5541 B 5
Vol. 41 No.5

KM K B Bt R

Advances in Science and Technology of Water Resources

2021 4£9 H
Sep. 2021

DOI;10. 3880/j. issn. 1006 -7647.2021.05.013

HET VR SEHLALBE A% 2 Bt - LR SEAS I Jy 12
KBS T B

(1. IR AF KK B 24 B, VL5 e 3t 210098 ;
2. YR EF IR SOK BEIR KR TR Rl B 5 S0 %, VT Rt 210098
3. VT KRR BB 5T e B B, Y195 RAT 210098)

WE. ABEERBE SN EEAS IR EFFTEEEONBHEEARFOR M RE—FLATAHE
B X 3% A K Ao B3R K-Means B8 5 6930 @ 2L 4 40 ok o R A S 8 ok xR 4 & B AT
Wk, B AIE N R A KA RRMA AL 2 A, Bl B A5 BB AR R K% 8 342 AR
VEETRIN L) ERA KR F G KA B3 K-means B R A R R FR LN maE A, &0
FEDABRKERMEA> BT EFF A I LIS IBOANALET RS RELEABERRE
RABSRE T RGEER R fT5%5, SREV . ZARRFOSHER T REIRBKARE
FIEISHIAL0.95 A L & T R4 3 APk 7 ok 93k AT 3 B3R AR O I AT I A AL 4k Y
AR A o F]

KHRIA] A L, 2 B o] Rk A K K-Means %

FESES.TV642. 1 XHERARERD A XEHS 1006 - 7647 (2021)05 - 0083 - 06

Crack detection method of concrete dams based on computer vision//ZHANG Xiaowei'”, BAO Tengfei'”, GAO
Xinghe® (1. College of Water Conservancy and Hydropower Engineering , Hohai University, Nanjing 210098 , China; 2. State
Key Laboratory of Hydrology-Water Resources and Hydraulic Engineering, Hohai University, Nanjing 210098, China;
3. Jiangsu Research Institute of Water Conservancy Planning and Design for Taihu Lake Co. , Lid. , Suzhou 215106, China)
Abstract: In order to solve the problem that the traditional image segmentation algorithm is difficult to segment the dam
surface crack images with serious noise pollution, a dam surface crack recognition and segmentation algorithm based on
adaptive region growing and local K-Means clustering was proposed. Firstly, bilateral filtering to initially reduce noise in
crack greyscale images is used, then the adaptive region growing algorithm to obtain the rough segmentation image of cracks
is applied. Secondly, the isolated noises like points and groups are removed by morphological eroding and largest connected
domain extracting. Finally, the precise segmentation image of cracks is obtained by local K-Means clustering algorithm.
The proposed algorithm, Otsu threshold algorithm and other three algorithms are used to segment three crack images which
have stain noise, concrete surface burr noise, block noise and strip noise respectively. The results show that the completion
index and accuracy index of the segmentation results obtained by the proposed algorithm are above 0.95, which is better
than the other three algorithms. The proposed algorithm has good anti-noise performance and strong adaptability, which can
realize the accurate identification and segmentation of dam surface cracks.

Key words: concrete dam; crack; image segmentation; area growth; K-Means clustering

TERBE LI I2 4T W ),y T IR 2R Z AR
RAYK I T3, LR A2 BK R il 205 (=
SFIER S BORIIUA RT3t ot 7= A 44 LR
7R 23 AR R 345 A8 1Y R FRE g LA B LA TR K
P S 2 R RSB I PRI 2 R A T O o PRIt
DR T PR 2t A BT 6 e T SR SRR B 2 4
e g — T AT 55 . AT, WO B REE R AT

TEA R N AN | B A A A B YRR A £, X
RSN 7 AN B I 2 7, I ELAE 5 g 30 e AR A v
AT, FAS I A e P

BEE T AL BRI KR, DL TE B
Zia i, 2EE IR TN B AT — b0 (9 S A T 3%
TS IR B TE AR AR B L IR AR5 255
ARG RISE T LA SR HIREE I A

FEaTH . K E SR T (2018 YFC1508603 ,2016 YFCO401601 ) 5 [l %8 H SRR 2% i i B4 (51739003 )
YEE A 3k/AME(1997—) 55 WL AR5 AE | E 2 NFOK T L2 MRS, E-mail :3230314029@ qq. com
BEEE B K1974—) 8 2597 it TEMNF KT A+ TRE2WEWIT, E-mail :baotf@ hhu. edu. cn

KA R A B ,2021,41(5)  Tel:025 -83786335  E-mail :jz@ hhu. edu. cn hitp ://jour. hhu. edu. cn - 83 -



i —2 A Sh PRI SLARRRNE AR | DT Sy 300 S 4
B PEM B LA 7 1 38, (HE BT ORRRRAE
TREE T M5 JREE A0 B AR A o
ML BRAS 3 1) R % (8] AR AT AR 78 K iy e 5
P AEG I EUR B BE AR TRZEKR, N
U, P22 B B T AR BAE W Fan 251 5E it
JRIEBIR AR A AEAE L 1 JRy 3B X 3, [R] B S BR AR AE
M 7 11 JRy S DX 358, Pl 4 JRy SR A0 I AR,
SRR TR B P 3 W PR, (H Bl AL
A RE S BURFBAEE X I FE L ; Zhao 251 38 i 1 7 —
FhZH A = ABER (CMM) SRAG N 2448 0 % |, AR PV
3¢ Robert , Prewitt 45 11 256 i 5.3 4 s, (HL XV
& A 15 MR AT SR o UK R A N P
B2 5 MR A R FH A ) 4 R ol 22 ) 4% o 54
B AT T o3, BEARPUME R GS  H G PR
MZEAEU it B 22 5 B A R i i AL, S B R 1
T PEFE 25 s Noh 4517 32 I K 2 B0 LA B 5 3 35 4
Bk Je B rs | a0k ik By M0 | BT XA [ 28 7Y
M P U AN [R) A AR, E B0 i) A 0 25 R rh i 2
PIATRAT MRS | HMEEE S ; Toai %61 38 5 1% BabRic
() 2455 1R 8 I L BE M BRI, RIS B s H AL
T B N LI M e kAT EAic 25488 5, Ak
1) A ShACFREEAR , Jois PR AL BE R et ) S48 K
Zr Lk, HHiC A r— S LR AL SRR A A
ANt R SHE A ks Ry MR PR RIS e oA T AR A
DL AHT IR PR DL R N M AR SO — R T O
X3 A K AR K-Means SRS 2488 RGN B, 14
A B S RS I X 24 ¢ B VR HEA T A0 e g
SR R T W A8 A 1Y) 3 BB DX i A
BRI HRI B4 B R R R 25 R hRid 2, 8
T A R B A A A B A K I R B v AR ) o
PR D Rt AN REAT R 2 PR e | [R] s DR iE 54
i SUE St IR N TRl O = LOPE e SRRy € SR 7
TETE UG XL R 25 R A TR S5 I b DA S fe K 3%
T SR B o B 3 i ke 2 B HE IS 1)
PR DA K AR e s | ] B B HRUAE 6% 22 174 Je) 3 5 4l i A
A X2 SRR AT T IR BE A L SR (2R 26
Ji A B LG A FIZE R AR ORI 2448 1) 7 i
BEA SC PR T AR R A i SCR ORI i , vT AT 29K
S ATIYIT, R E BRI A 4% B4 S
1| BT BB R E S EKFGE K-Means BB
KRR E %
1.1 BHENRFERKEX

PR S S TR 04 RIS o 22
SRR R BE KSR S AR

FETT S0 DX 5 4% DX ol P TS 45 HH b 5 L B b
TS AR AR MR 3 ok Ao oA A BRI TE A Y
PUE I, DA R OB AU A RN i e
(B f B A N 22— ARGy XA KO
I {1 — FREIR A S B, (LI S R R T A B 22
ToAE R, AR X KSR Y A N 1
A H PR T SO, B O A A R
F B ARIR G T B R 3 N R A R
R FLIE I VAT T4 o, (T RIS Pohle 451
T O AR A DX B A i 30 43 A1 S HOR 4
A RN, M4 5 S B R v L S04 1 52
PRECR 2 . AR AR S S e P AR A e
BRI, TR AR T 1 45 3 5 b s I B (L Ik
TEAHDG, S0 R BEAE DS, BE AR, Y
3 DX IR 55t DX 32 (R AH 22 55 /NI s T i 2
ARARE IS, A Y 8 N PEAE 2%

FET LA b3 A, AR SCHR 6 T B i B2 AR AR T
3 B DI A K T Tk 1 T SR FH R R i A
PR B (BB REBAE) |, 24P RO BE A 8/ I
AN W S 4 B DX I R AR I B A (6 3 1R A
SR SR EEE R ) W/ K SR A SRk
(1 13 Iy P v o SRy T 3k e i AR A /N T3
LI R PEAR 25 AR SO R HE I NV 5 LR K]
H YR RURBEE R T /DT T N 86 R
AN, FIN, o R UK BEE R T N, f
T EEAAAE T S SR R EE
Ny BER PRIE T 55 DX PN 1) M 75 4 58 4 L s X
TSR/ N T BT NI b a5 K (B 30 5
SEX IR BEAE, MBS 50 B0 BE B(E. N, B/, DA
WEREEN ot % LR Kt ils, BRI N, 76
0.2 ~0.4 Z[AIHUH, B6EEBIME N, 7£0.05 ~0. 1 Z
) HRUEL 38 3o 43 Be e B R B (BRI A TR A A2
AR S DX A MR 75 114 [ B A S8 DRIE T R T 2 11 58
e G I XA RN

(S -6G(x,y))/S| <T (1)
N, S>N

T = (2)
N, S<N

AP S AT UK G (o, y) AT AR N R
BRI T R EE B,

ARAF A RN 2 e B 55 DX A e 5 ol 1
AR R H SR BT O 10x 10 B9 RIS R )
IR RBEPE R T RO Y AR R AR 5 FE PR A
KT N B AR R P52 R 1 a5 R T
AN Z 5 el Lz A i o DX A R o
AR MR SR BCREE PR R A

- &4 - KA R A B ,2021,41(5)  Tel:025 -83786335  E-mail :jz@ hhu. edu. cn hitp ://jour. hhu. edu. cn



1.2 F#EB K-Means BEE %

K-Means AT IL ") S — Bl 3 3 43 1 2
SOk BRI E IR RIS O R IE R
P AU o DU 56 B 3R 2K T 5 A W BRI SR 2 v O
REARZRE IR 2Ty ROk AT B AR AR R &
SCFF K-Means R iz F 2 2448 K4 4y F bl
TR P T IR 3R RO — Ok 58 4% [X I
A 5 X 37 # AT 55, K-Means 3288 1k AR ]
ORI RO B X R R Pl
HUR, It LA S AR gt . B B A B
PEITESEPAE LT LA Tr ) S h A i R 2 bl
ANETEI, B0 46 RS o mUR TR, B A A
MEEREE

I, $EH R K-Means JISE L % k) £
AR IR X A0 75 AR DR R 0 R R R SR AR
HEATERE 1 TAEAS s rh B BR 1 AR 70 F 2L 4% X Ik
AR ER T T Y 2445 DO, B e Ay Tt/ JF HL
WG R P0G T 348, B Xz R R &R sl AT
RE ARG AR TR . T 3w RIECR
ST s A T BE AU 2448 IR 2R A TAR I,
PRGN MR B PE(E) | F IR B R 4E IX R R
SBRICIE N 0, 18 K-Means 3 2859 X601% Jay #4%
R RIE AR SR N HOR A L) R brid
1B, 209 H 828 K B AR IS 20 iR R
RN —2, AR v D) — fi8 vl DB e ke Al R
E N ARV, RIS R

d((g;,04),(g1,0,)) =

(g; &)+ (0, -0))° (3)
ST g, 0, MBI AR A5 (1) A 15 A5 R (8L
1C1E; g, 0, 23 00 R 00 s 5 26 v O 1) K 5 A R
ieME.

WG Xof 7 1 358 221 5 F s X

2

Egp = Z Z

2 A0 (o)) 4
Rt C, W ¢ DK g, 0, SPHIHE ¢ D RAHR
KA (g, 0,) MR FRIBF L,

S T G 6 RS B L S SR B
BUHE g, WS I ko S (D4 DI 1 8 A R
1EL 2 HRORD 19032 45 16 B L0536 40 IR R o,
BUM 0, HLO. BEHLER N M BN R R
T RBE (D | K2 AT T MR R AR
GESENTE SN S X8 Sl
SRS T MR AL,

2 EEARE
ARSCH B AR AL R AL B 244580

PRI, AU J e DL S s ks 1 I, D Tkt
P A SR REE I R KRR, SRR I8 TG B
BEFTHR) 25 MR-, U320 ik O REAE IR P M8 T A5
Y [ B AT R 75 - 9 R . QSRR L. i3 1)
F 3 1 DX A R R AT 23 A5 B AL A% L 20 )
K, @ AEEUR LM . 20 KA s H G, 2485 15
Py H) D 44 DI AN T 5t DI P T 00, 2R 4 DX 3
JRBEAEBEE R 0, FRIC By M, 75 557 XSO0 B2 (R
o 255 BRICHEA 0, A BRI B T 252 g e 48
VEUA R i R o B S R, JE HE BT 585888 I 22 fR M
PG RS B TR S stk R P (SR AEA S L.
T RGERBLLY , S B HI R P A AV
ZARBUER R X I, 75 E s H R K-means R H
25, 38 Jey S XK B A LA S prid (R 2K it — P &
FrECrh AR REE DI, 7 240 RE 1R 0D il i e iF
LRI, BB RG24 DX SlOIR B 5 15 5 X )
IR FEAEARZE BRI A5 R UK A R RIS 5
P B P REEIX UK BEAE 5 18 57 X UK BEAE AR 22
BN 38 e DX A 3 AT 1 0 1 S I v
B LABRICAE MR 2 16 U RE 8 A J5 0 B [RI 45 2 4%
DI B B 5 75 Bt XK FE (B 22 5 i S8, A M
(ELIBURUR BE T O BEARLAE (R NV DA BB R K
FEVE 5K BEAEAE BE N LU MR R R B A
Z 2%, LR TR R LIS B N A SCA ik AT R A
KR AL B RARANT

FE1 AT YA RS B AR A, 2l
oAb FRAT S T B b, PR o Ak B A A 1R 45K B
ARG B U

FR2 M KEREE N M E,

B3 ARG 3 N A KRk
o3 BB IR R 3R AT RLGE RO F 1R R b i 2R g
DXCIBRIC Ay AL AL 4 DXl

SRR WPHLOR B KR T IS 4R AR D R4
8 Y S i 4 0 P 5 R Jmy i A K T e 5 g 284
5% FEDhIRAER S TTER ) 2x2, IR ECR 2 K,

FERS  JEGE MU, 2 B2 B O Y Bk
0 DX 3 e R 3 3 e FBOR 2 o R A7 1Y
FOR B LIRS

PER6  FHUCHEATIE RAE, R KB AR
JRE 2 R R FREAS TR MR E R S5 TR O 2%2,
JE MR 2 K

FERT SR BB SRS JF G E B R
FEA R B L KR (6 (ChRICA B0 E 5 225 5
WA R 3 v 45 2 i BE Bl 2L 5% X 8 ) | iz R 7
K-Means AL TR,

PR  IHRIRA M RLE S HILER

KA R A B ,2021,41(5)  Tel:025 -83786335  E-mail :jz@ hhu. edu. cn hitp ://jour. hhu. edu. cn -85 -



3 EBISHR

eI 3 WA AL P T YL Y 2848 P R b A 7 0 Ly
Br, dnf 1 R 3 BRI ARG T AL a1
J& 1 RIS (] S84 L4 5] )y vh 32 A AE 15 1ot R
PTG Y, [R5 DX RE {855 28 4% DX K AT
RN BUE 2 08 1 UL RE  REER b LAY
TR IGE - 3 T B 30 M P[] I 238 5% DX B2 (B 5 71
S DCIUN PEE (B ZE 0 SR8 3 02 1 2R 8 8 | 2R
SEPE R b EEAFAEHOR DAL AR 75 | i SE g 7 75
T ph KOO LA A £ o B

LN
&
‘ i:!* f o
N ¥ e
! o "‘\f\‘,"ﬁ '
P R AR
b ] bABLTY

(h) #4552
1 HEEAR
3.1 KIEAKEENHIEI B ERITEL
Ry TR R A S A DX AR R T L
B, lis K PR FP SR T ] 1 2T, o B A R
WA 2 frzr . 430 EL 2 AT, Sk Ry DO A K
2 (B 15) 3145 1Y R 4% 57 F 1 b R a1 K 44,
SRR RS | [RS8 h B A7 A i Bl L4890 L
SEBRTERE R, e e A DX AR R TR B
() H 3 PR DL e VB X 8% T 2 oy B IR
A5 43 B P vh IR 7S /D A8 T S 0T -, 5 58
Pradagh 2 B {8 5 ) E A AETE RDE AR i
Ab IR L4 A 53 5[] I 35 DX N A A /D B
PRSE Y AR S AR R 7S

(a) 24851

(c) 244583

i
! "’?r) {r:,?,
b3 L

(a) BUlATRZEl  (b) BRI (o) BUlATR4E3

PR A A K ¥
il / «

r g Ve

R
. o

¢

i N

(d) BttrssEl (o) Hub/iaE2 (1) Hk/m2eEs
B2 RB&EKEERMHRIESEIERITTT
3.2 RAEBBIRIARMBEDSEILRITLL
X 2 et Y B R R TR 25l R A
I B R X s 4 2 18 3, PR R 3 AT IR
AP AR AR IO b, 5 2% 1 SR A DX IR A
SUHEAS 12 HR K-Means JRISFIR TR I

AR HIGRANEL 4 Frm
(a) 241 (b) %t

3 BRAEEBIRINER

(b) %4452

(c) $44%3

(a) %4581 (c) %4553
4  JHEB K-means BED LR

XF LR 2 R 3 AT 28l R bR DL R AR R
HIE RS 2448 1] R rb %) SUHRORT TR e S 58
alrde, XT3 A 4 vl X8 HCE] ) SRy R
P AR AT RIS , ARG e & B UG A
AR R T IE N XA R S5 R A [EDE AR il
RE IR 458 PN 15 73 1 Dl TE B 5351
3.3 AXEEEERSEEENL

T ERR AR SO AR K AU 5K
LB 4 5B (OTSU) SCHk[ 5 ] 5%  Canny #1125
R Sk EAT X b, 18 FH A BB R 1 R AT 4
H GBI MEE RIS R E 5 R, b T R aER
SRR AT B AL 3 A FIPAR AR SCH 1A 58 U ATIE
BREFE 2 o8 B 48 B Tk o8 il 24 45 41
BOX —AT: 55 B9 5S¢ BUFE BE , 1 Aff B 48 55000 4 i 52 AT
F5 1 BT 7K HoE i L (5) Fnki(6) o

Lr

IL'pl = Ligl <5)
Lr

Icrt = E <6>

AL, SRR R F S R K L, o RE )
SEBREE s Ly AR EUR SR
FRHE=(5) F=l(6) LI 5 8% 1 o K 1A
18, TTIRAS 30 45 530 1k P T 24 4% 5 B B2 R IE i B 4R
BOHRSRNE 1 PR,
1 BESEIERITN

Hef : U
g Aok N sy G iR
o=}
i I I 1 1 I I 1

cpt crt cpt crt cpt crt cpt crt

1 0.98 0.98 0.10 0.10 0.8 0.71 0.95 0.9
2 0.97 0.97 0.98 0.93 0.87 0.65 0.80 0.42
3097 0.97 0.11 0.11 0.97 0.97 0.82 0.41

T R B 3E R FIGTRR R AT Y RS
REPESFGA o A R 22 4 AR RIARE LR

- 86 - KA K A ,2021,41(5)  Tel:025 -83786335  E-mail :jz@ hhu. edu. cn hitp ://jour. hhu. edu. cn



sz

EL29)

483 ‘ﬁ, i |

/0 ey
it el {

(a) FiALHLE G

(b) AR

(c) REDFIEERE  (d) X EE () CannyIlGAGTINE

5 AREERESELERL

(i s i o A 2 O 3 7 P 5 8 vy 5 5 MR 5 2
R 3 Ao O 5 (585 4 SSRGS AT 43
ZEA R R R D I BT MR RG] 5 a4
RN 1 APEA R AT LA 205803 A 3 7 1 A7
PR

SR 5 AR 1 AL, AR SRR REA A B
TETGI MRS TREE L+ R T BRI PR DL 2RI
PG YRR P S 3 B S A A TR 23
V25 AR S8 UL 18 B A R IE A E 4R B AE 0. 95 LA
b R AT R 5 s R B (R R A R 1 A
3 o HIGE R 22, 43 E Y 5¢ LU i ORI IE ) B 4 4
PR, ok B A R SE BOE A (L 0 R4 2 1Y
Oy RS R BT 55, SR RSSO R B
W PR 583 5 SCHIR[ 5 ] 372 0k 88 3 1 0 HIRCR 4, 52
JEARROMIERG L H8 B L 17 0. 95, HIE X 2e4E 1
2 W7 BIROREZE | BRI B R R b ¢ 2
B8V R R A SR A 0 i ) 7 SR (ELE 5
Iy FIEE RIEATT AT N R 1 58 BB 3 S 1
REPESEG A B HUGME R ; Canny 1 G AG TN 335 X8
PLAE 1 YRGS R R4 5 H ) S8 R 1 BORIIE
B BEHE R A% 2 N 3 A I A R 2 AR R
HAF AR I O 2, L [R) R T LAREAS B 5 244 119
Ik 3 ZOMC RES TR R 2 S U L SRS

L LRI AR SO R REA AL BR TG i e R BE
TR A HOR DL SRR S I 2
SESC UL AR RO IE A L 18 078 0. 95 DL, Aig
JEIE RIS SE DT AR AL T HA 3 FhAR I BEAS
T A2 S P TR BEAUAS R EOR

4 &

a. RSCHR HH — R T O 0 DX A AR R

K-Means 5 25 114 15 Bk - S0 AT 28 4% 46 I 590 02 | e 1k
Ff TR T ARG oy B BRI N M 22 PR M 55 1Y T
S GHEAT B XA SRR L el e ) A 3 0 DX
AR A B i AR Ak 3 B AR BB, AN
T = RSN E BT VA 111 7 = A = RZ U E N S G
S P SR LEAS SUE LIRS o Il

b. ASGHE R BRE AL R B A AR
PERIH) Ik 3 26 v ok i 0 2R S8 B 12 P A JR) TS e A
fift, ) k3 S B30 PR SR SIS b I B AL 3 BUR 2 46
REREHLME , 8 M S ) K-means RIS TL X R
LEPEATRER 3 F) 45 B Y 23 F 45 5 100 B 45 Bor o2
R E =, R A S PR LR K

c. HHABER I EVR ARG A SO F1 57 k0
PR OMEE TSR | BB A FS BRI 22 R RUME S
SR PRI A 58 N AR RO IR B R BuR = . 5
G N TR LA L, A SCEE TSP 5 1 TR
AR RN 7 1 B 3l I HL P b A oK Y
4 LI ARE NI,

SE .

[ 1] Bl EOME. TR I A 2 I L AE B M o 4T Jr i
FeLRTI]. K VeI 57k TR, 2016,27 (6) : 162-
165. (XU Bo, XIA Hui. Reviews on analysis methods of
behavior and hazards of cracks in concrete dams [ ] ].
Journal of Water Resources and Water Engineering,
2016, 27(6) : 162-165. (in Chinese) )

[ 2] s &, 4. IREE L DUREE RISy AR T ] . TR
oA (AR BEAR) ,2008,36 (5) : 683-688. (BAO
Tengfei, ZHOU Yang. A fracture criterion for cracks in
concrete dams [ J]. Journal of Hohai University ( Natural
Sciences ) , 2008, 36(5) : 683-688. (in Chinese) )

[ 3] H&, M, Dkas. & iR e Ty W jd R 5% K 77 8%
BUREPEIIAT ()] K FK f R L 2020,40 (6) :23-

ARA AR A B 2021 ,41(5)  Tel ;025 -83786335  E-mail ;jz@ hhu. edu. cn hitp ;//jour. hhu. edu. cn - 87 -



27. ( GAN Lei, WU Jian, MA Zekai. Analysis of
hydraulic fracturing characteristics of cracks in a high
concrete gravity dam heel [ J]. Advances in Science and
Technology of Water Resources,2020,40(6) :23-27. (in
Chinese) )

[4]FANXN, WUJJ, SHIP F, et al. A novel automatic
dam crack detection algorithm based on local-global
clustering[ J ]. Multimedia Tools & Applications, 2018,
77 : 26581-26599.

[ 5] ZHAO L, DONG X, CHEN W Y, et al. The combined

cloud model for edge detection[J]. Multimedia Tools &

Applications, 2017, 76 15007-15026.

WRIE, ske  TERL, 45, He T AU 28 00 2 1) 30T SR 2

Rl Jr s [ 3. 7K J1 WL 2741, 2020, 39 (7)) : 52-60.

(CHEN Bo, ZHANG Hua, WANG Shuang, et al. Study

on detection method of dam surface cracks based on full

[ 6

[

convolution neural network [ J]. Journal of Hydroelectric
Engineering, 2020, 39(7) : 52-60. (in Chinese) )

[7] NOHY, KOO D, KANG Y M, et al. Automatic crack
detection on concrete images using segmentation via fuzzy
C-means clustering [ C]//Proceedings of the 2017 IEEE
International Conference on Applied System Innovation.
Sapporo: IEEE, 2017, 877-880.

[ 8] TASI'Y C, KAUL V, YEZZI A. Automating the crack
map detection process for machine operated crack sealer
[J]. Automation in Construction, 2013, 31 10-18.

(9] B\RL, E® B8 BURARITENET]. iRl

A5 ERE 2009,19(6):76-79. ( HUANG Changzhuan,

WANG Biao, YANG Zhong. A study on image

segmentation techniques [ J ]. Computer Technology and

Development, 2009, 19(6) ; 76-79. (in Chinese) )

Wi & ARitE 0 AR PE. 1 I X R A AR v A B

B FER R R, TR BB 5 B 2o,

2005,17 (10): 28-33. (LU Jianfeng, LIN Hai, PAN

Zhigeng. Adaptive region growing algorithm in medical

[10

[

images segment-ation [ J |]. Journal of Computer aided
Design & Computer Graphics, 2005, 17 (10) . 28-33.
(in Chinese) )

[11] POHLE R, TOENNIES K. A new approach for model
based adaptive region growing in medical image analysis
[J]. Lecture Notes in Computer Science, 2001, 2124 .
238-246.

[12] TR, &, H 5, % —Fh 335N KA KR CTA
M FRE [ C D/ v [ ARy B 2 TR 5 23 ST 30
JAAFE SR E 2010 HE AP R TR SRR
£x Aba P EA Y EE T R4 20105661

[13] OTSU N. A threshold selection method from gray-level

histograms[ J .

Cybernetics, 1979, 9(1) : 62-66.

MACQUEEN J. Some methods for classification and

analysis of multivariate observation [ C ]//Proceedings of

IEEE transactions on Systems Man and

[14

—

the 5th Berkeley Symposium on Mathematical Statistics

and Probability. Berkeley: University of California Press,
1967 . 281-297.

[15] SARO J, KAVITA M. Review: study on simple K-mean
and modified K-mean clustering technique [ J ].
International Journal of Computer Science Engineering and
Technology, 2016, 6(7) : 279-281.

[16] #RME], X . K-Means AF IR FTLZAR[T]. THEML
TSN H,2019,55(23) : 7-14. (YANG Junchuang,
ZHAO Chao. Survey on K-Means clustering algorithm
[J]. Computer Engineering and Applications, 2019, 55
(23): 7-14. (in Chinese) )

[17] HUNG C H, CHIOU H M, YANG W N. Candidate
groups search for K-harmonic means data clustering[ J].
Applied Mathematical Modelling, 2013, 37(24) . 10123-
10128.

[18] CANNY J. A computational approach to edge detection
[J]. IEEE Transactions on Pattern Analysis and Machine
Intelligence, 1986, 8(6) : 679-698.

[19] SHI J, MALIK J.
segmentation[ J]. TEEE Transactions on Pattern Analysis
Machine Intelligence, 2000, 22(8) : 888-905.

[20] WIEDEMANN C, EBNER H. Automatic completion and

Int Arch Photogram

Normalized cuts and image

evaluation of road networks [ J].
Remote Sens, 2000, 33. 976-986.
(R F301:2020 - 10 -27 %l 9% 48

(L% 40 )

[20] BRARZR, SEMEH:, sk K05, 55, DU /KA SCHE A B I
SR T PP OFTE ], VU g I Rz 40 ( A SRR
2FRR),2017,42 (10): 69-77. ( CHEN Dongdong, LI
Xiaowei, ZHANG Yufang, et al. Assessment of different
grade drought on critical growing period of rice in Sichuan
Province [ J ]. Journal of Southwest China Normal
University ( Natural Science Edition) 2017,42 (10) ; 69-
77. (in Chinese) )

[21] BTy, X%, 22 0%, 6 ABTT R K o0 B 5 F8BE e

AN AT R R R[] R B 2020,43

(4) :871-879. (JIA Jianying, LIU Rong, HAN Lanying,

et al. Applicability of modified water budget index in

winter wheat drought monitoring of Gansu Province [ J].

Arid Land Geography, 2020, 43 (4 ). 871-879. (in

Chinese) )

TRJL. AdEHIX A /N A R AFIEAG BT 5T [ D] AL

T E AL R B, 2009.

KA A UK. AL 7 A& /N R ) A T XK DE A

[J]. T 5 H X A& BF 5, 2016, 34 (4) : 274-280.

(ZHANG Lei, YANG Bingyun. Risk assessment of

drought damage during growing stages for winter wheat in

North China[ J]. Agricultural Research in the Arid Areas,

2016,34(4) :274-280. (in Chinese) )

(KR A 8:2020 -07 - 15 Sk HB250)

[22

[

[23

[

- 88 - KA R A B ,2021,41(5)  Tel:025 -83786335  E-mail :jz@ hhu. edu. cn hitp ://jour. hhu. edu. cn



