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Abstract: For mars exploration, a novel prototype of imaging spectrometer consisting of an optome-
chanical subsystem and an electronic subsystem was designed based on an Acousto-optic Tunable Fil-
ter(AOTF). An achromatic telescopic optical system was used in the spectrometer and its spectral
range was between 550 nm and 1 000 nm, while the spectral resolution was 0. 9-4 nm. In electronic
subsystem, a system-on-a-programmable-chip was introduced and data transmission was implemented
by employing a novel bus technology of SpaceWire. On the basis of laboratory calibration, the proto-
type was installed in the stimulant mars explorer, and a hyperspectral imaging experiment was per-
formed. Experimental results indicate that the prototype of imaging spectrometer can offer good ima-
ging quality and the measurement identify between the prototype and an ASD spectrometer is over
96 %. Furthermore, the SpaceWire bus can transport data at a rate of 100 Mbps continuously, which
satisfies the technique requirement of 25 Mbps. The development of the prototype provides technical
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foundation for applications of AOTF imaging spectral technique to mars-based remote sensing in fu-

ture.

Key words: mars exploration; Acousto-optic Tunable Filter C(AOTF ); imaging spectrometer;

SpaceWire

|

uu\«

KR FR DN S TR 2 B0 1 B LA R A B
N2 [l 830 3% Sl BB R S R 55 1 2+
Ak FH T R 3 0 1 5 780 A% SR 2% N 28 A7 B AR 75 )
TRKEMER,IEE KRR k% T EE
YERT . Jr B b 36 i B i R BE DG 3 . TR AR (19 A
GO YA K BRI BT S =z — . iR
TR A RO B G SR L, BB [ B
LA H A5 5 28 8] LA RRAE A5 B8O s 4y 5 g v 5
PR GG R AR AR B, HOGIE o i m il B £
P & —" 0l e 7 18 B o 4% 40 R ) 92 I
AR T I BE A S % kB2 R B B o 1A T
5 R RS AR R A KR A AR+
SRR % N I W TR (B R g Lt
S R A U R b A AR R 2R A

TS K B SR YA KR R A
ZH R A B 3 A B s AR 1 6 3 28 Aar ik ok
BT i SR T 2 — . RO R BUR AR D
R G R4 E R AN 43 o« RS 95 B
TR AL 3 B, H, SR T O T R R U g
(Acousto-optic Tanable Filter, AOTF){E N Ak
TR EE A L IS R R G B A R BUIN, R
RSN M L TR G O R T T R
Gt . E HA P E A K TR DL R D B T g R AR
il PR ARE RS BB A RIS TC A% B, /N ESUH A% B
J7. RVAS SR I = A5 AR A AT LS R ok AR 3R T
() L A R R R AR s B % S I JRR 2 R DX 3 1Y)
A I, T iE A T DL RIS AR
WRAEM N ., ¥ 10 43k, 1 F I 3
AOTF 0638 & A 2 B% A 35 RN R 45 % 1k
B B IE R T A R IR i . 36
B [ 22 0 23 i R R NASA @RI 9 ATMST il [k
YLK B ESA #FHl i SPICAM™ 48 AOTF 4%
JEE AT C AT A 0k B IRIAE S .

ST B K B 2 T W R A3 B A AT AR SCHE
AL UL OY- 3 £ A0 S BN s T I R T D
Y PERIESE A AOTF 8 63 AU FAEBL . 1%

FEPLES AR AL R BRI A% b R AT T RS
K HB B4 SpaceWire & 28 £ AR A7 8Os 4% i, IF
Xt g 45 R HEAT T o . i RE BLAY BF I N
AOTF Bt il B AR ACTE 3 [ B4R I v (1 iz
FZEE T HAR KA

2 AOTF =% R *#®

AOTEF J& XU 5 fh Ak, B H 36 BE 45 A AT
SR B AR 2 R ' SR RN R R U A A W A B
M EAER ST TAE. %AW AOTE #MKHh
AR (TeOy) AR TAEFWE 1 frs .
Agtt

® Ot
ie% %%
d (et)

— il — % JEATHTEA (e)E)
el

JEATETYE-Ad (o)
d (o))

B 1 AOTF s
Fig.1 AOTF working scheme

MR HRE L — WA E AR AOTF
F14) i M P R, 32016 TR R O K R B DG R 4
WG AT DL AT B, = (D B

ki=k, Lt k. (D

Hr ke ki 53 BURATHE A SR &k Wi
PR, X R A R
21w 21y
X Ao
K2, s mg 43 3R A SR S5 W B 4
g do NATHICUEAS s £ 088 R U K B A %5 0 2
AU AE SR AR R L X T 2 Bl i DT LY
TG0 SEAT e SErm il T 558 n, 1 ne 5 AL
65 SR AR e 0, R TR AR,

2ntn

k=20 (@)
0

‘ki|: ’|kd|:

%:cos§0i+sinz()i. 3)
n n, n:

AGHERIE ki R KAk BRI R 2



%09

XEETH  AF T R PRI A PO AT 3R 3 a9 A O 1 A 1947

D 4 A5 FH B 36 ELAY o DBAN e Ot R e SEAAEAT
S0 WG B O A AR A 58 ) R R OE .
222y AT LA Y, P AR 5 7 Ok A R HE R
F o OIS PR AR ) DE TR A% B AT S B
JCIE WA . XBE, LAy s ) - T e RN
H BT = A O S L S T g A

3 A%kt

JETE 2 X 0 W) Jo 45 M AS [R) 43 d A 280 O
A AT UG- T T A i B T RO B A

RGBT CCD fE1H b, AOTF £ & G 1k
RO IT LS. B FESRE T
AOTF 5K 2 i B 7™ Az S ] B 23 1) 559 9145 55 4 46l
BRI G2 B R R A SR . E#ER
5% T > T4 A B A 5 (R R L T B0 R B A TR
b v B R, BIAS H A 0 OIS E B . B R EE
TE P B A 4R T el B R OR S R AR I, IR
i SpaceWire i 2% 4 Eak a8 BT, R
145 TRENRITSEL

x1 RFELGIRHRESER

B S 43 HT M 32 RS I A BE O 1 L S IF 40 M AR Tab.1 Results of system scale calibration
W H AT 45 AL T oSl 4r e 5 ZH AR S b
B HE 4T W R A RIS 5 X T 1) R P L fi 10°X10°
1% 06 3% A F 17 R 5 SR R JEL B 43 BT 1 SRR L 133 BB 550~1 000 nm
FERF TSI RE L LS ES 87~175 MHz
3.1 BRGEN BBy <2 W
FIF K BRI 9 AOTE M AR 5 8t 5L S 00t mm
I B 224 RGO TB A L. W% [EST% 256 pixel X 256 pixel
LR I S 4 T U 2 CAOTE) A Bt o
FOLR AR 1 CCD 285 5 % = B 4045 . 1% ol " X;O lmo
RAEHLIE L B R IR LR AOTF B 3) T e o
EEE. 2 RS A SRS it B
2 Z GG WAGAE AOTF B b R , 5 20 5 2%
sl R Ve 2 57 4 L i g | ¥
zh AN - R L
C o :*fc;c)aﬁgﬁi |
. cep || gl i { | PEEEEET
e N B | Dy | |SpaceWire] | |
o || ma WAL | | o-emmmmmeemm oo |
& \ i gl TR L
DC-DC R HR P ZH o
AOTF RF RFIR » | IR ETLAT | ||
#0 AOTF IREHLE ! _ !
BTS20 A% i BEcre ;

2 AOTF M BOLIE IR G E I HE &
Fig. 2 Block diagram of AOTF imaging spectrometer

3.2 HXEFRFZIGIT

RARUE 22 58 1Y AR B o FH 2 0 O B 45 4
AT RGBT, (15 T8 55 i W o5 AR A
AOTF pyH0 gk b FI G BB s vk #h i A &
B R M M a2, i TRETZEAMA AOTF
1) 1 A B 64T 65 % . AOTFE H 3 i J5 1)
1 RATHC R A2y 6. 49 W &% , 1L AOTF

ZIEMIEE RGO E 1 9O I 5% 7 ] i
6.49°, FIH ZEMAX #4245 4k 531 )5 ok
HRGEWME 2 iR RGBT SHEWE 3 FiR.
E 4 B3 P9 A5 T 1 ¥ O MR R HOBE 2 AR <<6
pm,32 Ip/mm BT MTF>0. 6, RG34 T
B0 1 B AR B A



1948 e KE TR

5% 20 &

JeEn  BTESEk e KIS BEELL Y4 STEE)

M3 JbE ARG A IE

Fig. 3 Schematic diagram of optical system
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