, 2017).

Item Specification
Resistance@0°C 8.12 kQ
Temperature- Resistance tolerance +1.0%
resistance - —
characteristics B constant 3390 K (0°C 25°C™)
B constant tolerance +0.5%

Time constant (7)

0.18~0.20 sec (in stirred oil)

Dissipation factor ()

0.4~0.5 mW °C™! (in still air)

Operating Temp.

-100°C~50°C
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Table 2. Uncertainty of the temperature sensor.

Uncertainty factors

Standard uncertainty

Correction uncertainty of reference thermometer (k= 1) 0.025°C
Temperature stability of chamber (k= 1) 0.001°C
Space temperature distribution of chamber (0.07/(/3)™") 0.03°C
Repeatability of thermistor temperature sensor (0.35/37") 0.1°C
Interpolation error of thermistor 0.06°C
Combined standard uncertainty, Uc 0.12°C
Expanded uncertainty, Ugs (k =2) 0.24°C
Table 3. Specification of the solar simulator.
Item Specification Remark
Lamp power 500W Xenon
Spectral match classification A KS C IEC 60904
Beam non-uniformity B KS C IEC 60904
Temporal instability A KS C IEC 60904
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Fig. 3. Solar simulator spectrum compared with ASTM AM1.5G solar spectrum.
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Fig. 4. (a) Shape of the test zig, (b) experiment on the effect
of solar irradiation, (c) experiment on the temperature sensor
movement.
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Table 4. Specification of radiosondes.
Company Jinyang Vaisala SIMNC
Radiosonde RSG-20A RS92 SRS-10
Temp. sensor NTC thermistor Capacitive wire NTC thermistor
Humidity sensor Thin film Tll}::;rief;lrtrvlv?sr;z:stgi’ Thin film
i + i +
capacitor (E + E) Polymer for low R.H. capacitor (E +E)
Temperature, Night; Height < 16 Km 4.75 5.0 -
GRUAN Temperature, Night; Height > 16 Km 3.75 5.0 -
test grade  Temperature, Day; Height < 16 Km 4.5 5.0 -
Temperature, Day; Height > 16 Km 3.5 5.0 -
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Table 5. Compensation factor of solar irradiation.

Temperature Solar irradiation power (W m™)

‘0 1339 999 758 579 405 0
-35.585 1.625 1.320 1.055 0.827 0.652 0.000
-25.536 1.635 1.195 1.004 0.792 0.572 0.000
—-15.501 1.575 1.165 0.935 0.791 0.567 0.000

—-5.515 1.506 1.166 0.958 0.733 0.559 0.000

4.528 1.496 1.103 0.877 0.683 0.531 0.000

14.599 1.593 1.155 0.886 0.728 0.570 0.000

24.516 1.672 1.367 1.075 0.854 0.664 0.000
34.568 1.677 1.379 1.141 0.852 0.649 0.000
Deviation average 1.60 1.23 0.99 0.78 0.60 0.00

2t Wstshe 71gel wet 2EXATE Mt = A
S Aoz SHS Aoz 7|¢e] YoldrE A}
FEgoz gt 2=AXe] A Frtele Ag &
At ozt A2 wolxl 7|gellA el s)uts)
7 F7e 2EAA L diFed og d dES A
717] wi&e]th(Luers, 1990). 53] 100 hPa ©|3}+H
2o 7)ol = B Fe] dAE O R 18k Al
7V FH A J43] Sl AL ERIEkNa, I

3.4 LA mME UAREA S

Setpulido)] Ak AP YA mE 22414 9
L AEE Fated, £ AFolA A ] s
2EAX S} HAER 2O 7|ELEAA S HALE
2 Agollr o] AEAA G FH S Table 59
7ol Attt

Table 5914 £2}&3 (Solar Irradiation Power)> &
A EH I H ] dALFO R HAEA LY JAHAR
=4 E Ao, 2= HZAEA Y] 7E2EA
o] 2ot} Zhzte] 2mol|A] thgst YAkl g
7|E2EAS} Y 224X AAE FAIgH
Zolt. 443, Azl 2= & TS WA
eFokom, dxbke] st wlE st HAE Fke)
Atk GAEAGATE AN e BAATE A
Al WFel A HEstaL, FARRE SEAlA A 8ol

7Fs skt

3.5 £l S 0|38 LAMEHE LEF

Ao e oA Aoz el =
AA o] AAF S BT Aot dAl WS F8l
AT AR dAeE2 Fig. 99 2t

B drelMe] datrA daelge g

d=714eks t7] A207 3% (2019)

< START )

[
r
Voltage Measurement of Solar
Panels

]

Measurement of Atmospheric
Pressure

!

Measurement of Atmospheric
Temperature

Calculation of Maximum, Minimum
and Average Value

Check The Set Time

Calculation of irradiation Value

Calculation of Solar Irradiation
Correction Value

Compensation of Atmospheric
Temperature

l

< END >

Fig. 9. Algorithm of compensation for the solar radiation
effect using solar panel.
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Fig. 10. (a, b) Measurement results of solar panel during the flying, (c) calculation results of solar irradiation.
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