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Simplified Calibration Method for Radiation Temperature
Measurement System with Wide Dynamic Range
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State Key Laboratory of Pulsed Power Laser Technology, National University of Defense Technology,
Hefei, Anhui 230037, China

Abstract The radiation temperature measurement system with a wide dynamic range requires different integration
time and neutral density attenuators with different transmittance levels for the radiation sources exhibiting different
temperatures. The attenuators and integration time often need to be re-calibrated because of their variation. The re-
calibration process is cumbersome, and thus the efficiency of the whole system is reduced. First, based on the
calibration theory, a radiation calibration model of the radiation temperature measurement system with a wide
dynamic range is developed herein. This model considers the integration time and the transmittance of the neutral
density attenuators. A simplified calibration method is also proposed to realize the calibration models of attenuators
having different radiation transmittance at different integration time. Two different integration time are calibrated
using the proposed method. Then, the gray value response of the system caused by internal dark current and stray
radiation is calculated by calibrating at integration time of 0.8 ms and 1 ms using an attenuator having 0.0278%
transmittance. Therefore, the calibration models of the attenuators having 0.0740% and 0.8193% transmittances
at different integration time can be derived. The precision of temperature measurement is experimentally tested.
The experimental results indicate that using the proposed calibration method, the maximum temperature
measurement errors of the calibration model for the 0.0740% attenuator at integration time of 0.8 ms and 1 ms are
<0.36% and <<0.46%, respectively, and that for the 0. 8193% attenuator at integration time of 0.2 ms is
<<4.5%. As for the proposed method, within a certain error range, the calibration efficiency is improved and a
certain precision of temperature measurement is guaranteed.
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Table 1 Gray value responses of attenuator with

transmittance of 0.0278% at different integration time

Temperature / L,/ ) )
Gn(0.8 ms)  Gn(1 ms)
T (Wem?e«Sr")
300 253.61 1045.78 1281.57
400 613.74 1169.13 1436.49
500 1188.69 1359.49 1673.39
600 1988.92 1621.32 2001.71
700 3007.78 1949.87 2413.85
800 4229.26 2335.99 2865.68
900 5633.46 2781.38 3450.40
1000 7199.81 3277.95 4072.91

H1 3.2 5 Y 40 B R0, H B I E 3 5 | A 1 14T
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Table 2 Fitting model of attenuator with transmission of 0.0278% at different integration time

Temperature /°C Integration time /ms Fitting equation R-square
0.8 Gx=0.3207L,+975.9 0.9999
From 300 ‘C to 1000°C with a gradient of 100 ‘C
1.0 Gy=0.4001L,+1193 0.9999

£ 3 BILER 0.0740 % TR B TE 0.8 ms A1 1 ms FLAFEF ] T 508 AR A5 26 14 4 4 R4

Table 3 Linear coefficients of calibration model for attenuator with transmittance of 0.0740%

at integration time of 0.8 ms and 1.0 ms

Integration time /ms Al Lina /MS Lin /MS Line /Lina /o Ay Average value
0.3207 0.8 0.8 1.00 2.664 0.8543
0.8 0.8535
0.4001 1.0 0.8 0.80 2.664 0.8527
0.3207 0.8 1.0 1.25 2.664 1.0679
1.0 1.0669
0.4001 1.0 1.0 1.00 2.664 1.0659

F4 BITEN 0.8193% F WA TE 0.2 ms 52 b B[R] 52 brd 28 19 2 M R 8

Table 4 Linear coefficients of calibration model for attenuator with transmittance of 0.8193% at integration time of 0.2 ms

Integration time /ms A, L /M Line/ms Linez /Lot Te/Tn A, Averagevalue
0.3207 0.8 0.2 0.25 29.472 2.3629
0.2 2.3606
0.4001 1.0 0.2 0.20 29.472 2.3583
FRYE R 3 7] LAE S i EE T R 0.0740 %0 1) 5 BILRN 0.0740 Y A 7E A [F A1 ] T A9
BEUR A 7E 0.8 ms HT 1 ms BUAM R[] F bt 26 p 4 FE bR

PEZ B R 0.8535.,1.0669 , 7 f AR 98 (14) =X 7] 5k
H X R A e PR AR 43 0 975.9.1193, 7F 0.8 ms.
1 ms FRAFHF )T B 8 RS RL AN 26 5 TR .

), 2 i op oM O R B A R AR
0.8193% , &Gt TAE M AL Sr B[ 45 g 0.2 ms B, i
HIE B R R 0.0278 % MY I8 i #F 0.8 ms Ml 1 ms
R I 18] A9 2 s B R0, W] DA 3 O 4 ek 4 A
R4y} 8] 22 )5 RE bR ABE RN () £ v R 40K 2.3606, T2k

Table 5 Fitting model of attenuator with transmittance of

0.074% at different integration time

Integration time /ms Fitting equation

0.8 Gn=0.8535L,+975.9

1.0 Gn=1.0669L,+1193
PR AT DIAR 3 (14) 20A5 L o 324.6, T LA 24 A4
A 1E] 22 4 0.2 ms B, B R4 0.8193 %0 08 A HY 58
FRAsE 7 Sy
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Table 6 Theoretical temperature measurement limit of calibration model for attenuator with transmittance of 0.0740%

Integration time /ms Fitting equation

Saturated radiance /(W e m % « Sr ')

Saturated temperature /°C

0.8 Gn=0.8535L,+975.9

1.0 Gn=1.0669L,+1193

10807.38 1203.42

8442.22 1073.45

7B 0.8193 00 By LW E AR AR R Y BE I8 0 IR AR B

Table 7 Theoretical temperature measurement limit of calibration model for attenuator with transmittance of 0.8193%

Integration time /ms Fitting equation

Saturated radiance /(W e m 2 « Sr' ')

Saturated temperature /°C

0.2 G~=2.3606L,+324.6

4183.43 796.51
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Table 8 Gray value responses of attenuator with transmittance

of 0.0740% at different integration time

Temperature / L,/ ) )
. (W o=’ - S Gn(0.8 ms)  Gy(1 ms)
400 613.74 1494.41 1846.33
500 1188.69 1999.94 2478.33
600 1988.92 2690.30 3041.07
700 3007.78 3566.08 4434.81
800 4229.26 4593.35 5720.96
900 5633.46 5764.37 7183.06

o AT B ST P s el T A8 Ry 3 2ok A6 R 0.8193 %4
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Table 9 Gray value responses of attenuator with transmittance

of 0.8193% at integration time of 0.2 ms

Temperature /°C L,/(Wem ?+Sr!') Gy(0.2 ms)
300 253.61 936.50
350 408.38 1331.93
400 613.74 1856.87
450 873.20 2495.05
500 1188.69 3277.75
550 1560.76 4182.47
600 1988.92 5222.68
650 2471.88 6376.99
700 3007.78 7656.27
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Table 10 Inversion results of calibration model at different integration time after placing attenuator

with transmittance of 0.0740%

Gray value L(0.8 ms) / L1 ms) /
. I W~ m=? - S T(0.8 ms) /C W m=? - S T(1 ms) /C
1499.72 1847.79 607.51 398.65 612.36 399.70
1990.44 2461.21 1199.81 501.61 1204.73 502.32
2673.44 3314.98 2008.67 602.16 2013.38 602.67
3543.04 4402.00 3034.78 702.40 3038.53 702.73
4585.58 5705.20 4238.37 800.69 4244.03 801.12
5784.06 7203.34 5610.39 898.45 5614.45 898.72

F11 S R e S A R X 1 22

Table 11 Relative error of inversion radiance and inversion temperature

Temperature / L,/ Relative error of inversion radiance /% Relative error of inversion temperature /%
T (Wem™«Srh) 0.8 ms 1.0 ms 0.8 ms 1.0 ms
400 613.74 1.01 0.22 0.34 0.07
500 1188.69 —0.94 —1.35 —0.32 —0.46
600 1988.92 —0.99 —1.23 —0.36 —0.45
700 3007.78 —0.90 —1.02 —0.34 —0.39
800 4229.26 —0.22 —0.35 —0.09 —0.14
900 5633.46 0.41 0.34 0.17 0.14

F 12 CEBREN 0.8193% WM A )G EFFERILE 0.2 ms BB [H] T (19 5238 45 28 A x5 2%
Table 12 Inversion results and relative error of calibration model at integration time of 0.2 ms after placing attenuator

with transmittance of 0.8193%

) ) Relative error Inversion Relative error
Relative error /% Inversion radiance L /
Gray value ) of inversion temperature of inversion
(gray value) (Wem?eSrh) . 3

radiance /% T /C temperature /%
923.28 —1.41 259.22 —2.21 302.11 —0.70
1288.62 —3.25 426.72 —4.49 355.61 —1.60
1773.38 —4.50 649.10 —5.76 408.52 —2.13
2385.87 —4.38 919.45 —5.30 459.34 —2.07
3130.61 —4.49 1251.02 —5.24 510.71 —2.14
4008.92 —4.15 1634.27 —4.71 561.19 —2.03
5019.64 —3.89 2074.93 —4.32 611.80 —1.97
6159.72 —3.41 2563.92 —3.72 661.76 —1.81
7424.77 —3.02 3105.85 —3.26 711.83 —1.69
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