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Design and Study of Limb Sounder of Atmospheric Trace Gas for
Spaceborne Remote Sensing
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Abstract: In order to meet the urgent requirements of detecting atmospheric trace gas in space, a
limb sounder prototype of atmospheric trace gas for spaceborne remote sensing is designed and
developed. The optical system of the prototype is composed of an off-axis parabolic telescope and
a modified Czerny-Turner spectrometer, and the working wavelength band from 380 nm to
570 nm. The root-mean-square spot radius is less than 9 ym over. The astigmatism is corrected,
and the good image quality is obtained over the working wavelength band. The mass of the
prototype is 12 kg, the volume is 420X 350X 200 mm?®, the spatial pixel resolution is 0. 5 km, and
the spectral resolution is Inm, and all the requirements are satisfied. The field sounding
experiment is implemented using the limb sounding prototype. The spectral data measured is
compared with spectral data simulated. and consistent with spectral data, which indicates that the
limb sounder prototype has good function and performance, and satisfies the application
requirements of sounding of atmospheric trace gas.
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Fig. 1 Schematic diagram of sounding atmospheric

trace gas in limb view
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Table 1  Specifications of limb sounder
Specification Value
Spectral range/nm 380~570

Spectral resolution/nm <1
Target spatial coverage/km 0~90
Spatial pixel resolution/km <0.6

Vertical field of view/(*) 2.4
Horizontal field of view/(%) 0.012

Entrance pupil diameter of telescope/mm 20

Focal length of telescope/mm 120

Focal length of system/mm 120

Slit dimensions 5 mmX26 pm

Equivalent detector pixel size 26 pmX26 pm
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Table 2 Comparison of specifications required with

specifications achieved for limb sounder

Specification Required Achieved
Spectral range/nm 380~570 380~570
Spectral resolution/nm <1 0. 86
Target spatial coverage/km 0~90 0~96
Spatial pixel resolution/km <0.6 0.5
Vertical field of view/ (%) 2.4 2.4
Horizontal field of view/(®) 0.012 0.012
Entrance pupil diameter
20 20
of telescope/mm
Focal length of telescope/mm 120 120
Focal length of system/mm 120 120

Slit dimensions 5mmXx26 pm 5 mmX26 pm

Equivalent detector pixel size 26 pmX26 pm 26 pmX26 pm

4 MHIKERER D

2011 4F 10 H . 78 v F Rl 27 Be 75 9 & R 0 58 B
YA s 2 A W 3 (Jb 26 30°46. 447, AR 4% 90°59. 317,
WP 4 800 m) W FEAT T A1 v I o O8I 5k 56 L X i

TR ASC SRR AL A ) 8 A0 PE RE E4T 1L %0
b A T Y MEEL AR 2 MR W AR RS
TR AL LDk T U T A TR Sy e T R 5 il AT R
SBFZ M P57 52 m i B2 SR Co i 5
LI A G R i U A S G )= L i
JZ R JE BCREAS KRR A IR AR AR. TH
L 2 RS TR O I a3 e X R R I G o R
CRBEEBE T M | IR AR K AL 2 R AIE L R
JBE R R A POPs CRAH FF AMEA HLTE B D)
e S8 BT R B M DRI SR A BT 14 Syl i A
oM WL A5 2 6416 1 1B 4

S = N W ks NN

B 14 AR PO 3 E K
Fig. 14 Spectral imager of limb sounder

AR FH R BH ' B T WL 0 6 U IR SR TR
s R TR Oy BORE 2545 40 A% g A5 50 40
T AN IR A A R M TG I R BT 15 R ALL %

00— 0.06 [y
= ~ 010 s SRR S o = i
= IRP  E E H [ . —— Measured g 005+ == Simulated
£ 008 E ooshil Mk . £ =
R $ b T AR SRR 5 S'E lated pilee -
= 006 EAL B, E i ) — Simulate
g 006 g 006 i REEEEEET SRR 3 0.03 LU b)Y
= = é g 0 Measured — iy, -
< | : o = casured F
> 0.04)%- s e S 004|i-H----- e E PN 9 i :
| i fod —— 8 S S i
.'é 002 ‘ ‘Slmu‘latfﬂd' """ _g 002 ,,, cmmreeeBeem -8 001 ,_, ........ % ....... E ......
&~ F A S & : : i ~
oL i ok : i 0 = *
380 450 500 546 570 380 450 500 546 570 380 450 500 546 570

Wavelength/nm
(a) Time: 10:00, am; October 6,2011

Wavelength/nm
(b) Time: 13:30, am; October 6,2011

Wavelength/nm
(¢) Time: 13:30, am; October 6,2011

B 15 R E LT 5B b

Fig. 15
35 ek 1 A D0 ASCUL I Kl ) e A, TR R RT LA i
TE TAF B B B8 EOE i 22 300 /8T 506 . WL K 4
BRI HAT AR b 1 — S 2 Wl 2 22000 48 Dt
RUREHLPEREFN TN B8 B4, AT LA R R AUR i AUMRR
) 75 3K

5 #Hit

2 [ 378 R IR i SR I 2 R A g 2 )
AR SRR I TR 9 38 DD 755K 2 B TR AUR
A 20 P 00 D AR DR i AR A i

Comparision of measured spectral with simulated spectral at Namucuo

FHEER B IFORE T 25 (A 3 8 OR AUR = SR I i
PR TIAERL. ARG 2% 5 50 R A5 il 9 4y 1o 22
5 5 A Czerny-Turner JGi54H &, TAYEIE
Bt 380~570 nm, & FH 420 X 350 X 200 mm®, Jii &
12 kg. S RUFEHL A P 8 A6 I 25 SR W6 12 48 n oK. A
FHG A B AE AL AT T A0 3 Wl 5% L 413
WL O 1% H s 5 A A B s BA AR 4 i — Bk . R W
Ji R RE AL T e R PE BB R AL T R R AR AR
PR 7 P 2 S i R ASC i B AR AL 8 F o B 2 s oy e
252 BRI 320 45 I B2 AR A 2 ] AR S SRR DN 431 35



314

D A < 2 )3 SRR R

AR BRI A BT S BT 5

277

f R BEE T B AR A

2% 3k

(1]

[2]

[3]

[4]

ZHANG Xin-ying, ZHANG Peng, FANG Zong-yi. et al.
Method of retrieving refractive index of aerosol particles[ ] ].
Meteorological Monthly , 2007, 33(7). 3-13.

TR2L R BRSO % S, AL R TR B R AR A T KR
AR SR LT ], A% . 2007.33(7) :3-13.

ZHU Yan-wu, LIU Wen-qing, XIE Pin-hua, et
Monitoring and analysis of atmospheric pollutants in traffic ban
period of Beiing with DOAS[]J]. Acta Photonica Sinica, 2009,
38(8): 2040-2045.

e XSO AR, S U Rt RRAT IR K AE Y i 22
A3 3% W I 5 43 BT L) ). % F % i, 2009, 38 (8) : 2040-
2045.

WANG Zi-jun, CHEN Sheng-bo, YANG Chun-yan, et al.
DOAS tomography for the retrieval of trace gas profiles from
satellite-based UV-Vis spectra [ ] ].  Chinese Optics
Letters, 2010, 9(2). 020101-1-020101-4.

XUE Qing-sheng.
limb ssounder for detecting atmospheric trace gas[]J]. Acta
Photonica Sinica, 2012, 41(6) . 631-637.

BY PR AR, AR 480 0 I BB R A0 i A0 IR i 320 8 0 A8 27 1L .

al.

limb

Optical design of spaceborne broadband

[6]

[7]

[8]

[9]

[10]

W F2F R, 2012,41(6) :631-637.
RAULT D. Stratospheric and upper tropospheric aerosol
retrieval from limb scatter signals[C]. SPIE, 2007, 6745:
674509-1-674509-12.

RAULT D F, LUMPE J, EDEN T, et al. The OMPS limb
profiler instrument an alternative data analysis and retrieval
algorithm[ CJ. SPIE, 2009, 7474 74741R-1-74741R-12.
WANG Chao, SHI Run-he, Zhou Cong, et a/. Comparison of
SCIAMACHY and AIRS CO, measurement over China form
2003 to 2005[C]. SPIE, 2011, 8156: 81560N-1-81560N-9.
LIEWELLYN E J, LIOYD N D, DEGENSTEIN D A, et al.
The OSIRIS instrument on the Odin spacecraft[ J]. Canada
Journal of Physics, 2004, 82, 411-422.

KOU Jie-ting, Bayanheshig, TANG Yu-guo, et al. Optical
system design of plane grating double monochromator [ ] J.
Spectroscopy And Spectral Analysis, 2012, 32(3) . 830-833.
GRS BB . R, SE. T B MU A A Y S
RG] Gk 5ERE 4. 2012, 32(3):830-833
XUE Qing-sheng, WANG

Aberration-corrected Czerny-Turner

Shu-rong, LU Feng-qin.

imaging spectrometer
with a wide spectral region[ J]. Applied Optics, 2009, 48

(1): 11-16.



