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Fig.1 The structure and principle of the snapshot spectral imager based on microlens array
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Fig.2 Schematic diagram of geometrical optical principle of microlens imaging on the image plane of objective lens

0552223-2



BRI R, 45 T 102 BE I 1) ) e B s Dl 38 1A AL AT 4

AL Gt R G FE MR TR (2) ((3) M b F 2 5155 84S, W5 HL T B g, Bk e s
0 A O, H TP TR TE B O B BR300 7 190 71 432 1 R PR K I R Y H RS AR UM N A R B 3R
IWTES RPN, ERA RS ABAN RS L, i FR0C% 9 6 RGLE o R ¢, U] ¢, 55 55 0F—
SE B OLT L f5 1 (Signal to Noise Ratio, SNR) EZ 5 R G014 FE AR 48 AR oC T BLA M X F
T3 55 B 2 v i AR R G & L OE B MRS A 5| A Y T XI R m EAT 1A 0. ARIEIE 2 dr L A
SR H, BEE Y F RO K RGE BE A T O TR /)N, B R AR ) A R A D A SRR I A 31 64 O RE & 8/ L (H
AE & IR A — R X E o ARG MR R G T Al A5 2R o -1 X WS BT ZE Y58 5 O I A TG B 4 41
Jo R B ASROT T R A S BR XK /N Ry A B8 A I A i 5 R 40 ERF 8 0 A4 T TR, UL A G i
G J5 AR ST BN 5 i OB AT i (2) 2 R (6) . B Ei(4) ~(6) T HERR (7)), Horh Fy b 65
BEFEA A S BT F R, Fo AW F & Wi =8 (7) AT VR0 5 1 51 635 18 2R G 4R D 1 15 15 1
b 32 SRS B 1 F AR G
 mwAutn L,

i hy T 2
SNR = > (3)
VSt gt Oead
nytan U =n'y'tan U' (4)
AL (5)
Ay F3
AL, ,
~aFcw T (©)
- TrAdZifuLA . N
AF % hy

FEIEAT S R GV, B 2 e BURGE B 4 9 e 3%, R AR e S BT T IR 8 6% R G i TAE.
R R HRUAE s 1 G 3 R 3k U B A I L £ /N B AR B AR BRI HE AR o A AR R A B e AR
25 [A] S PR 30k P4 1 B W 01 o EL 4 5 /N BRG] B . o 230 B A 2B B B4 9 s 4 v o0 ) R 100 pm, Bk
B R 0.5 mm, 0B BB IC A S0 100X 100, 38 BRI #7452 T4~ 50k 2 048X 2 048, 441 2% #1 1f K /1
11.264 mm X 11.264 mm,

2 P8 o FH S PR L (0 5 R A1) [ B 0 % et 20 5 180 T A 5% A HE A 6 0D R, R 9 PR U8 B
FE R 500~700 nm o RN EE K H AR X, 45 AR B R /NVE 22 R 25 mm, W B UG FE B O 1 mo BRI AR LGS
BRSNS B S e 1o MRS 0B B I 9 X A 2 RST KW B AR B AR A JLART O 2% AT R4S B 4 8% 1 2
Yifii ol 18" % 18 R GE (5 W L KOG 1% 4 FF 3 75 5K, BN 108 B2 I AR AU 15 pm A2 A, AR 10 53 1 91
FEEE AR B B FECH 34, RIS ISR Wi R GG PR IR L A H RG22 Ko TR 25 W

®1 RS MEEEIENESH

Table 1 Parameters and values of the detector, microlens array and the objective lens

Specification Value
Detector type CMOS (Allied Vision GT2050)
Detector size/mm 11.264X 11.264
Focal length of the microlens/mm 0.5
Size of the microlens/mm 0.1X0.1
Size of the microlens array/mm 10X10
Material of the microlens array Fused silica
Spectral range/nm 500~700
Focal length of the objective lens/nm 25
Object distance/m 1
Half of the field of view /(") 18
F# of the objective lens 60
Others Telecentric on the image side and distortion less than 1%
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Fig.3 2D structure of the objective lens

g+ 0.5
Wavelength-> 0.500000 0.600000 0.700000 2= 0.6
Field @ o 2 0.7
0,00, 000 (deg) = @ @
S
4.00, 0.00 (deg) @ @ @
9.00, 0.00 (deg) @ @ @
11.00, 0.00 (deg) @ @ @
15.00, 0.00 (deg) @ @ @
18.00, 0.00 (deg) @ @ @
M4 o asH
Fig.4 The spot diagram of the objective lens
L0
16.0
s
S
é’ 12.0
Z 05
3 8.0
=
=
=]
= 4.0
0 — 0
0 4.5 9.0 13.518.0 22.527.0 31.5 36.0 40.5 45.0 -0.5 0 0.5
Spatial frequency in cycles/mm Percent
W5 4% MTF th % H6 #HomETE
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Table 2 Design result of the objective lens

Lens number Radius/mm Thickness/mm Material
—15.800 4.00 H-LAK5A
Lens 1 —15.200 1.16 Air
—18.700 4.00 H-QF3
Lens 2 11.120 3.00 Air
, 34.45 4.00 H-LAF6LA
Lens3 —16.00 9.40 Air
Stop Infinity 11.67 Air
Lens 4 —13.500 4.17 H-TF3
—15.800 4.00 H-FK95N
_
Lens 5 —13.000 10.51 Air
39.600 4.00 H-ZPK2A
Lens 6 .
—39.400 33.00 Air
Al —

e e — — — I
Objective lenses U TI

Microlens array Image plane
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Fig.7 The structure and imaging statue of the objective lens and microlens
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(a) The image before microlens array (b) The image after the microlens array
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Fig.8 The image before and after the microlens array
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(b) The design result of the imaging spectrometer
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Fig.9 The 2D structure of the double amici prism and imaging spectrometer
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Table 3 Design result of the collimating lens and imaging lens

Lens number Radius/mm Thickness/mm Material
Infinity 19.00 Air
—55.300 14.400 H-ZILLAF68C
Lens 1(Stop) .
—26.200 12.000 Air
—21.800 13.000 H-ZF7
Lens 2
70.700 1.600 Air
76.100 10.400 H-7ZPK7
Lens3 )
—38.400 6.000 Air
79.000 13.200 H-ZF4A
Lens 4
—77.200 0.200 Air
Lens 5 41.600 14.000 H-ZPK7
—29.900 5.000 TF3
Lens 6 )
25.700 5.800 Air
Infinity 2.000 Silica
Filter
Infinity 6.000 Air
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(a) Image of microlens array (b) Dispersion result of Image (a)
(without dispersion)
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Fig.12 The overlap of the spectrum generated by different microlens
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Fig.13 Simulation result of the whole system
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(a) The hyperspectral imaging system and the monochromator

(b) The structure of the hyperspectral imaging system
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Fig.15 The structure of the snapshot hyperspectral imager based on microlens array
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Fig.19 Spectrum of mercury lamp and its gauss fit result
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Table 4 Spectral resolution calculating result of the system

Wavelength/nm da/dl/(nmepixels ") FWHM/Pixels dA/nm
546.08 1.376 767 1.487 43 2.034
696.54 3.2831 2.148 18 7.052 69
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Fig.20 The object used to measure spatial resolution and the image obtained by the system
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Fig.21 The true object and the origin data obtained by the system
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Fig.22 Monochromatic images of different spectral channels
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Fig.24 Comparison of the reflectance obtained by the commercial spectrometer and established system
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Development of Snapshot Hyperspectral Imager Based on Microlens Array

XUE Qingsheng, BAI Haoxuan, LU Fengqin, YANG Jingyao, LI Hui
(School of Physics and Optoelectronic Engineering, Department of Information Science and Engineering, Ocean
University of China, Qingdao 266100, China)

Abstract: With the development of the hyperspectral imaging technology, it has been widely used and
convinced as a useful detecting tool in many areas such as medical area, food safety and mineral
exploration. But most of the hyperspectral imagers used nowadays are based on push—broom spectral
imaging technology, which achieve spectral imaging through moving the spectral imager by scanning
structure. The time resolution is sacrificed to obtain rather good spectral and spatial resolution in this kind
of spectral imaging way. And that means the dynamic target and process can not be detected by this kind of
hyperspectral imagers, so the application range of this kind technology is limited largely. Due to the defects
mentioned above, a snapshot hyperspectral imager based on microlens array is developed in this paper. The
principle of the instrument developed is introduced in this paper. Then the imaging principle of the microlens
is introduced based on geometrical optics. The signal-to—noise calculation model of the hyperspectral imaging
system based on microlens is then derived according to the imaging characteristics of this kind of system.
Based on these theories derived above, the optical system is designed. The detector and the microlens were
first determined before the optical design job begin. The detector has 2 048X 2 048 pixels with a pixel size of
5.5 pm X 5.5 pm . And the microlens array is composed of 100X 100 microlens. The size of each microlens is
100 pm, and the focal length of the microlens is 0.5 mm. According to the microlens size and the detector
size, the wavelength range of the whole system is determined as 500~700 nm. An objective lens is first
designed, the F number of the objective is determined as 60 according to the calculation result, and the
field of view of the objective lens is 36°. The objective lens has a telecentric feature on image side. Then the
spectral imaging system is designed. The F number of the spectral imaging system is determined as 5
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according to the F' number of the microlens. A double amici prism is designed and used as the dispersion
element in the spectral imaging system. The collimating lens and imaging lens in the spectral imaging
system are symmetrical to eliminate the vertical aberration in the system and make the fabrication of the
lens simpler. A simulation is taken after the design work has been finished. A prototype is set up in the
laboratory according to the simulation result, and several performance verification experiments are taken to
test the imaging and spectral performance of the system. The spatial and spectral calibration of the system
are first taken. According to the calibration result, the monochromatic images of different bands can be
extracted. To test the spectral resolution of the whole system, a mercury lamp is used to illuminate the
system. And according to the test result, the spectral resolution of the system is 2.034 nm at 546.08 nm and
7.052 69 nm at 696.54 nm. A special target is used to test the spatial resolution of the whole system.
According to the test result, the resolution of the whole system is 2.2 mm when the object distance is 1.1 m.
Then a board with different color blocks and a standard white board are used as the target and detected by
the whole system. Then the reflectance curves of different color blocks are calculated, which match the
reflectance curves obtained by a commercial spectrometer. The test results show that the system has a good
spectral and relatively good spatial detection capability. Comparing to the traditional push—broom spectral
imager, the built system can improve the detecting efficiency of the spectral imaging detection, reduce the
volume of the whole hyperspectral imaging system, and expand the application range of hyperspectral
imaging technology.

Key words: Hyperspectral imaging; Snapshot hyperspectral imaging; Imaging spectrometer; Microlens
array ; Optical design
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