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Disease Detection of Loess Highway Slope Based on Point Cloud Data
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[ Abstract] Slope inspection is one of the main works of highway operation and maintenance. In view of the limitation of manu-
al inspection and monitoring, a highway slope inspection and monitoring method based on 3D reconstruction and point cloud analysis
using unmanned aerial vehicle (UAV)-based oblique photography technique was proposed. The results show that the terrain data of re-
search area could be obtained quickly by the unmanned aerial vehicle (UAV)-based oblique photography technique. Slope diseases in-
cluding slope deformation, gully erosion and blockage of drainage ditch could be identified quantitatively by 3D model reconstruction
and point cloud data analysis. The algorithm of point cloud data analysis has a great impact on the results. Compared with Cloud to
Cloud comparison (C2C) algorithm and Multiscale Model to Model Cloud comparison (M3C2) algorithm, the algorithm of Cloud to
Mesh comparison (C2M) is most suitable for the point cloud data analysis of highway slope disease identification. This method im-
proves the efficiency of slope inspection and is an effective method to make up for the shortage of manual inspection.

[ Key words] road engineering; disease identification; point cloud data analysis; 3D model reconstruction; slope inspection

0 318 Yo ASRAT R R, e O3 A B | T S5 0 B
WAkl AHL SR IT R IS AR MUK, T E S R A B . b R B

TAER T EE AR, AR LXK, 2 R AN F R BT S SR, BEE OR

S 0 I T ) R B — I ORI AR A R R RBL T XU

eI C S RS 51 Gl M ST e SR UL HEL TN PG g I N RN T A, AT

A R ARBORE, T SCHEAK I, SRR, S8 AR TARRCRAR, AR, B2l LU N PRE A 22 5

KA, IPOE i, ST AR B R E  Ha kR . O T IRGTEIN R AL . 1 EAY

E & B Hiff 4 gz TR H (No.2020-22)
EER AR @M, 5, 19694, Hlt Am A, mP TR, T2 MNFE LA TR EMR T/ . Email
191018417@qq.com


mailto:191018417@qq.com

HREI A BT = B i 8 - A B i R 321

HITk, NS E 2T TS HETE W)
W T B R AT LR RGN, A, =
AEROCHRE, B AR T A S, 322 A
Sy 1 S BT W, BTz o EUR R T
0 8, LR A7 IO DX P ) M D, 7R
ARG EAAAE—E )RR . P, 2 T DT 4h K
HEIAHY AR A I Ty ik

UEAEA, TC AN 2 W TAAR M FEHTH)
S5, TR BRSSOy R A AR A, A
TENAUE AT 345 2045 P s 46 ] LLEEA T AN ISR T
(R FERAE, FHACT At 7k, JCAHLERAE TR R 1,
i 11 e T SR I B R 4R T . e A KL A
S8 A B N g 8, RERLIR AT I DX R A )
SRR, AT Ak B SRS ARKR, AT LR A B
AU ST, IIAEA SR AiRrseas
St T A IC A USRS R BN foi i 2 s i i ik
A7 = YA )71, IERZOT S SO
JE s i E A LSS TTANUTARAR A T
KBy 752, S A 3 LA RIS IR i 2R o & a3 pr
TR A B RS A R, FEEHAE T
To NAULE g L B H o 347 a8 A v ity HAA N 5
Wang 5514 I J0 A MBS 215 2130 35 10 807
PRSI, e o o 22 00 265 T 62 P 57) B9 728 4L, 52 RS
HIOSEN ATATE . HATE 24 S BFIEsE, Jo
IHUBURHE R REAS 1 133G A W, {EUR 2 2R AT

FET7 Tl A T A 0 A 9 T BRI, O Tk
GEEI KA, SN DL, A ORI AU RHEE 2
JOLFH T 8 e I S RS o R 1), e
AU (5 BRFE, MARIEGRE 005 | A ik — 20 (9 1 38
RE,

ST H TR 2 B S T SR T R )
FICAALAGE G AT, o4 1 S i B i 2 gk
P TR L Wl A A, AR SCGE i T RETE A
BUBTRHEZATIN, FFH 220 SRR ) — 2 F 5
TEARAHTIN DX ok = 2 SRR R R =4 5 = %00, XoF L
OIMT T AR A LR BE T RS LA, Tk e R L
B 3 I R TSI TR A3 B, SEBL TR B
b B T (UK I A | ST A AE )
4 A Bl
1 EANBEEEREIRATTE

H T ICNUBUR5 F2-B A (432 3355 T 5 A
Tk WA Al o A IR R R S T =4
TR B SAAG Ab PRAN 3 S I U K T ARFAE
o3H 3 A FEER (LK 1) o AN HAT R
PBRERAE, BE5 5 R BEAR S — 4T i A5
A 2 R R S SRR, B S T X
PO EAT A LA S b B2, Sl e s 2% H Bk
P VRS TR S S (A A, AT S B IR
FHIEST AT

:} SR GBRR I :> j>@%gMEszﬁmzﬁ%%> :>mﬁ¥%mﬂ&ﬁﬁﬁ§%%>

S R > SIFT RIS s oM
Bz L s R
I B A1 2
F B R —

B mi Kl —

SHEAME

— YRS AR —

GNSS Wik A bR

El1 T ANLLEIKE R EIRA 5 ERIEE



322 =

+ TR K R

2023 455 3

L1 3B RFERE

R 300 35 S s vt PR 3 > 4 A A A DX, 321
W SR N A2 A e o TET A T, 4R a5 A ]
BN T hilbn ik, S TATI X Sk g JoiE P ik, T L
M AR A B 350 1R 22, T RAEILRG 0 AL A
B T2 b =M,

To AAFE BARHLAL R FBL LG AR 45
[P 2 A4 7 ) R R B e RS A TR R AR, B B ik
FRIBe s ORlE = 4 f AR RE BE, IS
BAHE ATRE ., SHESR, i ESRE, —F
1) H e 2015 [F] — M) 7 2 K AR P AR . R
FRAG ) 1 T MR 2% . POS BCHE A1 1478 1) 5 A8 b
BRI TR, AR BT = Yk A IR
1.2 AT 3ME ML = EE

FE T Z A0V ST AR o X R RS AT — 4 A
RIS TN EA A I RAS i B S S ik 2
) P0G 2R, BB DB 524550 S POS(Po-
sition and Orientation System ) 54} A il — 1~ i i )
SHEZE RO = o R AR RR R R
B, AR VERE ., s 3R 454

Te AR FHAE SR D e 2 = 4k iy
TR, REAE R AE R 2R SIFT(Scale In-
variant Feature Transform)!"” ELA g . REE | 68
ANAFPERIPL A, KR B 0 — 4k UGN RUBE 23 (] H)
{8, 283k S s R 7 10 288, A2 B SIFT FEAIE )
TR AR S o SR Z TRNRRAE AR G R TR
FH B30 7%, RV R AR ALY B o LU B PR R S AR )
SIFT ik i) i

B BRI 45 ¥ SIMU (structure from Motion)
S PSSR I ) i, FE S A AR T, SIM AT
PIARIGA A SZ AR P ARTRMR 2 SRR O R, 455 PR
LTI R — A 0 o R B A 38— 2 ) A bR B
AR AR AR R 22 PR AU B = S5 M (5 2.

2(CpX)= ) > vif(P(C, X)) (D
it[ij: Cpﬂﬂ*ﬁﬂ%ﬁ%ﬁ@y Cp = {C17C27C37'”Cn}’ nﬂﬂ
*HHJ%\%&§ Xy‘jéfﬂ}ﬁﬁé&%%ﬁ%, X = {XI’X29X3a' : 'Xm}’

A ULEIZBHG BB (P (CL X)), qi) R 45 5 X AEAIHL
CHRrBU IR

filF SEM A3 A BT DX BN AR B 6 5, A
IXANBTBE, 5T ] A B A b i — A
RBE, RHDC A DI 22 50 T A 0 s Rnas:

SR TAITER, B SRIEFENL T A A1 5 J LTIE
BEMER, PR O8O 4
Jr e
ay(X=X)+b,(Y=-Y)+c,(Z-Z)
(X =X)+b;(Y=-Y)+c5(Z-Z,)
_ _faz X=-X)+b,(Y-Y)+c,(Z-2Z,)
a;(X=X)+b;(Y=-Y)+c5(Z-Z,)

o AN SRR, X, Y., Z B TR i T A
b, BISEARON R TCE s a,bie(i = 1,2,3) W 4%
%o XFHEE . WURBEARBER T =0, 18RI & 5
REINITEER, 120G S = 5

R T ARAREF A WS I 0 NG B AR A, i
FH Z A ST AR B2 MVS (multi-view stereo ) X i
B S IEATVCAC . 7R, g, A i S A, it
) 5 = B 2 4 H B ELSE (X TR M)
T A, DX IR A3 R A AN = A A A A
HEh =R, T 2 IR SR, 158 T
P — 25 53T Y = 4 S A
1.3 @k d@msm ERs Ex ik

30 2 X 300 398 1 S HR A AR A AN [T B B %) 5158
i, FH =4 @R — RN THE % —4E
SRR A o B . SRR RR A 3
XTI S PG LA T A5, JE G N T B, S5
TREARU T DL Jre L1 3p K ] BRI PR i LSRN, B b o3
Wil ETES SABR . =485 =80 i n — 4
AR B BRI, B AT S, REAE XS B 1Y L SEAE I
AT, I HLHEGE F T R EDULb A e A7
AR YR m R AT IR et T R s
RN SR 3, T2 R I B T DG i 5

B3I 5 He 4 % (Cloud To Cloud, i Fx C2C) .
2 P LA 8095 (Cloud To Mesh, faijfk C2M) Fl3E
Tk ) Y s 2 FE A (Multiscale Model to Mod-
el Cloud Comparison, % M3C2) 2 Hmit i FH K 3
TR B B . C2C Fid: X LG T M S8
i v i R 3T A A R S, BV R AR AR A A A AR IR S (A
K 2(a)); C2M FIATREH S5 i s s AL 2 2
FERE ST, RS ZEHE i S = 5 2% i
T A R RS, B BRI A AR AR 5 (UL 2(b));
M3C2 BN JaiR ik, PG 2% o W R S s
R AR, THEAZA = Wik i, SRASVE 27
[11) P 3001 2 SR AL 5 T T 2 ) () B S, R OA ARS8 45 ek
M (WAL 2(e)) 5

BT A 1 3 P 3 T o R HC A Ak R R L AR DN,
AH TR U E, AR L B AT RME, C2C 5

=—f

2




AP A5 FET R E 19 B R AN B E U 323

eSS

R ALl

(c) M3C2
2 REBREERE

PAFRN AR i ML HE, ANFF50 3 S Y 5
3k M3C2 %;%TME%ET [Fi] 8y SR R 7 A T
SR AR 2R m BEEAR D)2, i AL EE A
W AERA R, B AR RS TG O
AR, B PR /NS R BB R B SRR, £
PSS S e s VIR AR AT e e LTS AN ¥ £
—ERIIX ), M3C2 Fl C2C #FME LA B8 o 5 = L
A1) 2 2 SRR A I DX L S R E 1
WK C2M S H mi = =AMl or, AU B AT A&
M) Delaunay =M, A S =555 S =0 W%
45 5, Z 18] () Euclidean fHESA] LAFE/R A
d(p,S’)=gleiSI}p—p’2 (3

K p A B S B s B8 p IS HE AR
IR 155 S NS % 5 = Y Delaunay =%,
2 R
2.1 TR

G341 & HMA KT E (B m) 245
WU (H 7 ) 2 B4 K 101.2 km, 4 T30 [ i 50 3%
oA KK, A2 B IR S R AL 57 &b ARG
B3 h T RRIR LR 1% B e o e K HCAR AR 30%, fiermi a
PR FZEE 83.5 mo YEEIA R b 40 K FL B
+(Q), HIE NP BRI LR IR, + A A], o)
DB OB, 35 R SCAS T IR HE AR R
Pl 3 S5 X AR A 8], L i 2 bR e Sl
PRIZAT VY GNSS Wil .

3 HREAEE5R

22 BEREHLAE

SR FHKHE M600pro Jo AMLEE A2 HC12 /=43
HEA 5 B MARARAL, o BRI T2 R S 14
B . AESEPRin AR, AR AR B TS O, 1T
AT AT (WLIE 4), BB LI & 85%, 57 M H &
B 75%, $ATEBE A 150 m, AT EE LA A a] Y
P TRTA SR ME, HITET 20 BER IR E] 0.023 mo U X g2
ATV 9 /™ Hbu T A 1) A5, T v et RORG A A s el AR rh
#2150 RTK 15

B4 TS
M =4 gk, 3 a5 il i) = 4k s e ps Al
M=4 5 =805, WE S iR . =485 =38R 5

BEFT 1 25 0, KA DR B TR M HRBR AL,
WG T HESR TR H bRt



324 =

+ T

A 2023 44 3 )

(a) 5 1 I = 2E S

(b) 55 2 ] =4 S AR

(c) 585 1 W] =4k 5 =5

(d) &5 2 W =4 5 = 8oh
5 HEEEN=HERE

2.3 BEAVKEE ERE

R T v WK B I I T L AT A e, AT DX e
AT T 10 > GNSS WMol SEask Wa i s 8% . %
Wk BLAE b R AL SE AR BR A . TED AR
SRAEHTAT B b TE 2 T A T = 4R T, oy
TGS UE = A A A A S ARG B (AR A R
() B I T RE, L GNSS Wi sk 422 A0 o5 Ay ) A
A7 A1, ) = AR r N Sl 2 (R A BE S,
SAT AR X N AT, B R A AR K
BERJTIA), SEBRIEES 1 GNSS Wik AR bR a5 5
PSSR AR B eIk 4 SR an 2 1, 55— A Y Y -1

WR2/NT 6.9 em, 5 TIIRIRIAYF R 25N T 2.8
cm, PIHIRIARLAY SRR IR 22 /N T 14.5 em, 55 2 AP
TR 2Z I AR/ T4 1, EZEAYIR 2RI Y
PG RBERTRGRE R TR 52 o AH LG Z TP
TR 25 /N T A R R 22, e A 58 22 I S (E B I 431,
REARVTE S A b ARG B AR PRI 22, IXJ2 T GNSS
W AR AR S A T B HLZY 2 m ST A B T R AR
19, XTI AERT AR TE S 48/

*1 ZHHREIREXTE m
5513 524
FHAELk G - *
FRZE  EfRE FWRE  EERE
L1 0.016 0.011 0.006 0.006
L2 -0.016 ~0.145 ~0.007 ~0.145
L3 -0.014 0.044 0.008 0.032
L4 -0.031 -0.087 -0.005 -0.053
L5 0.065 0.048 0.009 0.080
L6 0.069 0.047 0.028 -0.019
RMSE 0.042 0.077 0.013 0.073

2.4 A &SR ERA

IO AN R C2M Bk, E i
ORI 5 2 00 2 [l AR AR TE i, O 5 1) A1 5
LR, BT T BRI OO, 15 20 P 2 A1y 22
LA 6)

(b) 55 2 =4Sl

(c) MBIk

6 NI AR E IR



AP A5 FET R E 19 B R AN B E U 325

GG YRR AT DL, For A Sk A RLAR R
(SR 1 3B b i A B B AR B, #E5E 2 Pt
A B O 2B RS BRI EL S, i Ak AR Ak R
FEAEMI AT LA v s i O, 2 RESR 1
Az 3 22 A HEZK 78 H B T IR, S BHEK R G,
KR S T AN BRI o 7= A A, SRS 2 W
HHZHBR 218 5, FT LS it Fe g2l S S PRk 14
Koo HEAKIGTESS 2 B9 BUIAYE, S A TR 3.
4 G YRR G HEK I ], BEXF U0 R AN )5
W BN = A5 E U TR AT,
B AR IE S o
241  HEKiEitg

NP TR E T HEK IV FH DARE AR RS X 8 1
ERIAS RS, T W R v oA X HEK A DL
AP B A TR DR, SRV AHEK YA ™ A
T, 5 M [ 3 A 35 T VS R AR 3 43 o AL HEZK
Wb R T SR b o T HE K VA R B I L, X A
Y b HEK I AR T e HEAT A A, S5 RN R 7
[z

() HKVA R m A

AR :
T s

(b) HEZK P I SE 491
E 7 HokaiRER

HEAK VAW I, S P AT AR W T, R T
PRI SR HEKIE, SRR B I T HEK
AR B BE IGO0, PR AR T B R Ui i Ak 34
em A A7 o HEZK G A AR TR BE AN 5T, v (i) s o A
1%, BR T IE A7 g, HA X3R5 ~ 10 cm, 7E 3%
e HEZK 1 AR R A RSB, RS 1 IR
Fe N B D A 17 15 B 8 R AR 2 BT A, U
B 1055 2 TR X S P 3 AR AR AR, 0RT AR

R A ROE S UUINIRSERN
242 Y

HEAK A U S 2 5 ORI s Y, 0 B 1T o
TE LA (WLIE 8), sEmise A R ek, & 8 B
TNIRYA BT Y 2 G 3 e |, 3 Rk ok
AL A B R, A B HEARAE 19 ~ 22.5 em.
SRR QLAY A IR N =R Al B Ly S0 B I
PIASTESEMANA 5 ~ 10 em, #IEAL S = 5E A i
2 Yo RN S (1R AR T o 2 XS IR 25 7T LA R
W TREE, AR R EE 2R 10 ~ 17 om; BURHE
T BRI N 5~ 10 om, Z MG T84 3 4%
YT, 2 PR A ™ FE A E R I 2P, e
VA EIREEEL R 6 ~ 10 cm, FERZH 5~8 em,
LK 4~ 7 em, VA ST ZEY T, WA R A
SRR . B = ERE R0 T LU H A4S bl BT Y
HEK AR — AT B0 T 7 SRS, BRI A 2 L
AR, AL HEAK YA (AR AR R, Hoh 3 gk |
HEAK Y b i1 75 T —15 ~ —13 em, 2 3 HEK VR Ak

/Eﬂ%ﬁ: y _7 ~—4 CIm,

0.017837
—0.046144

7

b T —
(b) =HEILFATTY

8 mEAEIRS

(2) M=

3 it

T RANRHEEOR, it =4k @ Hk,
P TR | R TR A B
Y Tk, I B S PR g TR P i AT T
N, FEARRILL T 4518

(D TEADUBRHEZ B AL, G T 20K S AR
VI = A E AR, BRSO T R v R A B
WA TAR, JFRAS molG FE i = B =4 =
G

(2) 3833 28 IRt b 32 395 W 000 ) AS [ SR ) =4 15
ZEE, AT DA | TR L R R B 0 e
A 23 ()AL B R B RIE, 456 = 4E S0 oy, a]



326 " o+ TR O R 2023 4E55 3
MBI TE RS (81 MBAP 2 e bR s R AR O BFSEJ T

(3)ANIR] st 2 B0 B2 A A Sl A 5
ABFFEH, C2M Bk R I T M3C2 Bkl C2C
Bk, BENS RIS SE B AR L AT T A RE R

(4)GNSS Wil 7778 BE AT LABS UEFE T 5 =44
Pt 0 WA 2, AT ABRAMITI RS2 H AR AN A,
SR — R — T — AR A B W

FEJG SR IE b, B 22 TE AN 535 8%
HERIE, BRI, SEEIR] AT, IF BT L —
HARRZI SRR T, 256 N TR e A BN
P AR

2 % X #

(1] U, i 5. vl B RS i 2 A B R DA S
FBR [T, TR, 2021, 46(3): 308-313.

(2] WA, XUMEAN. DR T5 X i Lo 8 20 I S e B M ) S )
FFElI]. A TAEOR, 2009, 23(1): 34-38.

[3] NEX F, REMONDINO F. UAV for 3D mapping
applications: a review[J]. Applied Geomatics, 2014,
6(1): 1-15.

[4] WANG G Q. Millimeter-accuracy GPS landslide
monitoring using Precise Point Positioning with Single
Receiver Phase Ambiguity (PPP-SRPA) resolution: a
case study in Puerto Rico[J]. Journal of Geodetic
Science, 2013, 3(1): 22-31.

(5] @B, XIGEA, 5k B, % HRBIT G 8 ik
InSARUH | W55 KA BB SE (1], sDUR 2741
fr EBERR, 2019, 44(7): 996-1007.

(6] B/NT, ERTEE, X3, Z4E80GHEHHAR 3
WHFE 1], MWLREE, 2010, 35(4): 25-27.

(70w R BR 3 HORTR, A5. DX Rl A A TR
LARAE NI 1], ThAhARE, 2021, 41(6): 20-26.

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

FERLH (0], 228, 2010, (10): 91-96.

2 ¥R, ETAE. BN = GEBRITER 1A B G T
BeTT R (0] 3T L5, 2021, 16(1): 113-117.

A . JE AN AR RHE R AR T ik - g
(. HE THEEAR, 2021, 35(4): 244-248,254.

ARESE, B W, akW 5, 4 BT A NUBRHE R B
PR TR N et o = 7 (U], R AN, 2020, 40(5):
10-12.
KT, BE 81BN S B A
359 R v ) R RIS (3. T AR I ACHE, 2020,
46(5):21-27.

MR E. TEANULE = B B e HE 4P 2 v i i
AW 1], BIRTasERHE, 2019, 42(2): 63-64.
WANG S, ZHANG Z, REN Y, UAV
Photogrammetry and AFSA-Elman Neural Network in

et al

slopes displacement monitoring and forecasting[J].
KSCE Journal of Civil Engineering, 2020, 24(1): 19-29.
XA, X ¥, % 3. T ABWUEIE RIE RGAE B
T e i I R B (0. 2 e A R (0 B A R,
2015, 11(4): 16-17.

FAHE, B I, ZEKkAR, 5. BT LAY =2 S OC s
FARDIELRA [T]. A A4, 2020, 46(4): 631-652.
LINDEBERG T. Feature detection with automatic scale
selection[J]. International Journal of Computer Vision,
1998,30(2): 79-116.

15 %, RAMON A, {5k, 45, JE T SIMI5 ¥ 19 = %
JBE a5 B Al 2B S0 BORS BE o3 M [0 37 i I, 2015,
37(2): 636-647.

BB, A i, B . T ABLES I & 7E = BEIL B
M A B BT L. 25 357, 2018, 39(3): 1130-
1136.

Wik H H: 2022-06-19


https://doi.org/10.19782/j.cnki.1674-0610.2021.03.047
https://doi.org/10.3969/j.issn.1007-2993.2009.01.009
https://doi.org/10.1007/s12518-013-0120-x
https://doi.org/10.14048/j.issn.1671-2579.2021.06.004
https://doi.org/10.3969/j.issn.1007-1903.2021.01.016
https://doi.org/10.3969/j.issn.1007-2993.2021.04.007
https://doi.org/10.14048/j.issn.1671-2579.2020.05.003
https://doi.org/10.19776/j.gdgljt.2020-05-0021-07
https://doi.org/10.3969/j.issn.1008-3383.2019.02.031
https://doi.org/10.1007/s12205-020-1697-3
https://doi.org/10.1023/A:1008045108935
https://doi.org/10.3969/j.issn.0253-4967.2015.02.024

	0 引言
	1 无人机边坡坡面病害识别方法
	1.1 边坡影像数据采集
	1.2 基于多视图立体视觉的三维重建
	1.3 边坡坡面病害识别点云算法

	2 应用实例
	2.1 工程概况
	2.2 数据采集与处理
	2.3 模型精度验证
	2.4 边坡坡面病害识别
	2.4.1 排水沟淤堵
	2.4.2 坡面冲沟


	3 结论
	参考文献

