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AR E GET . JHET, E R RO EAR B
KR T3 IO R, SRR B8 LA
LEBEAPDIR IS, LLOSIRIS-Rex (¥ i B it
(Optical Laser Altimeter, OLA) “"*"fllHayabusa 2 I
FJLIDAR (Laser Intensity Direction Finding and
Ranging) "R 528 i AMEMS (Micro
Electro Mechanical Systems) 345X, % A2/ N1k,
BE, &5 TRSHENAES, a6 TR R
JITRIE A ) K 2 22 T e e s SRR ) 2 5 T [ o 3 A
KJ% (National Aeronautics and Space Administration,
NASA) HIMEMSHOLEIE" AR, H3M™ N
T AR A, I — RBRAR B SR Gt i 75 3k
17 =45, e 3 Beo's Bk 1 I TR) B AT 3045 = 20
PeR =4 KM%, LLOSIRIS-Rex[f) A i ik
(FLASH LIDAR) "% . BLE3RBOGHNBOAR
BH R, AHBIARERIN 2 S i . PR
MBS R R K

A CEs G E BR H AT O SR N RAKRIAESS, X
BOCTRM B ARALE S AU IN 22 vh B HEAT 7 R 48
PEESS, HAREL 7 5 B0 SN2 A R EAR K R
Bt R, ERERAL B, S5 ARBOGIRIE R Ky
m BT FE TN R AR RN R A [ S OB IR
Wk, DAl SME = 4P ls — kg %
it X EN R AR TEI 22 5 S TR S 2 A —
JEHIHR 3R .

1 BN SRR 7%

R FIBOC R 7 AT T AUAT M I 2 1) S 2R 7
AN TR, RO ER S BRI EOR
S RIN R G, 0 KOG R R H FR i
frE . Wl BEEHER, RAEEME. 2RI,
A R H AR SR R WO E AT H AR
BA = HEHTE, B IR F by X8 1 AR AR
TR, S E RS RIN  EHOL E S IR &
AR kG FE T ], AT b A R AR RN 38 1 3 AT
HO I I 2 Bl A LR AR R o AT AR AE KRR
HERGNS 438 7RI, RIS T R AR .
L1 MU

Bt 8 X 58— ABOEHRNER, LA Hayabusa 2
AL MILIDAR. MK K )5 (European Space
Agency, ESA) W KEEMBOGTHIE. OSIRIS-Rex
A O R B TFOLA Y ML AR SR, iR e b
R PITRIE R 8 5 BRSO = 4 B AR A R o Bk
A

H A/ IMT B 25 Hayabusa 2 "0 77 IALIDAR ™
LY mEL () B, REN3.52 kg, 1% EE
A HOREE, BYOLY RGPS B, RAWE
BWNH RS, mELOF110 mm, 5L OF
3mm, PHECE RGBT E S LI 30 45 &
30 m~25 kmo BTSSR THUBARSE, AR
12, FHEMGRHEME R PERBAC. ESAKEE
R EOE B AU AL I (b)) Frw, SR %2561
BRI A, IF BAE RO S 83k B3g i 7 6L
P, D PECRS P K IR R T, 5 kendZg B 5 10000 B B AL T
5m, FEUTERES10 mis B BRSO T2 em, (HEEFA
Hod 2 FEHOLRRE L EHIER R, HAURIR
B, EEHBEKR, HHRAEANTHRELR T
10 kgo NASAH THAT/IMT B RFF IR [BI4F 55 () OSIRIS-
Rex ¥R & T20165E K 45, HEOb @ EiFOLARH —
YER I EE (FSMD AR 2R PR CAPDIRI 2527, 5k

HAYABUSA2 LIDAR
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LeEEE T
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LR RIS

(c) OLASEY) (Fedki, ARk

BT AR AR ORI

Fig. 1 International first generation of typical laser detection instrument
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M E L Ce) fian, OLAR M & A & ot 2%
(BN HQIE A WOLES (Cr+/Nd:YAG) ) FIMLAE B4
s O (BshAQM A Bt s% (Cr+/Nd:YAG) ) ,
ORI N1 064 nm,  TEEUIE Ik 2 47 4 0 18141 415 5 Fol
BEAHEAT RN, B A 0 PR ) RS R RV 1) 2R
EARAR . EEECR, Fbi B A I [0 #£2~ 6 min,
HTAC& TP EHOERE, OLAR S EEmik21.4 ke.
o E BB R ARMET R R T AT A
SRS O T IE RS, 1% RS0 HEOLIEE
A0 BT RO = 4 B, W2 T .
BWOGM PR R TE B AT B = B30 kmAb UG TAE, HE
10 m FEAFREMNEE ;O M AR 2547 2 = 3 km
IO TAE, ESENE B 254 m, IR ik 5
15 cm/s; B0 = 4 AR AN I B 165 ik X 04T — 4 A
%, ERIHIEF30°%30°, MG EIEEIS cm (1o)
WOt =4 UG AGT A AR EOERS . e R Ak
Bt THEFAL AT, Bl e, 5 B ALEE
FLIGATHYE 3 FC T AR o PRI 28 N Si-APDZR PR 1 x 1648
W, B PURIR B AT KRR Y, BoLs
KA ARRIEOCE, B EmEM. KRINRE

R, AEAEFBE RSB, I BEKE 52 AN B AR 73 7% A X

B2 oo LR Y B 5C BTisot = 4 UG X
Fig.2 Picture of SITP LIDAR

S AU RO IR BOR fE bR LR 1 PR, R
FIHUM AR 5 49 486 7 2 A0SO SR I 7 325 %8 T 6 75 SR
res RV 7 b B, SR WUBIR 85 1 441 e 2
AR, WERRAG, EEH TR SN =4 &,
R /N R A B AR AR R 1 LA 55 Th R A
EH .

F1 F—RARBCIRN = RIEFRX L

Table 1 Parameters of First generation of typical laser detection instrument

SiH [ 4Hayabusa 2 ESA KR i NASA OSIRIS-Rex R B EI R YR 7T
A WotHIE Wok &k Botm it WO AR
o 0.26 ~ 9 (FREE)
T 35 /k 030 ~2 01 ~ e 04 ~ 0.1
TAESE R /km 0.030 ~ 25 0.01 ~5 0.036 ~ 12 (EAER) 0.04 ~0.16
g <15 5k v
B S P +3m@30m m@S km <26 cm (EfEE) _
&) +16.5m @ 25 km <30em@300m <11 em (IEAERD = I5em
: <6cm@ 10 m
TR #/Hz 1 > 1 _ _
WOt K /mm 1064 532 1064 1064
ko e B 0.7 mJ ({HfgH)
i 15 mJ 12 kHz 10 W (IEAERD 100 wJ
N 5 (FfeE)
9 <
ikt 5 /s 7 10 | (EREED 12
BEfOt¥ R I ¢l10mm - - -
L LS i : © °©
% W 03 mm H4%: ¢ 50 mm M4%: 76 mm M. 30° % 30
DikE/W 18 60 59 <250
- Bk: 7.6
Hi/kg 3.52 10 S 138 10
IME RS ke 270 x 320 x 230
Jmm 241 %228 %229 - ZEBk: 265 x 250 x 142 -

12 MEMSH#RX

B RO R N B AR IMEMS H AKX, B
NASAFRIMEMSHO TR IA PR Ab 5T 42 i) T A2 78 Fr it
H KR 2 D) R UK AR O, B AR
M TMEMSH#H, HAAREERAD, EHEEE B
HAEBSNEARNHE . HTMEMSH B 81 N~

BN, BROC¥RGAGEZR, HAERESHEZR,
weAk, i RTINS B0 SRR RN, 1S EOE
REAEKR, BRI Pk B2 BB H . NASAT
MEM SO 7 1k /F A #E B A RE IS #1140 m, sS4 Kl
K3 (a) Fias. dbatdssl TR AR N“RI—57 K
RN 5 9F 11 (1 22 ) il e s UK 2% [R) BE R FIMEM S 2
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BEMARE, KA 064 nmBOLRIEAN LTI, 2
—RR/NRAL . R PR RO = 4R BUR S, H
ER Tt RAAR T RE, R &SR RIE A R R
By PUERZOCT0. R KA fLAR REE 4RI
A EMEMS I G 2 S AR 2 SF RR I . KEZ
Ty e Tt P U A 2 N TR 2 RO OMEM S 4 4
BOCTEIE o, HAERIBE R 880~120 m, KW
K3 (b) Fm.

(a) NASAFIMEMS#HOE T IE kL s

(b) BICE-K/E 2 Dt BURES S &

3 MEMSHEHR I 5

Fig. 3 Second generation of typical laser detection instrument

5 RIS ORI = S AR bR EL 2 R, 4R
F2THI, SR HMEMS SR 77 o s 752 B A
B AR, (HMEMS 55 R 51\ B R % ),
R EEAN T, fE0.1°8E S, FEES/NRAE2016HO34K
T EIEF]10.005°~0.0 1 F 45 1) K FE 3B 4 5K i
ZE
1.3 mERERIER

NFEPAE R . BB R BUGRIH %2 IR
fy i, S 3 AR B AR ANBOC IR B AR BB i AR, A
5% [E OSIRIS-Rex/N RAR R 55 (JFLASH LIDAR™ A
2, HAPEN128x128, 1EHFE X H3 km.

*®2 MEMSH#ER RN R R =R ARIBIR
Table 2 Parameters of second generation of typical laser
detection instrument

B NASAIMEMS#o6 ik BICEK 2 £ D) Re U2}
1 FH B B5/m 40 40 ~ 130
TP R < 6.25mm (30) 0.12m (30)
W% 15° % 7.5° 30° x 30°
{2/ Hz 10 ~ 12 1
FRAZ I (/s 0.1 1
AT 3
Y 256 x 128 256 x 256 (HIH)
/pixel
[N 1550 nm, 400 mW, 1064 nm, 6 ns,
Ot 2 ~ 3ns, 200kHz 150 kHz
s MR ST APDZE [ MR ST APDZL IS
1x1 1x1
1.2 mm 2 mm
MEM o1 P2
S P £ 60 T + 5°
kW 18 <18
i /kg 1.6 (R%) 5.5
W/BR* — 240 x 248 x 145
mm

FLASH LIDARNEEASCAF A=, PS5 K
GoldenEye, AT, HArSZmH“SOLID” 1Y
AR RNAESS, EZNH T ZOSIRIS-REx: MZK
S M “GEO3D” F &Y & B ) b Bk [F 2D L 1E
(Geosynchronous Earth Orbit, GEO) F1H ERIRMAT:
% . FLASH LIDARWISEM M4SN, HARTEIRSH
W3R, OSIRIS-REx#RM AR 223 T 26 N HOE
% (LIDAR-1FILIDAR-2) NGNCHHE S .

4 ROEHOLERIA AT IFSEY
Fig.4 Picture of OSIRIS-Rex FLASH LIDAR

PR L3 T A, FLASH LIDAR B AR AL AR B,
HRCAR o P . W BERS BE UG, ANIE A T/ R Ak
2016HO3 R BRI ML 1 7R oK o 128 x 128551 A A%,
B PEAIR, thsh, MRS em (30)
BH, KT/ RAE2016HO3RHAR M emZ 75 R A Bk
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HIZERE .
<3 OSIRIS-RExINXHHEFEIL (FLASH LIDAR) MIiEiRE&#
Table 3 Parameters of OSIRIS-RE FLASH LIDAR

T ZH etz
1 1 FHPE B8 /km 0.0028 ~ 1
2 W PR R < 15cm (30)
3 TR R < 10cm+ 1% x R (RANEEE)
4 Wz () 6
5 P4 37 % /Hz 10
6 Wotes 1 064 nm, 7 mJ, 5 ns
7 RGP 128 x 128
8 PRI 2% InGaAs (100 pum pitch)
9 Ak e B R EE/V 20 ~ 28
10 TIFE/W <50
11 pliiliEc N RS422 (&K
12 fEEHEN LVDS (E&H)
13 AP R /mm 175 x 165 x 218
14 i F/kg 6.9
15 LAEREEEH/C 0~35

2 REBRBESHAEZHRIGIRN A

THI BRI 28 7T LASRAS B0 B g i e, HOgok 1
PRI 2% bb 36 ) 28t CAPDIR I #% R BUE = i 22 /b
INMEY, RIS FITRBOLRET . EERN
KRBT K, B I FE AR S0 R AS, B
R Z: 5 S — R R T 5 iR R R R B e A
5B T BRI 25 AR A e TT 5, RITR S T
W =4 G IRI
21 HAERUEBENEE

TR A T AS WOt = ZE UG BRI e AAHE A s 115 e
N, FEAEOLAM T AR S h A
PREFE RS BTG B TT DA S — 4 P F LR S B
BTG, R R IR R T H Ik e A O A R B G 4H
R, B2 SCER TG B B AR 0 RN BRI 1 THD B R S AL
B A AR SPAD IR SN S s H g . PR B O
S, BB PINSRIN i DA A FE R

I RS422 5 MU R EE % 6] .t (Image
Processing Unit, IPU) 1845, WOGE K H 7 kb
1T, G AT G S T B = 4E O e, 4R
o6 R BRI BN KRR b, HEURD R B R 5
W, FFRVR RO HEFERIES b, fEE AT
BB T AR TRES] (Field-Programmable Gate
Array, FPGA) Ml F, @K 4T (Time Of

OFIEAIEF: MPCHUIEE (IAU Minor Planet Center)

Flight, TOF) “*5¢ il MR X 380 22 A sl Ao B i g
o RS Rl P LR B SR T SEBLSUR R 1 [E A 4
i, — 7 s KA R R Y G
77 i AR FR N R SRR AR B R S
o PR Y B BE B R R E S E S
(Low-Voltage Differential Signaling, LVDS) M
FRZATPU. EE TAEBA & ARk 224520 (MODE-
A) FIS HH AL LA S AR (MODE-B) &

YRR i
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Fig. 5 Block diagram of hybrid solid-state method

22 MK ER SRR

PR B Bk £8 75 2225 J8 B/ RAE2016HO3 ) 6 it
RIS WO A8 1 i Ja B LA e W 1) R AN
Fokrh 5 B, RIS AR A 1 TE 2 B LA B 1 e TR
MAkEE . T8I T B B L NMT Pk, 3R
73 4E HRH W 2 W B G e 1 24, 2016HO37E0.4~
0.65 um 2 [A] ) S 5 ZRTE K, 0.65~0.8 umZ 7] [
SHESFIE, 0.8 wm LA S I B A I G S ANTE AT
808 nm B I [E A4 B 28 LR AR O RS R B
fiX, 1 064 nm¥E BLIHOLEOG R B, HEh+
RIS 16 TR RAC: 1550 nmIE BLRIRGLF
BoRs AR R ER L, BXANIRZ 4, (HiZEBAL
TSIHMERBIX, —BKHInGaAsE Ge R, H
PEBEZ AN USRI B 4F . Rk, 532 nmifBOREHN
A PRI I B o

B T TH B OB AR 1 S TR I ALZE (Photon
Detection Efficiency, PDE) . W&it#{ (Dark Count
Rate, DCR) . W7 #E% (Bin) « BERT (@)

http://minorplanetcenter.net/db_search/showobject?object_id=469219, 2019-7-10.
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AN H ot 50 PRI RE LA B PEIPE T, AT SRk
FZRE32x 2B FI G TTAFAE g s, i 6 11
FEUEBRSVE, ATSEBUL T3 om (3o) MEENEEE, MR
TR MERATTR -

R4 3xNMETIE MR R G EERAREIR
Table 4 Parameters of 32x32 single photon array

£ ¥
[ PN 32%32
JGFIRMAHE (PDE) = 20%@532 nm
B4R (DCR) (B30 <100
BRI (Pitch) /um 50
BRI I /kHz 300

23 RERFEHEAR

PR BRI B T RS B s Al B A A
IR KR RN AR B, LS
KW @i, mmifa N wit. R0
THI 4 & B LR R B LR R 3% F RS = 1.5°, fa 9y
PR <2 prad. T H B BN E HANHLEE
Bl HLATL AT O B, 7R T — 4 9 T3l B B0 B THD 1740 1 A 1 il
(XHHFI YD o PR R T SR L6 = 58
BT T (8] PR 5 ) 5 A% BE

P B 7 N6 FT 7, MODE-AN Az Bk i
TEMZeBist, P DU Sy T4, X DL A
Y= MG BT R, 32 x 32ES ISR, K
Himbg T, EERERZEEFBATRER, GR
A 1) A AT IE 9 0.041°, BRRBR S UGS I G F TSR
0.005 5°, ERZAFRTIR, ERHIBNLEAT 7
R FIET 100 x 1 100; MODE-B A 5 i3k 49 i 45 45
X, SN EAG R, A F R E
T, HAHRERAN UK, IMODE-A1/7,

40

30

20

10 +

0 F

Y/m

-10 F

=20 }
=30 }

—40

—40 -30 —20 -10 0 10 20 30 40
X/m
(a) MODE-A#LiZF

Y/m

-40 30 -20 -10 0 10 20 30
X/m
(b) MODE-B#Li7F

Ko MuUsBfing GEE AL

Fig. 6 Scanning trajectory of fast mirror
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MR RGBSR B 2 8, Hm B % RGN
HAABORIINIE EAS . BUNTREE, IR 48 1 I8
TR . BT RS R BUZ IR =, SR AT R FEAIR
ANZE RGO FOLREE, T 5IRE 6
B, Jkb B A B IR R B RO TR & F IR
R EEER RN, 1o/ E B2 M2 1 nm, EFEE
Ho R B 58 N5 nm. BB R RO K TR,
ARG WRS R AR SR RN um, 6
FRGAERTO mm, ZUHE AP 90.1 mrad, AR
BRI HER.

K7 BRSO
Fig. 7 Optical path of telescope system

®5 BERRARFEERARER

Table S Parameters of telescope system

fabz ZH
LB /am 532
P F Al B /mm +1.5 (FWHM)
FEIE/mm 69.686 + 0.2
X & (0) 1.91+0.05
A H A%/ mm 35
TR LA B4R/ um <28
2t RGIEL R /% =78
Hf/g < 400
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25 BAKIURIE

TR B ] A5 WOt = 4k SRR B2 88 B PAN I T
ZINTRAAS A TR TR W 22 0 h E v B A A, RR S
IR EIBHT R o FEHRIN 38 PE 25 /N K AR R 600 m i &
i, PG R FIMODE- A T =4 i =

INFRARFETH 5 2z B
v
=Y AL
v
—> AP e 2 i
BMERZE
v £
—> ST AR AT P 2 B
v

o

AN
= BI{EIR %

LRI FA AR

Hf, B ET SRR 2w R A TR
(Root Mean Square, RMS) {EJEH; EEAT =4 pi = %
M FRALFE, XS A KA A R il =4 i S S
o BAT TCAE, SO ES FE A ERH T 4%

v
= E B
v

PEPRE - €T R e S LY [

2
v !
R e §§§EZ

v
A~
fi 2
v
R ol

o

e L e B A AU T AR
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Fig. 8 Algorithm implementation process

TE600 m= [ 5¢ BRI I 22, i ik el s 004
T, BREUN RAER R =R FAR 5, £600~30 m
W2 B B I 85 R oo i AMODE-BHE#i# A, #1T7=
e S, BP0 =4 s S AR 4 i
el fE BTN HE, MRPELLE BT S =78 3 HE I
e, SERUR REECHE, HETIRAR S B AR A %
P AT € A . TR BB, MG AE T A 2 T
FEOESSRLI . fIR HILRC I 5VE, S GRE I
EIATREAR Z5 . FEBCAEE I R AR (Tterative
Closest Point, ICP) SZ#{.

3 #R5

INRAR2016HO3 ) Filfili & IR R0.2 5, Z4) B4y
B, TR G [ 2SO = 4 R IRIN 5 mT SEBIL/IN R AR 4
BREGTE M2 7S H AL AT S TRE 1. Bk TE
WA, MEEREEIA32.475 cm, B % 1.16 Hz,
AL FERIEF]1 100 x 1100, £E600 ms; B I 4 ]
SRR N6.15cme 7N I FEAT R ARRTF AU R
FERE BE AT 3A302.475 cm (30) o BOBHIIEM 2 5 G471
PR BT T AT S AR AR Ak BT T ZE T SR
FRPR RO T o

*6 REBESEAZHMGHRNG ERAREIR
Table 6 Parameters of hybrid solid-state method

Ei=ta 4
A B /m 5~ 600
W () 6.46 x 6.57

WIFEHE 5 /em 2475 (30)
B HT % /Hz 4

AR HER 1100 x 1 100

H I di/kg 4.0

TR B [ 75 WOt = 4 R BRI U7 25 2 I H 1 v i
B, R AN I BE RS BERE T, D B N R A
2016HO3HRM S o b B = A R B0, B4R
155 St p A b T 0 2 A0 S IR 55

B ST RIS B AR MR T, RS TH BRI
HILE 132 < 320531 128 x 12831 & JE 256 x 256
BEF, FE 2 T KT RE RS, 30 X 2 (RSO PR T B R
KA R R R, R RUASE T B o 1) 25 1 1 R A A
13 G BT 1R 45 50 Bl ps,  WOCIR I A ARG 72 23 (B 22 2
S8 MM KRS . =18 A& 1E B br i B4 5540
ARG — B R
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4 % i

BOEIRI 5 AL B ' G 928 R JE 6 R 2% A T A 4R
D38 X A S AT A 22 A0 SR RS ST IR 3, TEIR S
WAL S BEAR T 2N AsCag THEEF EE
FE R /N RARBRINAT 55 v B i T B (1 o T N 22 5 5 i b
AREELL Wt T — & T/ R AR2016HO3 R (17
A ESBOCERI TV, A ERGE T I 25 R0 A
FANA SN, s R, SRR

1) SRR B 77 2 ORI 77 V2% D #E
R m, R = SR EECR, SRAVURR S
R AR, WiRRAC, TVREH T RS =48
B, AE R Tl N AR RN B TR PR I 1)
ST

2) MEMSHHH 77 2 M BOs IR 77 72 54 B s i
FAHEGEE, EMEMSH B ARSI A FES], 810k
FEAE, FE0.1°E 2, B /NRAE2016HO3RMN 75 25
F10.005°~0.01° 14 1K A K ZE 5

3) INHBOGE IS B SG MR AR R, (H G 5
L OMEERE AR, ANEH T /N RIE2016HO3 4 Bk
TEMZ TR, 128 x 128 B4 51 MR A% 55 1 7 W%
PR, pbah, WEEARSEEACNLS cm (3 o) &S, X T/h
RA2016HO3 B} 22 HRM JE K 0 75 SR A K 225

4) YA A PO TR BT IR 2 R 4
TR R EARL S, B 2B RS
Y WAR R RAR HER, %07 VR BO6 I BE RS B AL T
3 cm, Widi4 Hz, AR5 #E3IL%]1 100 x 1 100,
600 m = B I A ) 73 3 %2 0615 em, 1 RTE T VE S
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Integrated Design Method for Laser Topographic Mapping and Navigation
of Small Celestial Bodies

GUO Shaogang"“, LILin"?, ZHU Feihu"’, WANG Li"*, ZHANG Yunfang"’, ZHAO Qin"’,
ZHENG Yan"?, MA Yuechao"’, ZHANG Hengkang"’

(1. Space Optoelectronic Measurement and Perception Lab., Beijing Institute of Control Engineering, Beijing 100190, China;
2. China Academy of Space Technology, Beijing 100094, China)

Abstract: Aiming at the requirements of high frame rate, high resolution and high ranging accuracy in small celestial body
detection, the characteristics of laser detection technology were deeply analyzed, and a hybrid solid-state laser 3D terrain mapping
and navigation integrated design method was proposed. High imaging frame rate was realized by single photon array device and
532nm fiber laser, large field of view and sub-pixel resolution were realized by multi-mode scanning of two-dimensional voice coil
motor fast mirror, and high-precision beam expansion and diffraction of laser beam were realized by Damman grating beam splitter.
The results show that the laser ranging accuracy is better than 3 cm (3 sigma), the frame rate is 4 Hz, and the imaging resolution is
as high as 1 100x1 100. The proposed method can give consideration to both topographic mapping and navigation, realize muti-
function, light and miniaturized design, and greatly reduce resource consumption. It has good guiding significance for the
implementation of small celestial body exploration missions.

Keywords: small celestial body; laser topographic mapping and navigation; hybrid solid-state; single photon array; fast
mirror

Highlights:

e Characteristics of three generation laser detection technology was deeply analyzed.

e A hybrid solid-state laser 3D terrain mapping and navigation integrated design method was proposed.

o The hybrid solid-state laser method has a good performance with a 3.5 cm laser ranging accuracy, 4 Hz frame rate and 1 100x1 100

imaging resolution.
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