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Table 1 Parameters of wide dynamic range low light level illuminance source

Parameter Value
Reflectivity of inner wall of integrating sphere p/ % 98
Opening ratio of child integrating sphere f/ % 4.59
Opening area of child integrating sphere/mm”® 176.71
Opening ratio of parent integrating sphere /7 % 2.44
Opening area of parent integrating sphere/mm® 314.16
Adjustment coefficient of adjustable aperture T(/)/ % 1~1.09X10"°
Radius of input aperture of cylinder aperture a/mm 2
Radius of output aperture of cylinder aperture 6/mm 0.5
Length of cylinder aperture ¢/mm 120

0812004-6



2R, A5 98 3 25 FUROE IR BE TR et 5 1 R 1K

iz JH UL b2 80 58 R DR B0 i o TR R B O IR R DAY S R R 9.26 X107 °~8.5 Ix. K] 8 &
Vi Bl 253 F RO IR IR A S

H MotBEREHAE

Fig.8 Picture of low light level illuminance source

4 FTEENITe B R R E RN

4.1 BREHTTEEIMK

T HEURE ' U5 Ay W AL 00 2 D T e 0 s 5 R e MR RN £ 7 AE  O FL I O R R R 1 LU (B RR
Sy WAL i ) BRORE B i 2R B, % AR R O BB T E A Mj‘ﬁﬂgﬁ?if%ﬁﬂﬁﬁﬁ'ﬁ?%?ﬂ'%%E‘J*Ej'ﬁﬂﬁfii
MRS, EAE T T ITEER G T I B B R G0, ] LK 567 BRI 28 46 1 0% o Dk o 5 55 9647 SR 46 L 3t
SRR e Sk RO O R R B 2 R A BB A Bk I, ol L T (Keithley—6517b) SR 42 W 40 #8 I 4%
B LI JBOT B4 5 A5 B FL I Lo K TR0 RS TH 8 1 80 65 O BRI 9 11 11, SR AR 1 5l BT 34 {8 S 75 )
Eqo WEALEEM 28 1) B 05 R 80 D AT LR IR

=1 (15)

TE O IR B 5 A 3l 2590 R PN AT IRORE B 45 28 50003k, K A AL vl 190 TF 4R, 45 B 100 25 il — 2 1R 32

Pt 280, ELE LA E A A 2= 1 3900 KA LA, B L AT A9 B0 OCE 2 AR Z s L B L M A
i R S 15 AR B, K A R 22 W D ] 9

1.424

1.423 -
n

l/l \"**—I'/-%w/ \\\ //I/ \\.\ /

1422+

1421

Illuminance response coefficient
of the monitor detector D/(X 10° lx-A‘l)

1.420 200 400 600 800 1000 1200 1400

Step/(15 um)

HO W ALER N A el B e MR K

Fig.9 Illuminance response coefficient of the monitor detector

B 2% 07 B b B IR RE S5t 2R BUBCT 25 (), 45 21 M A0 P00 o IRRE B 5t 2R M0 e RO 1,422 X107 Ix/ AL T

0812004-7



T o AR

S B U500 R

JEE 5 %) HEE i

2l 2570 [ A M LR D00 A8 00 AT, T 3 TR S RO IR R e, TR 2/ o b S AL
HLBLIE 3l 20, D 10~1 600 4[] B 10 25 4 I — 2H R U K500 o s v 30 040 0 L M 400 e R 2 o 37 28 28, 745 31 i

YT, & 10 frs .

14

12

Illuminance/
(X107 1x)

10

Illuminance/lx

-

0kl

|

— N W W
Sl o oo

—

3.8x10°1x /\

050

2 Istep= 190

~

100 150 200 250 300,450
Step/(15 pm)

Step=1390

K 10

0~ ~ 260~ 400 600 800 1000 1200 1400 1600 1800

Step/(15 pum)
WEDASTEMNRKER

Fig.10 Test results of illuminance dynamic range

25 SR AT DG R 25 BN 190~1 390, B8 B U Y BE B tH JE LA 3.8 X 10 ° Ix~12 Ix, SE 8L T #ad 6 4
R EISVE B . SR EE R AT LUE A ALY B R Y AR BOR T BHE X T RE SR T AT DG A AR

s e A

4.2 FEREEML
FH A2 At 0 B o 0 2 0 Ol BERE UL JE AR T . B UERRE I 8 A SO HL AR A BRI B, LA X 1y R
) 7 00 0 I P R T A AR R A 6 AR B . SR I BEL K 2R BRI 2% B A B Ak S E T A SR

FE 4% (Keysight=32970A ) R AL Hi A5 5 o 45 1l BECRE 5 52 3 6 4>

Y B R O DU T A R RO IR AR R

EBE M ] 2 1 h, 45 R WP 11 (a) ~(g) B s o o' EORE AU AY I A2 1 vl S B R 8 Ol WL IAE 1) s 74 22

4.1040

4.1038

4.1036

Photocurrent/(x10° A)

4.1032

4.1030

(a) The instability test results (10 Ix)

2.6863

2.6862

2.6860

Photocurrent/(x10° A)

2.6858

2.6856

(d) The instability test results (1072 Ix)

41034 R

0 1000 2000 3000
Time/s

2.6859 H

0 1000 2000 3000
Time/s

(e) The instability test results (107 Ix)

0 1000 2000 3000
Time/s

0812004-8

3.2832 3.8170
232830 23.8168
B S :
x L X |
< 3.2829 £3.8166
=1 f=1
o 8
5 32828 538164
8 } (=}
: z
= 32826} 38162 |
32825671000 2000 3000 38160 51500 2000 3000
Time/s Time/s
(b) The instability test results (1 1x) (c) The instability test results (10" 1x)
53575 f 3.9085
253573 ¢ 2 3.9083
S = 4
X X
£53572 ¢ < 3.9081 4
5 53570 | ; £ 3.9079
2 ‘ 2
2 2
B 53568 | = 3.9076 | |.
53566 - 3.9074 L

0 1000 2000 3000

Time/s
(f) The instability test results (10~ Ix)



2R, A5 98 3 25 FUROE IR BE TR et 5 1 R 1K

3.5518 2.0
:: 35515} ;\31.8—
= i .
X [
g 35513} ~ L6t
5 | = ~m_
= T 2 n
=1 E _
B 3.5510 % 1.4 -
2 Z .
& 3.5508 =12 T
3.5505 L ‘ . 1.0 . . . . . .
0 1000 2000 3000 1x10° 1x10° 1x10* 0.001  0.01 0.1 1 10 100
Time/s Illuminance/Ix
(g) The instability test results (10~ 1x) (h) The instability of light source in each level of illumination output

B %25 A% B O B IR 1 hoay 3 2 R

Fig.11 Instability test of wide dynamic range low light illuminance source for 1 h

S5O0 IR Y A A PRV A L SR A 1L Ch) BT O R 2 R G 3l 25 LA Y 1 b i AR AR E B/
F0.001 8%

5 #ie

A SR X SOCAS AR B O FR 0 5 11 v K 8 0 S ol P G 00 R A o 2SR, T T — P e B A B A ) 5

S ASE FOE REE YR o BTt T Rl RO R T A o T O R AR, e I T Ry BR e ACRE AR A BR 0 B S A

i, AR ORI 6 D T A R EE R IT T RE o B TR HDBURLAL O R T A P AR 1 IR 25 A A 1R £ O

BB SR By B A L R O IR R . R BE R ER A B T 3T TEC §il¥8 i RE G AR A

PRI 25, AT S PR R A 0 S B I R R 05 . A2 T IR Bl A E L ROG BRBE VR B9 BT R B PR e TR TE Y

BTS00, % BEEE VR 0 ) 2500 B E AT A 0L o e 20 98 B0 23 B O IR BE VR R AT T R D, 00 A5 R TR B A

HYE R 2 3.8X10 ° Ix~12 Ix, JEFa 2 BE/NTF 0.001 8% . iilli /& 0O #3435 6 V8 58 3 25 V8 Bl , = e e 1 9 75

Ko TE BN A O R R AT 9E Sl A E YT s AR e M A 22 T T B R DL AN FE OB AR 1 R AR SR IO

PR 5 1) 30 57 R0 S 06 A S R A T R A E B — N HE . T — 2 R T AR R A AR T

B B 21 2% 0 RO R VR T R A e TR N 6 1 2 S s R 4 S e 00 4 &5 1 FH s YR R Y

B

[1] DATLA R U, PARR A C. Introduction to optical radiometry[ M ]. Experimental Methods in the Physical Sciences, 2005,
41:1-34.

(2] OUHRSHRIN ARG w0 B 0 i o 07 125 . EARVE TS5 . GB/Z 26209-20100S . bt . v & A5 of th it , 2011.

[3] YOONH W, KACKER R N. Guidelines for radiometric calibration of electro—optical instruments for remote sensing [ EB/OL].
2015-05-08 [ 2023-01-23]. htt})://dX.dOi.Org/1().6028/NIST.HB.157.

[4] CHEONG W F, PRAHL S A, WELCH A J. A review of the optical properties of biological tissues[J]. IEEE Journal of
Quantum Electronics, 1990, 26(12): 2166-2185.

[5] CHEUNG JY, CHUNNILALL C J, WOOLLIAMS E R, et al. The quantum candela: a re-definition of the standard
units for optical radiation[ J]. Journal of Modern Optics, 2007, 54(2-3): 373-396.

[6] CHUNNILALL C J, DEGIOVANNI I P, KUCK S, et al. Metrology of single-photon sources and detectors: a review
[J]. Optical Engineering, 2014, 53(8): 089801.

[7] MORAN S E, ULICH B L, ELKINS W P, et al. Intensified CCD (ICCD) dynamic range and noise performance [ C ].
SPIE, 1997, 3173:430-457.

[8] XIANG Shiming, FAN Xuewu, HE Na, et al. Review on low light level remote sensing imaging technology[J]. Laser &.
Optoelectronics Progress, 2018, 55(2): 020009.
) HH BT, B AT, 55 SO0 8 ISR BRI & 3l SR [T ] O 5Ot i v 2% #F )&, 2018,55(2) : 020009.

[9] CARR K F. Integrating sphere theory and applications—Part | : Integrating sphere theory and design[J]. Jocca—Surf Coat
Int, 1997, 80(8): 380-385.

[10] CARR K F. Integrating sphere theory and applications—Part [ : Integrating sphere applications[J]. Jocca—Surf Coat Int,
1997, 80(10) : 485-491.

0812004-9


http://dx.doi.org/10.6028/NIST.HB.157

T o AR

[16]

[17]

MCKEE G, BUTLER JJ, XIONG J, et al. Design and characterization of a large area uniform radiance source for calibration
of a remote sensing imaging system[ C ]. Earth Observing Systems VI, 2007, 6677 :667706.

GATEBE C K, BUTLER JJ, COOPER J W, et al. Characterization of errors in the use of integrating—sphere systems in
the calibration of scanning radiometers[J]. Applied Optics, 2007, 46(31): 7640-7651.

HAN S, NI L, TANJ, et al. Programming implementation of performance testing of low light level ICCD camera based
on LabVIEW software [ C]. International Symposium on Optical Measurement Technology and Instrumentation, IEEE,
2016.

NI Li, QIAN Yunsheng, SUN Yunan, et al. Measurement technology of signal-to—noise of low—-light-level ICCD[J].
Infrared Technology, 2018, 40(11): 1081-1084.

RFT, B2 PVT L AR L RO ICCD fF e I E R DT [T]. 2050 AR, 2018,40(11) : 1081-1084.

QIU Y, CHANG B K, SUN L J, et al. The relationship of Image quality of Image intensifier and the luminance of its
background[ C]. International Conference on Photoelectronic Detection and Imaging, 2008:R6210.

JOHNSON B C, BRUCE S S, EARLY E A, et al. The fourth SeaWiFS intercalibration round-robin experiment
(SIRREX-4)[J/OL]. (1996-5) [2023-01-23]. https: /www.researchgate.net/publication/24324392.

MEYNART R, COOPER J W, NEECK S P, et al. Radiometric characterization of the NASA GSFC radiometric calibration
facility primary transfer radiometer[ C]. Conference on Sensors, Systems, and Next-Generation Satellites VIII, SPIE 2004,
5570 472-481.

Design and Performance Test of Low Light Level Illumination Source
with Wide Dynamic Range

LI Yue, YUAN Yinlin, YE Yingjie, KONG Deyao, XIAO Lan, ZHAI Wenchao,
ZHENG Xiaobing

(School of Environment Science and Optoelectronic, University of Science and Technology of China,
Hefei 230026, China)

Abstract: High-precision radiometric performance test and calibration of field detectors are one of the
important steps in the development of low—light level instruments and sensors. With the rapid development
of low-light night vision instrument, photon microscope, low-light fluorescence imaging, biomedical
imaging, and deep space exploration, higher requirements are put forward for the calibration light source of
low-light level devices. Image intensifier is the core component of low—-light night vision system, and its
illuminance response range should be as low as 10~* Ix. The signal-to—noise ratio and optical gain of image
intensifier play a decisive role in the imaging quality of the whole low—-light detection system. To meet the
high precision calibration requirements of low-light level sensors such as low-light image intensifier, a
wide dynamic range low level illumination source with small volume and low power consumption is
designed. Aiming at the requirements of the field radiometric response characteristics test of low—-light level
detectors, the design scheme, structure, and working principle of the wide dynamic range low-light level
illumination source are first introduced. The wide dynamic range illumination source is composed of an
adjustable dynamic range integrating sphere light source unit, a cylinder aperture and a feedback and control
unit. The integrating sphere light source adopts the structure of child integrating sphere and parent
integrating sphere. A halogen lamp source 1s built into the child integrating sphere, and the light is reflected
several times inside the integrating sphere to achieve uniform brightness at the outlet. An adjustable
aperture between the parent and child integrating spheres is used to realize the function of wide dynamic
range flux adjustment. The area of the adjustable aperture determines the flux of light from the child
integrating sphere into the parent integrating sphere. Compared with the way in which the flux of halogen
light is regulated by the current of the source, it ensures that the color temperature of the light source is
nearly consistent at different orders of magnitude of brightness output. The integrating sphere provides
luminous flux to the monitoring detector and the cylinder aperture through two openings. The cylinder
aperture is arranged at the outlet of the parent integrating sphere, and the position is coaxial with the parent
integrating sphere outlet. The cylinder aperture is a cylindrical structure with an entrance aperture and an
exit aperture, and has a stray light baffle inside, which can convert the brightness source of the integrating
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ball into a uniform illuminance source. Illuminance feedback and control module is used to display
illuminance value of light source in real time and realize the setting of illuminance value. The dynamic range
of low-light illuminance source is derived in detail, and the design parameters of light source are analyzed
and simulated. Finally, the illuminance source performance test is carried out to verify the rationality of the
design. The stability of the light source is tested. The standard detector is placed at the light source outlet to
monitor the photocurrent of the detector. The test results show that the instability of the light source is less
than 0.001 8%. The illumination feedback coefficient of monitor detector is calibrated by a standard
illuminance meter, the illumination range of the light source measured by the monitoring detector is 3.8 X
10 ° 1x~12 Ix. The experimental results show that the wide dynamic range low-light level illuminance
source has many technical advantages, such as wide dynamic range regulation, high stability. In the field or
laboratory environment, it has a certain application value for radiometric calibration and characteristic test
of low—light level detector such as image intensifier.

Key words: Low light level; Light source; Integrating sphere; Illuminance; Luminance; Calibration;
Photodetector
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