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Validation method of single-channel optical
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Abstract; The single-channel demonstration is adopted to validate the rationality and feasibility of CO, detec-
tor optical system. Atmosphere spectrum is tested by experiment with the mode of sun light and diffuser. The
spectrum calibration of the single-channel demonstration is carried out in lab. The matching calculation of two
spectral position obtained from above two ways is carried on by using spectral matching algorithm. The result
shows that the absorption peak point deviation is less than 0. 006 nm in the line depth stable position, which
could meet accuracy requirement of algorithm. This way can not only verify the validity of the matching algo-
rithm, but also the rationality and feasibility of optical system design. The research provides the theoretical
and practical optical reference data for spectrometer design in the future.

Key words: detector;single-channel optical system ;diffuser ; spectrum matching

I #s HHE:2014-09-21 ;11T H 87 .2014-11-24
EE&TAR . HESHEARII & BRI (863 1151) % B3 H ( No. 2010AA1221091001 )



950 DA

EOiE

1 3l

e

ARG A AN W7 722 Ak 32 3 ORIz 1 G
T, H A B AR AR i PR AR A B (€O, ) L B
(CH,) \—% =R (N,0) fH IR & 1) (CF-
CS) R SR HEBCA W, Tl
AR R RS A ST Y Bt AR, X
SESARHR EA W IR E 0, (HXT TR E AU
A N | = AR A 2 SR I SR IS R IO 3%
ISR, 7EIK 1.594 ~2.08 pm 78 B, CO, I
CH, ELA AR 1 WSO > | AR A8 s e e 20 47 4 7
RE AT, PUHOR AR A SR 2 i i 1 2 it
AU EE Y St — M, 70 b T 46 iE HO'G 2 R 4¢
B A B A AT AT b TANSO ( Thermal and
Nearinfrared Sensor for carbon Observation) T &2t
A G I iﬁ%ﬁﬁfi%%f@%%ﬁ” ),
TR 1. 31 pum A 3O A4 ,Lji
PR G 2T, N R AR AR S % R ]
PEIERBOCAE A OG IR, 3l i #4521 R G
PR gt 52 BURR RE DG Ol 5 B MR S R A L
FE A1 i BRI I DG R GE AN 58 I Y ATRS TR R
REAR AR SR OGS A R s A IO Ay
o6, U Z23A 5 L AR 1 TR

Bl 2EME AIRS TLAME RGO LA
Fig.1  Collimator imaging optical path of AIRS satellite
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Fig.2  Sun radiation data from 1984 to 1999 recorded
by ERBS

KIHEA CO, HRMA 4R mE 2 B 1 (A)
M UE X
() = el (A) (1)
Al () 8 B PR S T K BH G 1% 4 4
WL e, N HIBRBUE I 0 R IT IE R F e, 1Y
FE LA s

o = (12)% = 1.000110 + 0. 34221 cosI” +
r



% 6 3]

e W | 45« CO, RIS D~ RGBT IRk Ty vk 951

0. 001280sinI" + 0. 000719co0s2I" + 0. 000077sin21" |

(2)
ﬁ*;:ﬁ%%il%ﬁam¥wﬁgxﬁi
PRy HHBEEES , T o H AR (BRI L d, RAF
Mep R JERM 1(1 A 1 H)#365(12 A 31
H) .

L(A) trl R K (3) i b5 28 7 AN ]
I 1) S P R AL P A IS e S5 30 e 2%
L(A) =1,(0) x[1+
2w(d, -3 )
el PN
i RS, AE CO, F ML A FH 1 5+
G A [ R ) A5 PF T, 18 5 S 1 4 B
JE L(A,d,) T R,
L(A,d) =1.(A,d,) x
BRDF(A,d.) x f(a,B) , (4)
K f(a,B) P18 I SR -5 K BH L5 1) 3 £ 1)
B IEE T a, B 530k A P 5 6 AH X8
SRR A S KI5 A F0 A 5 62 ff s BRDF (A, d,)
k18 S ARORL ] 2 55 535 PR
Rl 2 RV AT 52 B X4 S 460 X6} 4 55 52 s 2R
BRI
G = (DN, = B)/L(A d,) . (5)
18 [ 2 A S8 e, R B AR O 6 T
AR R I] 52 55 A R RS, AT o BT S SR i

0. 0167 cos(

R AT WD, [5] AR 53 M A PR 00 8 o 1 1 i 1
WA B2 11 S S AR s el 00 14 e 36 2580

3 ARM B4 a R

IR FH B S5 81 788 S S AR B8 S RDIGaE i R GERY
NSRBI RN A5 L, o 2R 45 i o1 15 1 L SR IE D
AR A B AAT

K FHAEHER R TR AT A FR IR 1 358. 79
W/m? 18 SRS B A I 6] i 45°, PR R
PR 78 S S A IR EE Dy

E = 1358.79 x cos45° . (6)
18 S AR AE PRI A 1) 58 E A
L = pE/w . (7)

S B R LS :214.084 6 W/m® /st
F b T AR AR RN B A Y G e e
TE A, ~ Ay BB, R0 4 42 Wi T Ak 1Y 4 1R R
A
E = (LwRy/P)/[1 + (R/1)?] ,  (8)
BRMZR AR A A A, ~ A, BB
DR WS P Sy
P, = ctEA | (9)
SNR = P,/NEP . (10)
/N wa = ML AR FA R SR O = Wi
NS

F1 RAKXEFERGFHEEN T ERRMEFERE
Tab.1 Detector SNR calculated through adopting the mode of sun and diffuser

A I Bt/ nm KFH C P, SNR

KK 718 ~818 0.090 4 1.6958 x10~° 5.147 x10*
& 1510 ~1 710 0.028 0 4.4310 x10°° 3.503 x 10°
SR 1910 ~2210 0.019 1 3.0226 x10°° 1.051 x10°

2535 K BH AN S 5 A 3 A R I 2% 15 Mt T
REAEIH I R G AR BESR ) SRIBUK FH {8 2 84 A A9
F AR, WU E RGN A FE
4  TAEJR IR Fetl g,

peRL kS e SN NP S I ENEE )

B b, 2208 ORI AR IS, i R0 A1
T E AL, BRI Z 5 0Co # 1L
BT SR UE R G 0 BSOS B, S E T s Y %
AL AR SRR R A A R R
5 I A5 A0 S | LB S ) AL AR H
AUAERTR 3 Fin

Horpr B0k Y SO I ADGE R GEUNE 4 R



952 Hh [EDE 2

K3 PG R R AR E R
Fig.3 Sketch map of single-channel optics val-

idation system

Hrols: RGEME LR H IGST (KA1 3 A &L,
M2 RGN T, HE H B RO A 20 107,
FAGAEELE i 0 2 25 9 10" 5 6 M A 46 434 11T 5
10", WEEBIR G T HE BB B 1| Bk BB 2
(8 T A E A A4S T AR s R ¢ v, i) Al 2 S R
i +3 wm; UREE R G Y UGBS 1 B R E
BT 2 RN ZR e 25 AT £3 um,

K4 it RER

Fig.4  Single-channel optical system

5 KLt

SR BT 04 1o 0 AR BH B R Ui
JCIEAE B AR A R 2 1 5
B AR AEHL (DL 5 ) 2RI SR WL 5% £ 47 DL
BOIHAA . 7EiY0 2 B e Xy B I B s FELEEA T
FETR AT E b, £5 T A THE A 3 B SR T2 FE il
7 (1 MHz) B RIRBOL a4 B O 2B &
S BRI RE R AE | 300 Aok 3] 2 3 DN 25 5 57 % 38 7 2
TEREDLAR T AT 1RO R R A 5 FR

ST R AR B RO B B AR 2, R fR B
1. 33 m MCpherson LU FENLAYZIE BREGHT
PR, B AR 3 B0 0. 04 nm , BEHORE EE

K5 B RAERLEYEE RS A 0 R R B R
Fig.5 Sketch map of focus plane precise adjusting of

demo device

HLT 0. 05 nm , 2 bR bR 2 )5 15 2 B9 RE AL (B HE
WU AR AR IS bR TR R IR e, 2k e
BobnE R TR K mE 6 s,

W ehdes
5] -
|
i s he “F -t H L
I iy Wi e 1T 2R

GHRTIE L e e S
wEVIlE A h s

Py il [

N N S
e 1Y
=B

N i R ML
s ] e

K6 kOB Lt s b 1Y T AR
Fig.6  Flow diagram of spectrum center wavelength lin-

ear function calibration

FE TR HE OGS R bRk 56 58 iU |, R OR
ETINER S UNIEC] N T AT M e s e S B 7
KECIES % bR, B LBLRTM KSR 14
FHITRAN 43T W08 3153 2 A UL A B fL 2 2
JERE AN HEE N 0.004 nm , B LI B 544
EMEL (13 wm x 13 pwm, 0§ 0 R ) 616 pixel x
1 280 pixel) , N 7 fros, HISTHAE A& 5 P
RRAMWIOETE R 8 s

B S E 5 SOMAE NI R ECE BUR &
AL S AENLSE BB S 3 ) L3 an &1 9 i,



% 6 3]

o BV, 45 . CO, RIS PR3 1

S ARGV UE 953

K7 EREUEREHLR R R E 5

Fig.7 Demonstration of original image collection

i m]'”t

- “n <l S1a
Wieduhe R

K8 HETH R o HER R URHOEHE

Fig.8 High resolution atmosphere absorption spectros-

e

PRSI

iz

copy obtained by theory calculation

SEREW DEIERAE S AR X IR R Y&, 5
HE TR EGS 70 B R R RO TS R RE ST, H
SE WA E AT AR 22

?-f_ 1 L.“W‘rm

Ahe b

-

— hlelraz.

=

- |L|| -'||"

Ko FSRLLETE 5 5L I RS Lk it 2k 4
Fig. 9

Comparison curves between theory simulation

spectrum and actual atmospheric spectrum
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Fig. 10 Block diagram of spectrum calibration method

with spectral line matching
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