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Calibration system for solar spectrograph radiance response

ZHANG Jianwen', DENG Weijie', LI Bo’, WU Heng’, LIN Guanyu’
(1. Key Laboratory of Optical System Advanced Manufacturing, Changchun Institute of Optics, Fine Mechanics and
Physics, Chinese Academy of Sciences, Changchun 130033, China; 2. The 1st Department of Space Optics, Changchun
Institute of Optics, Fine Mechanics and Physics, Chinese Academy of Sciences, Changchun 130033, China)

Abstract: The study of solar spectrum is of profound significance to science and human society. The satellite-
borne solar imaging spectrometer designed in accordance with this requirement has a low signal-to-noise ratio
and a large uncertainty after calibration of the radiance response directly on the ground, so it is difficult to
achieve accurate measurement of the radiance response. Therefore, the solar radiance hyperspectral
responsivity calibration system was constructed to test the whole system radiance responsivity. The calibration
accuracy of the solar imaging spectrometer calibration test was improved, the dynamic range was improved by
2.8 times, and the extended uncertainty could reach 4.60%. Compared with the results of direct calibration, the
signal-to-noise ratio of solar imaging spectrometer calibration test was significantly improved, which met the
requirements of radiance response calibration of solar imaging spectrometer.

Key words: calibration; instrument, measurement, and metrology; filters; spectrometers
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Table 1 Deviation comparison of irradiance calibration

Type Difference value

Maximum irradiance 0.175 8 W/mm’
0.135 2 W/mm®

—0.093 0

Average irradiance
Standard deviation

—0.009 5

X:—0.036 0 pm o: 0.032 4 mm
Y: —0.012 1 um ¢: 0.032 3 mm

Average deviation

Distribution position and
extension width

BERE R B AT RS, BTG R

JEE ) 97 3 A7 B 3202 2R 48 i el LA LA S (B R o
FERZmm, MR (1) BoetrE BRI R AT (5):

V(Py,Py)T(Py, Py

R(Py,Py) = ( L(P;Iﬁy) ) (5)
s Py k28 6] 4 5 1) {1 FH 43 A7 A7 R 4E Ji 5 i
) X 22 A% HE 5 RIAR T & 5 Py G iE 4 Jr [a) ff
FH 0 A 57 B FIVAE J3 58 J3E A Y A 22 A% M J A A% e
By R VRS N BE RS Vo A B s i e S




. 672 o]

k¥

ERESE KR!

2 R G0 N 55 L ok R FH A2 8K 740 nm~
800 nm AR ST R S5 & BT P o K LG 1S
B A 48 58 BERHIR B 515 T Sy 3 2ok D 245 380 9 v 1
IR 2H A B 3 i RS

N T PRIEAR DN 4% 09 15 BA vk ik B E 75474
TR A R0 DX R ) 3 o A 280 DXl a4 v R s R
) B (BLAE o T I S5 R B AR T I = A 8K
8IT, JER RO B 9 BEAT A 7Rz 58, BVECA 2%t
AL I FECH 1, AW 0, T wm N BE 45 SR, il
FAAT R DX 3800k w107 8 K 40 E A7 o0 A Ak 3L, 75 2 45
EEMUNIE A SR S b Rt LA S €1

X A 28 DX N A5 3R AR O3 B v P e e AL A
J5 P9 G 1 A 5 [ 48 060 7 (AR TG 1 e A 7, 2R3k
A=k (6) o
(M(Px, Py) — D(Px, Py))A(Px, Py)

- (6)

2 M g RN 25 X5 B 43 BRI A5 104 0'6 335 e iz £
W55 D Ry OGP AR 73 K 5 PRI 45 0 45 1) 15 15 5
W55 A SR A5 35 DX ] B 37ty S D0 S R0 55 1) R
Srint Il

RARG T GEE UG, 20U RGN RS
B N R BTSN

(M(Px, Py)=D(Px, Py))T (Px, Py)A(Py, Py)
L(Px, Py) X tiny

V(Px,Py) =

R(Pyx,Py)=

(7)
X5 O IO B R A, 38 IO 2 TSRO 4R Ty
i) (14 - 25 45 5% JBE 0 02 2, R B0 1 8 A% SE T i 22
FETE AR AN 0 22, BRIVl 45 21 23 20 05 5 b5 )
A T A 7 i) P 249 R g o R

2 KRERGHEM
R BH AR O 2 2R 50— i ol B 5 B

I AROETE R G ROT . VT oA R . H R
BG4 PR 0 R LA R 8 O R 2 AR, U
F T 3 1 55 A BH Y5 B DA IE 18 4 1EH TA% <

T SR A2 G5 R B o 7 B S AR T 1, TR
G5 AR B ANl R A 25 04 52 DL FR G ) N R
11K, S BEARRR I 2 50 0 ma )3 B 5 bk B2 . Ao
Xof b A 2T AN By il P9 AR SCRE b 3R 5 5 8 R Ay
I, BREI GG 73 B (750 nm~790 nm),,
i AR AT 5 18 5 S B e 4 10 2 A SR A 4 5
JEE g 1o A AR B, MRS R A& 1 R, o LR
R R e R AR (E Sl s B O AR, AR S
M55, {5 W LIS, shAVE R HA 6.0 dB, ANRETH 2
SE BRI LR

0.001 0
. 0.0009 |
i:: 0.000 8 |
& 00007}
g
£ 0.0006 |
©
2 0.0005 |
a
<. 0.0004
£ 0.0003 |
5
2 0.0002
(5]
= 0.0001 |

s

0 1 I I I I I I I
740 745 750 755 760 765 770 775 780 785 790 795 800
Wavelength/nm

1 EEZNERERER S BB ot 5 0 Rz & 2

Fig. 1 Partial band spectral response function obtained by

direct measurement

S S5 B R BH G 3 SR S R R JEE Y E A
I, 5 R FF A 5 2 T Ol 9 e 7 R E R R
ARG8T A K 5 6 R AL O IR L
JEE A B SRR K o3 A T A B, LA AL A
B2 7 o e 2 2 633 4 A 4% 338 06 T e i O

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

o

S 00004

¥ ¥  APLP)T(PLPy) :
Calibrated radiation h ﬁ ' Q" v RPrPyy= L(PyPy) !
source ¥ v M(P,.P)-D(PyuP)A(P,,Py
p— 3 : V(PX,P}/): ( ( X Y) (I X ))) ( X )) !
Radiative ' b / . i _ (M(Py,Py)=D(Py,Py)) T(Py,Py)A(Py,Py) 1
N ! R(PX7PY)7 !
transfer o . ! L(Py,Py)%tiy, '
N - Component testing Responsivity calculation
1 ' [, = 00010
o !” ! = 00009
Device i N - ! £ oos
under test | 1 Coefficient mapping - t ?,3336 /\\
v Z 00005
D g

£ 00003
Z 00002

i
o |
Calibration parameters | I 2 i
i
i

2 00001

Homogeneous light 3 ' |

Responsiveness mapping module

Radiation transfer standard source

740745750755760765770775780785790795800
Wavelength/nm

Analysis mudule

B2 AMEERESXEMEEERRGEAS TEE

Fig.2 Schematic diagram of composition of solar radiance hyperspectral responsivity calibration system



RYEE 2025, 46(3) RS, A K PH G SR 5 BE R 1 BE RE BR R 4L . 673 o

3 DG USRI 20 516 18 4 S RS PR DAL A, 3 o o
Y S R A 2 50 DI TR o R B AR
Il S5 AL By 2 F 2 RO R B | LS BORE IE
AR e 2 RS 3 M A 2k, i o O e &
SN SENER, S5 RSB IE, A
R 5 B2 WE L RE M i E SRR ep o R I SRR R
il i 45 45 R AR OIS MU B R 2L, S it
BEARAF R B OGIEGE H TARR ST #6548 58
JEE i 7 A 1Y

3 EWERESH
31 EWER

et ] o 37 R 5 R S A B T 2 5 4 A 1 A
R, i RGO ETE v, Heodr op e A X &R
S0 #8101 R M AR, L A ot ik B
TR 3 R . G5 AT BRI AR, X4 58 B el 1
JEBEAT o3 it o

3.00
275 +
2.50 -
225+
X 2.00 b
1.75
1.50 -
1.25 ¢
1.00
0.75
0.50 |
0.25

Transmissivity/!

0 1 1 1 1 1 1 1 1
400 450 500 550 600 650 700 750 800
Wavelength/nm

B3 #yREMELTE
Fig. 3 Transmittance curve of partial bands

1288 50 't i R G A 8 O IR AR e AE K
FH B KT AR I3 BR A D AR SO R, O T 8 E FR 3 Bk
(1 o 9 370 L 3 5 32, 7 SO A 188 4 0 45 40 3
BRUEST HR E T B3 BROT 1 i i1 48 5 o B R
M PR I g 22 () A O AR, AR BN IR 4 BT R Y
FR3 B M 5 5 T 5 0 1 9 5 2R AR 4 I S A
23645 B B B> BR AR i FR s B, E TR
PRV AL 3k 5 iR 22 5 AR E B .
TR BEHAL I GE bR 2R e BT, 8 5 A% 3ok e
BT — R TR AL, L RE S I L0 4 5 T 1 3 1
O, BEAR T oy 4 5 A% 3o B B 5 ) B AN E BE, H
e, AEZRPE S AN GE BE 1.00%, 46 5 1 14 128 4% %
15 W L5 I A B 2 B 0.50%, 8 3T 1T iR 22 51 AN
B FE 1.12%.

A A
DA
o

o
g
[

(%)
=~
w

w
b
[}

Brightness/[uw/(cm? nm-sr)]

W
S o
W

3 0 1 1 1 1 1 1 1
625 650 675 700 725 750 775 800 825
Wavelength/nm

B4 HMEBSESEKHXER

Fig. 4 Relation between standard radiance and wavelength

WE S frs, it =X (7) a7 LA A5 21 i
T AN A R N B R . SR 1 T DLBH
B R0 G A ) i 2R 2h A TS Rl S I Y
SEEA AR, B HA SOE R . R K PR AR
5 P 1R G T e N B S A AR e DA B A 45 R
F2 00 bR R R ShASEE ER, K% T 16.9 dB,
PEE T 2.8 %, Wi ShASEY R, BEAL TR 1
FbAH X 158 25, DT B AR T 2 A RS2 56 51 AR
B B, AT LA R SR

0.001 0
. 0.0009 |
f:: 0.000 8 |
£ 00007}
g
& 0.0006 |
©
Z 0.0005 |
a
. 0.0004
£ 0.0003 |
5
2 0.0002
(5]
= 0.0001 |

0 I I I I I I I I I I I
740 745 750 755 760 765 770 775 780 785 790 795 800
Wavelength/nm

B 5 HESBHED 5 R S I R iR £
Fig. 5 Partial band spectral response function

32 AHEESH

DI o 57 FEE R AR A A A B )R R T AL A A
T 5 R A S 5 AT O S A S AN E L AR
B ERZE L PR EE N BB O A IEL
P B0 R A S B S E R R BTt e I AN
R,

S 5 E 750 nm~ 790 nm Y 4 385 Bl P o 7
Ko 6 MERA P, R 20 6O BE TR AT BB O B i
R Zd R AN E K, b F 24
FEUEC T WA AN R B LA KO B T 4 I ANl



- 674 - o

k¥

ERESE KR!

JE, A 2 22 U A I AT A N R
H1.50% 4 B B 44 AN B o B I 2 R4y
M 3545, i 7 35 £ v DA R B A A o A T el
AT SR ARAT, A Y A DA R o A P 2
T AR AT G AR B RS . R b
B AT A B 2 2R UR T 2 A Ao A v A A A% 3 o
FRARR 3 BRAS B U7 A S A% 38 0 8 v A i o
FERE T LA I 5152 2% | A% 38 S U5 LA B bR i 58
SRR PE L 18 SR AN E Y ALl
PR 5 25 H v T a5 18 0 A R I 4 45 25 L AN
FEJE R 1.60%. R 533K 5 IR i 58 S AL s 15 2,
Horrm B AR M B B ASH 22 BE R 1.00%, 568 5131
1 3 B A W L B T B AN 22 R 0.50%, 56 41T
WEGI AW AT EE N 1.12%. FERA B 15
ZREER ST L B EAES AT | A0 . ERG IR
R Mk« BB 2 A0k A R 34 A0 PR B S i, 8
i 3 (8) THA S B L4y BR H 5 46 50 B R /2
2.58%,

Mc=\ZZ:u,'2, (8)

s g BB AN E JE 5w AUR B AT E BE /Y
WRUAELs 2 R AN 7 B 52 ) DR 3R . il X (8) ]
PATHEAS 2" AT N 4.60%. 2 2 D9 AN
SEREER, Hob ko & T

®2 FHEETER

Table 2 Uncertainty calculation

Component of uncertainty(k=2) Contributions/%

Uncertainty of radiance  Diffuse reflection plate 1.50
of integrating sphere Transmit standard 1.12
radiometer error
Geometric error 0.50
Integral sphere error 2.58
Transfer light error 1.60
The instrument Instrumental repeatability 1.00
uncertainty Wavelength repeatability 0.80
and accuracy
Stray light 1.00
Non-linearity 1.50
Filter measurement ~ Accuracy of photometer 1.50
uncertainty measurement
Accuracy of filter 1.00
wavelength
Expanded uncertainty(k=2) 4.60
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