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Abstract: The aerosol radiative forcing effect mainly influences the balance of the Earth’s radiation through two
pathways, namely aerosol-radiation interaction (ARI) and aerosol-cloud interaction (ACI). However, uncertainty
in ACI is one of the most important uncertainties in the Earth’s radiation factor in the [IPCC ARS report. In the
field of aerosol-cloud global detection, the detection capability and development direction of space-borne lidar for
cloud-aerosol remote sensing plays an very important role to study the global aerosol-cloud distribution
characteristics. Therefore, the application status of space-borne lidar for cloud-aerosol remote sensing was
analyzed firstly, and the technical characteristics about the detection task, opto-mechanical system parameters,
structure and materials of typical space-borne lidar for aerosol-cloud (LITE. CALIPSO. CATS and ATLID)
were focused on. Secondly, the characteristics of each space-borne lidar for aerosol-cloud were compared and
analyzed from the aspects of working mechanism, opto-mechanical system structure, applied materials and
detection capabilities. The design features and methods of opto-mechanical system of space-borne lidar for
aerosol-cloud were proposed. Finally, the technical characteristics and development direction of the current space-

borne lidar for aerosol-cloud were analyzed. The technical direction and development suggestions for the

development of space-borne lidar for cloud-aerosol were proposed in China.

Key words: Earth’s radiation;

mechanical structure

o
L
il

B BAEIR R ARG P R IEE A EE W
ﬁiﬁﬁ, PRI S B AT B S AR IR AT R R S, AT 52 Wi 45 3
BREGHCS T o SR PR ST e A RUZ TR, R 2y
30% B ze, U R ER S 11 B [0 K =5, 3T 20% %
Hu BRI ASAS B, K2 50% B3k b Bk 2 1, 4 b 3
%ﬁﬂﬁ(ﬂ‘iﬁ)‘ SCLAA e e 5 1) 7 ORI R A, — T

33 R AT AR B OR =S, — 8 43 R ARAS B i
LBZ B N RS i RN By QAR S S b
SIS TR AR A IS = A EAE AR
UGB8R Y VA P Y QAR s 3 @7 S Ry AR R U
B sRER S EF S BRE R AR
ALBUR ]G 22 7 2> (Intergovernmental Panel on Climate
Change, IPCC) 5% TLIR e 5 4 1, S I e R A
B VR S oA N 2 —, Hoh SR S = A EAE
FH2 A0 45 AN 2 M e ey (9 4 S 5aE R 22—

A UL, BRHCHER Y 22 3K = — SR AR B A A
AT EERE L PR IR = -8 I s
JEEAR F BN W Bl R SRR R 32 B R, Hoh 2
B 3 R R £ B AL HE AVHRRP(Advanced Very
High Resolution Radiometer), TOMS!(Total Ozone Ma-
pping Spectrometer), OMI"(Ozone Monitoring Instru-
ment), MODIS®(MODerate resolution Imaging Spectr-
oradiometer), MISR®(Multi-angle Imaging Spectro Rad-

space-borne lidar for cloud-aerosol;

remote sensing technology;  opto-

iometer), POLDER!"®(POLarization and Directionality of
Earth's Reflectances) 4 & 1 AY 2% Rl = - K15
Ko 3K B B AR B R W] AR AR R R S O
PR ORIAR A, AN REAT RO AR A I Y I B4
A5 XF 2 AR B2 38T AR AR = KR i Fz 8 . =
TRERRLAR 3 A L 2= T e B AR, (BN o v R A7 1
TR KA 22 P, MELL3RAS = (0 T L4540 3 8 i ik
AR B A - BHOC T IR BN, TR T &
JEREEAR BRI AR, 7 LA 4Bk 2~ i 1 EL o A
HEAT R IR

BT MLEBROLH IR, RS RHOEH
KB ATHUE L TRV, BRI 2Rk -
SR TR, Qnvise | il B, m fih S 21 4K
TR, 8T 2 IR IR RS A i . R
AR BT 20 2D 60 AR AR, (HH TR = <%
JIE 1 A O T Ik SR AE 20 4D 90 4EAR . i SEE
NASA WF i 1155 — G R B s -URRBOLF L RS
LITE, Jf T 1994 4 J& S 2, Bl 5 4% 2 0 43 53l
£ 1995 41 1996 4ERF il BALKAN Fl ALISSA =<,
VR RSO ER A, 2003 4F 52 [H NASA LT & 5
UK. 2o Bl R P i TR TCESat, JE 45 2 b Bk Ok
I e 2 48 (GLAS)!Y, 32 AT 55 4800 g A5 MRS B 22 0K
i e A S Ak [R] R S R AR I 2 — 0 S T ) A A

T 5+

-

201905012



s Gk A2

% 84

www.irla.cn

o 2006 4F- 4 7 28 H ) &M T H 5 E NASA Rk
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1 BOLEXTEF ALY (LITE)

ERIRE — G RE - ABERBOLFEERS
LITE, 1 “%& 57l K CHLFE 2 IF 5 1994 4 9 A
9 H &ATEIHLIE 250 km, LB WA R 57, HAT AN
10 RIGHMAE S5 . LITE 76 10 KA S48, HARm
545, i 1 FiR. A 12 iR, 20510k LITE %
R AR IsTT R

Il 34 LITE R4 454 Kl . LITE J& i #o6 & 5t
B | RO B A . S AR R X R g
T B B b B A T2 AR A R SO AR R R AT S
R Nd:YAG ik oirBOGa%, it 4l 1 064 | 532
355 nm; FEWCE L BR FH E AR 1 m A5 AL B A
S A BTG T Ak BRI AE AR AR ) O
55, #B 4 532 nm [ 5 B B 45 8 00 = 10 AR R
X R 255, SR UK Bl 3 2 XL LA, 52 4%
H&Lﬁﬁﬁa‘ﬁ‘ﬁ%m&o 1 064 nm, ¥4} 532 nm, 355 nm

SO O Ao A I O 7 81 2 7B 1P 1
532 nm, 355 nm ¥ K R HOG A AL 3G (PMT) 80
28,1064 nm K 3 B W4 (APD) #8111 2% .

£ 1 LITE HFEES
Tab.1 Detection mission of the LITE

Troposphere

Stratosphere Cloud

Earth’s surface

Relationship between aerosol scattering ratio and Relationship between aerosol scattering ratio
and wavelength atmospheric density and
temperature within 40 km

wavelength height and structure of PBL Optical
thickness of PBL

Vertical distribution, Reflectivity relation
cloud cover reflectivity, between backscatter and
optical thickness incident angle

Telescope

Laser transmitter
module

Orthogrid

Boresight assembly

Camera

Aft optics - 48

Pallet

Instrument
electronics

[#l 1 LITE %& &

Fig.l Schematic of LITE

& 2 7EHLAY LITE %4

Fig.2 LITE instrument on orbit
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Fig.3 LITE system functional diagram
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Tab.2 Laser performance parameters

Item Value
Output wavelenth/nm 1064 532 355
Laser A output energy/mJ 470 530 170
Laser A beam divergence/mrad 1.8 1.1 0.9
Laser B output energy/mJ 440 560 160
Laser B beam divergence/mrad 1.8 1.2 1.1
Pulse repetition rate/Hz 10
Pulse width/ns 27

B TF R B, 8 2 5 1) M B OB UL 907 1] S
Bk, &4 532 nm Je [ HBUR R AUE Tl R 4ok
AN, I k% B AR T AR 2 B AR T 2 v PR
R85 J T RO7E 52 BRI A T - A 43 2, I iR
ZEE SRR BB TT 10 ARG LA 2R S8 i
1.2 YRS

Bl fh BRI BT | Ak R G K i S
SEM LAY, H TSR 3 iR, iR —f R
A T A TR, WAL R IR R A
EERE EY . B RER ] S200B B, IR BEA R
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KRRl g, BRI BT A S 4RO I R G
5K AR IE SIS LS B B RO RS E
FEHARIES G2 ERH RS ST AR o
FBDRE IS AU 60 BT 355, 532, 1064 nm I K,
HorpeR DG AR S (PMT) 4RI 854800 355, 532 nm

P, K G A A (APD) #R 1 1 064 nm
Ko FOGH RGBS A T IRt A
A T R B W 1 T 3 B A L A 10 DG BT, e
1.1 mrad 1 3.5 mrad B9 B 43 51 H T F K FZB Y

B

R3 BURGESH

Tab.3 Receiving system parameters

Item Value
Wavelength/nm 1 064 532 355
Quantum efficiency 33 14 21
Color filter bandwidth/nm 675 265 60
Interference filter bandwidth/nm 0.8 0.35 1
Aft optics Interference gilter transmission 46% 45% 33%
Optical throughput (night) 64% 45% 42%
Optical throughput (day) 29% 20% 14%
Field of view (all wavelengths) Selectable:1.1 mrad, 3.5 mrad, annular, blocked
Primary mirror diameter/in 37.25
Secondary mirror diameter/in 12.25
Telescope Focal length 189.0
Focal ratio F/5.1
Obscuration ratio 0.11

2 EXRIRE-SBRAEEL (CALIOP)

H1 25 [ NASA 5 [F 25 M55 .ty (CNES) 27
F i H CALIPSO A2, F 2006 4 4 A 28 H & 4t .
CALIPSO T2 7E 705 km 5 &, BB Wi 98" Ay LI I
EAT, IHERE F R4 CALIOP, H TR = A
JiE . CALIOP == B4 25 A< 1 Jie o 1465 ) S Mk I ko
£ T NaR il Ale

CALIOP MOt & S R MBI R G 41k, WKl 4

Boresight
mechanism

Laser
radiator

PMTs

Beam __jy

expanders
Telescope

Lasers

[#] 4 CALIOP J&HLR S

Fig.4 CALIOP Optomechanical system

Jli7n . CALIOP L T BUS% 227 5y S T L AL 4
4, B R S AR SO E R E R R e M . T B2
G 0 AR i — 88 52 A MR, T ALK IR
EPE. WNF 4 FR N CALIOP K5t R4 B350

& 4 CALIOP ZHRGSH
Tab.4 CALIOP transmitter system parameters

Item Value

Laser Diode-pumped Nd:YAG

110 mJ:1 064 nm
Pulse energy 110 ml-53
mJ: nm

Pep rate 20.16 Hz
Pulse length 20 ns
Line width 30 pm

Polarization purity >1000 : 1 (532 nm)

Beam divergence 100 prad (after beam expander)

Boresight range +1°,1.6 prad steps

Laser environment 18 psia, dry air

20190501-5



ISk A2

% 84

www.irla.cn

% 49 A

2.1 BREHRS

WO R 7 e AL 46 2 58 4 A [R) 1) 80O R
i, AR — A HUBE, R L R S R O 2
R E R GE . WO A8 R A A 2T Nd:YAG,
A7 220 mI BERE (9 1 064 nm, Fi 1 AT AR AS
Jik vh BE & 4 110 mJ £ 1 064 nm i 532 nm, fik %
20 ns, EE M 20.16 Hz, B A BEOCHAEREH D
(10 AR v, o A O TR S AR, DR S o o o
KA, T8 3 25 5 P Al A0 25 O 25 i ik
PhEEEL . WOLA O E Y R R S, WM R

Interference

1064 nm s
/ ---------- H ----------- 1 064 nm
]

I Dichroic Polarization

1 beam splitter beam splitter
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Electronics
(only one channel shown)

High 14-bit

Low 14-bit

r;_' ADC
532 nm
parallel L >_'

perpendicular

gain ADC

532 nm

Payload

Science data plus health&status data
Once per day, through transmitter on payload

Health & status data
Multiple times per day through transmitter
on spacecraft

computer
Engineering data

DATA DOWNLINK PATHS = ===s=semcmeccmeaa- -

X-band downlink

S-band downlink

[#] 5 CALIOP HfEtE &

Fig.5 Functional block diagram of CALIOP

[#] 6 CALIOP A%k fif
Fig.6 CALIOP payload
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M . AR5 B 28 F 14 2 532 nm (97K R BT
[l 155 o #F 532 nm 38 Y, 45 bR E AT g
It R G A R A T S A5 5, AR 25 PMIT,
AP LA B AT L, AR5 R WG e {5 5 Fn A 3
B PR 7E 1064 nm @38 Y, B e
o RAM I 55T, MR &S 4 APD, W] $ 4t R 47
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& 5 CALIOP KRGS H
Tab.5 CALIOP receiving system parameters

Item Value

Telescope diameter Im

Field of view/mrad 130(full angle)
Digitizer sample rate/MHz 10
Vertical sample spacing/m 15
Electronic bandwidth/MHz 2.0

Vertical resolution as determined by bandwidth/m 30
Digitizer resolution/bits 14

Maximum dynamic range(merged) 2.5 E6(>21 bits)

532 nm channel

Detector PMT

Etalon passband/pm 37
Etalon peak transmission 85%
Blocking filter/pm 770

1 064 nm channel

Detector APD
Optical passband/pm 450
Peak transmission 84%

3 m-RBKREHRL (CATS)

= - AL i &R 4 Cats 36 B NASA 1
2015 4F 1 A 1 HRSIHAERAE 1 A 22 H 236 4E [ br
25 6] 3 (ISS) H H A 52 06 4 e — 2% % 1 il (JEM-EF)
1. Cats B 1SS /6B 405 km, BUETF % 51712
1, B 7 RIEHURER . 20184E 1 A 18 H, =-"<IA

7 FEFLM CATS &4

Fig.7 CATS instrument on oribit

JBcAL i RSt Cats I 5E T A1 33 4> H B9 KRR
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%+ (1) $RAM A e e 10 A 114 S I U0 5, i A B
SRR SR DR IZ LR, L B R IR
INFHIEARAE R o (2) 1R HOE TR I8 KR 14 LL1E 1Y
ERBOCTIAYIEE, AL T CALIPSO Y =<,
VAR ISC JER £ ) AR KAl , TS T B e T, SR A B
CIUNTE S NaR: S WiIDoN: 52 &350k W 73 r&iis ol
FRAYBLARE . (3) R HH i F OGS FOG TS R IR
I 3 L £k 1 R 0 DL B O g B R O Gk
(HSRL) $ R 1 355 nm 1y MIXRE J1, S 1 Kok B 40
IR IS S5 W R A

# 60 CATS FE MBSz, K 8 Jir
7R K CATS A R AT A, T2y 2 A~ A A0
Nd:YVO, #ot#s, BRI A &% & 41

R 6 CATS TER=#EK

Tab.6 CATS main science modes

Science mode 1
Backsctter:532,1 064 nm

Science mode 2
Backsctter:532,1 064 nm

Science mode 3

Backsctter:355,532,1 064 nm

Science modes 4,5,6
Backup mode

No HSRL Depolarization: HSRL:532 nm Depolarization: No HSRL Depolarization: Use laser 2 and receiver
532,1 064 nm 1 064 nm 532,1 064 nm from mode 1

on Y » -
‘Vv ;? ﬂ{%;

E

)
LSFOV

““

)
LSFOV
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(a) Telescope aperture (b)
(shown with cover closed) La.ster 2rt Laser 1 exit port
exit po
1Latser.2 Laser 1 electronics
electronics
Data
system Payload

Receiver telescope

Detector housings .
& Laser 2 transmitter

HSRL receiver

interface unit
(PIU)
Laser 1 transmitter

Power supply

[l 8 CATS — ISS A &kt
Fig.8 CATS —ISS payload

31 BREHZES
BOLER 1R NAYVO, #Ot#, =P #iot
RPN i & i ak RO kR kR, HYERES K 7 B

RT 1 HRESH

Tab.7 Performance parameters of laser 1

Item Parameters

Laserl Nd:YVO,

Repetition rate 5000 Hz

532 nm:0.75 mrad to 1.125 mrad
Output divergence
1 064 nm: 0.75 mrad to 1.8 mrad

532 nm:<1 300
Output beam diameter
1 064 nm:<1 300

2 mlJ: 532 nm
Output beam energy
2 mJ: 1 064 nm
532.12 nm
Wavelength
1 064.25 nm
532 nm:45 pm
Line width
1 064 nm:100 nm
532 nm:<10 ns
Pulse width
1 064 nm:<10 ns
532 nm:1.1-1.2
M2
1064 nm:1.2-13
532 nm:>100:1
Polarization

532 nm: >100:1

s, TR 1, R R G R4 A 9 iR .

WOt E 2 R I FD T A K o Nd:YVO, #5068,
I T = - A i R 50 RO A f rhak
ARIE R TR, HAkRE S B3 8 Fim . Aot
R RGN O 2, FE ORI (LOM 2),
JEHLREHL (LEM 2) FlAMER = A5 0 & AE #3 B 8 (THG)
. LOM 2 /£ 1064 nm 1 532 nm #ij i, il THG
A 355 nm. OG22 FETEP RS AT R, — il
THG; 53 —F A1 THG, 4nlEl 10 frzs ot 2 &5
R AR oA 1, H AR BRI R AT A% 8h Y 2
$EHUE AE LOM 2 Fl THG 5% 1) [ 5 22 1], ph 541
HZ gk LoM2 iy 51 1) 80 2 THG, 58 B0
2 B AT e 46t

FE 9 #oeRs 1 &4t 532 nm 1 1064 nm M TAES
Fig.9 Work table for laser] emitted 532 and 1 064 nm
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Tab.8 Performance parameters of laser 2

Injection-seeded, pulsed Nd: YVO,

Laser2

2 wavelengths 3 wavelengths

Repetition rate 4000 Hz
355 nm N/A 0.7 mrad to 1.875
mrad
. 0.75 mrad to 1.125  1.275 mrad to
Output divergence 532 nm mrad 1.875 mrad
1 064 nm 0.75 mrad to 1.8 1.275 mrad to
mrad 3 mrad
355 nm N/A
Outputbeam 55, |, <1300
diameter <1300
1 064 nm
355 nm N/A
Output beam 532 nm 2 ml
energy om)
1 064 nm
355 nm N/A 354.75
Wavelength 532 nm 532.12 nm 532.12 nm
1 064 nm 1064.25 nm 1064.25 nm
355 nm N/A 0.08 pm
Line width 532 nm 0.145 pm
<0.5 pm
1 064 nm 0.5 pm
355 nm N/A
Pulse width 532 nm <10 ns
<10 ns
1 064 nm
355 nm N/A 1.08
M 532 nm 1.25 1.5
1 064 nm 1.39 3.1
355 nm N/A
Polarization 532 nm >100 : 1
>100 : 1
1 064 nm
Laser 2 platform
Lom2

S/

Movable mirror  Turning mirror

[l 10 76 T4 A9 LOM 2 1l THG RS iARR
Fig.10 Solid model of LOM 2 and its THG on a platform

32 BURS

CATS R EAE N 60 cm HIEEIEEE, #181K F 8,
AR AL i Y AR PSSR . o 110 mrad, F]
FEVFOS RS . IR 11 TR LB R B, 5
W g8 R O G XN iEH . CATSEA 441
PRI #8075 9 G, P 2 AN R0 88 o A TR Y
A F#8 1 B LFOV fil RFOV, £ ALH% 2 4~ 532 nm
AT R 24 532 nm e B S ) SO BRI GE GE, 14
1064 nm -7 A1 14~ 1 064 nm 3 15 7 H55HE I i
Y 6 AP R T ; 55 3 PRI ARG T
3, Horp  FE A0 1 AR TR A9 6 A HRINE I, IR n T
1/~ 355 nm J5 [] BRI 18, St 7 A H0GEE .
K2a TR Tm3mEmess. HT
HSRL #3800 45 £, A48 12 R I, Horp Ay
10 MEE 9 532 nm 9 HSRL #8588 14> 1 064 nm
SEATAN LA 1064 nm 3 B [0 BUGTHRNE I . HSRL
PRI 35 &5 A% O o S hr i L, 32415 HSRL #8300 T 75
(6T 3 B R, B B 4 Y S ) TR ' T A A
L RV 38 108 4 R IR A P R A 5 RO, TS A
KRR

11 BT

Fig.11 Telescope

12 #3X 1(LFOV #ll RFOV) AR, 3 B2 brife &
Fig.12 Detector standard boxes for Mode 1 (LFOV and RFOV) and

Mode 3
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4 KBTS

M Wk 25 b &, 1F R F 2019 4F 8 A (R E F
2013 4F) & 471 EarthCARE P&, H FEE A KK
WOt A (ATLID), £ 8 = 53k (CPR). £ 61 i

54 (MST) 158 4 48 5t (BBR) 4H i, 1% 1 =22 a) 4t <7
iB47, I E TAE. WK 13 iR A EarthCARE 112
Zfr PRI B A ], 32 TR AE 393 km (9 K BH R 20 #
T L EAT AR

B 13 AR = LT

Fig.13 Satellite and instruments observation geometry

EarthCARE T! A 3= BT 55« (1) 76 4 Bk [
PRI 1 R RN S ) A e T L 4 R S e e, LA
K5 75 WA B AR 5 (2) 76 4 BRI P 4 I K A ik
IR RTVK B 2B BLAM A0, a2 B A 4, DL R L S A R
W5 (3) W 2 (4 43 A, 2 A K A AR ELAE A R e
N IE B iz 3 B RE M (4) 38 1 255 R SR IR =
(R PE R AR A KA S MR ¥ H Es 2k . o
ATLID FZ 58RI = T B4, 5 HAb
AT PR AR, 58 ERIIATE 55 .

ATLID TAE ¥ Ky 355 nm, $2 4L 75 B 0 ~20 km
[ 100 m 1 20 ~40 km FY 500 m F4 2 43 FE A0 K<
[l (55, Ho A AL %] 14 ff/R . BT ATLID R
T BG5S R AR, BT LAY B8 K O A0 3 A B ol
A5 5, NI AT AR a2f IR, HoOBHL R G454
K15 frs

WA 15 iRl T i MU & B e TR S T
F bR B AR 2 M, ATLID 33—l 7 i 2R 52

Woes, HotHL R Gu g i 22 AR I ST 19 & 0 R 5
MR G AR S B 5 . R RSG5
T2 AT 2R Gt 235 A6 TR P 3% 1P 05 4 40 35 A B 2F 4 e J 22
B b, I H 2R 58 P98 G ML 25 ) 40 2 3 ik 32 M 4 4 i
2, et Efee M eLEs . &l 16 TR i ATLID
R G EE M R

40 km

Sampling (
=500m § [t

20 km
. ..Horizontal sampling]
Sampling - & distance =285 m f

=100 m e
|

0 km F W WSS WSS

g Signal
Averaging length = « Time ena

10 km

[l 14 ATLID SRAEFRN & 5 2

Fig.14 ATLID sampling and measurement principle
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Telescope primary mirror

M2 mirror sun shield

Emission baffles

Emission beam
expanders (EBEX)

Telescope support

Telescope radiator

Telescope cover structure

Focal plane optics

Power laser heads (PLH)

PLH purging & refill tubes

baseplate (TSB)
Kl 15 ATLID SEHLERSE
Fig.15 ATLID opto-mechanical system
Atmosphere
Baftle
Transmitter - Receiver
oo Emission T° control Receiver chain
baffle telescope Co-
alignment
Pressurised N sensor
Blocking (CAS)
=
Emission BEX filter (BF)
(E-BEX) T°control |
PLH — - T°control Background
radiator l Flexible filtering (BKGE)|
] bellow
HSR filtering
[Erepim (HSRE)
steering ——
U mechanism Fibre coupler
00p assemblies (FCA
HP Power laser head Fib
PLH) Fibre 1D1es
k4
| r Mie CO- | Mie Cross- Rayleigh
o polar polar d
detector detector etector
- RLH & K _-?,
Transmitter laser L
electronics (TLE) ‘ Instrument detection electronics
S BSME |+ (internal redundancy)
: h & I 1
TMTC
= o ACDM =
E-i 8 (internal redundancy) 8
& =

—PCDU—p

+—TM/TCp|
Science
data

Pl 16 &R DIRERE R

Fig.16 Instrument functional architecture
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4.1 HAEHES

WO B EARR TR0k | B R SO T
WA A AR R T B S % 306k .

SEWOCIESH WO FrFRot sl b7
arf, B4 1064 nm 1Y % L 115 S, HAAR )
AT, DB UEAT R I A 0 TR, SR i 2 R

TZBO G & A 0 A Nd:YAG #0628,
ik 300 W, HE SN 51 Hz, ik b 58 8 R 25 ns,
KOk RE B R 38 mJ, PR 355 nm; 4R e AT
T 50 MHz, Ji i o] 835 FE ol 25 GHz, HBOG: FZE
= 8 mI (A ik i BB 2 1 B AR G A L ROR Bk R B
T2 150 mJ AT AL K AL,
RS IRIR R E . & 17 B, RO AL,
VARG BE TR B AOR G, TR T B A 3 o R L O
R AR B 4 & T 5 B CE AT o v m
AT o B 18 BT R D SO S MU S5 ), 1% 8
WIS FH % 5 P 55 7 AT 2% 6, % BB o T s
R, SR MG TR RS . ot as kA 2tk
G A B 22255 T B A ATLID SZHE 3R |

& 17 SEAdempeg

Fig.17 Beam steering mechanism

[ 18 TABOL RS

Fig.18 Power laser head mechanical structure

19 Fr a9 R AR ML H , 1l i il A SR v
Fa) I 2 %66 JOE 2 % 7€ ATLID SCHE R I, HL A A 5
DIARFOE Sk i R R . RO Y AR E R
WB/NFCR U, D ER AT YRR BT T R
YA L AN A2 B SRR IS G, AnTEB A AT AR

Bl . MR AT, BOLRA R T
PR

19 P s
Fig.19 Beam expander

42 BWFES

K16 FinmElF R FE R BTG . JFak
B . IR 2R AL

BILGEH ZS TR B 55 R A wIR TSR A, SR
FHIC£E ) ZEA% MR e BT, 3 2030 0 A # 4k i 28
(BRI R) S 28 Wl dg, AR R 620 mm, M7/
F 75 urad, #RER AR AL RE, HEA & S 8k RT
R MK 2R 85, TR S e MR AE M . I [E] 20 iR o B
BT M E A5

o] B
20 B R EERAE

Fig.20 Telescope and primary mirror structure

NP 21 FroR R 4R R G B B R
[ A5 5 PEAASHIEBCAR (7 58/ T 1 nm), @i 55—
RSG5 S S5 B iy X o A TR AR vh o R, AR S
H R 73 S S5 B Db X A R L, R i i o) SR B E
O RO, RO B AR E DB B A (BRI BT 65 prad)
h, SEAF TR SO6AY F-P ARfER (758N T 200 pm),
I 18 1 55 = S ST SO B R o B R uE AR, 2
3 ARG TE, F S AOCLT RS A b, i 2800
LR BRI AR P, IR 22 FTR by s o PR 0
Poley A

Horp, ASSEBE RS . WU IR DAR O RE G e
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H1 Bertin £ AR 2 FR R A4G RATREIF A1, I 98 1L
THEREINL, aniEl 23~25 PR, 43 3 A ST gD A .
1R AR FOCEF R & SR AL ES 1Y . W IE] 268771, A B
PA X AL ARG A0 IF, B CRISA FF &, FI 0 [n]
A5 S G EE, K BT A 2] 1/10 12K, I 58 L T ML
R PRI TAE . mOGIE S BER B 4F, i
RUAG #1 SESO ¥ & , B4 kR o #vha s PR — 4k

High spectral resolution
etalon (ERO-HSRE)

Folding mirror 3

Background etalon (ERO-BKGE)

Blocking filter (ERO-BF)

FE AT 3, A 58 PTHE TRIAE 0.3 pm, WA 03 B K
PSR B R HBCRS 0 TR A5, T BT 27 i Sy e G 4y
B F-P AR

Bl BRI S 8 22 CCD 45 25 R S A6
LT 35 4 R ARAE, Horh CCD 4RI 28 i B2V & 110
ATLID JF & ¥ 1T, IF e 24 r i s ¥ i b, #3h
=30 °C; &K I HL 1% A5 B CRISA i & .

Fiber coupler assembly (FCA-TS)

Folding mirror 1

Entrance filtering optics (ERO-EFO)

Co-alignment sensor STM (CRISA)

Folding mirror 2

21 JRUbLk R 5t
Fig.21 Aft optical path system

1

Rayleigy Co pol
A polar
path ‘I—T— path
@=31{mm C 1
Input beam Toss polar
from BKGE : A! | path
CSpP

Pl 22 B BRI OLE

Fig.22 High spectral resolution filtering optical principle

Pl 24 HUEIEDAR
Fig.24 Cutoff filter

Pl 23 ASRRuBs
Fig.23 Incoming filter

[ 25 SEEFR AR
Fig.25 Fibre coupler
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26 DIEEAL ARG AR
Fig.26 Co-alignment sensor STM

827 EOLIE A PERAER

Fig.27 High spectral resolution etalon

5 BRHEERE

51 BHZ-SBARBABTERERAER

BRI IHOGTE IR B TR ECE & BRI,
R B R AR it ThAE. EH Ak, &l
SR R AR MR R A IR, WO XA 55 T R I THEILR S
W B R e B, Sl A DL B e TR B AR
VSO G E IR LR GE R 43 B Al i

B ARG H IR ROEIE E 2 A R R
AE T K O i R e AR R 1 Dk RO 2R R,
4 LITE i FHAT 2538 Nd:YAG, CALIOP i J1] —# 45 %¢
I Nd:YAG, ATLID fifi F] % %% 1l B4 Nd:YAG, #F
SRR B AV AR R St A9 DK i RO A5 e FEAT ik
O AR BOR 221800 HITE B 2O F ik, ATt = 4
BEROR(E B EL, 4n CATS ] Nd:YVO, #0628 fFh
FHEANK# Nd:YVO, BOE#S; WK AT 1064 nm J
AT 532 nm A1 = A5A 355 nme MAER K R RE AR AR
AL, IR A K R YO A% 1Y RE B I K T e FAIG
AE OB 4%, 40 LITE /9 1 064 nm 1] 35 %] 400 mJ LA
I, 532 nm A 3A%)] 500 mJ LA, 355 nm AT 3A%] 150 m]
PA 5 CALIOP /¥ 1 064 nm £ 532 nm AJ 35 %] 110 mJ;

ATLID ) 355 nm A] 35 3] 150 mJ; 1fif CATS H* 3 4~
KA EE R R A 2 ml, HOR FHAKE AR R B8 &= 0L 4
PRI 25—V 2 14 B 8 o A W 7 378 Kol vy i 4t
TR RLMOGAST o MUK i 58 B 48 Fm T 0, A 38000 K g o
O A% ok o B B G /N T i EE IR BE B OB A,
LITE 3% 2% bk i 95 i & 27 ns, CALIOP 306 25 bk v
B JE A 20 ns, ATLID 3 0% #8 Bk #h 56 & Ry 25 ns; 1M
CATS Ot ik 58 B /INT 10 ns, 15 = AR AE
OGS AT LLSRAS (423 (8] 3 90 2 LU AR 3140 25 B 10
/NS LA L, DT AR ARG 4 Ak 1) 25— JE i R
B . EE S AR b AT IR AR B RO A
S AR S /N v IR BE S OB A%, 0 LITE H0
8T 5 %N 10 Hz, CALIOP O #8 8 Z i Rl
20.16 Hz, ATLID B0t #% # & Wi % )y 51 Hz; 1Ml CATS
Wotes 1 EEBUER N 5000 Hz FREOGRS 2 FEHR N
4 000 Hz, & 1Y 55 52 0003 ] LA 850086 o A7 i 18] P4 7
kb H , A B T4 OG5 & ST 0, T4
RS

J T ARAS m AR MO, AR ORI E
I RO A R TR AR B B R e T
PR KA R DEFT 2, U0 LITE M3R0E 8 R H TR A
SRR LB B FRBE, CALIOP I ATLID HIOGES K M
TR AT E B, RS = T — R R AR
TESH v T K OGRS, SR P A S BRI 5E 7 1 52
B o R AR R o, IR R BT 6 b

BRI HOLTE BB ICR I 5 K2 R
IR ZEMS MR B2, A BN, £7 6 B3
TR AR IR B I 1k . WA 28 BT N R ZEHS
MR R, Horp PR TS, RS
M F2 R R SERR bR A ST R R — D, $2 2
R E REMMESWIEE . FEBKELEZ
M A S AR R, MOA B IS G B AR A Y
Mg (1) AMEPTEF B s, Hob# e R gt s i N
5, LR B UE S S B T R R R A, R DA R
) B8 e B b s e Al R T, DT D 2 O 4 T
(2) 3X Bl T B 3O B B v E T DA /N 2R A Y AR B
Q) BB BB R PR R R AR R TR, &
B B A R A T ARG I B T HOR B2 R 2R 1
&k
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Secondary mirror: 9 Main mirror:
hyperboloid mirror parabolic mirror
B B

Main focus Cassegrain focus

Fy

P 28 R ZERS PR B 45 i P

Fig.28 Principle of Cassegrain telescope
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REN 9.5 G, AWK F 4 NI, Bk 3 f AT 2R R
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FERER

E RS (B i B K7 Sl Fr S SR LN
2%, Hirp 355 nm/532 nm R H A9 2GS I 4 (PMT);
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— A 1 P EL R R R — A 43 L B, R A Y
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TCAF e B AR A — A B b, B 254 B0k, AR IR
JRE 3 07 v E R ORI, TR die R B R AN
25 by 5 B\ A0 R S 5w AR Ak BRI
532 nm/355 nm [ A5 5 HA TR & =B RO
IR BB AL (1) YL SR (2) #3704 57 i
3) BEF TR . BB 6 PMT #0028 . JRA G H

7 (HPD), 40 75 21 e 75 B 25 5 il 145 9 19 2 IR 4R
i, R LAAE S35 80 PR 35 1 1 () B s M s | S5 4
R PR SE I . APD 3 3 i 2 I H A
HRH 25, HA L PIN G AL A T = A M L, SR
1) R AR A R RE AR I HL 3L, 3 FH 2R 1 064 nm [7]
W55 5 BN T8 a - RO T A BRI A B A
4G (1) BEIRAE L (2) HEA BT (3) BeZs =3 T T4k
HE T o

BB TE B R I 5 HOCR F S-S54, o T
TRIPEAT, SBHLR G Th 2 R B six R
e, IR 2255 R WK 3 6 1o MUK, B Ot ol
5 SR OE AT, A1 LITE SR 3K s Uk 7 17 L4,
A5 Hh S 2o 5 1 b B R 1) A S B B A T
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Fig.29 Detection principle of hyperspectral resolution lidar
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