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Working Wavelength Optimization of a Practical Real-time Temperature
Measurement System
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Abstract Based on the Kirchhoff law, according to the relationships between various technical parameters and main
specifications (limited temperature measurement sensitivity, temperature measurement accuracy, temperature
measurement range) , an optimal working wavelength of the practical real-time temperature measurement system using
laser diode and LiTaO; pyroelectric detector is proposed. Experimental results show that both temperature measurement
sensitivity and temperature measurement accuracy are suitable for the requirement in the range of 400~1200C.
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Fig.1 Schematic diagram of the system

1: chopper; 2: synchronous photoelectrical system; 3: shaping
amplifier; 4: measurement photoelectrical system; 5: amplifying
and anti-jamming circuit; 6: A/D converter; 7: extending lens;
8: collimating lens; 9: laser diode; 10: chip microprocessor
system; 11:; monitoring photoelectrical system; 12: voltage
amplifier; 13: output; 14: display; 15: printer; 16: focusing

lens; 17 optical beam splitter; 18; reflector
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Fig. 2 Light path diagram of monitoring photoelectrical
system, measurement photoelectrical system,
synchronous photoelectrical system and laser diode
1: chopper; 2: protection windows; 3: narrow-band optical
filter; 4 lens; 5: aperture stop; 6: field stop; 7: synchronous
detector; 8: measurement detector; 9: laser diode; 10;
collimating and extending lens; 11: optical beam splitter; 12,
reflector; 13: monitoring detector; 14: synchronous detector
monitoring

output; 15: measurement detector output; 16:

detector output
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Fig. 3 Schematic diagram of the chopper

1~4: narrow-band optical filter; 5,6: synchronous filter
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Fig. 4 Limited temperature measurement sensitivity AT

and standard measurement error g versus working

wavelengths A at different temperature T
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Fig.5 Limited temperature measurement sensitivity AT

versus temperature T at different working wavelengths A
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Table 1 Experimental data and calculation results about temperature measurement sensitivity and measurement errors

at different temperature and wavelengths

Temperature /K 701 848 954 1038 1279
Limited temperature Experimental data 0.32 <0.1 <0.1 <0.1 <0.1
2.00 ym | measurement sensitivity /K | Calculation results 0.319 0.078 0.0388 0. 025 0.01
Experimental data 1.0 1.5 1.9 2.1 2.4
Measurement errors /K -
Calculation results 1.06 1.81 2.29 2.32 3.53
Temperature /K 648 853 980 1050 1250
Limited temperature Experimental data 3.6 0.2 <0.1 <0.1 <0.1
1.55 ym | measurement sensitivity /K | Calculation results 3.417 0. 189 0.611 0.038 0.013
Experimental data 0.9 1.4 1.6 1.9 2.5
Measurement errors /K -
Calculation results 0.70 1. 22 1.61 1. 84 2.61
Temperature /K 687 815 912 1193 1245
Limited temperature Experimental data 0.50 0. 25
0.81 ym | measurement sensitivity /K | Calculation results 0. 350 0.196
Experimental data 1.2 1.3
Measurement errors /K -
Calculation results 1.244 1.43
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