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The Study of Characteristics and Imaging of Infrared Radiation of Middle
and Upper Atmosphere Background
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Abstract  This study proposes an infrared imaging and detection model to address infrared imaging and radiation
characteristics of the middle and upper atmospheric background. The applicability of the medium spectral resolution
atmospheric radiation transfer mode (MODTRAN) in the infrared band is analyzed, and the strategic high-altitude radiance
code (SHARC) is utilized to simulate and analyze the infrared radiation characteristics of the middle and upper atmospheric
background under different observation parameters in the 3-5 um band. Furthermore, a relevant radiation characteristic
database 1s established to complete imaging simulation for infrared radiation scenes in the middle and upper atmospheric
background. The results demonstrate that the MODTRAN in the 3-5 and 8-12 pm bands has good computational accuracy
at tangent heights below 50 and 70 km, respectively; middle and upper atmospheric background radiance decreases with
the increase in the tangent height and solar zenith angle, however, this increases with the observed zenith angle increase;
short and long path radiation characteristics are primarily influenced by the path length and atmospheric parameters in the
lower atmosphere, respectively; the radiance during the day and night reaches its global maximum at 36 and 34 km,
respectively, and local maximum at 75 and 85 km. The results provide theoretical support for the infrared detection of
middle and upper atmospheric backgrounds.

Key words middle and upper atmosphere; infrared radiation; limb background; infrared imaging; database

1A . 717 T AV T, A 0 G e LT A T TR B R
= NUINIEETE 73115 A 0 1EIEI?IV\17FHJGE’J(D“J S I A

AN 2 PR B AR LAl R 2 SRR | [E B 4 5 4 UWEHP%@U" PRI 56 T o g J2 R RO SEEL A e o
S PR Ok AN WJﬂﬂjiilﬂﬁijM\ R RN LTS AR B oY AT BB L
i\l'ﬂiﬂﬁ’\i‘lﬁli—hﬁﬁ URAT AR A A S A strategic high-altitude radiance code (SHARC) J&
w2 R AR B B Y A EFII_.I):'j(_LEE$ FH Z MR LI = R WL T T Hh s = KLk
Sl e ELA W HL A SR A (A 2040 I B B AT Ay AT E AR, ATAE 1~40 pm 35 BN, R R

Wﬁﬂﬁﬁ 2023-05-15; f&EIHHE: 2023-07-21; RABH: 2023-08-08; MEEHEABHHE: 2023-08-21
@15 1E%& . boshi@nuaa.edu.cn

0828005-1


https://dx.doi.org/10.3788/LOP231310
mailto:E-mail:boshi@nuaa.edu.cn
mailto:E-mail:boshi@nuaa.edu.cn

£ 61EFE8H/2024 £ 4 B/BAENEBEFZHE

BB AA 30~300 km v B 9 A1 B L 2R B A 1 Y
RALLHME 5 B RDGIE % i R

X M BT sounding of the atmosphere
using broadband emission radiometry (SABER ) 15 J& %%
S B s 2R CO, 15 pm 4. 3 pm S5 A 38 38 1If 3
RSERE R T SHARC By AT SE %, Al i 247 T local
thermodynamics  equilibrium (LTE) 5 non-local
thermodynamics equilibrium (non-L'TE ) 5 = (14 145 451 A
g8, g th T AL SRR 2 o P U B R E X . 3
HR Y 56 A 28T I T 2 ] R AP 5 R e B LA Jmy B A
SRS B R AR R RS T 2 R
AN TR 25 7F Ol 2 R AR R B B BE T /Y Il 3T %5
] R FAR AT .

FI I FE P X 20 A 48 0 S 5 A AL ) BE 5 A R A
A A SCER RS IZ R A i OGS BE R R ARURR
S5 A% fan A5 X AY Sy BR M O 5 G SHARC 3 55 /9 K i
PE 5 9K J5 2 7 4R DU A0 2 A5 AU R 21 A iR S AL, 7 3~
5 pm 3 Bt , Al SHARC 43 #fr AS [ 00 2 %50 A ] K
se

CY)

f= e KL
KR

K1 HhEEk

AT B P R R RS R S A R A
19 V2 RTS8 R R R o g AR S B R

de =

WL 2 B 1Y 21 51 5 55 BIR 5 5 o 7R SCHE 5T 4

H &
FeAl Sy b 2 R R AL AN R I it — E g
o

2 s R KRR LAY

s 2 KRR SRR 5 1 R, KRR 2
FT )2 720 BE 3 991 24 30 km A1 300 km, & H - i BROE 252
R R, LI A5 A HL W R B SR L O R R A R
H\H,,Sh KA E ;b O &S HH, /%3
HH, T H,,H,5 #b 3 (%) 5 2 S Y] 555 B D bt O Fl
H 035218 K 28 5 HOH, 69 392 /57 0 W0 K T f L, 5
SH, % 28 1) & i1 Bk Sk K BH K T £ o
Lk v 2 R AR SR DN B A 5 4R 42
UL A WIRRIZ B AR R K B AR, R 22 MR 5 A% Ry e %
o KEEA HH BRI W, 56 8% 42 HH, FR8 N
R

®) ’ 2

PRIAEAL . Ca) e 22 0L 5 (b)) A AR UL

Fig. 1 Middle and upper atmosphere background detection model. (a) Limb view; (b) slant view
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Table 1 SABER measurements and applications

Parameter Wavelength A, /pm Application Altitude Range h, /km
CO, 14.9 and 15.0 Temperature, density, non-LTE 10-130
O, 9.3 O, conc, cooling rates, solar heating 15-105
CO, 4.3 CO, conc, mesosphere solar heating; 85-150
NO 5.3 Thermosphere cooling, NO, chemistry 90-180
H,O 6.9 HO, source gas, dynamical tracer 15-80
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Fig. 2 The comparison of 2320-2400 cm ' band limb background radiance profile simulated by SHARC and the measured background

radiance profile. (a) Daytime condition; (b) night condition
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(a) Different solar zenith angles; (b) different observer zenith angles
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Fig. 12 Simulation results of 3-5
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(a) Daytime condition; (b) night condition

Fl 14(a)(b) () () Bl ExR THEERFNH
K N W5 V) 55 75 B AE 52~112 km . 139~188 km 7 4~
mEAE NSRS s BHER . B 14(a)
(b) F W], % 52 BE 43 546 75 km 5 85 km Fff 3% 1 B A%
PN ERENE PN R R 0 e A L N 1 R A &4
Ko E14(b) ((d) VLA, 76 U] 55 & B AL F 50 5 1) 5 1
DX JH) P, e B I 2 D) e B A 3 2 B 3R
NP EE

6 4 ik

i 3 % MODTRAN F1 SHARC Ay 24 45 5 43
Hr MODTRAN 1845 30 19 =y BR % o &1 X b s )2 K
N FAR Y L IR e o AN R S VA S S
TR LT A1 AR B HR A i 2 08 0 D Ak O T 4

AR R, A SHARC {15 243 B A [8] 0030 2 50 1)
hE R KRR RAME SR PR R R T W
SERERE A Z T AR LI R B R UL K T6
RN A BH K T A A8 A 52 B H S W] A0 R PR 4k i R
1) B 52 B A7 B AR KB R B AR R RS B IRl s
T A2 R AR 1 R A T 3 ) P AR K B R Ak T IR
BRI ERIISEHNE 335 m ; K FH KT X
R R R A o A I NI B NI E P NI B R N
R R A R T NGB U A= B N N = §
SRR ST EORAR o R KT SRR T Y 32 5 [
ER VAL R =l N = AR R D e o & T
AN TR L0 R D S v BN A R R U B[] A 2T
SR R B BERE R R R E R R
AR T B SRR

0828005-9



F61EE8H/2024 F 4 A/ HNXERBFRHE

[ 14

Fig. 14  Simulation results of 3—

(1]

Radiance /(W-cm™@-sr)

7.50x10#
2.55x107
4.34x10°7
6.14x10°7
7.94x107
9.73x10°7
1.156x10°%
1.33x10°%
1.51x10¢
- 1.69x10°°
= 1.87x10¢
— 2.05%10°*
— 2.23x10°¢
— 241x10°
— 2.59x10°°
—2.77<10°"

Radiance /(W-cm=-sr ')

1.96x10
4.15x10
6.34x10%
8.53%1071
1.07x10°
1.29x10°
1.61=10"
17310
1.95=10"
= 2.17x10"°
— 2.38=10"
— 2.60x10°7
— 2.82x10°
—3.04x10°
—3.26x10°
—3.48x10°

S vk

2 3~5 pm [ KRR I 21 A0 5 B 3 5 05 B0 45 SR 1 il s U, 300 km) o (a) 4 K 52~112 km; (b) (4 K 139~188 km;;

Radiance /(W-cm2-sr)
3.76x10°7
4.30%10°7

9.12x10°1°
545x10*
1.08x10°7
1.62x10°7
2.156%10°7
2.69<10°7
3.22x10°7
— 4.83%10°7
— 5.37=10°7
—5.90x10°7
— 6.44x10°7
—6.98x10°7
—7.51x1077
—8.05x10"
Radiance /(W-cm™@:sr)

1.63x101
2.52x=10°1
3.41=10
4.30x10°1
5.18=10"
6.07x10"
6.96x101
7.85x10°1
8.74x101
96210

— 1.05%<107"
— 1.14x10™"
— 1.23x10°1
— 1.32x10°*
— L41x10°"
— 1.50>10*

()M 52~112 km; (d) M 139~188 km

5 pm band daytime and night infrared radiation scene in middle latitude summer (limb view, 300 km).

(a) 52-112 km daytime; (b) 139-188 km daytime; (c) 52-112 km night; (d) 139-188 km night

& % x M

EMER, By, P A T S ) AT A R
7 A 5 e o3 Ar (7], BUAR B R, 2021, 49(6): 22-27,
48.

Wang P F,
hypersonic vehicles and defense strategies analysis[J].
Modern Defence Technology, 2021, 49(6): 22-27, 48.
W, M, B, S RS BN
o R AR A £7 A (1] O 5 S 4R, 2023, 43(6):
0601011.

Feng Y T, Fu D, Zhao Z L,
spaceborne atmospheric wind field measurement with

Luo C, Bai Y. Development of near space

et al. An overview of
passive optical remote sensing[J]. Acta Optica Sinica,
2023, 43(6): 0601011.

3B/ E AN, B S, 55 . 3T Rayleigh #0679 ik
%BQXJL()U'JE’JT}?:jtm{m S8 5 RO ], o
4R, 2023, 43(24): 2428006.
Gong S H, Chen W P, Yang G T, et al. Retrieval of
temperature structure and identification of gravity wave
events in the middle atmosphere from Rayleigh lidar
2023, 43(24):

observations[J]. Acta Optica Sinica,

(4]

[7]

0828005-10

2428006.

W, RT T, B . BT NCEP U i Bt KR
Ir 445 IE B R BF 5T [T]. 06 o A R, 2023, 43(18):
1801002.

Yang Y F, Song N N, Han X. Corrected starlight
atmospheric refraction model based on NCEP database
[J]. Acta Optica Sinica, 2023, 43(18): 1801002.

W i, 2EROR BJR &, % MIGHTI/ICON TR R
H R 2 R R S B (], O 2 4R, 2023, 43
(12): 1201006.

Hu X R, L1t F Q, Wang H M, et al.
verification of mid-upper atmospheric temperature from
MIGHTI/ICON satellite[J]. Acta Optica Sinica, 2023,
43(12): 1201006.

G137 A L= | NS T A RSB = e
MW FE ok R (T]. 28 RECAR, 2023(1): 19-42.
Zhang X Z, Zhong K, Wu T, et al. Progress of Rayleigh
lidar environmental detection in near space[J]. Aerospace
Technology, 2023(1): 19-42.

WAk, RIS BT AR /S5 78 A R R e /g £ Ak
R R BT i, 2022, 42(6): 0611001,
Yang S, Zhang H Q. Design of medium/short wave

Retrieval and

I 75 () PR 5



F 6155 8HI/2024 F4 B/BAERBEFEHRE

(8]

[12]

infrared radiation calibration system based on imaging/
light intensity change response[J]. Acta Optica Sinica,
2022, 42(6): 0611001.

Sundberg R L, Duff J W, Gruninger J H, et al.
SHARC, a model for calculating atmospheric infrared
radiation under non-equilibrium conditions[M]//Johnson
R M, Killeen T L. The upper mesosphere and lower
thermosphere:
Washington, D. C.: American Geophysical Union, 2013:
287-295.

Gruninger J, Sundberg R, Acharya P, et al. User’s
manual for SHARC-4 the strategic high-altitude radiance
code[R]. Bedford: Phillips Lab Hanscom Afb Ma, 1997.
XIHR, BT, BLA . i 2 R COL IR I 4R B - 4L
500 Xk ke g AT [T, 2040 5 #OE TR, 2016, 45(2):
0211001.

Liu D, Dai C M, Wei H L. CO, limb radiation in the

middle and upper atmosphere: comparison analysis of

a review of experiment and theory.

simulation and measurement[J]. Infrared and Laser
Engineering, 2016, 45(2): 0211001.

XOHR, BB, BLA . Po E OR AU £ A R
LTE 5 non-LTE £ 4 %F 1k [T]. KA HEE 64 2% 4,
2019, 14(5): 337-344.

LiuD, Dai C M, Wei H L. Comparison of LTE and non-
LTE model for limb infrared radiation simulation of
middle and upper atmosphere[J]. Journal of Atmospheric
and Environmental Optics, 2019, 14(5): 337-344.

TR BT, X R, XK, S5 I A R R A I AL Ak 4
SRR T 1 BN 43 B W 9T (D). e s A R R A A
2018, 50(S2): 13-18.

Dai C M, Deng L F, Liu D, et al. Numerical analysis on
mid-infrared radiance characteristic of atmosphere in near
space[J]. Journal of Nanjing University of Aeronautics
and Astronautics, 2018, 50(S2): 13-18.

Russell J M, Mlynczak M G, Gordley L L, et al.
Overview of the SABER experiment and preliminary
calibration results[J]. Proceedings of SPIE, 1999, 3756:
277-288.

[14]

[16]

[17]

(18]

[19]

(20]

[21]

0828005-11

Sharma R D, Wintersteiner P P, Kalogerakis K S. A
new mechanism for OH vibrational relaxation leading to
enhanced CO, emissions in the nocturnal mesosphere[J].
Geophysical Research Letters, 2015, 42(11): 4639-4647.
Kalogerakis K S, Matsiev D, Sharma R D, et al.
Resolving the mesospheric nighttime 4.3 pm emission
puzzle: laboratory demonstration of new mechanism for
OH(v) relaxation[J]. Geophysical Research Letters,
2016, 43(17): 8835-8843.

Panka P A, Kutepov A A, Kalogerakis K S, et al.
Resolving the mesospheric nighttime 4.3 pm emission
puzzle: comparison of the CO,(y,) and OH(v) emission
models[J]. Atmospheric Chemistry and Physics, 2017,
17(16): 9751-9760.

XUHR . oA 2 LD AR S 45 PR BRSS9 B HE i
[D]. A IE: A R, 2018: 35-40.

Liu D. Numerical simulation of infrared radiation
characteristics in the middle and upper atmosphere and its
application[D]. Hefei: University of Science and Technology
of China, 2018: 35-40.

L g, XAERE, AE L Bk ORI T S LL AN A
PERFFELT]. #0502 kR, 2015, 52(12): 120101,

Shi B, Li R, Liu C S, et al. Research on earth’s
atmosphere  limb  background infrared  radiation
characteristics[J]. Laser &. Optoelectronics Progress,

2015, 52(12): 120101.

Shroll R M, Adler-Golden S, Duff ] W, et al. User’s
manual for SAG-2 SHARC/SAMM atmosphere generator
[R]. Burlington: Spectral Sciences Inc Burlington Ma,
2003.

Nebel H, Wintersteiner P P, Picard R H, et al. CO, non-
local thermodynamic equilibrium radiative excitation and
infrared dayglow at 4.3 pm: application to Spectral Infrared
Rocket Experiment datalJ].
Research, 1994, 99(D5): 10409.
Kumer J B, James T C. CO, (001) and N,vibrational
temperatures in the 50 =<z = 130 km altitude range[J].
Journal of Geophysical Research, 1974, 79(4): 638-648.

Journal of Geophysical



	1　引言
	2　中高层大气探测模型
	3　SHARC精确性和MODTRAN局限性
	4　中高层大气辐射特性分析
	4.1　临边观测特性
	4.2　斜程观测特性
	4.3　长路径与短路径特性联系

	5　红外辐射探测场景生成
	5.1　辐射特性数据库
	5.2　仿真结果分析

	6　结论

