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Abstract: Objectives: This research focuses on the application of Airborne Light Detection and Ranging
(LiDAR) technology in geological hazard investigation in mountainous areas with dense vegetation.
Airborne LiDAR is able to penetrate vegetation cover to acquire a large range of surface data quickly
and accurately, which is critical for identifying and analyzing geological hazards. However, on the one
hand, in densely vegetated areas, especially in the field of remote sensing survey of geological hazards,
airborne LiDAR point cloud density lacks a uniform standard. On the other hand, it is difficult for
operators to evaluate the number of ground points under different canopy conditions, resulting in data
redundancy and increased costs. Methods: To solve the above problems, this paper presents a method
for calculating the optimal collection point density. On the basis of satisfying the surveying standard
and combining the effect of visual interpretation, the local terrain complexity is used as the criterion to
evaluate DEM , then using the discrete difference peak search method to determine the optimal
collection point density under different scale and canopy density. Results: In order to obtain precise
DEM for geological hazard interpretation in densely vegetated areas under 1:200 survey scale, an
average collection point density of not less than 147 points/m? is required; 1:500 corresponds to 70
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points/m?; 1:1000 corresponds to 56 points/m?; 1:2000 corresponds to 47 points/m?. Conclusion: This
study provides guidance for airborne LiDAR point cloud data collection in dense vegetation areas, new
ideas and methods for geological hazard interpretation and other related fields as well.

Keywords: Airborne LiDAR; Point cloud density; Discrete difference peak-seeking method;

Interpretation of geological hazards.
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Fig.1 Overview map of the study area

2 BIERSHE

2.1 HIRREESLE

AT AR R A T 'S D20 B A
Hl, +4%, DV-LiDAR40 ¥t 5 iAW B[] i $5 4%
MR S o B SR AR IR IO H Ak 1 R0
A 150kHz, AT & EE AT E E 2 000N
200m A1 8m/s, fH1FVIRESHEZLT 246
BAFETTK, DUBRE AT SR8 10 JR 46 5 = 8 e i
1A -

PP SRR GEAE /L A RS E DS
ARG Z T O F s 0 43 5 B 40 o
A S 22 (1 J5 VAR R H R 1l s 6 S 4, DA e
AT R RGRZ MG WA . 2 )5,
i@t TerraSolid #AEX} s =M e . SR AN
SRR, RRBCGRIDGH . L, HpR4
REMEE. REESNMT S, #@T AT
18 1E 18 5 2R A 50 Bk 1 e RO g R 3R 1T R A
TFHRE.

22 BMRESBEMRGE
221 HAE S X

I B4 0 A U B B T 4 e )2 v P AR
T (P AIS A FEE Ak 0 7 v RIS A B B G . JE I A
— AL AL BEPE E =R VG, HA 0~0.2 A
AR EE, 0.2~0.69 A AR, 0.7 &LLEN
AR . ¥R s8R SN, RISt k15
BWOLFER.
2.2.2 2=imiE

BT e AL 2 R B AR 5K K HoAE DL
B, AU i 4 A H G
R AE N EHE IR, 0 FG A 5 TR) BE AR B AL 4t A5
7, P BRARE R S s RS 90%. 80% 70%-
60%-+ 50%. 40%-. 30%. 20%F110%, FL94
BEREREAT A . HeA, A0S T SOIE R A
#ONMW = f ™ (Triangulated Irregular
Network, TIN) B AIRPAF A mEEZ T
1:200. 1:500. 1:1000 LA K& 1:2000 L] )R K
DEM #i7,
2.2.3 DEM 2 [E Fi£ BY

FH AT 5 S ) M T (R 1 0 T vk e B SRR



AN F O 35 R AR AR A S DL, BRIIEVF 2 22 R
H 2 K7 456 1) 77 Ok &AL P 52 % FE U811,
VNS = 1Y N AN B WA S R R £ 1Y PO VA
PE AN 58 B PR R W02 k7 od B AR R
(Slope of Slope, SOS) . 3 & i K& /&
(Terrain Ruggedness, TR) . HuJE A7 & 5 $
(Terrain Position Index, TPI) . HiJE R FE
(Relief Amplitude, RA) 3[4 % (Slope of
Aspect, SOA) HANHE R+, FEFEEUEFE %
FEAT RS T R M bR T IR 1 1) DEM K5 %

ASCHH ArcGIS HAH RS TH 5 T A,
BT ARG RA A= R B2 T 1) DEM 3KHL
B 5 P B R FEMREASE, SREAERET
BN XN B G RS T R i A R d
BEASMHAE ROB Fak EAE R B IS, (EE)
GEit AT AT Pearson AHIRPES HT22230, AR
5 B 7R D AH 51 FR HOBRAIC, AR B TRk AN
HHORIXANJFE I, 4 (r|<0.3, AT A 5 AL i 4t
AAM KGR, RERIEFEH =K
o HDRERE L 3 m) AR FR AN A B AR
2.2.4 TEMEFRAYEESL

AR ILIEFE CRITIC (Criteria Importance
Through Intercriteria Correlation) J7 AN
B TR R FE AR AR I REOBRE TR %07k
FEARE % PR 2 18] BT B 5 B R0 o SR 1 R IR 7
B R K20 SO 4 R ARG SE L CRITIC
WERHANTE, REBZETESEEREE
SR, JEXT G S B MRS e A DRl
MR, AR 3 AN P R #A R0 BaE s
B, WRSHETRIERSERE 2. BT
ATl R 2 e, AR X PR BT AT G
AN AL, 2k T I8 I 6T B g R A R
T AT R E R EE (X
D . ZRBEEBRX, SR EEER
Z. o m NIRRT, 0 WREARE, ZoNE
AN THIREARIE, Z 98 AT AR

EN-I
Z (z -2)’
Jj=1
n—1

i=(1. 2, ...m) (D
wAEMRESE, UEATARETZ
AR FRRE R LR (X 2) . Hd, m
NHETDE 1y AT TS kAP 58] 141
KAK . BT 1A AR R RO, o SR b
ik

Si.=

m
6; = E (G M))
k=1

i=(1, 2, ... m) (2)
24K T 8 25 DR 1R 0k B 5 B R o R v 4 R
e, RGHFANHETMEGENERY C. N
BRI A TACE &, B R ZE SR
FAKA AL, Pl

I Ci
w; = 3 (3)
=16

Hrr, CONHIANHIER T 456 BUE R AL,
SN AT HOXT LR, 6 N sk i e
R B b R A

M5 AT R TE BN AR, 3R A
HEL R w;o

w=gi=1 2.3 @

Hrb, wphE— )5 28 i HU R R 1AL
R, ZoNE IR FIREA I E

%, mMHMKEEE (TR . [ AR
(SOA) . HuJEAL B 5% (TPD & H L
55 X Jm R 2 2R B AR AR TE B A Rl S5 B
7N

TCl = wyy - KT + wspy - SOA + wrp; - TPI
(5)

225 RMREETE

1 e L RUEE FESRAA 20 B8 73 O B AL M T
MR R A I A . ACRAIE
7% FEARA A i 2 18 2 T 01—
— A Rz OR B PO N ) Bl R, A R S
I — BIX A AT R (1%~5%HP KD
R, RMIEHUEE . HATEBUIX A
NESEYBEE, RE A EHCEZEME
2, P R R AR RO 12 B Rt
Ryt 4T R0 B 2K 2 N LI R s DR R
B, JFGETHIZE LR &0 P XA G SF 2
T SRR, B UM R . B LR
25 AR AN A B A R PR 23408 A B2 1 o K
BEREE:
b T 55

RESEBE = o0 (6)
IR T ok riE R

3. &R

3.1 RELR
ETRNNEE W AT O R, WX

B EARE] 246 55/m? T E R KA 4

ZEEAMET 16 f/m?) , 37w T4 bRk



IR E ,  DARA OR e 3 2 J5 B o 2= B8 B 7 A
RAH - 76 K 20 A8 RS i A S AR
116977m?, & fi% 22785231 A, HuTH &
2922366 />, 13 FHIIN X 1 3 I A LA
24.98 fi/m?,

BRI = M2 DEM 1Ry 4,

A 5 2 B RUT ) DEM i f rpiR %2
M, BR 1:200 LU R AN A7 A2 AR AR HE 1Y
ME, HARZRKY DEM BUR K mife iR
ZEV U G RE SR, H B B OB N R
ZERR L m oz DR B AR R 22 K R A
TEANSE RN

B 2 Bl 5 % LL 9 RR DEM G FE 5 RIS X G 1

Fig.2 Comparison chart of DEM accuracy and standards at different scales after thinning

3.2 EMLER

YT S e AR PR IS P R A I g R 2
U — A AL B A5 2 A B R S DX D 5
B B 3 Bros . e K HA e 75 3 R A AR

e B Zh Xl o A P B X ks e B A 0%
PRI AR U 12 D F IS P E 5 00 X PAY K T
B RN S5 B s 10 9 AR P

a. W B 37y XACR K b IR & A
B 3 A8 P 2 Bl o3 DX 5 IR A R 5 OxT EE

Fig.3 Comparison of automated canopy closure zoning map and digital orthophoto map

MRS P AN TR 9 = 2R AR 1:200 LL A
RTE&ESEEZENR DEM H W0 R 3 8505 Xt

teaniE 4 fros. BEE A 1T, DEM K48
B BE B W AR, 2 B = A8 R A%



=PSB TR 60% Crp HARAR A 4.62pt/m?) ] DEM =k fgik 3] H AR 2% 1 b

B RSP ¥ M T A B BE 4 i 2.14pt/m2. HE o [ERF 38 3 6 Bl R LR B8 /N 1 bl Ag RS A
6.79pt/m?. 27.53pt/m?) [ & = BT 4 K0 DL I N BR 2 H s BE 3 CONER B 10%
DEM 5 [ 45 1 % & 5 = 25 RARAL, 3| 60%) X DEM A5 R4 [,
fH2 10%RE T CRrHRAR I FE R P35 5 TR FH 52 4 P AR A0 Tl 2 1 8 0 22 g e
A% 5 BN 0.36pt/m>. 1.14pt/m?. BT S

Q

MR fIRAB A FE[0, 0.2) A E[0.2, 0.69) A A RE[0.7, 1]
EES Hh 5% 5 4% SR SUR

(%) @ @ @

100

60



10

Kl 4 LB R 1:200 AN A i PR B 2€ DEM H R 33 50CR
Fig.4 Visual interpretation of DEM at 1:200 scale with different point-cloud retention rates
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Tab. 1: Pearson correlation matrix among terrain factors
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Fig.5 Averaged complexity trends in relation to point-cloud retention rates
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Fig.6 Peak-Finding curve of discrete difference values and optimal point density
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Tab. 3: Table of search step length and polynomial fitting order corresponding to optimal point-cloud

retention rate

ERIIIN XA 2P K (%) % WL & B 2 BRARREE (%)
1:200 5 3 59.6
1:500 5 5 28.0
1:1000 5 5 22.4
1:2000 5 5 19.0
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Tab. 4: Table of laser penetration corresponding to original collection point density, ground point density
and average canopy

Moy 1 2 M (m* REEEE CRPFITRD T B B CRPP IR WOLTFER (%)
[0.7, 1] 29474.90 3.59 1.46

[0.2, 0.69) 35258.12 246 11.39 4.63

(0, 0.2) 52243.98 46.22 18.79
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Tab. 5: Table of optimal recommended sampling point densities for various canopy closures at different

survey scales
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[0.7, 1] 1.46 >147
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B 100.00 >16
[0.7, 1] 1.46 >70
L. 500 [0.2, 0.69) 4.63 D >22 16
0, 0.2) 18.79 >16 =
P 100.00 >16
[0.7, 1] 1.46 >56
1: 1000 0.2, 0.69) 483 0.81 =18 >4
(0, 0.2) 18.79 >5 =
M 100.00 >4
[0.7, 1] 1.46 >47
1. 2000 [0.2, 0.69) 4.63 068 >15 o
0, 0.2) 18.79 >4 =
it 100.00 >1

4. 7Hig

4.1 M EFHIEE

W FEAR A IR AR, RIS
WIS, fE— R E Bt TR S T AR
A, RAL T — AP AR 1548 H L it
gy, N T R O R 2 R 3L A
WEEE. M. AWINSFEMEER, R
FERE 2 B e 1 J3 0 X 48 f) 2 i AR 5 L 30
M, S 7SR MR,
n SRR R R DN, 0 R R AR O T, T RE
TR B 0 Bt S R AR B b 3R A7 L i R 2
B REE 5 12 AT A B e R T 8
H2 7, AR P 1 &AM A0 B

100X 100 it (1) 4R, 12 708 K 358 0 J) 34
i A AR AR R B H S AR B R R TR X
ol BB vy R RORT R A SR M 2, LI
B AT LARAEIE S0 T 4 6 BEIK I R
SR s 3 1 A R o R E PR ) R B
FE, RBLT e iR, ZE T RAE
TR 2R R A /N T P 3 P A KR A1 T

g b, BTk TR E WA T Ao g A
3. MR BRI A M TS A R, MO
s AN R TR E 3 A, BEEEG TR
— PR o B SRR AIE (O IR AN 05 AT, AR
UE T T 3 IR 7 2 TR0 A48 1 FRD AR Stk 2 7 R 8 B 4
42 BRHEIIE

ARG A AL E R AR 22 R BB
M T 5 2% FE HR AR =R A 5k, Xt DEM A



RUHAT VR, MRk 7 B AN BT s E AL
UIEREERYIE =AUk 2y N1 T T T e S =
FE AR 22 RO Rk A B OE A, vk E AL
TR 3 AR AT R B AR 11 1)

BHLZE TR AT X LA S 1) R i Y 5
B B AR LR Ao BT o AS T T — ol )
(o3 AT 73, R T MR R 2k B I 05 1)
SR PR SR, B S R S, X
J2 100 o 850 328 ek JER L P AR o

GadEkK, BEEE T AR EEM
TR, Bon T — AN A,
I X AN R, BRI IE T ah > . 3
ZHMHRAEESH X RN CRIFT S
X (Al K FED A2 A LA B BrT B 2 2 3
EAEE ¥ N ek e R N R
SEZTELFESEB, mH AN NS HOR
BrlggoE it EUMESRMAE. N TR
AR EE, AoCE i BRI T
2y 3 98 f PR A0 G o HORD 8 2 XK B I
o

HE N R 1 FoRE, iR e A
B e A, WA Z
iz Cam 3 B) AT RE O R 08 I b e B 8
P o R . BE s B 2 W] e 2 4R
e, EETRESSEMA .

EERTFRMEREG R, RiEE ks
RIMIA, RIEZ5%MERD K, R
Be 2R O BRI A TR B B IR R 5%
f Clhn, Fth % ERAAEEMTEE AN
HE 2 ARRD e A 2 4k 22 5% 4 B v o i AU & B
KR DK XS 8T BrA 1 5 AR AL
RERZERWPEKSEH (W 5%) .
43 RILEEE

RIEFR 4 HEF AR R B R 45 T
DLE W, SR RS A D B — AR B, R B
I PA R i, OB R, b T R B
BN, BRI T R RS O B AT AE
TELEOR R o 2R 2 X 5P A X 38R 4 A [T
VIR B R B B, R R R = T e R 4 R
2B I AE AT B0 R 2

Bl 451 R 346 5 52 9 5 FIURR AN ol b 3 B R
FREM AR, A E R0, %M
AR o AR AS R 1) U 2 75 B, Rl
B30 SR FE R SR AT LAYE 2m f o
S N R SIS RSP R SR N A NI
N DL e Vs R S 2 2 b SRR A U T

ZRE. FH, HHERA 1:2000 HHIR
(R 2m Zp 9D WAL, BEM
LS IPNE S ot A1 AR s Py
NN R R

B, FE TSm0 RUE AT, Nk
BR 52 BOE A A H bt B EB R . H Al
AR AU R Z 0 B e EE A RORGWF 9T, 3 )
SEASCIAN R o J5 BRI 5 AT T ) AN [F] R
KERE, CREBESBEITTXK
DEM 73 #F 3%, FEAR Y A SR 2 10 7 VR €

ZREEHE
5. &5ip

[ DA R A e ) A BB 1B
DEM [IKE & x4, (H [F B 30ds A TAE &
a1 G o NS NS & = o3 -3 0 3
B, IR I BR R B 28 BF 2 TR EE R 1 B
nEESHEAE SR X R, Hig L,
230 bR 3 38 TF R gk b i, BEAT DA RIR B T
AR

Ao #0535 R JE v 4k 43 # DEM B
Z IR ZESE, #iANVEH DEM FS4iibFEE £
B EAERIRE. XBERERI DEM 5
FLSCHLTE 2 1A I 22 0 H 2 Jo v A B L
PR . AW H T —Fh42 B %
T DEM HE M5, 46 T B
bt R iR 25 AR b T B AR R FR AR = R
HRE, NErEElER. NBR—FZE, X
TS OR B AR FEHEAT T 2 BERIVEAN

ARSCIE I RE ST T B RE F g SN
HZhULHEC, FRH B 3Nk R, @
R B il 2, 153 T AR
5 ORIV P 52 o) 80 1) e R 4R iU B, RAE
WYL 24 A8 4 5 2 B X A P ML 3R LiDAR 1B ML 1)
NARMET S %, 0/ 3K B % % X
1:200 W L) R 2 R I& T Hb it 9% 5 g 1k T
fEM DEM, FTEADT 147 fl/m* BIFR
ERUEE; 1:500 XTI 2 70 si/m?; 1:1000
R 56 5 /m?; 1:2000 XN 47 f/m?.

AW AR R A R T
7332 [FRE 3 FH T Hb T 9 35 AR B 2 AR AR 22 40
B, wEEERAA SN K. L EDIRE R
ARFR K R R e Ath 35 Al 5% e 7 AR ) 22 1K
08" SOl E



[1]

(2]

(3]

[4]

(5]

(6]

2 E W #k(References)

DONG Xiujun, DENG Bo, YUAN Feiyun, FU
Xia, ZHANG Wenju, JU Yuanzhen, REN
Xiaohu. Application of Aerial Remote Sensing
in Geological Hazards: Current Situation and
Prospects[J].Geomatics and Information
Science of Wuhan University, 2023, 48(12):
1897-1913.DOI: 10.13203/j.whugis 20220151
(FEF5 % W, 32 m 5 72 8 B A b o o &
QUM BOIR S R [J]. SR F (B
BRI AR), 2023, 48 (12):1897-1913. DOI: 10.1
3203/j.whugis20220151)

SUN Tao, XU Mingyu, DONG Xiujun, PAN
Xing. Application of airborne LiDAR
technology in geological hazard investigation in
mountainous area with dense vegetation[J].
Bulletin of Surveying and Mapping, 2021, 0(4):
90-97. (#MNE 4RI, EH ES. WL LIDAR #
AR F 2 ik 1L X ik R [J]. W4
JE %, 2021,(4):90-97.D0I:10.13474/j.cnki.11-
2246.2021.0117)

GUO Chen, XU Qiang, DONG Xiujun, LIU
Xiaosha, SHE Jinxing. Geohazard Recognition
by Airborne LiDAR Technology in Complex
Mountain Areas[J]. Geomatics and Information
Science of Wuhan University, 2021, 46(10):
1538-1547.D01:10.13203/j.whugis20210121
(FB/R,VF R, 38 75 255 . 2% X 5T 9k AL #K
WOLE X RO [3]. PR 2R (15 B R
ki), 2021, 46 (10): 1538-1547. DOI: 10.13203/
j.whugis20210121)

PAN Xing, SHE Jinxing, DONG Xiujun,
YANG Wunian. Early Recognition of Landslide
Hazards by Airborne LiDAR Technology —A
Case Study of Yantian District, Shenzhen [J].
SURVEYING AND MAPPING,2020,43(6):
243-247. (BER KGR EHFFEELE. BTHE
LiDAR 32 J& 557 A IR I8 3 5 40 R F 58 —— BLER
YIE X v [3]. £k, 2020, 43 (6): 243-
247.)

WANG Daojie, CHEN Bei, SUN Jianhui. Study
on the effects of point density on DEM accuracy
of airborne LiDAR[J]. Bulletin of Surveying
and Mapping, 2022, 0(5): 140-144,169.
(EITEA, BRAG, FMERE. HlEK LIDAR 5z % FEXS
DEM ¥ B sz [J]. 2z i@k, 2022, (5): 140-
144+169.D0I1:10.13474/j.cnki.11-2246. 20 22.
0155)

WANG Kangkang, ZHENG Xuedong ,LAl Xu
dong. Research on the Relationship between
Airborne LiDAR Point Cloud Density and DEM
Product Accuracy[J]. JOURNAL OF GEO MAT
ICS , 2021, 46 (3): 78-82. DOI:1 0.14 188/j.
2095-6045.2018432)(F BB, A& 7R /B 7R . ML
# LIDAR M=% %5 DEM 7= i k5 2 58 REA
[0]. M S R, 2021, 46 (3): 78-82. DOI:

[7]

(8]

(9]

10.14188/j.2095-6045. 2018 432)

Razak, Khamarrul Azahari et al. “Airborne laser
scanning of forested landslides characterization:
terrain  model quality and visualization.”
Geomorphology 126 (2011): 186-200.

Ll Dehui. Analysis and Research on Terrain
Factor Extraction Based on Different
Resolution DEMSs[J]. Geomatics Technology
and Equipment ,2021, 23 (1): 1-5+17. (24,
T A P2 DEM K HLE B 7 3 B8 43 4
WFFC [J]. MeaHARHE %, 2021, 23 (1): 1-5+17.)
LIU Yicheng, LIU Bin, XIA Yan, Bl Zenghui.
DEM construction of light airborne LiDAR data
in complex mountainous areas with different
point densities [J]. Bulletin of Surveying and
Mapping, 2023, (S1): 32-35. DOI: 10.13474
/j.cnki.11-2246.2023.0507) (X — &, x5k, & 4%
S AR R LR 20 X AL LIDAR %
& DEM #9% [J]. %84k, 2023, (S1): 32-35.
DOI:10.13474/j.cnki.11-2246.2023.0507)

[10] Anderson, S E, Tompson, etal. LiIDAR density

and linear interpolator effects on elevation
estimates[J]. The International Journal of
Remote Sensing, 2005,26(18),pp.3889-3900.

[11] Jose Balsa-Barreiro and Jose.Lerma. A new

methodology to estimate the discrete-return
point density on airborne lidar surveys[J].
International Journal of Remote Sensing, 2014,
Vol.35,No0.4,1496-1510.

[12] TANG Yuhan. A Thinning Method for Airborne

LiDAR Ground Point Cloud Data Based on
Local Terrain Complexity Index [D]. Southwest
Jiaotong University,2019.D01:10.27414/d.cn Ki.
gxnju.2019. 001924 ) (4K, —Fh 5T 7 Hh
T 52 24 P2 4R bR HOHLA LIDAR HUTH 25 2= B4 s
J7i%([D]. ¥R A8 K%, 2019.DOI: 10.27414
/d.cnki.gxnju.2019. 001924 )

[13] CHEN Jiayang, BU Xianhai, CHEN Diancheng,

YUN Tianyu, YANG Fanlin. Multi beam point
cloud thinning algorithm considering terrain
complexity factor weights[J].Journal of Shan
dong University of Science and Technology
(Natural  Science), 2022,41 (5): 21-29.
DOI1:10.16452/j. cnki.sdkj zk. 022. 05.003 ([%
FERH, DS R BOPR S L b TR A2 2% BE R AL
B2 WR A IR O] L RBHE RS2
Wm(BE %R B %R, 2022,41 (5): 21-29.
DOI:10.16452/j. cnki.sdkj zk. 022. 05.003)

[14] ZHAO Xun, YUE Cairong, LI Chungan,GU

Lei,ZHENG Guofei. Estimation of Forest
Canopy Density based on Airborne LiDAR
Point Cloud Data[J]. 2020, 35 (5): 1136-
1145.Remote Sensing Technology and App lic
atio(B iy, 5 R 2R, B4 145, JE T HLE LIDAR
Z MR AR B RE A (0], GBS AR 5 A
2020, 35 (5): 1136-1145.)

[15] SUN Xuna, LIU Xiaoming ,QU Weixia ,PAN

Wei ,ZHAO Wei ,WANG Qiulin ,YOU



Yuanzheng \WANG Shumu ,SONG Chao. Multi
beam point cloud thinning algorithm
considering terrain complexity factor weights
[J]. Modern Mining , 2022, 38(2): 68-71+7
5. (FIME AR, ¥ 5% B, it 5 5 45 A b T R AIE Y R
Ky BRI E DEM B MM E L [I]. Bl
Rk, 2022, 38 (2): 68-71+75.)

[16] BEI Yixuan, CHEN Chuanfa, WANG Xin, SUN

Yanning, HE Qinxin, LI Kunyu. Effects of
Airborne LiDAR Point Cloud Density and
Interpolation Methods on the Accuracy[J].
Journal of Geo-information Science, 2023,2

5(2):265-276. (L5 #, BrfE ik, T & % L&
LiDAR piz % [ FdE 7740 DEM J bR HL
BRSO W 2 M7 [J]. M Bk AE B Rl 2
#,2023,25(2):265-276.)

[17]JIANG Hu. Automatic identification and

stabilityanalysis of rock mass structural planes
based on UAV photogrammetry[D].Chongqing
Jiaotong University, 2023. DOI:10. 27671/ d.c
nki.gcjtc.2023.000489 (¥ 4. kT AWLIE R

2018.)

[20] The spatial pattern and geographical

characteristics of terrain complexity in Xinjiang
[B]. (k% GKIEH XIS, B w2 4% 51
73 [ R e i FRARRAE [J]. MW EEAE AT, 2022, 41
(10): 2832-2850.)

[21] ZHANG Lei. Research on Spatial Pattern of

Loess Landform Based on Core Terrain Factor
Analysis [D]. Nanjing Normal University, 2013.

(K. 2T HL TR 720 07 1938 U &
22 [ 4% R T FE[D]. R BUITVE K24, 2013.)

[22] WANG Zehui, YUE Linfeng. Comparative

Analysis of Spatial Interpolation of Annual
Precipitation in Hunan Province [J]. Beijing
Surveying and Mapping, 2019, 33 (11): 1318-
1322. DOI:10.19580/j.cnki.1007-3000.2019. 11.
006 (E VMR, AR, 9 B 24 4 24 B 7K 72 ) e
L& 4B [3]. b RTil4:, 2019, 33 (11): 1318-
1322. DOI:10.19580/j.cnki.1007-3000.2019.11.
006)

[23] WU Fu, LIAO Zeyuan, HE Na, LIU Chang, WU

Qiuju, MO Yingfei, PAN Xingyu, JIANG

I 0 1k 45 K T | 3h R 5 AR E M 23 A [D].
K &8 K %, 2023. DOI:l 0.27671/d.
cnki.gcjtc.2023.000489)

[18] LU Huaxin, LIU Xuejun, TANG Guoan. Terrain
Complexity Assessment Based on Multivariate
Analysis[J]. Mountain Research ,2012, 30 (5):
616-621.D0OI1:10.16089/j.cnki.1008-2786.2012.
05.011. ()5 H 2%, X 22 7 7 [ 22 . b J% 52 2R FE )
2 N T o &M 7% [3]. b 23R,2012, 30 (5):
616-621. DOI:10.16089/j.cnki.1008-2786.
2012.05.011)

[19] XUE Meijiao. Calculation of terrain complexity
in loess hilly and gully areas based on DEM
[D].Xi*an University of Science and Tech
nology , 2018. (R 4f. 2T DEM B3+ &
AR X R B 2% 2N [D]. 78 % B K A,

Yaojing, LI Chunling, HUANG Xin, WANG
Yuxiang, DONG Xiujun. Airborne LiDAR for
Geological Hazard Investigation in
Mountainous Areas with Dense Vegetation on
Point Cloud Density Optimization[J].
Geomatics and Information Science of Wuhan
University. DOI: 10.13203/j.whugis20230386
(RAR, B R, 400 55 . THD ) 752 A B 1L X 3
REMAER LIDAR mz=% MMM [J/OL].
UK 22 22 4R (fF BRH#RR), 1-11[2024-01-03]
https://doi.org/10.13203/j.whugis20230386.)

[24] Diakoulaki, D.; Mavrotas, G.; Papayannakis, L.
Determining objective weights in multiple
criteria problems: The critic method. Comput.
Oper. Res. 1995, 22, 763-770.

ZES Y&

Fril: R R L XL B0 T A B s R AR f AU R R IRt A
& BRFkn, w1 Dghin, OB, EHE, TR, BHEF, FIKHE
ks H B 2024-06-11

DOI:10.13203/j.whugis20240097

51 R#

FRIVHS, ml S3htn, BOGH, 5. MR L XALEEOE 5 A8 0 R 5 i %5 B e it 7t
[J]. R BUR 2222 (5 B R4 R),2024,DOI: 10.13203/j.whugis20240097 (CHEN Bangsong, SIMA
Jingsong, ZHAO Guangzu, et al. Optimal Point Density of Airborne LiDAR Data Collection for

Hazards in Mountainous Arecas[J].Geomatics and Information Science of Wuhan
University,2024,DOI: 10.13203/j.whugis20240097)

MEE R XENFMBRAEERHREFHUEN, & LIER R !

BB H AR AR R L



Rl & X IR A K DS-InSAR M AL 5 B A

MRS, FHE 5, KA, B, ET

DR 22 S (5 BRFERR), 2024, 49(2): 216-224.
http://ch.whu.edu.cn/cn/article/doi/10.13203/j.whugis20210365

LEE BRI 2022 4F Mw 6.7 TFHE VR HL B H R A A

SR, 2RV, TN, ERME, S, &, IR, M, B, S R R, A8, R,
JBR, BE 7, BAANL, EAN, SE2e ), RVEH, a8, 2t ik

K2 23k (15 BB RR), 2022, 47(8): 1257-1270.
http://ch.whu.edu.cn/cn/article/doi/10.13203/j.whugis20220243

B 2% 10 X 7 R F LB B IE R AT

IR, VPR, EHE, XN, RER

ROUK 2 2240 (15 B RE#£RR), 2021, 46(10): 1538-1547.
http://ch.whu.edu.cn/cn/article/doi/10.13203/j.whugis20210121

Xt Hb R Kk Be B B R B A R MR AOR 5 B %

YRR

R 2 % (5 BERFERR), 2020, 45(11): 1651-1659.
http://ch.whu.edu.cn/cn/article/doi/10.13203/j.whugis20200043



