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Development and Calibration of Dual-Waveband Infrared Radiometer
for Jones Calibration Method
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Abstract At present, we typically use large extended radiation source as radiometric calibration device for the
out-field work of large aperture dual-waveband infrared theodolite system. This method needs two sets of
equipments, which exists the disadvantages of high power consume, inconvenient portable performance and difficult
to develop. To solve this problem, the principles, processes and technical performances of different calibration
methods are analyzed. Then the Jones method is selected as large aperture infrared theodolite out-field work
environment radiometricca libration meth. The dual-band infrared radiometer is developed., which consists of two
parts, blackbody lighting tube and reference radiometer. The radiometer uses Newton structure as telescopic system and
relay optical path system, and selects InGaAs and PbSe as double-band infrared detectors to calibrate short wave infrared
radiation (SWIR) and radiation middle wave infrared (MWIR) respectively. Then the necessity of the reference radiometer
calibration to ensure the infrared theodolite final measuring precision is discussed, and different calibration methods and
results for calibrating reference radiometer in SWIR and MWIR are presented. Finally. the calibration uncertainty of the
radiometer is analyzed, the SWIR and MWIR calibration uncertainties are 4. 12% and 2. 35% respectively.

Key words optical devices; radiometric calibration; Jones method; infrared theodolite system; infrared radiometer
OCIS codes 230.1980; 150. 1488; 110. 3080

, o
: 2015-12-28; : 2016-02-06
(61405191)
(1989—)., s » E-mail: 250627410(@qq. com
(1952—), s s . E-mail: Renjw(@ ciomp. ac. cn

0623002-1



2.1

2.2

D
2)

10

b

[1]

20 60 s
),
[2-6]
680 mm, 1. 315 pm( )
) ( ). N
1,
infrared system

detector

L

electronics

Fig. 1

system

1

Target and background radiation model

0623002-2

(LVBym)

(680 mm)

( 3~5 FLITI)



2.2.1

2.2.2

extended source

7a5bscv“'

(Jones method)

b

(

2

Fig. 2 Principle diagram of ENS calibration

N

E

\%

focal plane

, L
L) =a+bVQ) +cV2Q) + -+ 2V,
x N
E=pxL,
350 C)
[9-10]

Fig. 3 Jones method lighting principle diagram

0

A

¢=LAQ =LA s,

L,

0623002-3

f_‘
s0=A./f" (A,

b

[8]

QD)

(2)

3



o= LAQ =LA, fz , D
A, o L L. :
3) €Y)
_ 1 A
L:=1L A (5
A<<A,. L>L,, A, /A, .
, ) , (5
o , Re
D_DB fz
Ry = ———— X -——, (6)
‘ L~ A
vf ;AD ;DB °
’ RSYS
A() D_DB f‘Z A()
Rsvs REXAS(I M) B, ><AD><AS(1 M?*) D)
7A() ( O. 678 m) ;AS ;M
. (7 ,
N N ) ( ) ,
3
[11]
, , InGaAs (1. 315
pm ) PbSe(3.6~4.2 yum ) ) “
» o« ) ( 4y, ,

black ]:IOE[)F aperture
source

wheel

Fig. 4 Structure diagram of radiation calibration device

0623002-4



standard
radiation source

3

A black bod
radiometer [—) lighting tube

—

infrared
theodolite

[
radiometer black body lighting
tube radiance

computer

50

are

infrared theodolite
response

5

Fig. 5 Flow chart of Jones method on-site radiation calibration

S, ,

“

Fig. 6 Picture of black body lighting tube
, T=1000 C ,4 h

? L,
, (D .
3.1
100 mm; 400 mm; 1/3,
1.2%,

o =
» o
T Ll

=
=
T

=
o
S

7,

| =
—
o

Normalized radiance distribution
=
T

7

-10 -5 0 b
Field angle /(° )

10

15

Fig. 7 Uniformity test curve of black body lighting tube

0623002-5

?1994-2017 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



4.2%,
3.2

o

3.3

4.1

D

8,

InGaAs

b

PbSe

(f,=1600 Hz)

~

lead optical system

2%.

N

100 mm; 1/4; 400 mm;
b A
b o
b
mirror ]
optical component
] signal
! processing computer
_/' -l -2 rd
precise positioning | H |

8

Fig. 8 Structure diagram of reference radiometer

80 dB ,

422 s

[12-13]

(A=1.315 pm)

HR-1024

(NIST) Labsphere

0623002-6

1/4;



HR-1024

HR-1024 , , 1,

NIST lamp

4

standard white board

integrating sphere

infrared

9

Fig. 9 Short wave infrared calibration transfer diagram

1

)

radiometer

Table 1 Spectral radiance intensity response data of reference radiometer

1 m),

Spectral radiance of integrating sphere source

Radiance points Output of reference radiometer )
Liys/(Wem™ «sr™ ' e ym™ 1)

L1 1883.2 525.78
L2 1713.7 465. 70
L3 1410. 3 343.67
L4 1255.9 283.61
L5 1105. 3 223.89
L6 965.5 169. 41
L7 814.7 109. 87
L8 710 68. 48
L9 588.7 21. 39
L10 533.2 0. 00
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Fig. 10  Short wave infrared response curve of reference radiometer
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2
Table 2 Middle wave infrared spectral radiance intensity response data of reference radiometer
Black body temperature /°C Output of reference radiometer Integral radiance L/(W s m % « sr ')
335 480 133. 57
350 549 154.63
400 912 240. 45
450 1398 352.09
500 2023 491. 23
550 2854 658.78
600 3816 855.09
650 5031 1079. 98
700 6396 1332.90
750 7868 1613. 04
800 9573 1919. 39
850 11440 2250. 80
900 13361 2606. 07
950 15149 2983.97
1000 17569 3383. 24
1030 18799 3632. 57
1040 19138 3717. 25
H~3), 2 ( 12),
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Table 3 Source of uncertainty and relative uncertainty in radiation quantity delivery

Source of uncertainty

Relative uncertainty /%

Uncertainty of NIST standard lamp at 350~2500 nm (contains power stability)
Uncertainty of standard whiteboard bidirectional reflectance
Stray light
Uncertainty of the distance between whiteboard and standard lamp
Uncertainty of spectral radiometer output
Uncertainty of integrating sphere

Combined uncertainty

1.22
.00
.30
00
.16
.18
.00

=~ DN N = O D

NIST ,
1.22%.
( )
0.4~2.5 pm Labsphere ,
1.0% .
SVC-HR-1024 , NIST
2.56%, ,
(0.5%) .
(1.5%) ,
2.18%.,

4.00%,
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Table 4 Source of uncertainty and that in absolute radiation calibration
Source of uncertainty Relative uncertainty /%
Radiation standard uncertainty 4. 00
Uncertainty of detector response 1. 00
Nonlinearity of detector 0.10
Combined uncertainty 4.12
5.2
(A=3.6~4.2 ym) IR-160 IR-563,
) o 5 o
5
Table 5 Source of uncertainty and that in middlewave infrared calibration
Source of uncertainty Relative uncertainty /%
Temperature stability of IR-160 0.05 (4 h)
Non-uniformity of IR-160 1.12
Non lambert of IR-160 1. 16
Temperature uncertainty of IR-160 1. 20
Emissivity deviation of IR-160 1.1
Uncertainty of detector response 0.5
Nonlinearity of detector 0.10
Combined uncertainty 2.35
IR-160 ) o
; ., IR-160 0.05%, 1.12%,
1.16%, IR-160 ; 1.2%
L1%. IR-160 ; .
; ; 0.5%,
; 0.1%, .
2.35%,
6
s s o
s
, s
. 4.12%, 2.35%.,
s s s
s o

1 Chang Songtao. Research on Infrared theodolite design and key technologiesto improve the radiometry precision[ D].
Changchun: Changchun Institute of Optics. Fine Mechanics and Physics, Chinese Academy of Sciences, 2015.

[D].

0623002-10



al

10
11

12

13

, 2015.
Liu Junchi, Li Hongwen, Wang Jianli, es al.. Fastradiance calibration for ground-based large-aperture infrared
opto-electric equipment[J]. Acta Optica Sinica, 2015, 35(3): 0301003.

, ; - (Il » 2015, 35(3): 0301003,
Li Ning, Yang Ciyin, Cao Lihua, et al.. Radiance calibration for 3~5 um infrared focal plane array[J]. Optics and
Precision Engineering, 2011, 19(10): 2319-2325.

, , . . 3~5pum (J1. . 2011, 19(10); 2319-2325,
Li Ning, Zhang Yunfeng, Liu Chunxiang, et al.. Calibration of 1 m aperture infrared theodolite[ J]. Opcics and Precision
Engineering, 2014, 22(8): 2054-2060.

, s , . 1m [Jl. , 2014, 22(8): 2054-2060.
Liu Yingqi, Liu Xiangyi. Research on technology of ground-based infrared radiation feature measurement for space target
[J]. Acta Optica Sincia, 2014, 34(5); 0512003.

; . (1] . 2014, 34(5): 0512003.
Zhang Yanna, Zheng Xiaobing, Li Jianjun, et al.. Research on system level calibration method of muliti-band filter
radiometer[ J]. Acta Optica Sinica, 2013, 33(8): 0812004.

, , s [Jl , 2013, 33(8): 0812004.
Yang Ciyin, Cao Lihua, Zhang Jianping, et al.. Measurement of infrared radiation for target airplane based on real
timeatmosphericcorrection[ J]. Optics and Precision Engineering, 2014, 22(7); 1751-1759.

, ; - 1. » 2014, 22(7); 1751-1759.
Sun Zhiyuan, Chang Songtao, Zhu Wei. Radiation calibration method for infrared system with large aperture and broad
dynamicrange[ J]. Acta Optica Sincia, 2014, 34(7): 0712006.

. . . . (1l . 2014, 34(7): 0712006.
Sun Jingxu, Ren Jianwei, Wan Zhi, et al.. Calibration source of high luminance with integrating sphere based on Jones
method[J]. Chinese Journal of Luminescence, 2014, 35(10): 1228-1233.

, ; . [J]. , 2014, 35(10): 1228-1233.
Barbara G Grant. Field guide to radiometry[ M ]. Washington SPIE, 2011 79-81.
Li Xiansheng, Ren Jianwei, Zhang Liguo, et al.. Research on a radiometric calibration device for a large aperture
infraredopto-electric system on spot[J]. Journal of Optoelectronics « Laser, 2006, 17(2): 175-178.

; ; - Ll . . 2006, 17(2): 175~
178.
Ye Zhao, Wan Zhi, Li Xiansheng . et al.. Spectral calibration for the large aperture infrared radiometer[ J]. Spectroscopy
and Spectral Analysis, 2012, 32(7): 1994-1998.

; ; . (1] s 2012, 32(7): 1994-1998.
Zhai Wenchao, Li Jianjun, Zheng Xiaobing, et al.. Research on method of calibration sun channels of sun radiometers[J].
Acta Optica Sinica, 2012, 32(4); 0412004.

, , s [Jl 5 2012, 32(4): 0412004.

0623002-11



