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Fig. 1 Comparison between the universal formula

and the Stephen Boltzmann formula
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Fig. 2 Detector response curves and fitting results in [ 3]

10° 4
=y
g 10
—O— Universal formula
—%— f(T)=CT"
10' ; . . ; .
250 300 350 400 450 500
Temperature/K

B3 BAAKXS f(T)=CI" 3t
Fig. 3 Comparison between the universal
formula and f(T)=CT"

3.3 {AE/NE
38 3 4 36 2 55 30 W O R 2% 8 5 A K ock 3 T
AERIT L, T R IE A E A U T 4

BOERAS, &M T 2™ > 1 WA, 73R 2E AV
T BT AT R B B A T A D B A B O N
{7 B 2y A7 S L
L S /A A A T
4.1 KWHE

oy — 2 B UE 3 43 SR A R, BT SR g AT R E .
SCHR TRy IR B AR, PR R ER I B —

FAE - iﬁﬁ%ﬂ%lﬂl?ﬂﬂﬁzﬁ?@ﬁﬁﬁ? T, RIBRE T.. 25
W0sR o B R AU HEEAT I R AR R B AR B 1,
W FAAREREE . iCR N Too R4 T.. T & T, "W A
PR R e GEEE R A, KRB R 08 15 #0 F AR
PEARUA A, B p=1—e)"V
ST — f(TD

ST — f(TY am

e =

T AR A R 3 ORI T=T., iCemf &
G oo HASRERS RS HME . A eme . MBI AT
RTLAMR SR LAz .

4.2 ERESEXBHE

VLS50 5 PN TRT R S A O B AR HEAT SE 8, 2 &iﬁﬁ]‘ﬁi
RIFREF 0.9, 3% 4.1 Pk TR 7 ¥ AT B e LI
22 AEHE . FIT R L

x1 EIREHEXHEBIE
Table 1 Surface source radiator experimental data
Fes T./C T.,/)C T,/C €0 € Ae
1 52 49. 8 25.3 0.93 0.909 6 0.020 4
2 52 50. 6 25.3 0. 95 0.942 3 0.007 7
3 52 50. 1 25.7 0.91 0.9208  0.0108
4 52 50. 1 25.7 0.91 0.920 8 0.010 8
5 52 49.9 25.7 0.92 0.912 5 0.007 5
6 52 50.1 25.7 0.92 0.920 8 0. 000 8
7 52 49. 6 25.7 0. 90 0.900 1 0. 000 1
8 52 50. 1 25.7 0.92 0.920 8 0. 000 8
9 52 50. 1 25.7 0.92 0.920 8 0. 000 8
10 52 50.0 25.7 0.91 0.916 6 0. 006 6
11 52 50.0 25.7 0.92 0.916 6 0.003 4
12 52 50. 1 25.7 0.92 0.920 8 0. 000 8
13 52 50. 2 25.7 0.92 0.924 9 0.004 9
14 52 50. 2 25.3 0.93 0.925 9 0.004 1
15 52 50.9 25.3 0.95 0.954 6 0.004 6
16 52 50. 3 25.1 0.92 0.930 5 0.010 5
17 52 50. 3 25.1 0.92 0.930 5 0.010 5
18 52 50. 4 25.1 0.92 0.934 5 0.014 5
19 52 50.7 25.1 0. 94 0.946 8 0.006 8
20 52 50. 1 25.3 0.92 0.921 8 0.001 8
21 52 50. 3 25.3 0.92 0.930 0 0.010 0
22 52 50. 3 25.3 0.92 0.930 0 0.010 0
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Fig. 4 Experimental device
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Universal Formula of Blackbody Waveband Radiation Brightness
Response in the Infrared Temperature Measurement Technology

CUI Shuang-long, SUN Bo-jun, SUN Xiao-gang”
School of Instrumental Science and Engineering, Harbin Institute of Technology, Harbin 150001, China

Abstract Based on the infrared temperature measurement technology, this paper focuses on the model f(T) = ﬁ? R, L, (Dda=
1
CT™. This model represents the response of blackbody radiation brightness on the detector in a certain wavelength range, which
is called the blackbody waveband radiation brightness response in this paper. For different detectors, different wavelength ran-
ges, different temperature ranges, there are different C and n. The value of n is difficult to obtain accurately. Most researchers
used the three fitting results of C and n proposed by Inagaki T and Okamoto Y in 1996, and the results could not be well extend-
ed to any waveband detectors. In this paper, by using the Wien Approximation Formula to replace Planck’s formula, the analyt-
ical formula of f(T) is theoretically derived which is a universal formula of f(T), so that we can obtain the blackbody waveband
radiation brightness response f(T) in any waveband through theoretical calculations. The universal formula is applied in simula-
tions. Simulation 1: Integrate the universal formula in the whole waveband to obtain an analytical formula M, =5. 238 5X107%
T', and compare it with Stephen Boltzmann’s law. The difference between the coefficient ¢’ =5. 238 5X 10 ® obtained by the
universal formula and the Stefan Boltzmann constant 6=5. 667 9X10 ® is 0. 429 4X10 *. Simulation 2: Acquire the spectral re-
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sponsivity of the HgCdTe detector with an effective wavelength of 8~13 um from reference [2], calculate the blackbody wave-
band radiation brightness response f(T) of the detector in the 8~13 pum band, plot the result to compared with f(T)=0. 136 X
oT" % shown in reference [ 2], and the results are basically the same. Two simulations illustrate the correctness of the analytical
formula. On this basis, further experimental verification is performed. A surface source radiator in the laboratory was applied as
the target. Through the universal formula, the emissivity of target e can be calculated and compared with the reference value of
true emissivity of target ;. Experimental results of the surface source radiator; e, =0. 92 is the reference value of true target em-
issivity, e, =0. 93 is measured value, the error of emissivity is 0. 01. The small error indicates that the model proposed in this
paper can be used in the engineering practice of infrared temperature measurement technology. In this paper, a universal formula
that can replace the model f(T)~CT" is proposed. Compared with the original model, the greatest advantage of the universal
formula is that it can be applied in any waveband without considering the temperature partition and it is a universality to calculate
the blackbody waveband radiation brightness response by theoretical calculation. The universal formula further perfects the basic

theory of infrared temperature measurement technology.

Keywords Infrared temperature measurement; Blackbody waveband radiation brightness response; f(T)~CT"; Value of n
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