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Abstract: In order to decrease the volume and quality of an imaging system and to correct the smile of
a spectral image, a novel Offner hyperspectral imaging system with Féry prisms is presented. In this
system,a pairs of Féry curved surface prisms are located at two arms of the Offner relay configuration
and the light beam passes through the prisms twice to be dispersed. Therefore, the system shows a
lighter and smaller structure as compared with conventional one when it gains a given dispersion val-
ue. To decrease the nonlinear dispersion of spectral channel in Visible-Near Infrared (VNIR), a cou-
ple of anti-dispersion flint Féry prisms are introducted into this system again. Then,two kinds of hy-

perspectral imaging systems applied to VNIR and Short-Wave Infrared (SWIR) channels are de-
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signed, respectively. The analytical results indicate the smiles and keystones of the two spectral ima-

ging systems are less than 0. 1 pixel and 0. 045 pixel, respectively, and the nonlinearity is less than

0.1, which satisfies the requirements of airborne or spaceborne hyperspectral imagers.

Key words: imaging spectrometer;Féry prism; Offner configuration; hyperspectral imaging system;op-

tical design
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Fig.1 Principle diagram of Féry prism imaging
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Fig. 2 Optical layout of spectrometer for SWIR channel
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Tab.1 Construction parameters of

spectrometer for SWIR channel
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Tab. 2 Construction parameters of

spectrometer for VNIR channel
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Fig. 8 Diagram of smile and keystone

SWIR S 38 1% 2 75 A0 38 45 45 1 0 0 A
AP 9 7 » b ) 9 Cad T LG H 2% 25 i 1L

ARG AR R il X R T G R
e 2 7 gl O ) B KT B R AR A K
LB /NT 7M. B 9(h) BN
(10 iy 2 il P dy AT L L B A 1 4 K
GHEONHIE ST DNIE(ER (3 O 6= N R 0
M3t HAARE 0. 8% & Jt, VNIR il H (1%
275l A0S il B AL AN 18] 10 TR L AR TR
P K AR [ 37 1) A8 b fa 4 5 SWIR 38 38 2 {0l
EAERME E 24 H SWIR 8 2R K28, R i %
BEARAE AT LA Z I3 B o % e B 1RO TSR
o6 U o 00 A 2R M — AR AT 2 Y ] R By
SR 1) T B OB K B Ak, O TN R S B B
T 110 b 380 0 FH 7 Ol AN 3K AN A8 A b 25N T
0.1, % SWIRGH & . {4 F — Fh 4 B 19 b B2 ak ml

T A /
5 - .§ é
-
E) 4r \ == 900 nm /
B' [ 1288 nm
-,,5 3r =A== | 675nm
= [ 2063 nm
2F —#— 2450 nm
I =
ok
-8 6 4 2 0 2 4 6 8
Object height/mm
Ca) AT K B i 2 25l 1]
(a) Total smiles for different wavelengths
0.8¢

06- :\\. —— T5mm
1 Sy, —t=—  Gmm
04f e 8

—r— 5 T
0.2F a—

~ Omm
0.0f

02}
04k
—).6F

—U.S'F
P l 0 1 " 1 L 1 i 1 ! 1 e 1 ' 1 I 1 L 1

800 10001200 14001600 1800200022002 4002 600
Wavelength/nm

Pixelyeysiond/%

Cb) AN [R) 4 e £ i iy 25 it ]
(b)Keystones for different object heights
9  SWIR i & i1 £ 25 il F i 25 iih
Fig. 9 Diagrams of smiles and keystones for SWIR channel



558 4 Ok, &R Fery B85/ Offner Y618 G 2 % 11 1779
657 FH VR o B 7 A DL A R AR i A T DK X R
9t 2R 2 o AE AT 4% 32 19 3 LN L 1 GE N A5 0T
8

420 nm
565 nm
710 nm

855 nm
—&=| 000 nm

Pixe ISIllllLﬂ'xﬂ
=)
T

8 -7-6-54-3-2-10123 450678

Object height/mm

(a) S R] P 4 38 4 25 i 1A

(a) Total smiles for different wavelengths

1.50 —
0.75 ,.---"""'"__"'__‘_“
i #";l::
0.00

N

S —0.75) {/ﬁfﬁfr

i - e 7.5 mm

T:uj -1.501 Gmm

=3 . e 4.5 MM

o= _2 25k

o 2.25 / gt

—-3.00F
-3.75¢

-4.50F

400 500 600 700 800 900 1000
Wavelength/nm

(o) AT} 4y e B 38515 25 oty 1
(b)Keystones for different object heights
{10 VNIR 3 JH Y 1% 2 25 it il 250 i 14
Fig. 10 Diagrams of smiles and keystones for VNIR

channel

PIAS BRI 1 2 M 0 15, 2 18 9 RS R oT i 7
Y16 5~ 14,53 nm, 900 nm I 2 450 nm J§
K RE B 1976 108 B 95 48 B 13. 48 nm
9. 60 nmj; M AEIELAE O BB VNIR @58,

S % Lk

[1] PRIETO B X, MOMTERO O B, COUCE B, et
al.. Analytical design of an offner imaging spec-
trometer [ J]. Optics Express, 2006,14(20):9156-
9168.

[2] MOUROULIS P, DANIEL W W, PAUL D M, et

H -G R S5 8 7. 80 nm,420 nm A1 1 000 nm
WA XS REAR TT 19 635 4 84 0 S 5. 13 A 10. 12
nm, P IE TE Y A () 31 ' 1 o N e B Ot T
W E 5 EMES AT 0L AR R
U B R

b, 5 AL 58 Offner 12 5206 1 W4 5 48 A1
PO PR AR AT AR ] (BB Y 18 D0 T 5 i a4 BAT B/
AR . 2% 3CERE3 ] Offner #5615 R &
FAEAEE R 3. 6 mm B, &K FL K 200 mm X 150
mm X 100 mm, 4 LB 1) 7 i H T SWIR i
TEFT VNIR 58 18 1906 1% iR & 48, % H o BE B
M E 3.6 mm B ARFLAHH 220 mm X 101 mm
X 60 mm F1 207 mm X 153 mm X 66 mm, 3t 1%
LR NIDEE NV

AR SCEE XA G2 1) Offner S 3% MR & 4848 1
TR EE R Bk  BKE Fery #8551 A Offner
SER AL — TR G R S5 . — X Fery
BB TE Offner 25K W , i )6 42 1 W 20 ¢
Beilt A1y, 5L G5 KA H AR AR AR AR [R] 58
E AT OL T X 45 M A S8 /N o i AR R, 1t
THT VNIR F1 SWIR 3 j# i %18 5% & 48 . 7
XV AR AT T/ br. S5 R Hr R L A
T A N X R A Fery #5219 Offner S35 i
BF G 0 4R 24l A A5l 430 << 0. 09 AN
0. 045 MMMZRTT » 5 1% G 45 F 4 L o 33K 26 1 A5 5 I3 /)N
T—2FPL b, £ X VNIR 388 3B 4 Mok w
e 5 B FELE R 5] — X B 25 Fery B8, A
ROHORE  HAE 2P BEE R R AE 0.1 Y. SEER R,
LG5 H3E A FAAE T2 0 R B8O A S % 1%

al... Convex grating types for concentric imaging
spectrometer [ J]. Applied Optics, 1998,37 (31):
7200-7208.

(3] #8 2A4/NE Offner SOk R RGBT %
M LA42,2005,13(6) :650-657.
ZHENG Y Q. Design of compact Offner spectral
imaging system[J]. Opt. Precision Eng. , 2005,13
(6):650-657. (in Chinese)



1780 e MWL 418 %

[4] MOUROULIS P, DANIEL W W, SHEA J J, et [7] CUTTER M A, LOBB D R, WILLIAMS T L. et
al.. Optical design of a compact imaging spectrom- al.. Integration &. testing of the compact high-reso-
eter for planetary mineralogy [J]. Optical Engi- lution imaging spectrometer (CHRIS) [J]. SPIE,
neering , 2007,46(6),063001. 1999,3753:180-191.

(5] & x&, & m. 3tz o 2ot e {UE ST E 5 % [8] LOBB D R. Imaging spectrometers using concentric
LRI, k3 % 42,2009, 1(17):20-25 optics [J]. SPIE, 1997,3118.:165-178.
FENG Y T, XIANG Y. Effect of spectral curvature [9] FISHER J, BAUMBACK M, BOWLES J, et al..
on signal acquisition of imaging spectrometer with Comparison of low-cost hyperspectral sensors [J].
prism dispersion in VNIR[J]. Opt. and Precision SPIE, 1998,3438:23-30.
Eng. . 2009,1(17):20-25. (in Chinese) [10] MORRISSEY P F. Third-order aberrations of a

[6] FERY C. A prism with curved faces, for spectro- prism with spherically curved surfaces [J]. Ap-
graph or spectroscope [ J]. Translate from the plied Optics, 1994,33(13) :2539-2543.
Journal de Physique . 1910,9(4) .762-771.

MR

B OR1984—) . B WAL 1 L
WF5EAE 2007 48 F K A5 LT R 27 3R 2
T2, EENF A A O H AR EAR
b=l v S T S R )
chengxin0301214(@163. com

E-mail ;

Bk FE1980—), B LN, TR
Uil , T2 1, 2002 48 TR I K 3R
T2, 2007 4 F o R A B K RO
2E K B ALK 5 B B 5% T 3R A 2 A
FENFOLFABAT T H A HFSE E-mail
hyfciomp@163. com

# BR1966—) . T AR AL BESE
PO LA AR, 1989 4
1994 4F F K A5 2 R 8 AL AR g 20 31
AR W2, 2004 4R T o [ BL2#
Wt 1 A G 27 0 5 LA 15 4 BT 5 T 3R
T2 A, B S O R AR
WF 5% . E-mail: cleresky @ vip. sina.

com

BERAE (1979 B IR Z I L T
WEFEHE 5 2005 4F F 4 7R K 24 4R 2 1 2
L, 32 BT 43 [R] 58 A0 38 SR AR A% B oo
ARG P 5E . E-mail: gshx-
ue2006(@163. com



