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Abstract: To measure the mid-infrared total atmospheric transmittance in a field and to improve the
measuring accuracy of infrared radiation of spatial objects, a measuring method based on standard
infrared stars was discussed. A mathematical model based on Beer’s law and Langley-Plot calibration
principle was established, and an experimental system based on the ground-based optic-electric
telescope with an aperture of 1. 2 m was set up. Then, “ Quasi-real-time One-point Correction
Method”, “Window-extracted Method” and “SNR Characteristic Curve” were employed to reduce the
effects of the non-uniformity of detectors and the diffusion imaging of stars on the measuring
accuracy. Finally, the error of the measurement in the experiments was analyzed. Experiments and
analysis show that the maximum measuring error of the infrared radiation illumination of spatial

objects is 16. 28 %, and the theoretical measuring error of mid-infrared total atmospheric transmittance
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is 11. 75%. The results indicate that the measuring method proposed in this pape has a smaller

measuring error, the experimental system is adapt to observation missions in the field and it provides

a new solution for measuring the infrared radiation of spatial objects.
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Fig. 1 Block diagram of atmospheric transmittance

measuring system
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Fig. 2 Photo of atmospheric transmittance measuring system
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Tab.1 Parameters of total optic system
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Fig. 3 Flowchart of atmospheric transmittance measurement
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Tab. 2 Data of standard infrared stars

KRAJZHMNBRE

ASREZAF ULIAD A L) B[] B SNR

2

J(Weem ?)
BiE— 33°14"  18.57 1.243X10 " 82.79
HDI131873  37°34"  19:17 1.311X10 ** 83.26
B Umi 38°21"  18:49 1.282x10 ' 83.10
s 41°21"  19:09 5.714X10 " 390,94
HD98262  46°44’  18:46 3.098X10 ¥ 22.36
HD89484  47°31"  19:21 7.408X10 " 48.43
HD95689  55°22"  19:06 7.556X10 ¥ 50.68
HD89758  59°03"  18:.52 8.722X10 ¥ 58.74
n Uma 63°31"  19:.14 8.325X10° " 55.29
HD44478  65°02"  18:42 2.398X10 " 187.27
Jbm = 74°06"  19.01 1.130X10 ' 82.55
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Fig. 6 Result of quasi-real-time one-point correction
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CE R LR U SRR R A R SRk
S
2,129, y,+24 2,129, y,1+29

DN..,)/500 . (2D

> DN.,+ >,

=0 s y= 3y 25



1552 b=

% TR

%23 &

Horpag, yo B RE DR A AR E W I
M s DN, R Xk 245 28 1 K B AR s DN, R 75 5% 0K
FEYIE .

TE B VR HBOG B 04 K H2 B, X 4 B I
30T RO A B 3 1 RO bR 5 SR
DX A /N B B R  5 AR VT A F AR R R K
4R U, PR AR E S X Y X

Y RO, X BB TSR T A R b R
M e B bn i IR 5 vk . 7R E HARd 1
R BI IR R /NG AT U IR, A 11K
AR AV G T B AR AT R 2 4 M E R 1 il 2
SR 5 WL W LU R P il 202 A5 358 8 A A 2
B A 55 0 T B3 s Ak o 7 B AR AR, LR AR
w8 frR .

EEAR/SlUNEN

~ ]

| rsmsAsNR || pkses |
! T
| emtopisrnng || =
!

ER ety

i FEHERE A
B8 AL R R

Fig. 8 Flowchart of mask size calculation

R R A N
C,+d, C}Hrd

SNR= (>

= C}I*d. y= Cy*d

DN..,~ DN,, - 2d+1*)/a, .

(22)
H . C,. C, N B S REOEEET O MR A5 s d
o EAR B 2K 0 U5 o R T SR K BE B U
223 SNR 24 H A5 SR fE R L
FHZ 7 X pR e LA B A8 B AU =" 347
TS A5 5000 {5 e LR e an &l 9 iR, &l
o R B X 7 ) T B R s BRI A R
FETFQ@itD XQ@it+D, mE9 /A, % 6 il
B I 1 B B AR AR D) AR AL K 1
13X 13,

110
100F

90+

701

q
60F

B S R R S S S B
Sequence number

BlO e L o i i 2

Fig. 9 SNR characteristic curve

DAL O 0 S 6 A i AR o AR R T o X
B/

C, +is (.‘);H

>, (DN,

2=C —i,y=C_—i
a3 y

— DNy)

In

Ecar
— B+ sec 0+ Ina.
4.3 LBRBEME
AR R A2 5 A% 0 i S I ) R A B

23

C i€yt

> (DN,,— DNy)

A= lIn|s=c—iy=C i —
Eslar
ln[—AEDlN} , (24)
B=sec 0, (25)

A ADN R 3B H bR K BEE ., X2 ) 5
5 AR B i/ — e sk LA, LA il 2k &
10 fiiR,

In(DN/E,, )(DN- W-' - cm™?)

1 ll.l ITZ 173 ll.4 II.5 I:ﬁ ll.? Ij8 1.9
Sec f7

Bl 10 S Ko #0446

Fig. 10 Fitting curve of data



55 6 1 XIAR L, 4« v ipl 21 0 2 A% 2ok R i B R 22 43 B 1553
A LS RIS B=0.298 5,0=8. 760 e+ FEAREIGELL T KA
16;*&%1/37‘51:&%%%%7 O. 067 2’?&%%&?&/@«;@%% Uy, = Ocal ® Tmirl * Tmir2 * Tmird (26)

R AR R T X I GO A R 90°) 1 KR
BN 0.741 9,

MR A0 2 S 6 ) e AR BUE ALl LA A
{H B o AT 1A 45 bR 2T A0 18R B2 0 17 0 0 X
B0 A 1 RN 2 2R G 11 446 o 4 B o g
4.4 KWL RER

VR AR S0 T 1k B X6 bE S, A SCOT R T 3
TR bR O 2 R G0 4 xS e R R L 5
MODTRAN #3588 R A3 i 2 1% 25 6] B b 41
A B R P 0 S

BT RS RENEFEOER 1,23 m, &
R H B AR R BRI E SR REA
i A OGS S 56 R F S AV BN R G2 R
FERE MR B T BT — S BRI . ARt
SE 37 B 20— A T T RS B AR M i T A
O R GRS . K R SRR TR
M Aab , A B A R A A O 8 o B TR
PG 7 1 Ak B R B A L DT 52 B T OGO
2R G HR AR . AR B LA i & 1A 11
iR .

OGO R G E RO OGS R G R A

I | Teal.i

FE s e s e 70 501 R A2 D0 B O 27 R B8 FISE A O I
627 28 G0 ) 208 X8 8 S 0 IO 5 5 i s T 5 i 23 9]
AT BRI S AR AR ST B T B L B A =
B SR 5 v N E AR OGP B B 4L 19 i i R
oS BEI RU AR

11000
10 000F

9 000F

o 8000F
S 7000f
g6 000
© 5000}
4000
3000
2000

10 11
10710

2 3 4 5 6 7 8§ 9
Radiation illumination/(W - cm?)

BT E AR B AU i £

Fig. 11 Fitting curve of calibration data

PABRHELLAN A 9K B WL F AR, (58 T Al 7 Aol
D3RI RE B2 00 B bR 0 R R A1 e 5 R RE AT
S PIFR S T 5 B ZE R R LU SR 3 i

x3 ZEMHER

Tab. 3 Results of measurement and calculation

FARE MW KSJZSMEIE MODTRAN G gl KSUZSMESTREE/ (W« em™) MR R/ %6
#Fx M R IRE /(W e em D) KRBER  KRRESR s ey SR MRS
B — 33°14"  1.243e—014 0.542 7 0.580 0 1.277e—014  1.355e—014 2.74 9.01
HDI131873  37°34"  1.311e—014 0.577 3 0.6129  1.169e—014  1.234e—014 10. 83 5. 86
B Umi 38°21"  1.282e—014 0.582 8 0.618 1 1.349¢—014  1.384e—014 5.23 7.99
BT 41°21" 5.71de—014 0.602 3 0.6365  4.935e—014  5.187e—014 13.63 9.23
HD98262  46°44"  3.098e—015 0.631 2 0.6637  2.764e—015  3.171e—015 10.78 0. 37
HD89484  47°31"  7.408e—015 0.634 9 0.6672  6.016e—015  6.202e—015 18.79 16.28
HDY5689  55°22"  7.556e—015 0.665 5 0.6957  8.039e—015  8.257e—015 6.39 9.28
HD89758  59°03"  8.722¢—015 0.676 6 0.706 1 8.199¢—015  8.440e—015 6.00 3.23
wUma  63°31°  8.325e—015 0.687 8 0.716 4 8.964e—015  9.337¢—015 7.68 12.15
HD44478  65°02"  2.398e—014 0.6911 0.7194  2.18le—014  2.274e—014 9.05 5.16
Jeim = 74°06"  1.130e—014 0.7059 0.733 2 1.168e—014  1.182e—014 3.36 4,62
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