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(a) Wavefront function
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TS DIFF.LIMIT TS 6.0000. 0.0000mm TS ~6.0000. 0.0000mm TS 0.0000. ~0.0200mm
TS 0.0000. 0.0000mm TS 9.0000. 0.0000mm [ TS ~4.5000. 0.0000mm
”'I'S 4.5000. 0.0000mm ” TS ~9.0000. 0. 1)01)0""“ ” TS 0.0000. 0.0200mny
i I .
T T T T

0.8

0.4 r

02 r

: . . . s
0 8.34
Qi ot B g e
Spatial frequency in cycies per millimeier

(¢) Diffraction MTF

N~ )

16.67

5%03 W AR R T 0. 45.
1.1 OASIS £&14

Bl A BRI AR OIS AL OASTS 2SR T ) 5
ot R G GO A o R — A~ KB ]
OB RO T 62 RGCR IR 2 4544
AFXT I PR 2% 1T 2 58 42 AR 1. b G T AN bk 4k K
FERR , A BRE R BT 2 B TR AN BB AT & 2K
K 5L T OASIS JE 20K 15 A~ 3K 1 S 359 5 ok Al 2k
T B 4. R TR G AR 2 B R I T G R T AR
G AT RMEE SR B LA 52 25 (B 22 VB 2 IR H0.
BTG PR AL 45 WA B3l B A B L — A TRl 0 3 B A —
OB BEOEEE A R 1 FE 2, 1S
LK 1.

Slit /”—/’7—%
\JI‘ISI‘I’I

Concentric lens

Aspheric mirrors

Detector

=

B 1 OASIS & #
Fig.1 Optical structure of OASIS
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Imaging results of OASIS
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Table 1 Parameters of OASIS

Curvature/ Thickness/ Diameter/

Element Material
mm mm mm
Slit — 30 19X0.036  Metal
Concenter o ..
129. 393 20 $150 Silica
Lens
Collimation
. 777. 286 332.85 170X90  Zerodur
Mirror
Dispersion ..
. — 300. 648 82X 72 Silica
Prism
Focus
. 657. 36 183.6 82 X172 Zerodur
Mirror
Focal
— 80. 94 — —
Plane
(a) Wavefront function
Peak to valley:0.2799 waves. RMS:0.0505 waves.
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correction lens

Optical layout of spectrometer with off-axis
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Imaging results of spectrometer with off-axis lens
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Table 2 Parameters of spectrometer with off-axis lens

Curvature/ Thickness/ Diameter/

Element Material
mm mm mm
Slit — 263 19X0.038  Metal
Collimation
. 600. 543 6 191. 38 80X 60 Zerodur
Mirror
Dispersion _ -
. — 223.57 80X 65 Silica
Prism
Focus ~
] 510. 660 9 249.62 110 X80  Zerodur
Mirror
Off-axis .
240. 4 5.6 $70 Silica
lens
Focal
— 46. 32 — —
Plane
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Fig. 7 Nonlinear spectral dispersion resolution of spectrometer
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Fig. 9 Slit curve of spectrometer with off-axis lens

3 #Hit

B BE 23 et A HE BAT i B S R 2o
i B ) R T 32z 6 B v 15 R B A R D' T
BB A SCBTE TR B 23 06 IO X Y
JeoE R GUIE R OASIS 45 1 s il 45 1E 2 42 ' 15 AL
PEAT HOBE NBETH SR SR B TR . )5 & MTE

He/ME KT 75 % 1 BT 1 ME R K F 602, M

I e 5 72 B o & SR ] — 4R IE ©200 mm /)

A7 7 A T R 3 S A ORE I S TN S )N 07 B A

A0 4 3 1 0TI o 0 R v L T LR AR 0 B R R

BT A8 M B AR AR I ARG SR A s A —

TET S5 A% 5 1) Pl ) L AR R K 0K TS A U S8 )

T 5 BSOS . DR B 7 7 2

T PR ARG R A R T B OGTE B &5 R A T

BNV IE B A, I 2R H RS R R OE B

B AR R BT R R ARG AW AE 1~

2.5 pm BT AN B O3S USRI 18 SR

5% 3k

[1] JEFFERY J. Hyperspectral imagers for current and future
missions[ C]. SPIE, 2000, 4041 121-124.

[2] NEELAM Gupta. Hyperspectral imager development at Army
Research Laboratory[ CJ. SPIE,2008, 6940 1-20.

[3] PORTER W M. System overview of the airborne visible/
infrared imaging spectrometer [ C]. SPIE, 2001, 834. 114-
126.

[4] LI You-ping, YU Bing-xi, HAN Chang-yuan, et al. Tradeoff
optimization design of optical configuration on imaging
spectrometer[ ] ]. Optics and Precision Engineering ,» 2006, 14
(6): 974-979.

Y- B 0B T, . USROG I LR AA O Ak BT
eSS, ShAE A % TR 2006,14(6) :974-979.

[5] LOBBD. Imaging spectrometers using concentric optics[ C]J.
SPIE, 1997, 3118 342-347.

[6] ZHENG Yu-quan, YU Bing-xi. Overview of spectrum-dividing
technologies in imaging spectrometers[ J|. Journal of Remote
Sensing » 2002,6(1) . 75-80.

ER & T B H AR [T, & &5 H,
2002,6(1) :75-80.

[7] FENG Yu-tao, XIANG Yang, CHEN Xu.
measurement characteristics of an imaging spectrometer with
prism dispersion[ J]. Infrared Technology, 2009, 31(1): 15-
22.

15 W ) B R R 68 HORUAR DG 1% A 3% R A R 4R R
[1]. £05MEAR . 2009,31(1) : 15-22,

[8] CHEN Li-wu, YANG Jian-feng, HONG Xin-hua, et al. Wide
bands long focal refracting lens[J]. Acta Photonica Sinica,
2004, 33(9): 1123-1126.

Wior . d e, LR AR S S B 4T AR Ao B Sk LU .
JeF 24K, 2004,33(9) : 1123-1126.

Radiance



739 FIR LA R B EOEIER eE R R SOk R T 1339

Optical Design and Spectral Calculation of Prism Spectrometer

WANG Xin, DING Xue-zhuan, YANG Bo, LIU Yin-nian, WANG Jian-yu
(Shanghai Institute of Technical & Physics, Chinese Academy of Sciences, Shanghai 200083, China)

Abstract: The optical configurations of off-axis spherical lens and off-axis correcting lens imaging
spectrometer are designed. Based on the optical system of off-axis spherical lens imaging spectrometer, the
spectrometer with off-axis lens is designed. This system adopts an off-axis lens in order to adjust large
field aberration and avoids large diameter concentric lens. One prism corrects nonlinear dispersion and
meets the request of spectral resolution. Distortion is controlled through adjusting off-axis angle and
mirrors’ focus, which compensate spectral curve and decrease residual aberration. It is easy to reduce
production difficulty. The characteristic of two systems is discussed from the aspects of engineering
layout, production difficulty and image quality. And the result of spectral nonlinear and slit curve is
shown. The minimum modulated transfer of off-axis spherical lens system is 75 percent better than the
value 60 percent of off-axis correcting lens. The front system uses a silica lens which diameter is larger
than 200 mm. The material uniformity and surface precision of the latter system is far better than the front
system, and the production difficulty is decreased. The latter system considers the matching with
mechanical structure, and it is more feasible for the distance between slit and the first mirror of latter
system. The spectral resolution of front system is close to the latter, and the slit curve of the front system
is slightly better than the latter system. The comparison shows that the latter is optimal optical layout,
and it can be applied to remote sensing working at short wavelength.

Key words: Imaging spectrometer with dispersion prism; Off-axis correction lens; Spectral nonlinear; Slit
curve
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