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The purpose of the MOLI (Multi-footprint Observation Lidar and Imager) mission is to demonstrate
Japan's first space lidar and to obtain canopy height / three-dimensional forest structure information
required for the evaluation of Above Ground Biomass (AGB), which plays an important role in the
carbon cycle and climate change mechanisms. The lidar also makes a possibility for observing clouds and
aerosols. The results obtained by MOLI will bring a guideline for the future global vegetation observation
satellite. In addition, MOLI mission will provide a foothold for application development to Doppler lidar
aiming at global three-dimensional observation of wind vectors, the scanning lidar realizing precision
DEM, and H,O DIAL for water vapor profiling.

FoT—F: A4 —, BE, BMANL R, BMEEREETV, A A—-T v —
Key Words: Lidar, Canopy heigh, Forest biomass, Imager, DSM

1. Lo Observation Lidar and Imager, 2L F MOLI & F5 37)
' Iy v av] ZOoWTHIRREOIR b Gl
AL, BUE JAXA THRETTH O H A O 2R B 5.
HEH T4 ¥ —oBMdaE L, BRIk FIEBR "
RGBT A = X A & >R R L B 2. MOLI 2 v23 > OFR
HERBBCTOHTMNA A< 2 (FIH EFANA = BRI OAEAFITH S EEZ RITL TV D
A Above Ground Biomass: AGB, LLFAI Tl AGB Bl Z AL, BRI O A TE R B Y o 4 E & G
EWES) RPN 2 B 2 ARG /AR R, = IROT AR L, TERAEZIE, MHA# TS5 LTws. £
MELETE RO SR EIT, Z2x70Y)b - RE/R7 72, KRR HKZ: &0 BIRFE O & U TERR
A—F @ E BN E L7 [HEER - A4S 4 “7L Y AL RIZEE L Twa,. —J, TEOHER
¥ —B XA X2 =Y ¥ — (MOLIL: Multi-footprint MRBEAIZ P 9 S E), ﬁﬁﬁ:\%kﬁ‘/‘ ZBAEEAR

©2020 Laser Radar Society of Japan 45



g»va?Sull‘_qu

O > Laser Radar Society of lapan Iz—"fE/J,/ﬁﬁ?;:

———————

FHPOMAEZBTSI 4% —3 v 3~ MOLI (Multi-footprint Observation Lidar and Imager) (FH AIBL)
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Fig. 1 Proportion and distribution of global forest area by
cli-matic domain, 2020%.
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Fig.2 Relationship between backscatter power (in dB) at HV
(horizontal transmit, vertical receive) polarization versus
aboveground dry biomass (tons/ha) 13)
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Fig.3 Waveform of return signal from earth surface through
atmosphere.

i) FRANTIE Cvez0, Z DIHIIIRIE S O A
WA E G 2 LME—H 2K ] T ORI KNG
I L TWD, —F, H2HIEEREEEY — 2%
xAH O MW H 5%, ¥, B, W, ¥ARZ% LI
B9 B HATERE G- 2, 57V 2RI H
FMEZHE L, WEmMT7 VAR FTREFS R L
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o4y — GElZKEi4.) CTRBLAZY ¥ —>
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VRO DL ) A XL NS L BED EORE
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BB 5.
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FHPOMAEZBIT S5 1% —3 v 3 MOLI (Multi-footprint Observation Lidar and Imager) (i&F- Fl154)
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fEEHICREEZEL LIRS, TORKIZ, AGB
il O HE B HE FE B o T, AEIX 4, WA
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ORGSR SN B 720, HHT HEFES, 6
IR ORI R Z OB R E AL E L 72 5

Iy va v ED T, B ShTVvBEAR
REM D SH E N L 5 FIROWE (EHI 7 L4 1%
Wbz, aryyItx—arybEpER) L —H—
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Fig.4 MOPA layout on the optical bench.
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WRZE R R L RIEL L, WE TR 2HER OE
wAL AR I L -2 L, ERE N
L7z EARPERICIE MOPA Z Bl L 725N v 7
WMz, Ry Z VAR VEEIHOSEEEE, LD
WEE=Y, [EX VY —, REL VY —, HHH
A=V K7L — AR SN TS,
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L=t v v 7East 8185 25 (2020)
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(International Space Station: ISS) - H A% 92 g (Japa-
nese Experimental Module: JEM) % # #5 (Exposed
Facility: EF) IZ##Z FPELTWw5b. L7225 T
MOLI O Bl i R PH 13 & DR 123k £ 7z 2
AR, BL OO —EE RS (Fig. 1 &
ZM). T4 ¥ — Y AT MIEARIE, KO=D
OBME—F2AFLTW5h. Fig. 512, ISS-JEM-EF
I INMOLI O &X 2R, &8, 74
F— b Iz 2 RORE Y — 2 GRf) 13,
k9 2 W ERHA EE B L O o B gt H
Thab.

OV —F—EEFHE—F:

TR, ATHZREESI)ECIRTOR S 2l
% [Bfti# g T 7V (Digital Surface Model: DSM) |
M7 —%, #m, WAL ANDEEY O R w1k
RNOMIRICHE L 72 L — =% E 0 5 0 KEHE
2o THIEZMW S [HfifisE7 )V (Digital Ele-
vation Model: DEM) ] Hl 7 — %, 1% & i1 72 DSM
T—=F b DEM 7 — 4% &2 L5l T Mg/ iE
= (Digital Canopy Height Model: DCHM) | 7 — % %
[l RE VIR LIS 5.

@ waveform €— F :

PN ORE, BUIoAfEEL R L LOEmITix
PERET 5 72D IO NI EDSHEL TR E 2 1,
TS, N <X, BRI RREE EELE
e, HE/BES%) ZEMEHREORMEIZE 5T

Imager

+ Band / (Green, Red, NIR)
+ Spatial resolution / 5m

- Swath / Tkm

+ Laser wavelength/ 1064nm

+ Number of beam / 2 beam
(Split from one beam)

+ Beam power/ 20mJ each

+ Footprint radius / ®25m

Fig. 5 Conceptual diagram of MOLI onboard ISS-JEM-EF.

BEELIFETH L0, KIvva ryTHIEENS
waveform |2 ERBIEL T O EW L BEE O PR R R4
AR E S o0 LA R B R AR & LTRSS
5.

@RABME—F SHEICTHELIABRS

TR & 912, HHRIEAEEBL TS F
RARERLUEBRRLEYBORFETRA H =X
L, CO,FICHEL LTS, LA LENEED
Pessihi Az 1, TAZNAHOZI] oFBIZX
D & D CO, P HEEMEAS 1.4+0.8 PeC/AEH] & K &
BEAEEALTVD, RIEI v ¥ a VITRZHU
ENTWRVINA F < ZHEE R OB DAL % X
D, B D D CO, WO FEAEERHEEE B
L35 FEDDIL, FAT—/A A=V ¥ —D5k
AH/BAZEICIZ ISS AT E DB L —H — 2 HiRICHR
WLT7y 7)Y MHNOWE/RIED R S % Bl
L, I HERBIBL TR T~ A R R R
CHMTELRICUTOEANI v a vEREL
TRODLENTW S

FH BT T 24 KRR, 1 4ERI oM@

W Eo AN 5 7 A & — 7 ZEHEDNES
-7y T Y P NOE R

+/=3m (W &/ m<15m), +/-25%
(M5 /B = > 15 m)

+/=25t/ha N4 F < XEKE<100t/ha), +/
—-25% ([ >100 t/ha)

Table 1 12, MOLI 2 v ¥ 3 VB8 TH B 51 5 —
EA XA =T X — DR RT.

WFE S 7z GLAS, F 722018 4F 12 24T
L Lo T HLIE E A O Global Ecosystem
Dynamics Investigation Lidar: GEDI/NASA (2019
2021 4EF5E) X, FA 5 =Lkt —Tdh

Table 1 Characteristics of MOLI mission instruments
(lidar and imager).

FTA X —fHk
) @k 40mJ @1064nm

2V AR {Tnsec

ZENEE 60cm ¢

HEE—298Y | 63urad

ANz 2x2 7 LA Si-APD
2x1 R
2x1 P

i S Sififhe 0. 75m

BIE L OFH —50m-150m

7y b7V ME | 25 mo

S/N L >10
A A=V —HEf
0.55-0. 63 1m
FENI NN 0.64-0. 72 um
0.74-0. 88 um
St 5m
A 1000m
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A A=V v —LOFIFHEN Y AT A ZFALTW
v, FBAlx ElLAZI v v a vEREMT
WIZIE7 v 7Y ¥ MROWHRIERN X BB
A X, BE, BIXOHLGT—PEFICEELTH S
L DOBBDOITIZ, BRBFEARA -V v —% T4 5 —
B S E MBI AR L., £4231 T
A L2 X918, WEs/fhsofitickL T
FHBIERAEETHS. MOLI 54 ¥ —13Z D
BEFHTEN T 2 ARz HIZ, — o8 L7k
BL—F—tzEmMIIBPLTT Yy 7)) v Mt
ZPED, ¥ 3 v MEIZ along-track J7 ) E LI H
BIa4¥07y 7)) v btomprsiE L3
Ty 7)Y M EROMLT, TR O A
RO 02 X 0 MR B X 0
1% HCET S HREZ 72T w52, Fig 512
X, A 5= HENZ 2 KO — L&KM T
BMELTH 5.

4. MZEHREEAEE S 1 X4 — CEBEHER

MOLI DA BRI B0 5 FEFE & fFEHT 7 v T X
LADBFE, X HICMOLI A EEREINzEED
TREESEERNZ AL 9 7= D HLZ2ARFE A 7 4 & — 2 B3
L, 2016 4F 11 A \C AL 22 f§ & W E B % 1T - 7=
MOLI (& £ A — ¥ v — & OFA & TR E 2,
BAMIRDUAERE, S HICIIBIEZ RS A2 2%
ZATBY, MERERTOTENHOA X% 54
& — B[4 L C MOLL @ 38 IR % #ifi < &
HEHITL7.

WIS R E 5 4 ¥ — 258 (Fig. 6) Tl 20 Hz
® Nd:YAG 78 )V A L — % — (Quantel £ : Ultra50
GRM D7 v 74— &) OREARPL 2MH5KEZ
BELRGE O FLE R A 58 0.6° DL TEAE
5. ZELEGIILEE MRS 572001 10
cmg ORI L@ EEIZ L7z, IR 1064 nm OZE1E,
AIEL72MOLI 74 ¥ — s TH 522 T L
A Si-APD D4 4 F 1% ffivy, 4Channel 57DV ¥ —
MEF W EES. 5320m D P, SREZEMICIE
HHET- D APD % 2 fiffivy, A% — bV ZAHIZD

Fast AD Post-
Electronics

-

‘ GPS Time
<:> PC ﬁewer

Fig. 6 Optical and data flow configurations of the lidar.
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APD % 1 fliflio> T3, Nd:YAG 7SIV A L —H =2
S5OEEXIIH 06 ICIEFOSNTEY, Thzkk
WD HFET MDY — > T Y- 72T E 7%
b, L7255 T, K 1064 nm TOHIFIZ 2x2 12
BLE S N7ZEE021° 0K MIET, BY Ao 725
DOFLE 022° B TW A, 532 nm TOMREFIXEE
05 ODEETHE. DI A4 ¥ —%iE1E532mm
O Wt) Frx A aFFoZ Licky, HWEHRD
BRI B ONLREEH 5. 72, Wi
ECREZ T Z21E 532 nm TOWFEAY 75 >~ 7 b
BN O REMEA D B A5, M2 TIEENITE
L7285 2 — % TOMIEIT-> Thiwn,

L= =R ERo B2 T HICH B H S,
FE AT mEE THEIEE N K £ D APD 12 & 0 B
ENB. AFZ =15V, QswiEs b 6Ch DZE
fZ7 & HIZ500MHz OFE#EADRA P L7 b+ o
=7 ATTF VI IVEFIEZ SN TE ST BHIGE
Fleizaryrre—VvHOPCIZiEEE NS, PC
¥ GPS ¥ £ &A% — ¥ — 7% 5 NTP (Network Time
Protocol) THHIHHIE I NE L HIlhoTWE., —
F, BEROAME - RBIIHMERIERIN TS
POS ¥ A7 & (INS+GPS) 12X D 0.5 msec f:IZHTE
FENTBY, ZOKHLETORSNATEEA
bbb LX) L= —FIRREANC B B Zerk
DOFLE - BEWGHDH LI R>T WA,

MLZ2 B35 W 2016 4F 11 A 16, 17, 18 HIZ
ThN7zs, ZOHOHBRITIZENT, BErbH0
L —H =t 2353 T 1064 nm H & 4 i
(Ch1-4) OB DON Chd 238N 7. 22T, X
WO HmE L) LEEsrom SR Es/~hs L
729 2T, Chl-3 TEMAEZITH) 2 LT L7 3%FT
HNE1 Y ay boF—sroBoOEEIIH#ET
&%, T/, MZEEOMEEEN 100 m/s Mk DT,
Yay FTEOMTHMOHBEZK SmERD,
HWHET 57— 55 b HBEFORE DT 5.

BT I ORI 2 TIREEFROMILEME ) 2 &
BHRTH 72, DATHREETL F—D) F—
BrzltiEdsI 212X, KAoMBEEZHEEL
Z D% Fig. 7 (HEIZAE 5581, B bin#. A1
AN M. BEHEE Y 25 D) ¥ — 55, R
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Fig. 7 Return signals of Chl and Ch2 at 1064 nm, and measured
positions indicated on a coastline picture.
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Fig. 8 Return signals at 1064 nm and on-board-camera picture.
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