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WP T 2 E BRI 55 00 U 1 18 5RO 3 B R s R0 e 22
BN AT SEAE D R 7R H BRI R 5000 75 TSR 58 . TR 2 R
fE55 ERLEP T AR ATR B R UMM R A 1959 48, FRIRISE
[ 53 ) 33 22 65 RN 2 A0 ) 3K 55 M R AT 1) ¢ R VR s 4 DN 1 A
ITHR.20 T2 60 A-AUTRIRIE R R KR — 2 b5 SE X K
GREZ/SINEEN Nt Rl 3= p RS M 47 4|V
Fe 2020 A KRR 551978 A, 38 [ AN AL K = o) £ AL e I
T2 AR, B35 [ e B R0 £+ (International Cometary Explorer,
ICE) 2425 ( Stardust ) FEIEF K45 1 5 (Deep Space 1) #M#5 DL K
X FEREE RN T MR NT BRI AR A 1S BRI DL
F A ZE I H () OSIRIS-Rex #0#.
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AR VLT 1 B R 3 | K K DL KA H RS
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AR 1712020 A3 STl P UK KR HEAT 55, A Kk
FERFE M ERIRI AR ZR B AT B 2 A 25 22
BORBEAT B 5 [ A 1) 0 4T 55 LAAT B2 Al
BRI TR RGBSR s B 4
A B 18 i A PRI T ek B SR L 0 4 R
(67P) E R IR B FEIE T DL LR AR AT A 5%
I B 2020 TR THa). A% 35 53-H 205 SR TR R
55 R Bb A R L
2.1 REHMAEEN
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PR T A RS RN B AR T T .

GAO Zhenyu, et al.Development of scientific instruments for deep space exploration.

PRMZEFNETE 73 B 28, AR R 26 DL 4% 2R AR AL
&, ST B AR R B R RS S 0
GG ST 288 2o e A S B 5 W) B 2 s 4
AL L B 250 25 ARG A AR R I3 e A it 2
BIASTR], SEREACRT 43 Ry AT WL/ 218 AR O
Pl O AL P eI AL X S BOL/TEE
RGeS i E

1) AT UL/ £EAM A ETEAY

A UL/ LLAN AR TS SO Bl 58, FAT 1 25 1)
IIPERMIEDCIE S PR AR, Tz N TR A R
WA S5 oh, FIBE AR ) A A DL S 4
B IR S E RIRIME SRS T 3 LAY, 70wl
IR SR A L RDE A S LAMERE R R 5t
( Optical , Spectroscopic, and Infrared Remote Imaging
System, OSIRIS ) | 7] U S A1 21 4b #4 B A5 O 3 )
(Visual and Infrared Thermal Imaging Spectrometer,
VIRTIS) LA R FESR 58 bli o b A £ AR AR DG 73 Hr
#% ( Comet Infrared and Visible Analyser,CIVA).

OSIRIS F 5 % [] 73 B 4 1 7 £ AHAIL AL AIG 73
BRI FAELA AL, NS HBE 5 (100 km L) E)
LI A% (R 25 T L B AR R (g g ) s
PP 1t 7. OSIRIS WL 31 B A2 3 1 1) X% B JZ
&7 MO H SR LI 2 AR 1 m i
RIHY). VIRTIS AL45 0. 25~5 pm 1 161 BUAR
WA ( VIRTIS-M) Hl 2 ~ 5 wm 30 [ (9 55 0 1% 38 i
(VIRTIS-H) “*, == BE 45000 5 4% 3 1 [ 4 A HIL 4 A
AT RIPER | SR TR 2. AR I 1 5 A%
IR R B & BRAL S A8 B9 K vk B AIE 4%
KR L TP, ek C—H F1 O—H 44
Z M N—H B b B0 KoK & R B 67P B R
SR ER, HMEA: TR B R BAMNZ XK. CIVA
1338 i 4 5T R AHIHL (CIVA-P ) FIRC A 3T 415 B 1%
RSB ALY BT (CIVA-M) 41 CIVA-P #5
T 2K R G P R PR R M 3R T
G RS LB W )E DL R R R Y
AL, SEH A 3 Br7R. CIVA-M AT 7E 13.0 mm
AR EAERT 7 wm LA E UKL SEA T LL NGRS IR, 5
Yis T 4.

2) X HFEREO L/ AT TR

BT X LA RN LA AT S R0 B 2%
B2 TR S R R T o A B R AR T Y T
R WA AT LI TR o BT X 5
256154 ( Alpha Proton X-ray Spectrometer, APXS) ,
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1 OSIRIS™
Fig. 1 OSIRIS™*

2 VIRTIS"'
Fig. 2 VIRTIS"

K3 CIVA-pY
Fig.3 CIVA-P!"

K4 CIvA-M""
Fig. 4 CIVA-M'"

SEYIANTE 5 TR APXS AR T i 1 R 4 ko A
A EPAAERUER , SR AU M i e
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Bl 5805 — B /N BRI FE /Y APXS {3, AT L)
RIS B0 R B ES Bk B AR B F LR 6. 4
keV BRIC R TELK A RERE 72 B 260 eV.2003 4F 5%
il KR T8 i 0 H 5 3 T BOHE TR APXS, A o i
T B 43T ,6. 4 keV BT RIGL N AE
IHEREERE] 160 eV [HRAER HAETER H12 1T, H
YR % /552 10 h'™.2004 4F K ST 2 B S
BCAT I APXS A3 R ] 1 Rk SRS A I 45, W] 3 2
125 RE B AN HER B Ay B IR X TR

5 E KR 2020 BRI 93 )5 KR EAE A
THUERY X S 2 a8 A kA AT R ALAS (Planetary In-
strument for X-ray Lithochemistry , PIXL) AXFR S0
K 6 iR  #Z02 X R PO A A
SRS 1R ARBL, W S A SRk R EAEAE
AP 4 PIXL A IR R Sk 22 4 7 K R ZE AL
BB b PRI B AR T B 5 2 em AL, BEXEAN[R]
A 0L T 15 0 AT ARREAE , AR PR 5 2 g it
3 PR AR A A B A

3) WOt i ZE AR 2 O35

HotiA S 561 1L ( Laser Induced Breakdown
Spectroscopy , LIBS ) HA A L #2434 = R% o] el A8 9
TR E LA 26 R B2 S = AT 55 1Y
ChemCam ( Chemistry & Camera ) B8 B IR ¥E#, LIBS
WFFE R IR A 1AL 50T A, (H 2 e
SRR B W) BT 53 R A5 1 e an &l 7 Jros 45
DI HLBE B BBOE AT 9 m MY A & SR
JEAEHZE S, i KRG NERR 3 66T, 2>
BIBLAE 240~ 340 nm [ 55N BE 340 ~ 540 nm [ 7]
JLEEBE LA K 540~ 850 nm HYITLTAMEEE

PR DG T B R Z 3 71 N
BB Z3—F- [a1 9% 2l 18 5% e 1 22 49 o A 28, AT U1 T L
Y AN A Sy B AT FE RO O &
S OA=b /1 N QU PO R 2Ly IR A= DU R i AUIE /LN
SCBLTHIES (10 m ) #RIN. 5% [ A 2020 BT S5
TS A DL S E Y BT (YL (Scanning Habit-
able Environments with Raman & Luminescence for Or-
ganics & Chemicals, SHERLOC ) i 7 2 G 1E% 0t
RSP A FARBILZE B BRI A A A 248. 6 nm,
KR B SR 4 100 ~ 10 000 £511) ) S 4
Kl 8 . e K2 2020 BRIAT 55 #5 25 1Y SuperCam
UARTE LIBS BYSERN_E I T 78 ik LIBS #15¢
PRIy 2= M S8 57 5 4 A HLY)
JFRITCHLT P 3
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&5 APXSH
Fig. 5 APXSH

%6 PIXL!M™
Fig.6 PIXL!"

%7 ChemCam'™
Fig.7 ChemCam'"!
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Fig.8 SHERLOC'"
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A VEVA B AR SE I TR RN B A A B G
PSS IC A BRSO G S I ALICE 2 —Fpaz Y ik
TIABFME A (145 S 635 43, T D00 5 A ey o ¢
SRR SN ETE , B 3 JE LA 70 ~ 205 nm. ALICE 4%
R IEARZ FJ5 1 km A Y HL SR 7K 32 4 S R i
A B ok R BRI SO i ok o TR H FL i s G
H 5 e F T B et U R AU T

5) HA R 25 PRIAT: 55 rh 0 561X

HA AP CEAL SR IE A . LTI TS89
BRI AR R IR (Mossbauer ) G A, {H 2 A S 0
HICEA B, N AR 2 R X i bt
H X SO EIE T E IR 50 2 o BT R
( Chemistry & Mineralogy ,CheMin) """ F1 X 5k iif%
Hi% 4L ( REgolith X-Ray Imaging Spectrometer, REX-
1S) 200 5 R FE A S DT AP 4 00 19 Bl P A o e
A Mini-TES™" il #4 58 55 56 1% {X ( OSIRIS-REx
Thermal Emission Spectrometer, OTES) 20 BB S A
WY 5448 G1% 4 ( Visual and Infrared Spectrometer,
VIR) " 45 33 S 1 BLR S HOmER i B i 78
R 1PgIH.

2.2 REHFWBEL

FLI 0 IR 2 ERIAT 55 32 AR b T AR R R
B W RIR B HE M AT | DRHCER I #5540 p A A%
PGB A Ay 32 3 20 4D 70 4R4R 5T
AT B WA AR AT 55 5%, AR 40 A6 D0 st 34 ]
N DURRAT A B R i (SR A T s ] oA
ST R A b 0 BT ASCRT AR B AR A R, - B
BAF AR S B 53 1 T 2R LA K [ 7 3% 20 1l 5 %5 il
FE A BT A AT LA S B3R R T KA RIS A
(E)5 %0

1) DU A BT AL

DU A o 1 AL 4y S5 ) S Ay LG, o R
PR R PRBEIE I MR OB A SR A SE R A S
KBFEAR ML (Sample Analysis at Mars, SAM) |,
DO SBT3 A A 8 1% SR AT R O G T,
AR 5T T KRR IR A B S W LA S5 2R i
% EPUE S oo R (AN S D 8¢ U e
oM 1.5~535.5 u"™.

2) WAT ] T RS AR

QAT IR I SRR B0 1 7 KA IR 1 A ) B
O3 SR T R ORGSR 8 | 31 R PR T A
DG R R 2 FE 15 B B R B 1 ot /0 M ( Com-
etary Secondary Ion Mass Analyser, COSIMA ) £ Il ¥
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Table 1 ~ Spectrometers in deep space exploration
WA R 55 FERL G W SE T E Y

PRFL AR L 90 emx50 cmx40 mm;

LA R 160 emx 100 emX25 mm

e KRR B o) 6y WIKREST DA
e TR K ~120~40 °C ¢ FH
HL AR R - 50~ 40 °C
R Y Co
2% 5 0 4 2% 5 B I SRR Co
in(X SRR AT 50 ~ 50°
2 [ R RIS CheMin ( X Bf AT M2EE  RTSHTEHE . 5° ~50 (26) SR T R R R

k)

TS 43 PR <0. 35°(20)
CCD A LM 40 pmx40 pum

JEHb /M TR 1999 RQ36( Ben-
nu) M55

X 5 2k &6 3% AL REX-
1s20]

itk 4.4 kg

h#E.10.8 W

#EHH .20 em

CCD A ALMHIA ;24 umx24 pum
CCD TAEHE . <-60 C

/MTEHIFTCR A R K
BEEE TL R BRI 4341

[l K B2 1 e AR

TR IR S B { Mini-TES
(8 BLonb 78 Heoor Ah O %
%) 21

{AFR.23.5 emx16. 3 emx15.5 cm
it 2.4 kg

I#E.S. 6 W({HFIRT) ,0. 3W (7))
FEEIE A 5~29. 5 um

KHEREE 9. 99 em™!

TR K B R SR )
FEE A AR, TR
HKAERDE BB 5

JEHL/MT R 1999 RQ36( Ben-
nu) M55

ERGHEE AL OTES!

1AFH:37. 49 emx28.91 emx52. 19 ¢m
JiitE ;6. 27 kg

UIFE. 13 W

TG 5. 71~ 100 wm
SREERS R .8, 66 em™!

PRI/NT B 48 53
A 5 30 37 AR S A 0 2R B
PR )

|

frm

BH 5/
Dawn)

AR ZS (The

Y

oWt 5 g g o i
3 VIRE

Jii e 120 kg

UIFE.52 W

SEIEVE R AT UL 0. 25~1. 05 um;

214N 1.0~5.0 pm
JETET R A/AX 1] WG 100~ 380
21405 170~ 360

G- T TAEMRBE . 7T W% 150~ 190K ;

214N 65~90 K

Ik 2R A T SR
L1

I EH L5 ( New Horizon )

LA AR Alice! 2

Bt 4.5 ke

4.4 W

i LR : 70~ 205 pm

B 5 SRR - 35 mmx20 mm

PRNEL TR AR R 5

BT AT ], B 1~ 3 500 u, 73 R
(m/Am)>2 000" SEH 4N &l 9 Fi7R. COSIMA %%
K 67P By B BRI IR AN T UK X R W E R
R RBURLE B B 2 i B SR 1R 18 R R B H A 3R
AT FY. LA COSIMA 722 B UKL i 2 B T R 1 40
BT LARCEE R Bk PSR M IR SRA DL

B WS E T 5 P T 2 AL (Rosetia
Orbiter Spectrometer for lon and Neutral Analysis,
ROSINA ) Xt 5 B2 KA L B2 B 35 D0 3% | [ o 25 A
Oy BEAT A3 M, i XU £ 1 3 5T 1% X ( Double
Focusing Mass Spectrometer, DFMS ) A1 5z 8 20 €47
B8] 3% 4% ( Reflection Time of Flight, RTOF ) £ i, * |
W75 T B 10.DFMS Rl s i Y L 12~ 150 w,
SrBER R (m/Am=3 000) H.3h 5 K. RTOF fE

) DFMS A8 B9 #b 5E o I A6 I ™ R 1~
350 u, PR UEFE B K BTt 7 [ AT A8 R U
(m/Am>500) . 95> J5T 1% (S48 A — AU A6 0 3 T
il A6 U058 38 2 ROSINA AN 25 1) =5 22 4
FE B AR — b, ik AR R VAR
TR AT, T L IE R FKRRE S R
FAN), HEBR MR K R U T 2 Al e

FEH 5 B R A5 AR I o B B &
( Cometary Sampling and Composition, COSAC) Il i %
BRI T 7 A 4 VI BT T R (R R A
IR BIAE A o0 an s 11 frs A —
AN TEACRT—> 5 53 B3 2038 3 1R AT I T
T RE ALK . COSAC 30T T 8 i 7 R 42 21 i B
ain, R IE R T FE B i vk D B R b R
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WURLZE A, H A7 16 FhE S A A AL S Y, 1
1 4 MRS B P DR KB i) o S URR TP g (N
Vi) | PR M

3) BT PR

BT PSR A S5 /NG BRI, £
HERAE SO (3 - B e T Y 3755 JE 3R A8 E [ iz
KM Prolemy FH A AH €335 SR 28 - Bk B A 41
B, SR A 12~ 150 u"*) . Prolemy 3 i i #4
Il A AR B SR B AU W 452 5 P ) TS0 0 Bk
S AW AL R AT AT SR T 12,
Prolemy A5 H T8 K SR T ZE A MK R —
ALk AR DL S D S B A MU S Y, A
HI 25 Polemy A1 COSAC R K 3 1T 5 4 g #4
S SR 75 Bk B AT ILY) o, A 45 28 B TR B 1 s
B AR MR A IR TR AR,

9 COSIMA™"
Fig. 9 COSIMA™"

%1 10 ROSINA™
Fig. 10 ROSINA™

4) HA RS BRI 55 rh Y B A

e S (SRS PP P T ARt 3 DL T 2% P IR =S
RINAE 55 Hpr A oL B8 1 7R 1 S5 A 1 3 9 52 A
Gl 9 A8 2% T3 ) e, LAREIX 0 B8 5 R 2 5 8 1 rp ik

T, AR RS TR R S (AR AT TS .
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Kl 11 COSAC™!
Fig. 11 COSAC™
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Hydm%fm Hamess to
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& 12 Ptolemy'™”
Fig. 12 Ptolemy"™”

TSI H S DA DU AR AT 3 A8 Ay ol A T 2 16 4 0
S0 LA R 25 BT 55 /9 o i A S B R 8 0 H AR
e 2 frRt.

2.3 RUEFEA
THRIAT 55 44 57 IR 5 TR IR G dn b, AL
B U AR ) 9 2R 2 RIR 3R 2 S A T AR
U SR A BRI K Ry oK B P A2 4 2 oK B R
JE AT HL B R 4G i3 55 35 ( Mars Advanced Radar for
Subsurface and Ionosphere Sounding, MARSIS) | 3 [&]
UK =T R I A R IR AN SE A AR SR KR
B0 38 g $5 B9 1k £ )2 X (Shallow Radar,
SHARAD) " i X i A0 B2 BROA I TR | 78 7 LA
SRR 7 O T TR Rl B BRI R I
B PR A TT AL AR IR PR3 2 LA B M B 4%
LA 7S o= 37 | P e S S W e SR
HERGRIN AR5 BT —BBIRA Tk, 70 18 18 - e
TE— 3PN RN EE R T 100 m; 1838 )
PEAATIAF) 30 om , FRITEEE /DT 30 m* 5E 1% 2020
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Table 2 Mass spectrometers in deep space exploration
WA RIAE 55 eI AR WIS HEIH 1
N AP 30 emx32 emx23 em N . N
S g St 1y [33] : S0 Bk e S A A
KA 5 15 FR YRS ST gAY B 11 kg PRI H 3R KA 53 F0 53 A

FKMYE R . 12~66 u

T

5 EHTOLEF SR

FIRER T B35 PEPSSI( &
A V) S 35 AL [ 25 7k A
%) [34]

AL AR 7.6 em JEEE 2.5 cm
JEiE 1.5 kg

FE2.5 W

KW R34 1 MeV OB

PRI S o K SR A
B, S R A
PR T FbE

3¢ [ AT I g

R R 2R 5 4 A7 58
CIDA (KA ] B4R 3%

it 13.2 kg
WFE:13 W
KrME R 1~150 u

HRUAC LA B i 7 38 5
N4 PR

K E S IR

SR LT A R i
L

{AFH:27.5 emx33 cmx25 em
e 10. 4 kg
R 1~230 u

R kR R EAA
Lo

S RSCIRE SR

XS TG O AR A 37

PRER URRAT 242 0.2 em, £ 7.5 cm
itk 3. 81 kg

FHYHE. 12 W

FE A . 1~64 u

T A T 7

Jit .3 kg

FHFE. LS W

JOT R A B L I — 1~ 16 u;
BIE . 15~208 u

B R — S AR
AR R

d TS B g

A5 1 B I
U

AT EHAZ 198 mm, 5 470 mm
Jir:17.3 kg

YIFE.28 W

FME R 2~ 141 u

B 4 TS MHEFEF] 176 km
IR

A BRI S A

B R TR X P
BEFF R )

AFR.20. 3 emx42. 2 emx36.5 cm
JFiiE:10. 28 kg
DI PR TR 23.3 Wy
B 20.9 W
T . PR T 1~ 8 u;
BT 12~99 u

PR A B2 B R A
LI

CORPRIN T30 16 A KR 3T S 56 1) 7 38 AR X
(Radar Imager for Mars’ Subsurface Experiment, RIM-
FAX) J& BRI K IR Z MR A 528 T -
13.RIMFAX A E 2 H A2 20 KO i 2% 45 ) 1Y 1]
1B IR X R RS A5 B T I8 AR
I FSE 150 GHz 3 1. 2 GHz, R 41— R LG 75
2100 ms, £ A H 2 ] I B2 R TS F 14. 2
em M B KR A RTHE 10 em, RIMFAX 323 BE4T
— R TR IR SR i, UM 155 19 28 1B TR BE n]
510 m B KA —57 K ERAL S5 B PUIE e AR
T A T T — R IR R AT KR SRR AR
IS s = T E P ST EE > S
2.4 EH@EEE

R BH AR AR 1 s Y £ ORI LAy A7
FE N RIS L A ) G BRI 2 W) B R
R KNG BARAE R S SN N 3
TESE AT B N ™ A Y RN 5 7. 15 o ) g ik i
A RLIESY T AN R BRI A B A SR B R I IR

WI/INVRL TG & R R  BREME RN R Y
FEVE S ARG 17 RN B K AL A% ( Rosetta Magne-
tometer and Plasma Monitor, ROMAP ) B TEASH
A %S ( Rosetta Plasma Consortium,, RPC ) £ 4H7 A
WTTRE T I A By 1 R 37 R R B XU TR
PGS TSGR TR & B 67P ER A B LT
WA (/T 0.9 nT) B WL 3 £ ALY kR RS
55 R BHXUAR ELAE FHTE BT — A g 2 i Fk
“ Rl 5" KB GEN G A LE IR R 2 T #E T THR
T ke B e ThT R iR 0 Herh kR R B S T
HMTE I £65 000 nT, 72 #EF 0. 01 nT.ROMAP
IER R RE S E 14 BiR

2.5 BTREHRNLE

IR FHXCRE K BH i s 05 21 A KRR P, 5 4%
KA AR RIE BT FRok 00 sh 245 1k, in e 3k
JESE RIS 32 30K BHRUR S5 R s A i A A
TE AR S BR Y BRI AT LU 28 K BH A
VR RIBLA , T fifp B2 BRI 2 IR A AL R A 2 JE B
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S RPC AR T ST E B #e s, o — 1 F &
1554 I 5L 0 B 7 A BT, A AE B T 0 R
ORI REE WL A v i A R SR TE B L R
WELES & 400 )2 B IE B RPC 16 67P £ & i3] T
SIEWTE R 5, I & B E R B 15 K BH XU A
HAERE A B S i B R

2.6 FEBIRMLE

1 3 S HOIC 2k v T8 {7 B i A M (BN B
TR sk RG4S ) Z IBIAE S HR3), T LA IR 36
BARBY RN ) RIEAS (NS5 1 S5 30 5.
AR IR K, AT A M E BRI AL
TERAS PRI 55 vh i T3z e ) o 4k 48 ) 33 H
18 FHTCE AL RN BL 248 D0 7 ) 3K 0% 5 7 3. RO A
KI5y B KRR A B DR AR ERIATE: 55 R4 A2 B Bed &
M7 KEHEEHRIMBEZY P ERS L
HL B} 2% 52 56 ( Rosetta Radio Science Investigations,
RST) X 67P £ 2 (4 13 AR ERLE 47 B 5 24T
W5E S B SIS HEINAT 5530 BETC T JC2k v i 1L S 4R
W42 L B8 4% ( Comet Nucleus Sounding Experiment
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Development of scientific instruments for deep space exploration
GAO Zhenyu' WANG Minjian® HUANG Fan® SONG Aiguo' ZHU Lifeng'
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2 Shanghai Institute of Satellite Engineering,Shanghai 201109
Abstract  Deep space exploration aims at the exploration of planets, moons, asteroids, comets and space

environment in the universe other than the Earth.It is an important task to properly select scientific instruments for
deep space exploration, which enable human to figure out the physical and chemical environment, topography, dy-
namic characteristics and the existence of organic matter and water.It is of great significance for mankind to explore
the existence of extraterrestrial water and life ,as well as the origin and evolution of the solar system.This paper sum-
marizes the scientific objectives of the deep space exploration, then introduces the scientific instruments and their
characteristics for typical deep space exploration missions in recent 50 years,including mass spectrometer , spectrom-
eter, ground penetrating radar and magnetometer, and sorts out their performance parameters, the exploration
oriented missions and tasks of the instruments. Finally, this paper discusses the development trend of scientific in-
struments for deep space exploration,such as miniaturization,low power consumption, stronger environmental adapt-
ability and the combination of multiple instruments.

Key words deep space exploration ; payload ; mass spectrometer ; spectrometer; ground penetrating radar ; magne-

tometer



