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Calibration technology of infrared standard transfer radiometer

based on stimulated parametric down-conversion
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Abstract: Based on the correlation properties of photons generated during the process of the stimulated
parametric down —conversion, a system for infrared standard transfer radiation measurement was
constructed, which required no refrigeration and only used visible light detector. Firstly, the operating
principle of the infrared standard transfer radiometer system was described in detail. Then, the calibration
coefficient of the system was acquired by using the standard blackbody fitting, and the relationship
between the temperature of the infrared standard transfer radiometer and the response value of the
blackbody to be measured was obtained. Finally, the uncertainty of the infrared standard transfer
radiometer system was further evaluated and verified by being compared with the radiation temperature

retrieved from the response value of water-bath blackbody at the same temperature. The experimental
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results show that the joint uncertainty of the infrared standard transfer radiometer for measuring the

radiation brightness of the water-bath blackbody is 1.64%, indicating that the infrared standard transfer

radiometer can be used as the transfer standard of the blackbody to the user sensor.
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Fig.1 Schematic diagram of stimulated parametric down-conversion

BLAR(1) (2) o T L0 A0 58 S IR 1 5 48 TR 7 3%
KARTR 215048 55 W50 6 25 TR 207 ) A5 b iR
(IR TIRSESiPI EE SR I SE e S 0 O IR e
T O Z S T i

W=t (D

k,=k+k, 2)
K w, 0, Fl o 43 5IESHIZ 6 A5 5 06N 30D
B2 5k, ke, BTk 53 AR R ZE O L 5 5 G H IR A
KR, BT 0 RoRFRILL AN IR A S A,
F B 4 5 A7 = G F R A A B % S
F AL A VE EL A, BIIE 1 0=a=B=0,
2T AN v A5 39 5 B T U0 I £ A1 5 5 DR G A 5
NAE S AT LLRR A

S(D= | ROLA, Dr 3

S LyA, T o 1 DU 2T 148 5 D50 8 5 B2 5 R(A) 9 21
BN A% 36t R S T ) 20 0 6 S JRE o 7 R

: Stimulated parametric down-conversion :

Spectrum Linear
Input N conversion ™ response »  Output
system system
New input

K2 &gt 1 R B A

Fig.2 Schematic diagram of system design
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Fig.3 Schematic diagram of blackbody system for infrared standard transfer radiometer calibration
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Tab.1 Photon counts of standard blackbody at

different temperature of radiometer
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Fig.4 Output spectral curves of infrared standard transfer radiometer to measure different temperature water-bath blackbody
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Tab.3 Photon counts of water-bath blackbody at

different temperature of radiometer

Water-bath temperature/K Photon counts/10 s

313.15 4.03x10°
328.15 7.93%x10°
343.15 9.02x10°
358.15 9.71x10°
368.15 1.07x107

Wit R 2 TR EN R a,b, RS 4 %)
Wi L AE G ZR 4%, LUK BRI 06 73 B th 8 A
oy g, RS B KA B AARTE S W) IR T R B A
I 4,
R4 REXKBEENEHTE
Tab.4 Inversion of bright temperature of

water-bath blackbody

Waterbat tempertue/K e el
313.15 313.03 ~0.21
328.15 326.83 -1.52
343.15 342.83 ~0.37
358.15 357.53 ~0.81
368.15 367.15 -1.15

5 AHEES

R IS R E AR £ A o A% 3 R AN E
BEREAT - LA 58 5T AN B0 5E L wp PR 5 DR
i 58 JE AN E T uy

21 A0 o AR T TN B T we B35 SOE &%
T B E g, 38 3H 37 3 RN E B uge, HI AL SR AN
TEE gy, VERCAES IS E S, P BN ARE O
BETH R AN E B s 55

2 2 2 2 2 2
Uy =Up) +U gy +U g+l +1 (12)

SO AR A R G — YR BRI
B F I BUE R B AR E EAE N up~up B9 AL
A EE N 0.42% .,

Ups= 9y (13)
a

Xf o, A HAUA 1S 2 R B a (8 0 bR IR 22, 71555
JE T ug=0.35%(328.15 K) o, WIAR 415 23 5K (12) 74 ) 41
HMPRHERR 5T T R G A0 S u,=0.54%

LA S R B S I ORI AR
S U Tk 00 ) AN B a5 PR AR G IR AT KR R
(B 58 BE o s IRBE TR E 51 AR ASHR 22 BE wys, IRBEIR
JIE Ao 2 R S R AE 0.001 K LI, 2 BRI A0 o A
T IRBE G LA A E E 14,=0.001 ) 28 4 4 B U5
5 JE RS AR 2 JE e, T A (14 TR,

PRYEVRI N o

1204003=6



bl ok TR

% 12 4

www.irla.cn

% 48 %

1538 u=1.55%.,
WU £1 A0 4 o A% 366 8 55 2 AR KR
T u R (5)THE BRI AR 5,

FINN

PREK & A

2 2 2
U, =uy+u,

(15)

RS AMRERBREITERKERARBREAHEE
Tab.5 Combined uncertainty of water-bath
blackbody’s radiance measured by

infrared standard transfer radiometer

Source of uncertainty Symbol Value
Transfer radiometer uncertainty Ug 0.54%
Blackbody radiance uncertainty uy, 1.55%

Combined uncertainty u, 1.64%
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