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TR AR TRIR “RIK”, J& AR ETEAT A
IR CPig—" BTT B, RN
E5 e iy 1510 = N 1K 34 B S B 28 NI P A5 P
Bae g U ERIG PR R FIG BLAE 1 B AL
IR

L) A SRR IR A v, PR AR 0% TR R 2
Z . SR SIS BRI, AR
KM Wiy GBS 4%, 2013) . B
AR AN AR R S, PR S
ARBCGHE B AL R A5 B W R, R
i ke T AL G ORI AT PR W I R A AR AR R
VRGP M LA L D LR e L T R LA
SCHE AR Z VR A TAEMERSL, R AR IR R A F
M W — PP I T B (SRR MU B AL, 2013;
T 4, 2015; Hostetler %, 2018; Mao %5 ,
2020). [FIEF, 2020-01-17 GRE W R A (HR
TRV AT AR A AT ) (DU fRiFR (R
W) ) H -t A AR SR A Sk AR W TR B
AWy —Fh EEF B

H A8 B Fh 2 L ARG A% R 0 4
FE AWK gahid M EER. [ 19724
S — Pt TR Landsat & 5T LISk, DA KB 5 00 &
73 (Al oy HHE g (b E S S TR EHE
) WordView R 5138 & TR | I 1) SPOT 6/7 i &%
TA) FiE ek o PR B b E &
T2 . EEM Hyperion, BKZS &) CHRIS) AT
WELRR R, BaEd AR T &) T
TR A . RS RA . KREAE ST
W T 7= IR &S BRI L MR g W

N2 U A AE S AT (F5EF SF, 20105 Quang
Minh #1La, 2011; WuZ%¥, 2018b; WanZ%¥, 2020).
BOG7 38 BAE y — R sl B SRR, HoR IS
ZRAMFEM, AETE XSRS, (R E 22
JHT BARGEIREA | Hh . J3 A 5 —4E Ll & M
fi B AKEL (Dare, 2005; Zhou %, 2009). ifi =
-5 B ZRIBUE: A 1 2528 A AR BT IR A R P R o
WL — R R, W AR IR
MWy FZALF Z— (5% A, 2019) . HOLHE
LiDAR i5 (Light Detection and Ranging) 1F b —Fh
3 3o 3 Bl RO K SRR bR = 4 s )4 R
ML A B B, S A AR BT IR = 4R AR AR Y 2 I
kS 20 2w S i T ROR S (FRERAE A, 20145
Zhang, 2010; Guo %, 2017; Xu%, 2020)., 5
WelRl, WOLER IR AR IR R AT Gy
Z) s KRR . — BRI A
B7 R BRI, RVECE R AR RS i
YU AR I T A Y R S

H B F AR S 6 AW & T, WOtk
VESR—F E A = 4E NI HOR © 280k bk )z
03 o A A AN ¢ NN 8 [ N 775 AN N
TEAFE HARR IR = e s B A b (K1), &
SCHAE TR A ZAPOL TR A &K IR B BLab [, =
MR O T BRI AR TR =4 s S
T e A P BR[O B R AR 1 AR B IR A
A P T AR BR 1 SR T 2R G e b, dR i R
BPIBOG TR IR0 Bl B AR TR =4 Sl 2 I Y
AR AT 8]
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Fig.1 Trends of literatures published on the topic of using lidar in natural resources research

THOLT B EARLE RS B iR & (Hoge 55,
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HOET ISR R IR 1980; Nelson %5, 1984) . ITSEARRFHE WOLE A

R BROC TR IR BOR AT LGB I 2 1960 45 [ HOARAS B iy AN W e Ji LA BCHL I U Fr) AN BT 31

Bl S HHR B S — A a s a oL, Min W T ARIEOCE R IER TG, HRRTEEH
FH T R85 8 A 30O B I8 3R IF B K R R 5T 0F AR, HATEOGTE KA LI o B4R . LA b
I N T A4, DA 20 T2 90 AEAR T BRI 3R (F2),
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Fig.2 Illustrations of different lidar platforms and their components




384

National Remote Sensing Bulletin

#E A/ 2021,25(1)

21 EFHHABERESE

BEBOCHTE IR PRV G HKIE, BiruE
e, WINFE R, Al AT RS =45 B SR,
R 7R — 26 AR To i B3k 19 X, o] $2 1 A
FE R BRI B, B WL B #GEOL TR IS R
R, BRBHOCTEIL KRG T 20 122 60 414
(FEg 5 2, 2016), FCHF | A1 5L 2 7E 20 fit 48
90 AEARIZ A K RIS . 1996 4F il 1997 4F 2 [ [+]
K Mt %5 Ji) NASA  (National Aeronautics and Space
Administration) Fij J5 2 IAEfAT K CAHL E45 2T
SLA-01/ SLA-02, 7 T 3ot & 43 i 42 2k 42 il
SRR, R T RO TR A TE HUE I 2 R Al
BTV A Sy (Sun %%, 2003) . 2003 4F,
NASA 1F 0B H 27 306 0 =51 GLAS  (Geoscience
Laser Altimeter System ) 1] A Bk 0L Il 5 48 EOS
(Earth Observation System) 1, Jf % H #8 48 78 7K

7

PR L 25 o Al e N TR ICESat-1 (Tee
Cloud and Land Elevation Satellite) [ & ¥} F+ %5 i&
1o $E3 T ICESat—1 T & I (4 M2 806 & 4L
GLAS T 20094FiB 1. fFAHIR%ZE, NASA T 20184F
KT 6 F 0 ICESat-2 ATLAS  (Advanced
Topographic Laser Altimeter System) T2 FI$& % 7F
[ P25 [B] 35 1SS (International Space Station) -5 I
1 GEDI (Global Ecosystem Dynamics Investigation )
W EOCE IR . BOMWigiEsd T Carbon-3D,
LEAF (LiDAR for Earth and Forests) 500G AR
TR TR, HAWLE R A IS IE I 52
BT ISS V- 5 B9 2 PR POt # 18 MOLL (Multi—
footprint Observation LiDAR and Imager) #%.
[l T 2019-11-03 B A2 5 1 45 2O e A Fr) i
oS TA, RINHE S OE O T Ik 86 Tl
BIPRIN 4 i b A 285 ZR Gt ) TR L TR AR St

®1 EREHHATERSE

Table 1 Specifications of common spaceborne LiDAR systems

TEYE EHE GRS HKmm kb EEHR/M R SR /m OGRS /m BUE S km FHi%

ICESat-1 GLAS  1064/532 40 1 0.15 60~70 590 . e
al = KRR K

ICESai-2  ZE[E  ATLAS 532 10000 6 0.1 ~17.5 500w A BRI BT
1SS GEDI 1064 242 4 — 25 370—460  JEF [ 4K 75 A T 1 45 1

. — B W

mAES hE IR 1064.4 3 2 0.3 30 505 o

22 HEHHABERS

PLEGHOE TR I8 R G2 LML aS KL TS AHL
PR, T IXCBORUEE 0 3 2 e iE 52 U g 2
AL . HLEEOE 7R 5 &R S8 T LA 53 i 25 F
BTN M, H AT A WA T2 FLE
WOLTRIBRG, K2R, FEA R M E
PO 48 AL SLICER  (Scanning LiDAR Imager
of Canopies by Echo Recovery) | 8% ##6 mli (% 1% J&
/Bl A w5 VK A% B4R LVIS  (Laser Vegetation
Imaging Sensor or Land, Vegetation, and Ice Sensor)
Z M & R 5 O6 7R 35 MABEL (Multiple
Altimeter Beam Experimental LiDAR) DA K Riegl .
Optech Leica, Trimble 55725 F)HE 1 (149 7 AL 200
HEFIBRG (BBEMISKIERN, 2006). JAMLUAV
(Unmanned Aerial Vehicle ) 3% 5 & 19 H 3
B AT LGB #2004 4F, 2 H Nagai 5597 &1, H
T #7210 RE R R 2 TR AR A A AR B, BE S
Wallace 5 (2016) #FH] 17— Fh I A TE AHLEOL

IR G (Terraluma), JTARMRFBEEA; Guo
45 (2017) WF% T LiAir VR ANLBOEE A R
g, MT AR =4S W5 Gottfried
g (2015) 4T — M2 e T APLBOLEFIE R
%t (RIEGL VUX-SYS), JFJ&Z Fidrlk i 5T .
5 b [F B}, 3T 28 4F 3k B Velodyne. Routescene .
Leddartech ., Riegl. YellowScan. Geodetics LA & K
452N AL E R I TE AHLBOG TR IR AL B i AT 37
IEHES A TEANLEOETE B R G m 244k . Srik il
TR, WA e R s — SR A
SR BT A i) —Fh e 2B

2.3 MIEHAEELRS

Mo T O R Ik, R TR — AR EiE R
JEXG A = HERCE AR o O TR AR TAE DY
AT Ao I E S GRS A2 (FRKAE 4,
2014) . [l E AHOC T IBFIHAL LA IS 41 . 2
PR 7 AL A X A A =, AR Oy i
T 18 2 RO TR IR AL, mER3IR, A
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Leica

Riegl VZ. Trimble VX, Faro Focus 3D,
ScanStaion R 415 . #%3h=UHh FEOG TR R H RS,
T, SRRSO E IR AR, Hhird
AWOL T XK BOL T AL S RS GNSS
(Global Navigation Satellite System) 15 % 5 [7] 25 &
7 5 1 K # 2 SLAM (Simultaneous Localization and
Mapping) ARG G, I 7 7ETC GNSS {5 B 0T,
AT AT AR SR 69 BN Y S A R B B
(Guan %%, 2020). HAETH I OA BB T

FROCT IR, Wb B LR A R A H
() LiBackpack Z %1 7= fh o 1M 45 40 AU 400806 7 i
ARG HE RS THOCHEBGRA . RREM RS
GPS (Globe Positioning System ) . 5 P4 il & 5. 5¢
IMU (Inertial Measurement Unit) ZFH{}, #HBhsC
PO R B 9 H S PR . b ETEOE R kAT LA
TEA . WEAR b B2 418 b 0 BT = 4k R = B
B BLRAN T B I T B R AN A, TE B T
SR AN IS FAR B IRIE A ) — A ) T A

®2 EBERNBHATERSE

Table 2 Specifications of common airborne LiDAR systems

Jik

. ) . WOt kR .
SRS EE (R dekmm  OURE e, wasC) R e e
B /KHz mrad
B SLICER 1064 — — — 1.5 6700
NASA eS|
MABEL 1064/532 5—25 — 6 0.1 20000
LMS-Q680i 1550 <400 10—200 60 <0.5 30—1600
RIEGL  BHibA|
LMS-Q780i 1550 <400 10—200 60 <0.25 50—5800
=9
» L ALS70-CM — <500 120—200 75 ~0.15 100—1600 PE—EU
eica 1 ¢
ALS80-CM — <1000 120—200 72 0.15—0.18  100—1600 J\Eiﬁq#ﬂ%%
AX60i SiRAR/ 80—400 200 60 0.5 30—1600 PRI
1 Z — <0. — 1 pd Ve 3 =
frimble AX80 TS 200800 400 60 O
— <0. — A N
e AR
ECLIPSE 1500 <450 100 60 — 50—1000
Optech Jmg K
Galaxy 1064 35—550 0—200 60 0.25 150—4700
LiAir V Mid40 905 — — [RJE 38.4 — 260
LiAir 50 Lite Velodyne VLP-16 903 — 5—20 30/360 — 100
*3 ERHMEHALTERS
Table 3 Specifications of common terrestrial LIDAR systems
; ik e 5 Wl ot N
i P Ik g Hi 2R /H - . i
A ES (s P nm 1% /K Hz, A H (o) S mrad 4 FEl/m i
Trimble %[ TX8 1500 1000 30—60 360x317 0.3 120
R = 4
VZ_400—1000 £ 4 LAk 70—1200 3—120 360x100 0.35 0.5—1200 PRI =2
RIEGL i ] o 5 B AR
VZ_2000—6000 F 5] SliRAR /) 30—1000 2—240 360x60 0.12 1.0—6000 -
i HARIX
01740 i
Leica  Fiit:  ScanStaion P16/P30/P40  1550/658 <1000 — 360x290 0.23 04—120 ey gy
04—270  spynm
Optech JINE K ILRIS-LR 1064 10 — 40%40 0.25 3—3000
3 WORTESTE R VE IR A R ARMRVEIR. RV M VEIR . KVEU i

HR

1 25 8 7 5 OG5 15 R G 0 9 R
W, O T A IE UL TG AT L S 3
B B . SR AR T . RS2 AP S I A
W, FTRAE I . EBUN . BB M
MOCRES SR, B2 I8P TR )RR + M IR

YR BRI AR = Y s A W R
3.1 THFIFEFEEKSN

- Hb R R A S LA T ) S R LR
WRAFHAREZ — (KRB 25, 20165 I
45 2020; Volchko 25, 2020). i 5 (4 3024
W) 2 BRI P A TR R AR B A b A SRR
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B E I (H/0HE %5, 20205 Somvanshi 5,
2020). #EHAET, FEOHET T3 REEEFEN
B -l B A A, T R AR A P U M R Y
W2 ALE . AR A A JE A A I A A I
HRAAE T ARF HERER] . H TG TR 18 K
Bl A, CABRZ2EOM KR A 44
BG5BT A A ) A Y A Bk
T SRR IR A . RO BR T S R A ) PR A
Az BEHE I CORINE (Coordination of Information
on the Environment) 2% (Johnson £l Singh, 2003) .,
1T LA b B 772 it R A% G016 2 i SRl S S lt, o
PAFORS 2 5 52 IR B 2219320 (Dare, 2005
Zhou%%, 2009),

WO IRAEN —Fh E3h AR, HHFE
REIR . AZBAR W . BU T EE J) 5k SRR A
A G 50 i A% G062 B I AF AR (1 ), PRtk 7Ead
Fe A JUARE BB 09 0 T b B IR s A 5T
(Benediktsson %, 2007; Chehata %5, 2009; Zhang,
2010; Wu%$, 2018; B4k %, 2020; Matikainen
&5, 2020) THBEALSR A H AR U B
Sl A W ) TR RN A, O A e
BER) = A S5 R (5 B L ST 4 SR T A
AORCHE SCHF . AL TR smr&, HijhlE
BOCTRBRGER 2T . KR SRCRA R
BTz BN T A B PR A b . R E
FERBP AL B0 TR B T e A% v B2 15 20
FITF 532, 0] LU A3 SRS BE 3 55 5%—6%
(Priestnall %, 2000; Hartfield4%, 2011; Zhang &
2018; Fragoso—Campon 2 2020). BT EEER
Hb, WO TR IR R SR A B Ay 2R B 2k
BRI EREYE (Priestnall %, 2000; Hartfield
0 2011; Chen%¥, 2018; Liu%, 2019b). Im%
(2008) X0 KR H S BN HI T - b S HL 53
KRG EIAT T A, SR RIREF A
DU R 4 31 10%9—20% . S5 LIRIET, BB
DG IS A BA PO AR B 2 AT H ) o S i B
BRI, Mallet 55 (2008) # YK E Bs v 1 T
Moy, H i s O o A T 4R IR e
FRAEAR B, ms . g . P TEAE, PR
BT+ HZE R 25198 P (AlexanderZF, 20103
Ghosh %%, 2017; Zhen%:, 2019). iT¥L4Ef, A
TR L, TAPLBOLHE B 6 R H T
R M s B B, H A7 /N R £ i 2R Y

SRR T R EROR B E ZAEH (LinsE, 2020).
Liu % (2020) LAJC APLEOGE I8 038 hy Sl x5
—/NE I R AR T A2 R IO T IR B
AL DA b 2SR o S AR R 10% . 7E b 2R
PRI IR I, WOLEHRBAES IR EEHEME R
HOE7Y: RS2/ TN NS/ O i = S R WA e )
e R R R GR T 2 b SR IR IR A IS R A, 2
HWIPER (B B, SFELss) RIS
fih 20 i (Zhang %5, 2003; Sithole 1 Vosselman,
2004; Schultz—Fellenz %, 2018; Prince %, 2020).
[ B JE A ML T8 38 26 AR AR 3l 7= B PR 2 v,
RARE MR EZENEN G54 %, 2020).

WOt E s U RE S 3R I = 215 B AP Ak )
2 N T A MR R A I b, A SR
MR EERRHL . T MR A S Oy T R 1R AR
M 7E 1 138 5 2h A8 W Jr i, A2 BR T 2 0k i
RWORAS,  H AT #OE TR R M LA T KRR +
i BE R S A WA ST . PR H AR EE B — K
6 I8 B M LA S B R R - b TR s 2
T K O B IS BUE 5 A BE R A R R
QuickBird 48 (Chen %, 2018; Xie %, 2019)
1 WorldView Z(#i  (Quang Minh #1 La, 2011; Kim
1 Kim, 2014; Rizeei il Pradhan, 2019) 454
HEAT A Hb B R B A W D R ke Hi B A I T A
[Fi] i} i 5 RO T T8 A5 SRR AN T 5 A
Ot 206 EOGIEROLE IR I IS &
Hg Sy - Tl 5 A B — R R SR A T A RR B
HItRE, BERE %5 A (Deep learning) 11
R T, Al 22 U5 3 SR BN 5 TR 27 ) AR &6
By AN A b YR e R A I ) T R R
1] (ZhangZF, 2018; WuZ¥, 2019).

32 HHRFFRFEEN

MO EZN AR, ERiHESREN
SCHEA LR Ay, o5 LBk R B A Y 86%, Xt
Y 1 A BRARE 7 Ak 36 2Rk AE BB AT+ E
B X (BT 45, 2020; Chave %5, 2005) .
FRMTE UG 1) 29 285 T A W 000 2 P I AR bR R T R
KM EBETHE, BOLE AT TE5O0%
BRI AEAE SR AR, DA AT B R AR R AR =
YELERMR B —E ROE 3, N R A A 5
AW g — b B G S R T B (SRR AR %
2014, 2018; Lefsky, 2010; PearseZ, 2017).
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FRR T U545 K4 ) iR S 5000 $1E IO ZR AR R
PR W A, R REOE TR I OF & LA F
B 43 500 TS TR RUBE ZR MRS R = 554 2
B 2 BT 98 P (van Leeuwen A1 Nieuwenhuis,
2010; Watt 5%, 2019) (& 3). B # 1 [CEsat/
GLAS K4l DAL FE K . Ap Rl S | AR S5
SR N T IX M — BRI AR L AR
i AR E S A O (Clark 55, 2004
Lefsky, 2010; Hu &5 20165 Su%%, 2016; Tian
A5, 2017), 40 Lefsky (2010) % ICEsat/GLAS %
P& FI1 SRTM  (Shuttle Radar Topography Mission) %4
P FH 45 A B AR T T gk A0 52 [ LA G X
FEMEE s Tang % (2014) DUA=9) %) BRAS I Ry J
il Xt ICEsat/GLAS U T8 B4 508 9 43 A, SC T4
e H DXy i AR AR A SudE (2016) Fl Hu 4%
(2016) ¥ ICEsat/GLAS $#is . 25 158 5t e
[ SR AR S A, A B SE BT R A Bk
N AR E AR A . HLEOBOL T IR R 2
ML T, DU RICT ] 2% | B g B
L SR N T RO — X R
Tk JZ2 7K DL R B K BRAR T B A5 A0 A5 B I 3R,
WA = (Huang 45, 2011) . % iE (Maltamo 55 ,
2009) . JEE (Means %, 2000) . B F &5 (Luo%:,
2018) FiMh FA=#phE (Li%%, 2015) 4, kS
B RO DL R Bl H TR 43 F A
pEE RO ST % o5 A & I w10 N o R =
T aEIZE (L%, 20125 Tao%, 2015).
I T 930 7 3 DG AT 4 b 2 oK 85 i 14 A 34
Bl BROR — b RO B9 ZR AR S B B,
HOKME . M. MR WML, B
(Moorthy &5 2011; Vicari %, 2019) . [a]Bf A
Mo B Ak e (Tao %5, 2015), #iW H T
FASE (AR AR A7 D) R T 7K
Oy fBs . KEE . RS MEHS5 S50
(Li%%, 2018b, 2020b). LhFRME I 45 F A1 D) i
SR RIBCY LR, HAatHOt R S W)z A
TARMBE RSB FE T, U Neesset 55 (2013)
W PO TR IR 5 b T SE DB AR S S, XA T
Kk, IRAFNAR T 3 ARSI A A= ) AR b
#; Zhao %5 (2018) FIH Z B AHMOL B i A8 = %K
P, WEI T AR A KIS YR AR Ma
% (2018) Ml HWIAMOL T B 8dE , I T A
KT BRI B AR K i, I DA N JE i

Br TR SE 4 E & s HudE (2019) fli FHARIX
KK SO B IR B AR TR T OLE
KRR ZUBEFR L, VPAL T AR BT AR R L .
[, JOG TR IR AR O T #9E J7 e e B e
AT LA DR, i T O B 1 AN L8R
B (Zhao 55, 2016).

WOG R 15 N ] T AR bR B I A ), e ST
DIE B E) 1970 248, & B IAE O A BN AR
Bl b PR R AR AR AR R . BT,
HRIBTEARI I (ME—HE T — Sl — Xt —4
B BRI = 4E S S ECUR TP A TR
PR S ETRE T B R R S B IO
[ i LA 22 AL 30800 B IR B0 g Ak, w020 S
T/NREBRME R ARSI, HEC AR
Z DA BOBOG R IR 8RRl S Beot R
IRTE R I = A S5 F 5 B4R b B 4 X O,
{EXE LS FH T BRARTE I b 3 2RI . TER
RAEFE QAT R SO B IR B - O o 1 SRR A
G, VAR se 203 . m ok Bot Rk m
W K LAY, 6T DL RECh BE A i AR AR R = 4 5
S EA o EENE L. 5HER, AFE
B YOG 5 AR G AEA ) RO AR5 5 3 285 e I
g BAOLE, P DR AN R o1 & BOG R A 5
56 i B AR A L TR SEIUHT B RO A
RS (BOLT . 206 motig) mE &,
JE AR R DIOG B I8 Sy JE A A AR PR BT UR = 4k Bl A A
A W ) E B
33 EFFEREEEN

FH BRI AT B ) H AR, AR
SCH A BN AT SRR, AP E R AR 4
e i RE U X 2 Pt o R e A B SC (Jin 5
2014) . BOCTRBEARRM I, HHHTE R =4
AWML T —Fh 2B 0 E R T-B (Cooper 5%,
2017; Wijesingha%¥, 2019; Xu%¥, 2020).

PRI 3 T A B ORI, AH L T AR
VIO TR AT b G 5 e W v A 8 T A A AR
H m7 45 &b F %) 2% B Bt (Schulze—Briininghoff 55
20195 Xu#§, 2020). HOGHRAE G IR A
AT b, e e R 4 IBOHE R 1Y O JE
(Streutker F1 Glenn, 2006), K& BOLEEHE AW
K, WFFEN BT IR 08 0 TR ICE 2 1Y
FHZEH A, BRI R dEE
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L& (K 4) (Streutker A1 Glenn, 2006; Mitchell
A5 2011; Fan%g, 2014; Anderson?f, 2018; Xu
85, 2020) . [l AR S5 SHC S, i
i A A e Al AR A, S R M A ) Y A
(K 4) (Olsoy%, 2014; GreavesZE, 2015, 2016;
Cooperfff, 2017; Li%E, 2017; WallaceZ¢, 2017;
Wangfff, 2017; Anderson %, 2018; Wijesingha
& 2019; Schulze—Brﬁninghoff%, 2019; Xu %,
2020), WA HRHFIEEET RS SEAE Y i
RARR TR Y 25 () A% SR B 5284k (Zlinszky %,

2014; FisherZE, 2018; Marcinkowska—Ochtyra s
2018; Zlinszky %%, 2016; Jansen%%, 2019; Moeslund
5, 2019), WNLi%E (2019) DAMBBEROGTR A N FE
fiff, SRR A S YR RIHIE T,
SEEL T IR FE L AR WS . Jansen 5F (2019) F]
FHMOE TR I8 B U = 25 0 S 4G S AR W i, O
DL Dy i il X B M 2 8] S SR B AT T e .
Zlinszky 55 (2016) Fil Moeslund 5 (2019) 4351 F]
FHMLZGHOE 78 28 I PEAN T AN ] 72 4 28 B 1Y 2 [
SeBTPE, IR N T R A W) R R TEAR

N i i
B 'E’%fﬁ% (Su.2016a)  (Su’%. 2016b)

(Li %, 2012

S

TR 43 B — 8 KA
(Tao %, 2015)

WAHBPCSHIE |
SHE- |

Q

AR TSRS
(Li %, 2018) ~ (Li %, 2020)

t\xﬂ;

K3 BT AROCHE IR G B AR S EHR I

Fig.3 Retrieval of forest attributes based on different lidar platforms

4 FETROUH M RS

Fig.4 Retrieval of grassland attributes based on lidar data

F IO 75 2 7 5 B IR S 25 M P 2 A )
AT, R AR — PR RIZ . 5
fib A SR BT IR B A AR, H A LSOOG R A O 2
il ) R B IR S AR MR T 5T, e = eSS SRR
BOCRER b, A v T o R S ] 0 A A SR B AR
T, B BT S TE AR PRAZ A, 33 il Rl

PERA SR AR KRR T E 1 . BACKE, HAT
WO T Ik N T b 9 R 2 2 W 22 DL M T R AL
o6 o E, R BT IS A SR AR TE
FFR AT B B o T AL 2306 8 18 18 FH T )R
T I i R R H YR () S A WA 5, B T
AL T IS B AR R Sz, #obk
IR FERE 7 — U R b % 105 2 245 W Ty T 2R
P E RN W 1. e, Tl 25300 E
IR R A, PR ICHE RS A A EL AR S R U
S5 SHL, R H AT IR 2h A W G v Y A
Az — (Fan%, 2014),

R I BF R R = M

Mo B H AR, B Z M AT
A, RERMEZM AT ARG, MEDZHE.
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ARG EMAS AL R REE (FREH A S % E,
2003) o A% 4 10 b g% Y R A I g S R B AR
WA, BA 9 iR CGIRR S 4%
2013; B85S 4%, 2017). E304Fk, @EEHEARCD
A I M B R R A I ) BB AR F B, Huie
A R DAL G238 IR LAk 1) 1 b 3 A s 0 1

MEHFE (FF 48, 2010; Simard %, 2006; Zhu
&: 0 2015; MaoZE, 2020; WanZE, 2020). K&

HF 5 3% BH ' 27 08 B AR JE 72 1 J G 40 R 119 1l
R W, ME DA S AR A R MR BRI (R B
R, Rl E?A*M$ﬁ T 1 VR M R A
PEAC AT B Wik, 3t iR 7 — bl /b RO R
TR i

TE Jey 8 M DX (1% 9 b R A W, O TR IR TE
AR b AE B e EL A5 4 {5 BRI MR (R B 07 TR
SR AL HAE (Guo%E, 2017). E#BOLEIL,
I ICEsat/GLAS, 5 SRTM A#EAHSS A, 81 T%
AR B = FE AR EL (Simard 55, 2019) . HLEkiEOGHE
KB AT DL E AR BOR Y, BT LS 2
I BOIE A5 A, B R b A B R A K
(Chadwick, 2011) . 52303 A %k J2 75 55 2h &5
AR WE I (Lymburner 4, 2020) . JC AMLIEOGE
ik B AR AL R, RE IR ERS B
MEHLAE R, H AT A WAE B T R, 7 5T R
A W b AT AR 5 A B AT B (Guo 5§, 2017)
(E5), 4n, Yin £l Wang (2019) 3&3F T JC AALE
I B TE LD AR AR U B 1 AT AT M s Wang 55
(2020) K¢ To APLIROE I E AR A 20 MO b rh
SO RFE T, 456 A 5 A T 1 BRI R
T AR B, SEILT 2O AL A
WY ; Hu % (2020) K065 R 50 5 HoA
22 Y BB A 45 A 92 PR A BRZT A MR | A 4
PGB o b O T TR BB 6% 4R AL A 4 10 T 40 45 4
TEAAR B, TE MDA 4k 00 1 R 1 LA A R £
UL f ) 1 e ER W 7o Owers 55 (2018)
P BIF 5 T BH b JEE O 7R 3k 2 — Bl Al S 25 4 A2 4 1
T VR W A AR W 0 — A R HE Bk IR
Jrike

WO TR A R A R b R A W R B AR K
BV T1, HUE R 2 B0 B IR B AR B ) |
AR, TR Landsat 8 8% Sentinel -2 ARFETE 5 4>
BR. 2018-09 NASA W2 & 4F ICESat-2 T3 & H 4K fig
SRR, HERPEIFAES (LS, 2020a).

PRI, E AT ABOG T 3k S S 0 1 Hl 5 05 07 A W
W 22 4 v F /N RUBE 119 = 25 5 R0 RS 40 32 BRI 9% ﬁ
R (0300 b 5% 98 20 285 W I I 52 3 22 LASOG 7R

ﬁﬁﬁ%%m@m%@ﬁﬂAﬁ%Moﬂﬁﬁﬁ
BOMOE TR I8 B T B IR R R B
WRRYE . b, R HA U AR)Z K &,
WOt E BT RKE Ewf, TEBIARNE S
(Bandini 5%, 2020). Rk, WOLEHIEARKIEHTT
@ﬂm%%%\mﬁﬁﬁﬂimﬁﬁéﬁﬁhﬁ
WESEIS, I A G o PO 18 G AR
KAiit. 2k, Kﬁygﬁﬁ PR S 2 TR0
53 AR AN 25 G 0 52 IR R 8 b 9% s sl A
RO S N SRR E 5 NI (15 e

S BOCHEOETE) 105 K06 0
R BN A W B A ) B AR S
it
m‘,w_,» A ‘é\?:’”_ 3 i
R e
el B
R | | =
BRI |

AR
(Wang %, 2020)

WIW%%LE#%E
(Hu %, 2020)

TS
(Guo %, 2017)
K5 JCABLARH LI M 2= et St LA B afead 7%
Fig.5 Examples of unmanned aerial vehicle (UAV) lidar data

in mangrove forests and the upscaling of mangrove aboveground

biomass through the integration of UAV lidar data and optical
imagery

3.5 KFFFHEEN

IKBIRAE R F SR GT IR A AL R 4y, A
BRI 50N, B S A b R IE A kAR
KA, AR . MERG . SR sl 2 W R
fift DK BE PR AL TG P S () AT (PR T 4E,
2014) . H BTG IRAE VK 2K 7 5T Hb 2 K 9 IR
() = 2k 20 25 W Iy T 2 B R KA (R Rk
2019),

H Al 5 28 ICESat/GLAS B & vk )1 [V vk B J¥E 56
AR A W ) AR R, KRS L2
ICEsat/GLAS %045 A 2 ait, Xk NI @k . K&
BE LUK R R AR B AR A R AT s A MR (Li &
2018a; Smith %5, 2019). Kf# KRN 2 18] J&) = 5 9
RUKIEM TR CryoSat—=2 RGN K& B, A2 TF
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16 FI AT CryoSat—2 45 52 0K 1| ¥ K e 72 19 722 £k
(Laxon &%, 2013; Kwok Fl Cunningham, 2015) .
[F] B5F 2018 4F B NASA & 5% (9 58 — AR B0OG I & A
ICESat-2/ATLAS 24+ A 5% I 15 vk 1] . oK 55 A it
UKEN SRR AL TR B IE (FET, 2013;
Yu%:, 2010; Smith %, 2019)., bR, Ok
TR BE B N T E RS A (Deems
45, 2013), WnShuZs (2018) A ICEsat/GLAS %(
P Xk Ak 22 A vk T AT E A v, A e
X B IEE AR5 E . Kwok £ Markus (2018)
I CryoSat—2 Fll ICESat—2 ) i B 22 5 5080 T 35 3%
PG5 o ML 7 AR XU IR s A M
W) — A B2 F By (Harpold 4%, 2014; Behrangi
&5 2018) . Kirchner %5 (2014) DAHLEBOLE A
Bl o B A, 6 PN AR LYK R TR TR R R B 2y
PERE UEAT Tl . Zheng %5 (2019) FFHALEL I
6B T8 B X R 48 JE I P A L KRR S 5 ]
¥ REAT T 38T, Ik — 80T T RE S K )5
S M A EOC R . mIEE, BEE TS AL
WOLTR IR AW AR, HAR /N F RS IE
i B 5 6 B A R A B W 1 (Bernard 5§
2017; Harder %, 2020). Harder%§ (2020) PTG
AALBOG TR I8 J FE R, N 1L b A0 B B AR R R S rp
B 5 IR AR S Zh A AR AT T R FE B A PEA
FE 1 K IR KA sh A A AL W Jr T, BOBTR I
Wi EL A RS BN BN ), IR A
(2019) F| FH 1990 4F—2015 4F Landsat TM /ETM /
OLI $24% F1 2002 4E—2015 4F 22 4F B 48 306 5 35 I
ERORE, B — Ak AT B, BRI s
K AR, 25 A W KA LI B d ) L AR
B A I I T R S K A T EAT T X S
AT Wang % (2013) AR 4% 2003 4F-—2009 4F- 1)
ICESat / GLAS (4, Wil 1 vp [ 56 4~ W0 7K A
4k . ZhouZE (2019) iz F ICESat / GLAS &
Bl 7 P KO Rl KR B #7H 2003 4F—
2009 4 KA AE Ak, 1 T A 7 — i T T 1 AR AR
AR A KA AL Z Bl ST &R o Verpoorter 45
(2014) WF5E R R RPOL T BB ARERE LM
b e B L RS BE T AR B Aok G, ] LA A2
WK AL B AR B AR BE 2K, U HETE K
B ERA AR AAG T B R T, SR, i
Aok, Bl MR PEOL R I8 (Bathymetric Lidar) #Y

BRI WY A, WOLTR B TE M R K BT UK AL 3)
AL M 3 B BR8P EE AR (L H (Wang Al
Philpot, 2007; Mandlburger%§, 2015).

HAT, PLZ 8 9kl BOLH IR7ERR
JEE DR i JHE R 3t 3 7K K A7 728 A1 25 2 28 s 00 75 1 4
ABEHN . WFERE, BEBOCHEBER
JRUE I e B8 72 A B A 7 A5z 72 Al 2l 285 W i oz
B2 HERE e, mig— M2 EBOLHE R T
B ICESat=2 [ ) A 4 hy KR K E IR 3 45 4
) e BRI A B0 SO s MLEROL T IR A /N RUSE Ml
FK (B SRMWIAK AL B 3h 272 1k i
R B SR AL, e e Rl T RS B A
PLF- 6 BB A MmO R B &, B
FOBERR, i 7K B 5 2l 285 M 0 4F 58 AR
B AT Ehas WM se, HAT#OE & Ik K
BEUR A K B S A W I A5 D T I A AR — E B IR
e, [F]IExE LS 3T A R 3K B I 0 3l A I
MO T BB S GO E B &, PR
K2 RO TR B AW K RN, F
DRy 3K — ] R A TR 4R T A Kl S R, FER
SR, Uy S BUAS R 2 R R A A F A
RARSBAR DA AL, IR ROEE 7K Bt i
A ] 2y 285 M I 1 T AT A

3.6 EEFEHREEESN

VA 2 T 6 M T AR K AR R,
S B 9 U A4 A 2 T R K S0 S B0 ke A
SRR AR A R X, R
PORIT R PE IR B RTEE (SR 45, 2019;
Bianchi A1 Morri, 2000) . # 68 ik 1E R —Fh &
M ER A, EEAWERERS. 59
TR LA DR A RN BRI B R K AR, B g 4R
P v A BR T R A6 B, T SRR TR TR
e R W I B 9 O THURS T VAR B AR (S E
2004, 2007; ZREET 4, 2014; Dickey %, 2006;
Hostetler%%, 2018),

WO TR I8 I T 9 T U I e R T LA GE W
#1968 (Hickman %%, 1969), HHI#HOLE A% H
WBEAWELE . Lrhh . LA B, TSSOt
JCTR AR ZE KA, TRz 0 N TR I A
TEM 2 . SERE (4 W . KT R T A A S
FEATER (TRIEN: 45, 20105 XUREMS 45, 2019; %
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# 45 2019; Brock &%, 2006; Brock F Purkis,
2009; ReinemanZ¥, 2009; Liu%, 2019a; Pittman
4, 2009; Zhou %, 2019) . U Finkl %% (2005)
DLE 2R 03O0 7 I8 A A6 52 [ 46 27 B3k AR e
AR X P v R R 6 ke PG VAR IS P M T HE AT 4 T
FIE, IS8R T R E SRR U5 Reese 5
(2011) LAU#E S O0HOG T ik Behil A B 1 figl . g
By fifefa DR R B R 2 [ P B AT R, R
BN v 16 BT £ U A A R R T R . BR
THUIE . AEPGEIAN oK GRS T U Bl
AW E LN A, H ETERI A R O Ik AT
A3y BRI USRS, BRI T SR O D B
SRy EEA, K T B K B S L AT S R e Uk
SO RRE SR URERIN 5 7 U 2 IR T R A
AN B S BRI R E SO BUR S &, R
TP B 0l 2 e 25 S S BIOKIRIR D (B 6)
H i A0 5 e 7K ORI AT B R Tz A 8
(X %% b 55, 2017; 5K#H 5%, 2017; Casella 5%,
2017) . VFEUFAEYI LRI VE I B N A, sk
JEHNE 2L MO TR IS ME LS L A8 Wi, BT
PG T 2GRN 1 2 NGOG ﬁffu%ﬁﬁ
TE TR IEA ) 1) B 2 25 46 ) S i A 28 = B o Al
SR R EEEEH (Fiorani %, 2019; Chen
G5, 2020) . HEVEEON TR I TE I IR DU R0 K
B 2 B0 A SRR S WE S T A T N
(Barbini %, 2001; Yu%, 2014).
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Fig.6  Schematic diagram of dual—frequency lidar and its

application in marine resource monitoring
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JERNIAE O SN I e b | A R0 T R
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WA A AL 08 T O TR 38 A R T AR A -
[FEf/NEIAE . A ik . 2R . zﬁLmﬁﬁﬁ
HFRIEARKERMEZ G, WEHEOtHEES
HoAth 18 A AR, R ¥ BT O T I8 A N
FHYE B A b SR 34
37 wEREEEEN

Wy — AR ) AR TR, 24t
LT R RN At 20 0 () FE Y R, TR
FE R E R L LM T SR RN E R (2

XI5 SF, 2008; Arndt5FE, 2017; Goodenough 4,
2018) o X BEUR AT H I LA K A ), % £

FE RIS L Ak LA BRI M
MM AEAEZEEMN . HATHOLR KR BEARTES 5T
U5 B AR AN BT X AR 2N BR BT M D b 2 A 0 28 ]
(Erringtonf;‘rf, 2016; Caudal &, 2017; Wu &,
2018) . FEW P=UEIEARM 71, Errington %5 (2016)
F IO B 3K 1A SR DX b 3 1) 188 i S5 e gk
Fraes, DT R #0 T okl ) T
%, R THOCE B G R, AR
fith i /N BT Ty o TR DX AR A BRI 5 T
H T A WS 2 DIl B e AR A Sy e h
FibkEd: (53, 2015) . JFRUIME (384,
2014; HEfET, 2014) . AFA AR (X5 2%,
2mﬁ WHRE (GRIETE 55, 2008) < 4R

o[RS LA AR BOG B 38 X T L 4 A8 B
ﬁTﬂ%%J(m@F,mmow%%%,a
T A0 B 38 S BE il i 7 77 95 0 8l 25 W I T 5 A
XD BB E IRTED 7 B S 28 W Y &
T AR B RS (7)., Wb B0t
IR B AN W KRR ) & TE A HLF- B A A 58
PHOLER OB I AR 7™ T 15 2 285 M I ) — o o
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Fig.7 An illustration of the prospects of lidar applications in

mineral resource monitoring.
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Abstract: Natural resources, as the necessary conditions for human survival and development, play an important role of driving force and

main support for achieving high-quality and sustainable economic development, and are also the fundamental carrier for building a beautiful
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China and deepening the system reform of ecological civilization. Thus it is of great significance for human survival and development to
achieve the high-precision and high-efficiency investigation, evaluation and monitoring of various natural resources. As an active three-
dimensional remote sensing observation technology, Light Detection and Ranging (LiDAR) is playing an increasingly important role in the
three-dimensional dynamic monitoring of multi-scale natural resources, such as land, mineral, forest, grassland, wetland, water, and ocean
resources. To better understand the development and application situation of LiDAR in the three-dimensional dynamic monitoring of multi-
scale natural resources, in this paper we first briefly introduced the current development status of LIDAR technology, including the review of
technological development history of LiDAR and the brief elaboration of different LiDAR platforms (e.g. spaceborne LiDAR systems,
airborne LiDAR systems, terrestrial LIDAR systems, etc) and their components. Then we reviewed respectively the application of LiDAR
technology in three-dimensional dynamic monitoring of land, mineral, forest, grassland, wetland, water as well as ocean resources, and
preliminarily analyzed the potentials and limitations of different LIDAR platforms in the three-dimensional dynamic monitoring of multi-
scale natural resources. Based on the above review, we then comprehensively analyzed the potentials and limitations of applying LiDAR in
natural resource surveys. The analysis showed that it is no doubt that the LiDAR technology will show the enormous advantages and
potential in the three-dimensional dynamic monitoring of multi-scale natural resources in the future, as the fast development of the single
photon LiDAR, multispectral LIDAR, hyperspectral LIDAR as well as Unmanned Aerial Vehicle (UAV) LiDAR platform. Certainly, LIDAR
technology also demonstrated some limitations in natural resource surveys, which were mainly embodied in the following four aspects: (1) it
was difficult for LIDAR technology to provide rich spectral information of natural resource; (2) A wide range of the all-weather and full-
coverage LiDAR data normally was inaccessible; (3) The full three-dimensional information of natural resource was hard to be generated
from a single LiDAR platform; (4) The data processing and information extraction algorithms of LiDAR were not yet systematic and
prefect. Finally, we discussed the future development trend and direction of the three-dimensional dynamic monitoring of natural resources
based on LiDAR technology. It is believed that the continuous development in LiDAR hardware and software platforms will continue to
promote the in-depth mining of LiDAR data in the applications of three-dimensional dynamic monitoring of natural resources. However,
current LiDAR technology still cannot meet the requirements of full-element, full-processes, full-coverage, high-precision and high-
efficiency monitoring of natural resources, owing to its shortcoming of lack of spectral information, full three-dimensional information as
well as all-weather and full-coverage data. Therefore, how to fuse multi-source, multi-scale, and multi-platform remote sensing data by
taking advantages of artificial intelligence to build an integrated natural resource monitoring system is the future direction of three-
dimensional dynamic monitoring of natural resources.
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