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Development of laser illuminated integrating sphere source

XU Qiu-yun, ZHENG Xiao-bing, LI Jian-jun, ZHANG Wei

(Remote Sensing Department , Anhui Institute of Optics and Fine Mechanics ,
Chinese Academy of Sciences, Hefei 230031,China)

Abstract: For calibration of a recent developded spectral radiation remote sensor, a new integrating
sphere radiation source with an illuminated outside laser was developed. The radiation source not only
could meet the demand of the calibration for radiance responsivity, but also could scan the spectral re-
sponsivity of hyperspectral detectors accurately. A single-wavelength laser was illuminated to research
the basic radiometric characteristics of the integrating sphere source. The results show that the radi-
ance instability of the radiation source is 0. 09% in half an hour, the radiance plane nonuniformity is
spatially 0. 16 % in the central region of the sphere exit port,and the angular nonuniformity in horizon-
tal and vertical planes within a range of +22° are 1. 8% and 0. 7% respectively. These results indicate
that the proposed system can calibrate directly the spectral radiance responsivity for optical in-
strumerts under the radiance mode, for it has advantages of higher spectral flux, lower wavelength un-
certainty,and wider tunable source wavelengths.
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Fig. 1 Laser illuminated ISS calibration system

RSO A% 1Y T I K 415~700 nm,
i BT E > 300 mW ., Bk 5 A OE R A 35 680
~1 050 nm B 78 15 W 2 VR A 8l T - i
FEIFAT K 0. 2~1 W, 555 4k 5 1 0ot 4% 7l LU
£ 350~500 nm B i P I K 6 T
KA 100~200 mW, A] 3% 8O 5E 5 A &
(R s S T AN A SO 1SS B DL R
S B P D A A B KO D o A v A B
A LLAE T i B 1 Rl P 3

PRy BROETE 4 50 E IR DG TR A9 A s T B
I H LA B LA 4R A AR T VR L 2



740 e K%

51T &

TR S R .

PRUE R DU 45 02 2 Trap (9 %8 52 B 48 0
T G A 5 R W T IO 4
XS ISR B 8 I E bR AR AR
HOCh R PS5 E Y 1SS fa5 A

3 AFH A

3.1 MoEkigit
N T AR R A B DI RS IR T
S FH OGS R B D) R A B0, BB BR
HHEAAES @100,
BT B R 53 3R b UL B X 2 S0 3 % b UL )
BRI T X R G A R P e W B Y e e R
RRE: 3t 32 30 1 A~ K BH 8 BRI SO %0 1 B
14 S 5 B o ot S ST R BHOIG 7 A 1 8 B T
AL (DHFER:
Lu):E—@("T)t o (D

Forr s EQOJ& K BHH B o J& b R A S I
K, KPR T X H M R 7 Bk R 2
BT T O B A A B AR b T A2 1 KB
FATHE . XHBE o N 1,

FI i FH O i S 2 SRR 1 BRI B B Oy
20 nm, KT A LS5 W L, A AN T A
WO 1SS 1Y 3t 2 BE 5 R S T AE A1 S e Ui )
18 3 3 9 R S BE AR A . 8 R DY 9 2 M T 18 0
W B 250 ~2 500 nm 4 [A] & 20 nm 31— 4
E, Q) E, QORI S S 2547 20 nm 4 5
MBUME . RIGARER OB s

LR WE 2 P,

R BRUCTE P SC B 1 — AR AR AR 1T R
AR 58 BE K P 19 2R W 8 AR RV IR BT I e
ARBE=>52% 0 T 5 E L HUAOIN T A &R AE 300,
400,500 mm H&EHE,

BUFERIN OS2 L 5 AT O &6 ¢
ZRUWTF -

_ b o ¢
L Anxl_p(l_f) AXML 3

| — Bandwidth:20 nm |

Radiance/(W/(m?/sr/nm))

560 1 OIOO 1 SIOO 2 OIOO 2 5.00
A/nm
B2 M B e — 4> B BB SO 3 1 R
R N R R S
Fig. 2 Integrating radiance of one band of radiome-
ter while the object is illuminated by one so-

lar constant and the reflectance is 1

Hor A JEF BRI BE B B TE AR, o R BRI 2
MY RT3 R BRI TE E LG MR FR A 3R 2 IR
SR F . 20 oAb O O R R,
ABUFERIE HHEA . B ¢=1 W,p=0.97,

XF R F 4% 300,400,500 mm, F 485k O
AR o 19, 14,13, 6.9. 89 W/m?/sr/nm,
Al BN 4 A 300 mm I 400 mm HBF, L #B >
L0 FRERH B —E IS0 T NEBRH
PG 2 5 M g, I e By BRIN AR
400 mm,

A R BRI B B AR @250, H
Bl @80, N T ARSI T e AR T A
B BRI R B 2 i 280, B0 BRI/ A ) AR
HEIN BT L R e BE R o DRI AT R RE G
B R E BT 1SS 8 58 B K OF B ER

WOLER ER KA 2 mm, T T/
WOLA GBI ER YA 67 B A EHAE R 10 mm,
3.2 EMAHIEBENKEIEIT

TR GE KT BB 1SS — O AR BR N X PR 2% 22 2
TR Hen 8 Kok 16 H. YRR e Ry 1 i
SO HA B AR B S

2 LT W] 1SS, &3t T 4bBOE BOL i 5
ATJ7 2 2R HA ] — 20 6 ) D SO % AL A
K3 fis. Bl LPC J& Bk oh 45 i #5 (Laser
Power Controller), BEOC /& NIR-LPC #) T
YEW By 400 ~1 100 nm, 8 h £ 5& P45 FR {6 N
0.05%,



TRz + 45 SRS A O 1 B3 B A5 D5 ) B o6 741

Electric motor Exit port

(a) LGB A
(a)One beam path

Electric panebs
Diffusing panel——
The first beam pathM

Laser| D ~~

LPC

The second
beam path

M

(b)Y B 5 A
(b) Two beam path
B3 WOGHMNER S ATRAFBROG MR A
Fig. 3 Schematic diagram of path of outside laser il-

luminated into integrating sphere

3.3 HHETFE&EM

20 245 [ AH A 0 ) A P AR 4 178 ' gl IR
SPPAE DG 2 R 119 2% T (s 59 B 188 b ) Bl i D o
RELRE 1) 325 3 Al i S B 78 B b 2 I AR T8 S il 2
S — o BEEE A B FE O b KA B S BRI R A B R
FOGHR I3 A o XA I3 A AR BESC, WM EERE . il T
FHAEAE T BB B A B HOBE L D bl , BRI I
B B AF T M 0 mT LA s B . X T A W R 7
s 2 AT R T A I ) AR T 5 — 2 BRI IR
RS 40 T 1. Arsenault f1 Lowenthal i o 46
AN 12 Bl 1) 18 5 AR DA 7E A4S Ol 9 L AR
To KL AR AL VR L Ok B AR AR T O R Y =S ) AR T
P07 Tiziani, Schroder DA K Lowenthal fl Joy-
caux i F T AR HAR BIAE A B8 4
fi 147 98 SR AR — S AR 55— A>3 3l DT LS PR Y
R JE W A L. PH BE ) Alejandro Ferrero,
Joaquin Campos Fl Alicia Pons"*! gt & F| il J5 —
i 7 B A8 Ah RO 3 ABRSR BRI Z RS il —
325 S R A T 1 S A AR AR BRI B AR B A Y
FRSE B R AR BRI BRAH 24 T 1k T8 A

7 L8 B 37 I R 1 S Al LG AN B B 1 i R
P O ARG S 45 2R SOG Bh 3™ T, FRATT A 78 A
o P 52 AT PR S A 32 18 S AR eh 2R W R £ 0 o K
fE 250~2 500 nm (& §F @&k 970, 7EFSRER

EFF—A @33 W O TR AL E FEER L, AL
Bl — A @30 118 S BRI 5% . SO A S TE TiE
MmOt . O T LY IE % A 2, 7Y BE 2F Y
Alejandro Ferrero ' % A B 22 56 UIF 4 4% 25 bR S0 BE
Mg P AN T 2O e ) T e A (B Dy T BR 18
SEAUIE RS B SRR T BRGNS A A 18 G
R T8 B A0 23 I AH T RIOR 22 8] 19 28 1 ¢ 2R 8 e i
— BB SE AR SCR T O B AL R e
A R B 5 A3k 7 000 r/min,
3.4 MEIER BRI T

FERR Y BR 2 26 B R e L A R O
PR 2% T8 0E E 5 2o B2 o AR O T 2R B B
518 M 1SS 4E 7 ARk,

XoF A O H A A ) R R — s IR
U A A A o e N R O L TR TRk
B4 3t r BELR AT 8 K 0 i AR S DADR IR 44
M HAREPERIL. 6 ERE &, AR kR
)& RS F A2 77 1) $1337-1010BQ.,

BT B R B O A I g Y v I D 3
AN 4 FTR . JEH TR B R 4 —
A H B RN B 5 B B -V R 4 ) L S B

HLI - H R R
(o
OAP128

\ Vo _
+ +

2

B4 B R i v R AR TR I o A o R R R A

Fig. 4  Principle diagram of pre-amplifier in single

silicon photodiode detector

R RE L TR RN g AR R
BT 55 Je VR B 3 Y T AN B et H BEL L BT e
fie [V R M 4%, AR 4l X A6 A6 HL I ARG AL 5L A
FE BB R 50 kQ, FRARER B W D40 28 T 1
K/NA @10,

4 HRIRFGE G ISS 3534 ] X

T RE B VA X FORT B A S A ORI



742 b=

K% T

51T &

ISS [ 4a R R T EE T Trap (988 50 B2 PRI 5
1532 nm B BOE AR T 1SS 1Y 5 B AR
Fee M AR ST M R B AR Sk
4.1 EREFREM

H 00 28 10 5 T AU BR O L 1SS 1Y
e AR R R P A LA TR R N BB
30 s — U, BRI R AE 36 AN O3y, %
S5 30 min, 1SS %852 B 4E F2 o PR (it
A

e (Vo 9
”_<Vmin 1)x100% )
:/H\:EP su ﬂ\iji%\%llﬂz;Vn\;«xﬂy%ﬁijﬂuiﬁ;vminﬂg%

/NI A

Xof A I B AR P BB — 4k B 5 i T
BOG I AR EE 2550 . 2 B3R AR
EEHN 0.09%,

1.000 6 i
E izzzz “ /7'/-\ : !Li\ :
é 1.000 0 I\ ] é./_’/\_'/'\_fl\j V M _E_/'\-
(iR B S AR

V ) It

0.999 6
0

B 5 XOEE S A ISS (14852 B AR R e
Fig. 5 Radiance instability of ISS while two beam

path is illuminated into integrating sphere

1.000 25— T
1.0001. ,ﬂ _/\\éﬂ l/ \',

g 1.000 0 \/ \ \/\/\ Clkd

T

£ 09999 L d

2 / |

0999 8 I '/ .\ l/\/\

0.999 70

5 10 15 20 25 30
t/min
B 6 LRk S A 1SS M5 AR E v
Fig. 6 Radiance instability of ISS while one beam

path is illuminated into integrating sphere

TEAR R 25 A S DI T B S AT A AR AR
SEVE. B (O ARRE E Py 0. 0500, . i &
LRI 6 FR

FH R BIROLIE A 1SS H 5 B Fa P i AIK
THOCHS A XA TARGER. b T
LI HE TN G T — R RBP4 R
S, 2 HOLAN 1 e UK, 228 T3
SRS AR PN
42 ERETHEIEHIME

e R0 2 B € £ 40P 6 LR E T HOtH
17 AR 3 Bk 10 AR O SRR K F O 1) Cae il
AR T E 5 W Cy Bl B RS RS R AT AR
ARFIFEI G A I EAR S RO R —
e, 7 25 R 2 AR AR ) E D 7 mm
TE AR 63 mm B [ DX - 1w A 2 2 PR IR
RS R E fi 22 11552 0. 1694

é‘ 1.00

5 L / \

o 17 O

© 0.50 /s S

= 7 /;;%m,; Sy

£ 0.00 N S

g oo eI

2SI

26 20
NS0
10 =~10 >

B 7 ISS 22 HE I A 2T M i

Fig. 7 Measurement result of plane nonuniformity
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