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Absolute radiometric calibration technique of large aperture
integrating sphere source

YUAN Linguang, ZHAN Chunlian, LU Fei, FAN Jihong, LI Yan, WU Lipeng, YOU Yue
(Xi’an Institute of Applied Optics, Xi’an 710065, China)

Abstract: In order to realize high accuracy absolute radiometric calibration of large aperture integrating sphere
source, the spectral radiance calibration method based on tungsten strip lamp was studied, then the spectral
radiation uniformity calibration method through concentric scanning was discussed. An absolute radiometric
calibration device was developed on this basis. The spectral radiance, luminance and color temperature of the
integrated sphere source with the opening diameter of @300 mm were calibrated. The results of experiment
prove that the uncertainty of spectral radiance absolute calibration is less than 4%.
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Fig. 1 Spectral radiance absolute calibration device
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Fig. 2 Spectral radiation uniformity calibration device
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Fig. 3 Physical picture of large aperture integrating sphere

source
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Table 1 Spectral radiance absolute calibration results of

integrating sphere source

WK/ TCHE R SERE/ W/ TR N S/
nm (uW/cm*-nm-sr) nm (uW/cm’-nm-sr)
300 9.30 900 1403.71
325 25.11 950 1353.00
350 51.59 1000 1345.13
375 91.37 1050 1300.12
380 92.26 1100 1129.23
390 99.93 1200 918.47
400 109.92 1300 811.03
450 165.27 1400 625.06
500 266.86 1550 514.15
550 414.97 1700 465.91
600 593.01 1800 424.36
656 796.76 1850 447.03
700 882.44 1900 371.86
800 1274.61 1950 353.66
850 1370.99 2000 363.22

T 4 g T8 O T R K s O ZE 1 A IR
A% K 300 nm. 650 nm. 2 000 nm) Y6 1% 5 5 25 A
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Fig. 4 Calibration results of spatial uniformity of spectral

radiation
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Table2 Measurement uncertainty analysis of spectral

radiance calibration

NH 5 By i BRUEH 2 1 %
SR S BEARUELT u) 1.3
IICRGEWK u, 0.6
PR ZRGEAELNE uy 0.3
IR0 uy 0.6
23 DGR ST 53 us 12
T B E ug 1.0
AEXS B RN B 2.0

AHXH KA & B (h=2) 4

LR A T AN B E B A R STRR, IR
PR BROG IR 48 X 58 55 2 W B R AT 6 11
1 T A 5 B R AR AN E E A T 4%

4 ZEip

BT 1A AR 4 B I TR 24 0 A 3 S
SR P O 5 98 5 B o T O it b i
ST R 4 T e 5030 I 5

i 2 [F) O 5 45 4 A5 31 O 1128 ] G 6 5 34 4
P, 78 LA S BB IR 6 OO TR B AL G
WAL O AR R E bR, LR = I
i TG 42 @300 mm 5 AL BROG TR, HOG i 4
S o I AN N 4% %5 E A e L
AL R T L DR R A AR A, AOGE T
R BROC IR G % 8 5 2 B A ik, X K AR I
KHNFT L0 A B AR LA 0 It L i
(E R =0

&E 30k

[1] WANG Xiaoxu. Study on new types of spectral radiance
calibration source[D]. Beijing: University of Chinese
Academy of Sciences, 2018.

FBIE. B EDGIERRSE BEEAROGIRAFFE (D], b st hE
Bl2EBE K2, 2018.

[2] ZHENG Kezhe. Optical metrology[M]. Beijing: Atomic
Energy Press, 2002.

AT, ezt ML b5t BB L, 2002.

[3] DU Chuanyao, ZHANG Chunbo, MA Jingjin, et al. Integ-
rating sphere calibration of CCD linear and surface uni-
formity[J]. Metrology & Measurement Technology,
2014(6): 54-57.

ALK, SR, Satia, 4. R AT O CCDZ AN
TSR E L] THEAR, 2014(6): 54-57.

[4] JIA Hui, LI Futian. Analysis of factors affecting spectral
radiance calibration by applying a diffuse plane[J]. Acta
Optica Sinica, 2004, 24(3): 383-387.

BME, ZEAm . SE GRS sE BEAR 2 R 143 (1] 08
224, 2004, 24(3): 383-387.

[5] LIU Hui, CHEN Hongyao, LI Jiawei, et al. Large dynam-
ic range radiation standard transmission research based on
integrating sphere source[J]. Acta Photonica Sinica,
2018,47(8): 243-250.

XUNE, BRubi, 200, 55, TR BB RS0
0 S A o A 3B B AR (] 067241k, 2018, 47(8):
243-250.

[6] YUE Zhige, LIU Fu, ZHAO Guijun, et al. Integrating
sphere design built-in LED calibration light source[J].
Optics & Optoelectronic Technology, 2014, 12(4): 52-55.
R, XAm, B B4, 55, B LEDEbRGIR ISR
B[] A SEHEOR, 2014, 12(4): 52-55.

[7] FANG Chenyan, HUANG Xiaoxian, YIN Dayi. The in-
fluence of light source’s fluctuation of xenon lamp integ-

rating sphere on ultraviolet system calibration[J]. Opto-



1240 - ||

41 6 )

[8]

(9]

[10]

[11]

Electronic Engineering, 2016, 43(9): 20-25.

PR, B/MINL TR — U AR RO IR AR 541
FRYLEARFM [T]. L TR, 2016, 43(9): 20-25.

LI An. Study on radiometric calibrations based on color-
temperature automatically adjustable integrating sphere
lighe source[D]. Changchun: Changchun University of
Science and Technology, 2009.

A FET AR A SRR EROCIR 09 4R 5 E AR
FE[D]. KA KBFETRE, 2009.

SUN lJingxu, ZHANG Hanzhuang. Thermal design for a
kind of high-light-level integrating sphere calibration
source[J]. Acta Optica Sinica, 2015, 35(3): 129-135.
INFIH, SRDOH:. —Fhieg 52 B AR 23 BRE ARG IR A i
. 62447, 2015, 35(3): 129-135.

ZHANG Mengya, YUAN Yinlin, ZHAI Wenchao, et al.
Design and test of infrared integrating sphere radiation
source with wide dynamic range[J]. Acta Optica Sinica,
2019,39(6): 180-189.

SR, RN, BOGH, 4. SEsh VLRI MRS Bk
SHRA BTSR[] #2441, 2019, 39(6): 180-189.
YUAN Yinlin, XU Jun, ZHAI Wenchao, et al. Design and
test of a spectrally tunable integrating sphere reference
light source with large exit aperture[J]. Acta Optica Sin-
ica, 2013, 33(7): 211-218.

FARIE, TRI2, WOUH, 5F. RILBEATIRDGE RS

[12]

[13]

[14]

[15]

JEIRHEH AR (], S6 22441, 2013, 33(7): 211-218.
YE Zhao, REN Jianwei, LI Baoyong, et al. The radiation
testing research of radiometric calibration source of the
large aperture integrating sphere [J]. Journal of Astronaut-
ic Metrology and Measurement, 2012, 32(3): 39-44.
M, AR, 2R, A R ORI ST EAOLIR
FRASTERERTTE L], TR, 2012, 32(3): 39-44.
HE Yingwei, LI Ping, WU Houping, et al. Output irradi-
ance uniformity of integrating sphere source[J]. Journal
of Applied Optics, 2012, 33(3): 548-553.

RS, 25, RIS, 45, BUr Bk OCIR IR 51k
W5E LI, W62, 2012, 33(3): 548-553.

KANG Qing, YUAN Yinlin, WENG lJianwen, et al. Sys-
tem-level polarized calibration methods in laboratory of
directional polarization cameral[J]. Journal of Atmospher-
ic and Environmental Optics, 2019, 14(1): 36-48.

JRER, SEARLBE, STAC, . 2 R IR IR R I R G S i
P& 52 bR 7 E AT 5 D). RS S B #2444, 2019,
14(1): 36-48.

FAN Jihong, ZHAO Shenglu, ZHAN Chunlian, et al. Ab-
solute radiometric calibration technique of imaging spec-
trometer[J]. Journal of Applied Optics, 2013, 34(4): 629-
632.

LA, AR, R, 55 BUGIETE A0 R 5 A
BARBEFEI]. BLHIEA, 2013, 34(4): 629-632.



