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Abstract: Aiming at development requirements of marine environment, ocean color and other fields,
an airborne improved Dyson spectral imaging system with wide field of view and large relative aperture
was designed. According to optical properties of marine environmental pollution, albedo value of dif-
ferent targets was used to estimate the signal-to-noise ratio (SNR) of target signal for expanding the
working waveband of the hyper-spectral imager to the ultraviolet. A detector with large pixel size and
an imaging system with large relative aperture were employed for the identification of weak signal of
marine target; meanwhile, integration time was reduced to avoid detector saturation caused by exces-
sively strong signals from inshore sand beach. The working waveband of the spectrometer was 0. 32~
1. 05 pm with relative aperture of f/1.8 and pixel size of 24 pmX24 pm. Mutual interferences among
slit, detector, optical filter and single lens were avoided through adding falcate correction lens. The

design result shows that the optical transfer function at all wavelengths of the whole optical system is
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more than 0. 83. In addition, both the smile and the keystone are less than 4% of pixel size. The de-

signed imaging spectrometer is applicable to monitor marine environmental pollutions, especially ma-

rine oil pollution.

Key words: remote sensing; hyperspectral imager;estimated calculation of SNR; ultraviolet waveband;

large pixel size; large relative aperture

1 351 =

i 5 30T VA PR IR B TS Y A U H 2R 5
R FH T 8 32 S U I 30 Vg T R A B L K U
T E AR 23 8] 43 30 5OR G ik o B R AR B
e A S i TR B V5 Y, T TR OK (s B
A2 R EWER . 8RS EEURAE
Ry 5 B T S 5 A U R VA K A SR S kR A
IXES B oy iz R A . LB S R
ASCAHE AT VA VA R B LU Y K 8 Wy T L AT LR A
R A AN T 155 1) 25 [ 3 B 5 A0 0 2 1) o 1 )
1, DR I T R B TS G 1R A R VR K (B B 3R
BRUSE 7 T8 AT R ML I I P K 80 1 AR AR Y 23 ]
SRR IR K SEAN

] A1 %o VA P 3 JE A O T AL A 5 4B
HUAAHISY  PHILLS™ [ CASI®! | SAMSON!M! |
VNIR™ [ PRISMU ™ A5 7 i 06 i % 1T F
VST 0T VA VA Y A B R 3R BOIE T K fE R R S
N 7 A 0 40 A TR X R SR A AR 25 T T
HATZ MR 1 {8 3 0 4 49 20 m b 3%l
AL TAEB K EEE PR FE 350~1 050 nm, HAH
FEANER W RN 2~5 nm, H, VNIR Fl
PRISM By 1% 4 2 40 % H T B Dyson 1% 8 fll
U1 G M 2H B B9 Dyson G HE BUAR R 48, 5% HIY
16 M A9 Offner 6 3% L& & 48 19 PHILLS,
SAMSON FiIR F B - et -1 B i) AAHIS BUfg
ARG A M FLAR T LA B f/1. 8~ f/1. 4. 9F
L EL A e g 2y — M % 2 A gl D i 4%
NG TR AR S E bR, R TR R RS A
AP T ARG A D63 4 B R L 36 5 25 0] 43
BERA O R R T RSO T AN A SR

VT JLAE . % [E 76 Dyson M H ot B9 p 4% 06 3
IR T — 2 MR P A 0035
T E TR U8 A Dyson e i g & 4 . 3

X ESNA Dyson St 1 5 2 58 9 98 b AT
BEAT TR TR L D [ A AL TR AR O T A
AT B TSR . (ER AR T TR K €0 R TR BRI
W58 75 T, XA AR I BRI P [R) H A5 25 Y
W A FEI)

RSB X T B B 9 e TR) ARG R R OR L B
T R AL L RAFR IC RS 89 2t B Dyson Sl
TR R G TR 22 BRI 0 M T Gt B Dyson
JETE R RG22 AL IE 7 5 25 i T B A
RIS BT AR A R AT T SRR

2 AL%EHER

R A8 AT VA 2 g T R B V5 Y W R TR K G B
() Z2 REPE , — A VTR TR T I G (5 5 BB
F 0.9 pm PAF. 7EB I OGE R &R G,
2 L8 B 1 BT IR IR BT ANV T R T 5 Y O Ay
PR SR . DL K 5% A I BT s s Y A O F
PP TR BERE £  0. 32~1. 05 pm, TEM
DT 7 5 T PR BR 55 H b i vl T 9 K AR R 5 SR AR
2 3%, MRV F 1 SRS 383k 90 %, Rtk , ek
#E7 Dyson % 5t R FH KA X FL AR 19 06 1% 1% &
G591 HLk B KR 0 R B0 28 R T 2 17 M L 22
Ko AHR R R SR 5 H bR AT R 2 5 AR
A AR, PR O B SR AR G B S R
FIEKAR IO ST 53T 58 A B i) S bR 7 3R AR 1%
TFEEEL e2v [ 77-00 BI5#9 CCD, H 2~ %o
RoF p,=24 pm, S5k 4k 25 8] 4k 95800 R 1)
512, N TG E A S B H=5 km B L3R 5
BEAR GSD="5 m AYZRK , MR 4l b 1] 43 B3 L 300
BEFI CCD 478 R 8OG30 2 R G0
RIS 24 mm, DGR AR AT I L ¢ 1, B
ZEMEIE [ =24 mm, N7 8N HFE AN
L R G 2W =28, 6°, & i1 2W B
29°, BB R SF 12, 288 mm X 48 pm, AR
F AR 1.8 i f A5 M L 25K 1% 1 U506 15



55 6 3

AR A= A DL TR BB Dyson 8 3% AR A F 1405

BT R AR N 1 iR

AR 4RV O 3% BB R G T R, R
Modtran it 8 1 A S 45 00 &5 09 46 52 BE L P98 D A
AR H bR AR 5 AL A5 IR k. A
FE 3 RS 58 B H AR A9 15 e He B 0% < 0728 4k
AN 1 Fron . XU AR S T E A R T IR
Gy 3% 5%, LMY I B 90 %0 Ik, FE
FUArEF RN 20 ms, 2 G IE 8 E (5. 7 nm) A1 4H
XPALFE /1.8 BPULIN S5 7R T 58 AP I Bt 0. 32
~0. 38 pm M5 M LI REIL S 78 L I, Wl 2 1V
JK 2 TR Y B 5 LI A4 17 e R

F 1 BERBGENEZITER

Tab.1 Design specifications of ocean imaging spectrometer

Parameter Value
Spectral range/ nm 320~1050
Spectral resolution/nm <3
Field of view/(®) 29
Spatial resolution/ m 5CH=5 km)
Detector pixel size/pm 24X 24
Detector array size/ pixel 512 X512
Focal length of system/ mm 24
Focal length of telescope/ mm 24

Slit size(LX W) 12. 288 mm X 48 pm

Bl AERBARTIA Jy 457, W RIS ARy 457, Wil

T3 L ARR R BA G E S 135°, B IF ] 2 20 ms,

2 MBS E (5. 7 nm) B9 5 MF TR I T AR O
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Fig. 1  Wavelength versus SNR for three different

targets with sun zenith angle of 45°,0bserva-

tion nadir angle of 45°, 135° relative azimuth

angle to sun, integration time of 20 ms and 2

spectral channels (5.7 nm)
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Fig. 2 Spot size and focal curve for a modified Dyson

spectrometer with different shortening dis-

tances between lens and image plane

Mouroulis 35 Hi FARHE PRI &% 55 50578 B8 18 1w
ST —ERE R R R 2 B R X MR Z 155
BRSNS, — M 00T A AT DR R R s
BN R A AR LT A 2 i TP 4 L B B
R e AR T BT, L 25 3 BRI 2% JC ¥ TE
B PR M R S R g R S B R
) R B U p A T T A% 3h BT 5 1S Y BR 22 T
Ik 9 A 7 12 R S oAk A Ol 2D - — 2 3 e AR Y IR
BRI S M 220 9 A 52 3L SR FH I R T ' Bl ok A 1 Bk
2 B2 MR A TR M L ARG 2 )
O % 1 Z0 R0 AR G2 Bl T R 2 OB R I AR
TE) A0 25 8 A R P 5 — R A R I A e i B A
AR BR A 5, R FH 2R T i 7 AR Y 3k 22 HIKTH
PR AR G B h B e AR ek 2200 R SCTE I O
WL B A i A 25 T 35 5 e I IE H T B S AR T
R 3l I R AR 2% , O L o 47 % A% T AY AL fi
15 M S AR H & T AN 8] SF- 180 N, JhE e Bk 4% 5 (R0
PR BB A 3 TR .

TECERE I 18]y, B 4% 15 5035 55 14 43 T BE B
M1 mm, RIS HRUECH BEEE N 3 mm, 2
WHESE R E R 1 mm, H B 5 ¥ BB K5I IE
B 0.5 mm, 33X By 2 BE AT FRGIE B 4% 2 ke 5
e FT e BRI % BB O i R I R 2 5 B B

K3 BHLRGEHIE

Fig. 3 Ray trace of dispersion system
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Fig. 4 Encircled energy of ocean spectral imaging system
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Fig.5 Spot diagrams of ocean spectral imaging sys-
tem for different wavelengths and fields of

view
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Fig. 6 Ray trace of telescope and dispersion system
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Fig. 7 Wavelengths versus optical transfer function

for ocean imaging spectrometer
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aperture and wide field of view spaceborne imaging
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