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Table 1. MODTRAN atmospheric code.
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Fig. 1. (color online) Temperature profile for MOD-
TRAN atmospheric model.
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Fig. 2. Multilayer radiative transfer model.
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Fig. 3. Three-layer radiative transfer model.

014210-2


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

) I % R Acta Phys. Sin.

Vol. 65, No. 1 (2016) 014210

BRI T (RZ S R i H . AR
(IR, 28 R AR I XI5 e 2= AR R 4
5, B =R R XS BRI A5 TR AT, AR
SR, B — RIS S Ly WIS N

Ll = ngv <4>
(4) K, Lpg A ARG SR
€ AR5 U X3 A oA AT R A7 A, T2 —
JE RS S Ly AT RIR N
L227T27A2L1+(1_7-T27-A2)Bb (5)
( )R, oy, Ta, FBY S RINEE R s B
FIL R KA BE L R FNZ R N AR
P 3
YT ZRME, B R AT G B a4
THADBIFAAE, W =2 RS 5 Ly WERR N
—Tas) By, (6)
(6) 1, T, T BY 43 N = 2 KA T 2 A0
LRI TR S ) SRR S LR SRS AT (4) F(5)
A (6) 38, 51
Ly = TA; [TAQTTQng + (1 - TAzTTz) BS]

+(1—TA3)B§). (7)

L3 = TA3L2 + (1

4 FTIR KM & F 5y &= % 348 5t

% & (NESR) it & 4-#7

7 FTIR G 4 20 18 W A I &2 1) 2 H AR 1)
2 0k St R, TSR S S P 0 B A R A A R
B, T SR AE AR A8 A B AN S A AR AT RR
ERRGZIE, THH HACE M NESR, A SR 12
P s E ARk THE NESR.

14 FH FTIR S i A 5 A 7 3L 58 o) ) 2 A o
FeE, W TS B A 950—1200 em !, FH
DB 64 1k, KR SA B 20 AMRD S, 5250
2 ST 288, 293 A1 298 K =ML K Y H A4
WA, W 4 FR.

— MR E AR I AR AT R IR
SMcasurcd (l/)
- K (l/) LSource ]\4Stray(y)7 (8)

(8) X,

(v) +
K (v) AR 0 7 b8 B, MSTY (v )%?E%T
i B &, SMeasured () S | &

) J A A O T

Sl FH 288 A1 298 K il B T I £ Y JE A 4 5 Ol i
PR R A A S B e R 2 (3) 2 B H X R
FE R B AR AT S, 45 A () 3SR H A% 1 9L bRy
RN S . Bk SR A8 ) 1 R BSR4 B
i B 5, FHE 293 KO AL T I & 1 SR AR S AR
A (9) 3, BEAT DR ZIRE T R IERES 0, SR
JE SRR SR EAT A B (W1 5 ).
SMeasured (V) _ MStray(V)

LCalibrated (I/) _ K(U) ) (9)

—— 288 K

0.04

Intensity
=)
o
&

0.02

1 1 1 1 1
950 1000 1050 1100 1150 1200

Wave number/cm—!

B4 (WP ) A FHRE T SRR
Fig. 4. (color online) Blackbody radiation spectrum

at different temperature.
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Fig. 5. (color online) Radiance for correction and theory.
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Fig. 7. Absorption coefficient of biological aerosol.
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Fig. 8. (color online) Atmospheric transmittance.
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Fig. 9. (color online) Background radiance.
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Fig. 10. (color online) AL spectrum at 0° observation

angle.
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Fig. 11. (color online) ALy spectrum of biological

aerosol.

RIEXNBENKEDAE KR = AL S
K10 K EEM B = B AL — P Z1H, 133
5 AL G, wiE 12 P,

6
| —=— Tropical . 48;;1 s
5| —— MdLt Sum renm
——
t —*— MdLt Win SbAr Win

——

1976 Std

A2L¢/1078 W-cm~2sr~l-cm
[\
T

950 1000 1050 1100 1150 1200

Wave number/cm~1!

12 (MTIRE) LEMSN NESR ) AL, Sk
Fig. 12. (color online) A2L¢ spectrum in Fig.10 and
Fig. 11.

B2 8 AL AN EACE A3 51
NESR, 42 # 50 b i 1 73 4 16 NESR, 15 240
Kl 13 BTs B9 A2 Ly 1.

MBI 13RI LLE tH, BRI EE N 10 g/m? i,
B 25 Faty F b 2 B 5 R A KA U4, Hifi4
A KA AF G BRI %, X2 BN EX 44
KA T A2L, PIEMETE 2.68x1078 W /(cm?-sr-
em™ ) PLE, BAEUE R R 2 &G NEK21E

014210-5


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

18 F

R Acta Phys. Sin.

Vol. 65, No. 1 (2016) 014210

R LA H, A A e 43 15 B 2 A KU 2 X
FRIFARIN BRI 2 v T HAth 4 A KRB T 5 2 (A
BRI PE, 32 5L PR it A0 mp 2 B2 3 2 KSR 3
Rl A N (L R N R SE i R P
T

e

SbAr Sum

——

SbAr Win

——

1976 Std

—s— Tropical
6 —e— MdLt Sum
5k —— MdLt Win

A2L/10-8 W-.cm~2-sr~l.cm
[\v]
T

950 1000 1050 1100 1150 1200

Wave number/cm~!

E13  (MTFIRM) &nseill NESR # A2 Ly Y6l
Fig. 13. (color online) A2Lt spectrum in Fig. 12 plus
NESR.

6 & ®

AL E AT T RS L0 A R S A
g, = EB EYSRIE R = B RN R &
ARG AP RSB S R BRI BRI 2. B 45 R
0, LE KT FTIR 6 H5 A fig i 4% 00 31 4
WS o A AR, Ul B she il i el AT 1. A&
SCIRHIE 8 75325 D9 i3k — A2 A 21 A0 g 3 38 TR A
SEIFTIR i 4 A AE WS R 2 [ S B Wl 42
A7 REPEAL T B

S0k

(1

014210-6

XuL, LiuJ G, GaoM G, Lu Y H, Wei X L, Zhang T S,
Zhu J, Chen J 2007 Spectrosc. Spect. Anal. 27 448 (in
Chinese) [fR5¢, XU H, &, IR, 850, KRE,
KT BRZE 2007 Hilk = 5H40E i 27 448)

Gao M G, Liu W Q, Zhang T S, Liu J G, Lu Y H, Zhun
J, Lian Y, Lu F 2005 Spectrosc. Spect. Anal. 25 1042 (in
Chinese) [f#Y, XSG, sKREF, XIEE, FiRE, KZE,
BN, BEHL 2005 StikAE 56T 25 1042)

Marshall T L, Chaffin C T, Hammaker R M, Fateley W
G 1994 Environ. Sci. Technol. 28 224A

Feng M C, Gao M G, Xu L, Chen S Y, Tong J J, Jin
L, Li S, Wei X L, Li X X, Jiao Y, Liu W Q 2011 Laser
Infrared 41 1201 (in Chinese) [J3HIFR, & s, 4, 2
ELBA, 5, SU&, 2, SRS NE, ZEARYE, BT, XS0
2011 BOL544h 41 1201)

Liu X, Murcray F J, Murcray D G, Russell J M 1996 J.
Geophys. Res. Atmos. 101 10175

Oppenheimer C, Francis P, Burton M, Maciejewski A J
H, Boardman L 1998 Appl. Phys. B 67 505

Liu Z M, Liu W Q, Gao M G, Tong J J, Zhang T S, Xu
L, Wei X L 2008 Chin. Phys. B 17 4184

Ligon D A, Wetmore A E, Gillespie P S 2002 Opt. Fx-
press 10 909

David A B, Ren H 2003 Appl. Opt. 42 4887

David A B 2003 Opt. Express 11 418

Lan T G, Xiong W, Fang Y H, Li D C, Yuan Y M 2010
Acta Opt. Sin. 30 1656 (in Chinese) [ KHY, fefh, 7 5
4, ZERR, ZHIH 2010 J6%44R 30 1656)

Berk A, Bernstein L. S, Robertson D C 1989 Air Force
Geophysics Laboratory GL-TR-89-0122 AD-A214 337
Kneizys F X, Shettle E P, Abreu L W, Chetwynd J H,
Anderson G P, Gallery W O, Selby J E A, Clough S
A 1988 Air Force Geophysics Laboratory AFGL-TR-88-
0177 AD-A206 773

Flanigan D 1995 Appl. Opt. 34 2636

Feng M C, Xu L, Gao M G, Jiao Y, Wei X L, Jin L, Chen
SY, Li X X, Feng S X 2012 Spectrosc. Spect. Anal. 32
3193 (in Chinese) [\% IR, #X5%, mlw ), B, 2055,
0%, FREM, %, A 2012 Sk 560t 32
3193]

Wilmot D W, Owens W R, Shelton R J 1993 SPIE 7 57


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.1021/es00054a715
http://dx.doi.org/10.1029/95JD01701
http://dx.doi.org/10.1029/95JD01701
http://dx.doi.org/10.1007/s003400050536
http://dx.doi.org/10.1088/1674-1056/17/11/038
http://dx.doi.org/10.1364/OE.10.000909
http://dx.doi.org/10.1364/OE.10.000909
http://dx.doi.org/10.1364/AO.42.004887
http://dx.doi.org/10.1364/OE.11.000418
http://dx.doi.org/10.1364/AO.34.002636

32 % R Acta Phys. Sin. Vol. 65, No. 1 (2016) 014210
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Fourier transform infrared spectroscopy technology
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Abstract

The problem of detecting the biological aerosol at low elevation angle is analyzed and discussed by using MODTRAN
model. First of all, the atmospheric model and profile of MODTRAN model are introduced for the biological aerosol
detection by Fourier transform infrared (FTIR) spectroscopy. According to the passive detection of biological aerosol by
FTIR spectroscopy, the radiation brightness difference AL between the background and the target biological aerosol
is calculated by using the radiative transfer theory and the simplest three-layer model. The signal value A2L, under
the actual circumstance is derived from the derivative of AL combined with the noise equivalent spectral radiance value
of the spectrometer. Finally, the detection limit of biological aerosol for each atmospheric mode is predicted with the
passive remote sensing method. The limit concentration of detection for each atmospheric mode is different due to the
differences in boundary layer temperature, transmittance, and background radiation brightness of atmospheric model,
and it is also related to the absorption coefficient of biological aerosol. It is shown that the passive remote sensing of
FTIR technology can detect the presence of the biological aerosol. Therefore, the detection of the biological aerosol is

feasible. It presents a method of detecting the biological aerosol cloud under the actual circumstance.

Keywords: MODTRAN, Fourier transform infrared spectroscopy, passive remote sensing, biological

aerosol
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