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Abstract: Forestry observation is an important direction of the development of space-borne LiDAR. So far,
foreign space laser remote sensing payloads have been developed. The experimental LiDAR carried by Chinese

7Y-3(02) satellite is a big breakthrough in earth observation of space-borne LiDAR in China, and the oncoming
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multi-beam LiDAR of Chinese CE-1 satellite will be applied to forestry remote sensing. The vertical structure of
forest was acquired by ICESAT-1/GLAS waveform, while point cloud of forest was obtained by ICESAT-

2/ATLAS photons. The space-borne LiDAR forestry remote sensing gradually entered the practical stage, beyond

the experimental stage. During this period, technical system, configuration, and techniques had improved. In this

paper, the applications and technique developments of main forestry remote sensing space-borne LiDAR in use

were analyzed, and the characteristics and development trend were summarized, based on the study of detection

principle, technical system, observation condition, etc. Space-borne forestry observation LiDAR payloads should

be designed according to scientific mission, application requirements and technical characteristics, using the

advantages of space-borne LiDAR, and based on which the development trend and research focus of space-borne

forestry observation technology and application were prospected.

Key words: space-borne LiDAR;  forestry;
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Laser Altimeter System) % 4t 1, & & 7& [ Fx 55 0] v
(International space station,ISS) [~ 1) GEDI (The Global
Ecosystem Dynamics Investigation) £4i"”, HA MOLI
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Tab.1 ICESat/GLAS Parameters
Parameters Details

Orbit 600
Operating frequency/Hz 40

Working beam number 1

Wavelength/nm 1064/532

Ranging accuracy/m 0.3
Footprint diameter/m 70
Distance between footprint/m 170

2 GLAS TAEREED
Fig.2 GLAS in-orbit!”

% 2 ICESat-GLAS ¥#E/= &
Tab.2 ICESat-GLAS products

Product level Data Standard product
Level 0 Original data

1A product: satellite engineering data GLAO01-GLA04

Level 1 1B product: raw LiDAR data GLAO05-GLAO7

Level 2 Application data GLAO8-GLAL1S

L1.1.1  GLAS £l i

(1) S ARG 2 e

GLAS P B A B X5 1 8] % {7 5 I 4y 3] b 18 7 B
B, RO TR m AR R, T M T 0 B
JE KR 2 2 Jik o 5 B A8 B, S e AR B Ol 2 e A
B EE . Lefsky %V F J GLAS i FECT g R A
A4 SRTM (Shuttle Radar Topography Mission) DEM
(Digital Elevation Model) i il T [ PG $AHS | i Ak, 55
ERNEE ey B G o S T R Y s W o N B 1
IHE 2 e B, A DU B AR 3 T A SR T, BER N
Lefsky 5 Bfili B3I 17 BIEATZ 0 FIHRER, 2R17
FRMRE 2 15 B B, TESE T GLAS B S i r A 1= 45
S5 Hb i R A S B A 1 M w2 A A A — B
Xing S5 2 J& b FROMIRE B 5 A IR, fe K2 e i R
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Fig.3 Sampling on the ground of GEDI™

ATBD# Data products
1A: raw waveforms, 2A:
) ground elevation, canopy
L1A-2A top height,relative height
(RH) metrics
L1B Geolocated waveforms

Canopy cover fraction
L2B (CCF),CCF profile,leaf
area Index (LA),LALl profile

L3 Gridded Level 2 metrics
L4A llj ootprint level above ground
iomass

L4B Gridded above ground
biomassdensity (AGBD)
Demonstrative Prognostic ecosystem

products model outputs

Demonstrative Enhanced height/biomass

products using fusion with TanDEM-X

Demonstrative Enélir}ced helg,ﬁlt/blomqss
roducts and biomass change using

p fusion with landsat

Demonstrative Biodiversity/habitat model

products outputs

% 3 GEDI 3%
Tab.3 GEDI parameters

Parameters Details
Orbit/km 370-460
Operating frequency/Hz 242
Working beam number 4
Wavelength/nm 1 064
Footpint diameter/m 25
Distance between footprint/m 600/60

Product leads Resolution

Michelle Hoft .
Brl;arf Belairo on 25 m (~82 ft) diameter
Scott Luthcke

Tim Rebold :

Ty lor Thiomas 25 m (~82 ft) diameter

Teresa Perr irnglor

Hao Tang

John Armston 25 m (~82 ft) diameter

Scott Luthcke
Terence Sabaka
Sandra Preaux
Jim Kellncr
Laura Duncanson
John Armslon
Sean Healey
Paul Patterson

1 km (~0.6 mile) grid

25 m (~82 ft) diameter
1 km (~0.6 mile) grid
Grid size: variable

George Hurtt

Lola Fatoyinbo
Seurlg-Kuk Lee

Grid size: variable

Matt Hansen T
Chenquan Huang Grid size: variable
Scoll GoeLz

Patrick Jantz Grid size: variable
Pat Burns

4 GEDI $ir= "
Fig.4 Products of GEDI®
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7E 1 km {5 [ 9 B AS 58 PR 20

GDEI 1 3= AT 55 J2& A5 i i 43 P Bk — 2k 45
g R 0 0 S AR M R )2 e B, SR e AN R R R I
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B R AL RE
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(1) BRMAE Y A
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JEAE A W) Z2 R P R i X, A Sy b K, R AR AR
LR E AN IE AR . GEDI AU A8 1 57 1
0 ol AR A P A R T 1) R DX I8, 3 A iR R
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HOAE , DT 6 348 500 DX R B 1) R R 7 A7 o oK B L
GEDI %4l 5 25 [] % 22 6 1S 44 (U0 Landsat) #4545,
FHF e B S i i (i an, el )2 v B RN e )2 7 56 ), TT
PUAE B A5 53 BER A AR o0 A [/, IR SRR
PSR A LR S
1.1.2.2 GEDI Aol i 4R s

GDEI H 1 HA7 % 5 73 P32 R R Wk, R 65 25 AL
IR 26 15 56 B 1 B0k 4 0, G 0t PR T 45 4 A
FEI R, 2 KT BB R AT PR R A ) 22 R 4
HERE .
1.1.3 MOLI 2 %4

H AR KRR (JAXA) RIPRE & 555« 22 J 300 L
WO K AL (MOLLY”, 328 H 5 2 I 25 8] 345

{ 50 m (PRF 150 Hz) §
P . Fr

N & E #tentahy‘e)
diameter i Y " -

(n+1)th pulse ---

nth pulse

Y B 1Y 4 KO i et 2 v R, DA Rk AR ) Al T
MOLI 8 15 42 2% 75 [ PR 23 W] i (ISS) | H A SL 5 it
(JEM, # Fx A “Kibo™) ) % 85 & it I . MOLI #5747 T
— AN G — A 22 B2 RN, AR Uk B
R S RN WL B, R Rl 43 A, MOLL
IS HLEK 4,

& 4 MOLI 3%
Tab.4 MOLI parameters

Parameters Value
Orbit/km 400
Operating frequency/Hz 150
Working beam number 2
Wavelength/nm 1064
Height accuracy/m 3
Footpint diameter/m 25
Distance between footprint/m 50/15

MOLI 4T 55 8 5 o0 D 5 45 2 S +2~3 m 1 5 J2
o 5 ) A A A, A RORE S R R A ) 1 R
B I X (80 km % W) AN S KA T
20%(95% ‘EA7 X 8] T30k & & .
1.1.3.1  MOLI g Aol i FH

JAXA 2l MOLI 30O A S % £ 57 T b T 3 A
RUR VAL O RR . h Y 3 B 450 i AR R s
FA 2500 DUDRS B2, MOLT 3 3 4G 2 A4 J2 ) A sf [ 2
T 2 P ASHAR, DA T AL 300 A b T 5 1 25 5
MOLI J& il 7 B B AN A 5 7 o Al B b v o Ak 3 AR A
N 6 iR

T RO R IR B A 2 UGB R AT R
GHT, WEAEEUR 1 MEZRE N RAT 3~5 N HOETE AW
DA o S 7 /N Hy T b TRk i | AR 22, 3

&l 5 MOLI J&37m i !

Fig.5 Footprint of MOLI'
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Fig.6 Slope estimation!®!

BHARZA 20 m BEEER /D, DLICI+2~3 m A & LA
TG EE oAb, SR A U A T, AR R T8k
A% B A 5, 5 S B R YO 1 B AR, T DL
MOLI &4~ BN Y B AR 1 R 25 m.
1.1.3.2 - MOLI Mok i FAE s,

MOLI 725375 & T 3 0 £icdha v M w Xof ZR AR 45
S HAR I RS20, TAEMAA 150 Hz, 7] LU# o £
AN B AL A T TR A L [ E R T 508

Flight direction

~—

MG RLG R, 5B GBER /NN 25 m, AT LA S [F]
NF R WU AT DO UG ks BE LT, 22 A0 FEAZ P8 AR A
B B2 MOLI O ik 2l B #lix &, TR 43k
Hb AT ORI, T 2 A TR A AT LA AT
Az LA BRI 7
1.2 BEOLEFHATE

6T IO T AR UK o6 P BER, seEl |
P iR 1] i i 5% 0 AR . ICESat-2 T 2018 4F
9 A 15 HSIh &5, 3:F 20194 5 A 30 H XM
HF =B, ICESat-2 $#53% T Sk Mo JE 0t =
TR % ATLAS, 1% R 50 3 801 ok FH Uk ot 731 8
BOR, BAT S E ., RO REE, NEOE S BER
AN, BT TAESIAR, 38 B2 GR [ 6 715 5 ik
MR A Z G L, ARSI 5.

% 5 ICESat-ATLAS 24
Tab.5 ICESat-ATLAS parameters

Parameters Value
Orbit/km 500
Operating frequency/Hz 10 000
Working beam number 6
Wavelength/nm 532
Height accuracy/m 0.24
Footprint diameter/m 17

Distance between footprint 2.3 km/90 m/0.7 m

ICESat-2-ATLAS R} 22 AT 55 40 $5 J2 8 b vk 75 W
T, Y K RS P s AR W et )2 e P R/ T
ICESat-2/ATLAS #0O6 Bl R = H

= Str(;hg
" = Weak
™ = Sub-satellite point

~

|8 7 ICESat-2/ATLAS J&Efi 7R 7t &2

Fig.7 Footprint of ICESat-2/ATLAS in orbit™!

20200235-7



ISk A2

% 1147

www.irla.cn

1.2.1 ATLAS Zk4B kb 7 )

ATLAS FRESH G =2k — R B FrmE
MG S8, i T 2B KEE (). 6T
SRR (Hpean) 6T o 1 BERRIEZE (Hgp) ADEF =
AR5 FE (Hey)s RN T o M H A =282
HF BT BIELPL, F—E RSP FE
FH A0 ARbRRE 23 1 B, 2 S8 AR bR A ) B B ARk
I FE SR B RSB EEHT ROE ARAAR
P 3 S5 AR AREE A S0 R POB AL B IE % T B0k
Il 55 AN B R A . e FIT B R GEMIE % S
BAAN ST ARG 5 (14 B 15 18], 322 8] T B 2 7 I
5 A BT A AT B R AR . IR T B
ETRIK R GIL R T 23 (B m kesS E £), W)
ST B3 B A R T 52 2O

WA ATLAS Y6 F = R KR, 0l 435 @ v 5 12
FEF AR5 T AR R AR Y T
FRERME2E, 153 6T = B 9 56 2 i BE LAY (Can-
opy Height Model, CHM), “A Ji5 £ ) #RAMAE P 1 S AR
T it 2 S T AR IR AR Y i T ATLAS B4 W &
A, HR T AR 2 5 AR 9 R A FR - Neuensch-
wander #] 25 ¥R R T ATLAS ) ATLOS 7= i i I 25 Ak
S8 R B R, LA A ML AT B0 0E, K B N
3.69 m (R*=0.98)%,

1.2.2 ATLAS #Rib 5 4% &

ATLAS TTAE# 4 &, i %02 BRI B Je /)N 0.7 m,
1Ml GLAS #5 8L EDE]#E 170 m. ATLAS 0] LA 3i45 &
SR (5 B, BES BT B S B (9 1 A I H A, T
H 2 TARRE, e RO 0 T nl AR 20
WLNAE B . ATLAS JEBE/N, 5 17 m, Tl GLAS 24 70 m,
/N O B AT U R AR R AR I R e B {2
ATLAS &S FHEBNE S 6+ h 555 50t 7,
ZH MR R R MRS | REWE M | R
M A5 S A K o R, AT A AL TE O T s M
SR G B ) 2 — 8 i, b
FSAUD SRR B E, IR B BIEE R, I, AL
SE AR S T IR KR R R By o) —
AT, ATLAS FHE Aol IR X 42 I8 28
(A R0 R4 B a5 B2 A A TR IR IR, 5 220 5 AP
B R P B TR0 A ARl Y 1 AL E

2 ERHEE R Ao

21 EHHABTERLERLBIMARE

B OO TR IR MOl 18 SR b B A U (1) B
PRAERRARIE ELEHI S5 (2) DNBERT E =, REAS 5 2K 4
AR =4 AR AR, (3) B AU ), BERS I A Bk
FRARE Iz BB AE B, FTH TR X Skl
TEUE A A IS5 (4) B IR, M AR T AR R D,
JAA

{H 2 B 30O T R B 18 SRS B i A A 4
e, AH LT A BT B, S m A KR AN =, T
A & P S ARG F S50 5 v e e 1) ) A
(1) B0 3 5 3R AR, B A 23 A) o0 A R 225 (2) O
BEAE BT (3) 5 HA 2 Ay il G 1 RICR AR
22 BRERFRAF T IEMWE B

FAXS T B A BIE O T IR B, L OB iA
AT BIGT B B, WO R ERTRIFE /N, ER LB
RSTAL /)N, REAE 3 U Z2 A5 2., X T Rk gl 2
BRI HEE L,

{ESEFHOL TR IR &S IR 2555 506+, &
M A, WH, BT ESARSEE
{58, SR mAE A 7328, 25 50 b BB 0T i ok —
TEMERE

B OO0 IR I 3K P AR O R R 16 25 K
HATERE . T 5 2 ] LUAR 78 i 0% Bl 7 55 R AR
A TR AR R L T R, B A R
R, RS R R . A&, IR RIRTH R
ZRHO MR R SRR 1 3 BB ARG
2.3 EHHATEEMKEIRRLERRK

T & W FLAE & (Synthetic Aperture Radar, SAR)
EWOCH A F BRI R AT R R
JEE ARMR I 45 40 15 5 A0 e 55, B T S 38 A ARl 2
B, T HANSZ RAGSAF 0

HJ2 B0 TR TR g B4 AR IBCRR PR Y i 454 .
H iR i a8k R B0 A C 7 BE SAR ANRE EZ 55
FRAR, IS TE A ) P % Bt SAR 1] LA #2838 K, (2
T 2 W B IC G A RE S AR AR B T LA . M
FHH|FH £ H4L InSAR (Interferometric Synthetic Aper-
ture Radar) J2 B H AR B2 OS5, S 0K B2 O T FRpk
SE R AR HJy 0] B 2296 D R 0 % A, R PR 2% o
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[ N IEFEIRTERY P Bt SAR 2 AE 158, ] L
FLZARBORK T B, SO/ T 38 U RE RS AR HORR AR R0 L
LIRS, DI I AE s S U E b, B TRl JR
(1 SRS L

3 HFitE5RE

BT IR I B RLE A K E, BB/ 70 m
AR 17 m B, TAEREM 1A EFE 64,
TAES2 M\ 40 Hz 3] 10 000 Hz, Y6BE#E K B /1N, I ot
Hok R 2, AR, B AR R A %
A 11 L T SRR, 4R R 1 M L, AR T i R 45 TR 36 %o R A
SRR o E O RO e RO 8 1 A Y AR
IR E 25 (5 B U A i | BRI S50 B, W
AL, N S b S RS B . L& 1Y
MOLI #0655 ik, 5t 78 /M8 IE T 0L 5 5 50 5 e
T2 s i ai A, K6 BE B AR KN E N 25 m.
M6 T HOETE I8 ATLAS W25 8 M s 500 25 B
HAKNEN 17 m. JFERBRBOCTE LB, BX
J2 VLI FLAS A SN SN B S i i Am o, 2R A R T
PRSI 3 G BE A /NG 5 Rl 328 B2 38 2% DDA G 1 T
VESHE .

S TV AR AR ) & Je 5 o 1, GDEI #1 MOLI
IR LI HIE GLAS ARG R — 2 KB, BT
T M 7 R, AT AR 1SS b, AT RIS IO R s AR
b A TR AR R EY: . B ATLAS £dis 1)
RAT, TR L A KE Pt Pt e 7 55 238 A 00 00 5 4
e MO B R A SR AR B IR . S 2 R R R
A TE T R I ) 5 il B T R EORS B, A TR
IR ATEEE BT, ST S T e

WO 5 32 BRI AR A 1] B O R AR
S, TESEBR I, — R S T A SAR A di Bk
B S HE S AR . 75 FR MR B O A, —
Pt 7 B 2 R LA T . X T BRI
HOHE o M AN T S, G R B AR, S0 S A
Hdl s M VU RCRERE, 25 85080 Al A 4R At R 56t
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