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Development of portable high-speed multi-spectral radiation thermometer

LI Mengqi, YANG Mingqing, NIU Chunhui, LIU Datong
(School of Instrument Science and Optoelectronic Engineering, Beijing University of Science and Technology Information, Beijing

100192, China)

Abstract: In order to solve the problems of poor portability and inability to measure transient temperature of traditional
multi-spectral radiation thermometers, a portable high-speed multi-spectral radiation thermometer was developed by adopting the
spectroscopic method of splitting fiber+band-pass filter, and a high-speed photoelectric response circuit was designed. The results
show that, the complexity of the system can be effectively reduced and the portability can be improved by using optical fiber and
band-pass filter to replace the traditional prism and package it with other hardware of the thermometer. After assembly, the
overall mass of the instrument is not more than 4 kg, and the volume is not more than 30 ecmX25 ¢mX25 c¢m. The photoelectric
conversion circuit with high bandwidth was designed, and the high-speed analog digital conversion chip, field-programmable gate
array chip and CYUSB3014 chip were used for digital signal acquisition and transmission. The communication rate with the
computer is up to 100 MHz, so that the thermometer can measure the temperature with microsecond change. The actual
temperature measurement results of muffle furnace temperature after calibration show that the overall relative error of the
thermometer is less than 2. 5% and the temperature measurement accuracy is high when the reference temperature is stable.
This result is helpful to improve the portability of the thermometer and realize the high-precision temperature measurement of
transient temperature field.

Key words: measurement and metrology; portable high-speed thermometer; high-bandwidth circuit; field-programmable

gate array; high-speed digital signal processing
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Fig.2 Physical picture of thermometer

2.2 StEEHRER

2.2.1 poAEdayixatr OLHFEH AR PCB fi %
A A HOG B MR B S R i 1Al g
GEAF RO KA 0. 78 pm (0. 85 wm 0. 98 wm Fl
1.064 wm) , i 38 58 G A (6 T By 2 R TE St HL AR 77 1Y
GCC-2020 Z AN AT WEFIIT LN FEE A, I8 A 1Y

ARSEIER 1R,
F1 LR
Table 1 ~ Parameters of filter
parameter value
center wavelength deviation +2 nm
half bandwidth 10 nm=2 nm

410 nm~515 nm =50%;
peak transmittance
520 nm~ 1550 nm=55%

<0.01%
<0.02 nm/C

cut-off depth

center wavelength shift
I3 CEAE T2 1T I 25 i R BRA R A=
N US TRAR N K B R SRS A BN, 18 8=
400 nm~2500 nm A 1 43 7 (BN 1 A A, 7 4 th 5
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AR T REE B Bt
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0.98 pum,1.064 wm iHiA F, PR A B AH S 5L
2 pim,
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Table 2 Parameters of photosensitive element

active response dark saturated optical

diameter/mm  time/ns current/pA power/mW
LSSPD-1.2 1.2 1.4 0.2 15
LSIPD-L1 1 10 0.1 8
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Fig.3 Schematic of photoelectric conversion circuit
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Fig.5 PCB diagram of photoelectric conversion module
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Fig.7 Schematic of data acquisition and transmission module
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Table 3 Voltage value of four channels at different reference temperatures

1323 K 1373 K
0.78 pm 33 mV 37 mV
0.85 pm 38 mV 41 mV
0.98 pum 42 mV 47 mV
1. 064 pm 46 mV 53 mV
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