L

SPECIAL TOPIC

FIXH K BARAE, E W, B, . AT RS9 E LA e e MR FAEFF[]. AL #] 2 R, 2025, 68(11): 8288, 111.
WEI Yongchao, WANG Yinghai, MO Duheng, et al. Research on defect detection and characterization of compressor blades
based on point clouds[J]. Aeronautical Manufacturing Technology, 2025, 68(11): 82—88, 111.

BT AXMESHM A IR R RAEH

ok, TNE, EmE, RE,E W
(1. ¥ B R AHAE ®ATF AL, 77X 618307;
2. P EEAME RATF R EAFERE, X 618307;
3. P EERAME KATFRME F R AFR, iR 618307;
4, F B RAME RAITFREME A TAFR, 7R 618307)

[E] APXTIA F B AT R A R A U B 3T /R R Ao e e P4, R T —A A TEMELES
89 R A BLPT R OB e Ae B k. W S AR A — AR T ORIE B AR E W Fofe Ko R IR E &k A akS-49 IDW-
NA & =4GR kY R Ee T4, B S5 8 4 A2 b Q13T I N T Ki#E R (OTSUD, i IR T A% B B4 649 B Pt ;
Bl BF, KA MK T Z-score #9464 T MY £ (ZDE) f ik TR T AT 8 f4 69 T #4535 @3 st PCA F ik AT x
BRFGABHT. RIELE R R, ARLILA Sk, Bt Hok R BT 5 B 04 M Fe ik 40 T B AR BUF R R, s
o~ k6 B RT3 263112 2 R AL 0.105 mm, T3 8 o iz £ RABIE 7.27%, B T 3% 7 ik 000 A Ao A A
KRR BETAARM ; TG AT, MR E = LT LA BT R

FESES: V232; TG XERFRERD: A DOI: 10.16080/j.issn1671-833x.2025.11.082

ki
B, B, ARAEAXBER
Ah3R AR

FE AL Fr 8RB A6 5 7 fy
A — H R S T o R AR
IR — o T, AL Ak
B G I = AR T % % i B it AT
H AU FTAS  HAEE N TP, 3
SRS BECRAKT i ]

Bl T AR AR ) K e, 3
T R AL G S B A I AR
i AT 3 U S e Ty ik E e AR
AR 1t i R v 51 7 ) R A R 52 B
BRI 5 Bt TR 2 ) TR AR
A5 ) e B n YOLOR
ResNet!”! 454 il TR o 4G I 47 14 2% 1
BB, SR, 2 UG R Bl e A A
FELUR L (1) BUR R ) 52 5
SRAEFRBERE M, S 280G I 25 SR AR
A (2) BZIREAG B, ok LBk

WAL T s (3) IR 5k
BRI B R TR, LI
SRR o AAFR, = ZEHER
S Jatv g, nl DU i HOC I A5
MR ET AR B EFEEEE
(2 3O R T2 sk B , A1 =
AR T SRR R ST 2
RARTT TR B R S, i)
JefeE et L RS HAT,
Xt = 2 a2 (SR B AN T 1 T A
FREE 2] T B R R SRR A
RUTCE M IR T R s LA A )
AE Ty B G T v SR, =
2 w25 B R 7 3R AT A7 AE LLR [7)
L (1) DRI S TR H Rl 2223
g . 2 SR BRI, 1 AN BEAT A0k
TR INGBIEE 5 (2) BrifER R BC T vk

* BEIE : VUREHY T EAVA TR (XZ202101Z2Y0017G ) 5 PUJHARHE T ST H (2022YFG0356 ) 5 H R miA AT 55 2 & 0 9% 4
(25CAFUC01004,25CAFUC09007 ,24CAFUC03039 ),

82 WisshiEHEA - 20254E 68 S 1110]



Measurement and Detection mﬁﬁﬁw

ARG RE R (B T e BT A
B (3) BT 88 = FRAE A 75 i
RIEVERSR, W H T 25, (B
FEAA T

25 bk, & R AL 7 xE
D3R B AR MEAS TR | — J8 i 57 32 /)N
VRIS B2 22K R R L, A SCR H
TP T 5 s LA RRAE
A B0/ D ke e 0 B9 et P S i
UER i1 238 K ORIV [T ] 2 £
4 (Inverse distance weighted curvature
and normal angle, IDW-NA ) J5 7% 1
S SRR, s il TR RS TR
A8CHE iR 20 SAOBR B R s 5] AR L
(OTSU ) T3 13 {8 7 o7 B B, T B
T A IR T T B R Y R PR
PE; 42T >k I H 5 T Z-score 11 ikt
b 5 PR Y 78 ( Z-score-based defect
expansion, ZDE ) 1% 3K 15 56 & 6k
B , A R H B I e

1 wRPEkE AR
1.1 EREAHS I B RAELS

AR SR FH B4 B 1 SR A e AE 4
WE 1 PR, EEALHE S o b
FEIERG 0 BB 2 7 S e R EY ST
A RS a AR 3 84, B el it 2
PG = BRSO BUS = |, AL PRI
T U RRAE J5 , £ IDW-NA J7
R s R, 3 R X R
PR DX 22 S0 5 ki OTSU
J7 2 L B FR IF#E1T ZDE ¥ 78, 1%
B EBEHG 5 I e AR B R F e
mF, et T PCA TR T2 5, $2
TR R
1.2 MHHERTAERSEEE
121 EEFALIE B AT

AR SCR FH A H = R R Gk
BUS 2, fEX AL T bR I,
BRSO S5 80Tt 3R im, 4
BLAZE SR A e 3R S 3 1 4R 8L ]
1GIERAFARN , B X BEAH 7 {5 B
M R RS FE I =Yk o AR
AFF 5% T 05 RS ML B B N BB A
R, R SOCR R B i s s . B

IRAR AR AN 2 Fis o

TS, RAR U = A TR AR R
FM | B S 5 32 A3 70 B ( Principal
components analysis, PCA ) % 1E 45 ==
(R R VRS R B30, 271 C SRS VA E
DI, PR T R 2 T X
WA E AR B SR L X I
THER T, [ 5 2 P Il 42
R AOR

TEE T LR AR 1 I R e g
e 3 ) g ot 3 R o i 1Y) J L]
SR, Hr AR TR YT AL P AR
BUS P ARG A P I B Z T 1],
7T HH 238 2 i 3 ol T 7 2 i P AR
AW — R, BT REAs

P R P T L MEAS
L A 0 T T | PR 2
IR, B AR

min i«P,. —&)'ny’ (1)

X, o AN Y s n A FER
B m ORI A P, AR
AT

AR L ¢ AN

| o

CZ;;PI- (2)

PIR Eoe i3 i R )0 i)
M C,

Czii(g—c)(R—C)T (3)

,,,,,,,,,,,,,,,,,,,,,,,,, | I 3 B D 7
| HEPAERRRE | FHOTSUEER:
‘ o N
W
FIFHFEC T 1
B A R
AP ]
FFHZDEJ7 % N
I M T g
S —~
AT
HE S
T N [r—
AT
| R S HPRR
FIHIDW-NAJ % | : |
B A [
LR skt

B 1 GREEMRETE

Fig.1 Defect detection process

AL

(a) JUhg e

(b) HHflERAF

G

(c) Wzt

2 MERZRERE
Fig.2 Collection process of blade point cloud

20254E 5568 & S 1110] - Bt hlE AR 83



L

SPECIAL TOPIC

e ) X P 25 5 B HEA TR AR
{EL53 i , A5 B fe/ INVFRRAEAEDG R ) 4
fIE 1) £ B R iz s Bk ) i, 7SR A
2% cur B, AT 5 W 7 28 50 B RRAE
(SRR RRIEE A, A, A4y (FLrp
W<AL<X) WA 5FTA EEE
Z A fER R, BAR A
A (2)

M+, +2,

it FH = W 53 3 B 32 A8 <R Bl g i
g A ELA R R 3R AF A 42 B
TR B3 1) it I ] g 2 B Bl
ML, DR IG5 X6 3k 1) A 7 3 A 1]
FE M BN 3 (a) Ml (b) Fis,
4R ) A SR AR T A
TE AT T AR AR A 1] 2 ] Y R
R Wy 1] — B, 25 S EUVNT 0,
FWY L L ) i 5 A
TR, BUR R Y R )
S Af L S i — AL T ) —
B, EEMATESERWE 3 (c) Al
(d) iR,

1.2.2 IDW-NA & =45 4E3E 7%

Mt 121 WHRIETT R, &
A DLRAE 5 s R SEA R T R 1E , A
T HERER A DI S AR U DX Y 25
AT T — PR T R R A i
RS KN Xk 4k e AR Rl A
PR

KLz T B o ER B DXl
[FIAARR, PRl 1 28 S R B AR
Sy R I B UK S 4 N i b iy
PR IG5 PSRBT — A
LI AL K P o AT AR S
REZAEE M, R S5 RAHmE P
SRR PSR R S B R (EL
i 2 1277 =T LATH BR A T W P a5 1)
S, BRSNS R e DX I 5 B o X s
M2 5, BRI AR

E:expC—d/(dmm-—a%m))xcur
i=1

s =4

cur,i

cur

m

(5)
A, s, E A IDW 138 % 5
(EIREIE (L d oM 455 5 5

84 Wiz MG A - 20254 68 S 1110]

P RS 5 do R doy, 530 4B IR
St S B R R B /MBS 5 cur N
YHE R HRE ; m RSP I 08 A5
M BRI S S = T R AR
TR NN SR SR S i 5 ]
RE 20/ N R B PE B 55 1k, 45 3 an &
5 (b) fin, FEUGSERBUR B3,
DR I 1 R /N DX ) o e ff i
Z A DR ), B R G R
4 7R o

P 4 B e 216 [X 3 3 7R Bl
X3, A L DX Sk PR AR X Sk, 7R
Bl P NA BHEE R, 25145
— A/ INGB IR 7 1) B g R — AN A
KAk i p, il it p Hae
Z IR —AJE A 1H angle; V5 A 24717 55
P, 59 NA FRIF(E . SR, XA 5
Z MRS LR, BT LR P ANERAE ) —
b JE A Sk , B ks 5 o R

WR—FHEEUE feat,, THRAFY

Scur i + anglei
P 6
2 (6)

BB NE 5 Fras, AL
B R A TR Al A, BERT DA
AN I S R N SR [R]
Ao IR BE T BRI 75 5]

1.3 BREDEFERAR
13.1 #%2is

K (OTSU) A& FE%
TAHAR A —Fh e M 1Y FEAR
R BIHT M HKE T N T A
ArEI . FEXT A SRR TR
SN B IR A ZE IR (Y feat,.
Sl R DN g i PSR R
FEAL B, B o X 355 i DXl
AR E, Wit OTSU A
ARy E ., SCEEREE R A
BENL, R T A BEE BT R

feat, =

e |

(a) /Rt CHEEMET)

(b) mf (EEMJF)

(c) b (d) 5br
CESE AT (EEME)

B3 MRRmE&REER

Fig.3 Redirection of blade point cloud normal

AN

S —

B4 XDREEEERRE

Fig.4 Angle method of the normal vector of the large and small regions

(b) IDWHIHE

(a) HHRIFAE

A

(c) NAKEGR (d) IDW-NAM5E

5 AAEERMRE

Fig.5 Point cloud enhancement rendering



Measurement and Detection mﬁﬁﬁm

A SRy R

OTSU M H & FH,—12)m
(5 (L, 5 75 20 0 A 79 28 DX a3k )
50 2 Rk . HARAYHE S R
wr.

R BRBUS 2 NEE A FIEE
feat,, $r FBR 53] [0-255] YE RIS,
A BT BT A — 1k

AR 2 - T A T RERY (A ¢,
TIEER 40 H B A o DX 3R R g5 o DX 35
PR S E, BAR AR

w, = iP(i)
wo T (1)
w, = > P(i)
Zt:i-P(i)
H = =
W
T (8)
> i-P(i)
”2 — i=t+1
W.

K, wiowy s SRIDETHE ST
B AFL ¢ 7T Rl 43 HA B TR DX 8
DB AL RN P (i) RAES 0
PR PEH R

AR 3 PR ¢ R R Y
M)y 2%, e A5 B0 e K2 )
T3 2808 1o 1) R (B A S B AL I, 26
) 25 A A

() =w (WA (1, () —p2(8)) (9)

APUR 4. B YR EE ¢ R 5
UREEZS 8], 159 2 S threshold.,

ABR 5 FIHTTHEAS B0 S E,
W mi = v feat, KT B (A 1 4535
R, 2 IR B A E A

R 6 AP ML HAS R
% (Fast euclidean clustering, FEC )
H4 5 B H R A kB Y] o S AN Rl 52 2
&l 6 s

6 KFEERMELER
Fig.6 Positioning results of OTSU method

132 #efady TRy
HARIE 1T OTSU Jy i v] LA SE B
X e o AL E A7, AEL B B () s e
RIFEA TG, FEER A
BEK. A THBTERNEES S,
ASCHEH T —Fh LT Z-score ML
SEEMEY 78 (ZDE ) 889%, Z-score J&
et b RS R B S SO T
T A 25 R B ) — PP AR AL £, HE
AN
xX—p

z =

(10)
o

A, xR Y AT R 2R R AE(E;
N s A R A R ) B
o NS BT AR E A bREZE, Y
Z-score KA}, R LT BAREE,
RZ KT EARBIME, b TASCRHE
Bt o U SRR Ak AR E A R T AL
PRIt 2 2% P 1o i 25, ELYRUELYE L oy
[ 0 threshold — ,u}

o

BRSO

R PR AR & feat, 1YY
{8 1 FIbRIEZE o

R 2 b ATHLE AR Y
AT Bk b & 51 U N E) final_indices
DS S SeHERR AR A

W3 A YR D
A BRI AL HER E &R S
final_indices H' Y A5, 75 B F 4 AR
5| remaining_point_indices.

IR 4 KA AAAE T remaining_
point_indices H H: Z-score [ {H K T

15 B B {E 1 450 A final_indices 1
new_indices H'

AR 5. % new_indices N %S,
W00 3 F 4, B 2A B i
AR PSS E RS TR .

YR 6 : HL R 3~5 G )
— AN, 8 O R — A R B AR ) 8
Y78, 15 B 5 I S B

AR Z-score [N HIBFE
PR WA 7 iR

B 57 S e TS

i\ SRR IS A5 F Z-score

I (.
i« ARG
1: EEHUS = 30 cloud FF4)
L GRAALIRS
FRHUS = BYSREE(H i_values
: FIFH OTSU 5 B e (o7 R
: FIF] FEC i R B
: ¥R AL final indices A 4Tl
R AN Y=t
3 A
: for (BRAM% 1)
: VIR IE YRR A clu_indices
Rl ) N G

new_indices

W AW N

O 0 9

10: while (new _indices ) :

11: AR SRR I e e
F7ET final_indices FP Y 15,

12: 15 I AW Z-score:

13 if ( Z-score > [H{H ) :

14 B85 0 %] new indices
F final_indices

(" 4 (4
@ [ 4
(a) Z-score: 0.5, Ai%k: 10750 (b) Z-score: 1, fi%: 9719
[ 4 (4
[ 4 o

(c) Z-score: 2, Mi¥. 8176

(d) Z-score: 4, si%t. 5773

7 A[E Z-score BIE RIS EIXRE

Fig.7 Segmentation effect under different Z-score thresholds

20254E 5568 & M 111] - Bt hE AR 85



L

SPECIAL TOPIC

15: end if
16: end while
17: end for

133 #BEAD &

W 53 FIARAT 58 B B b v s T[]
— B FA ) S HEAT FEC )R, X%
BB T AL, BB I ROTE B A4
K IR

I 5 dke o ) R R A R, A ]
PCA T HZ s SRR RHIE 7]
BV PCA ABAR R I TT ) B o 2 A
30 By 32 B3 7 1) 4 R AL B AR
K PCA AbBR 2R T e/ Ml &
B SR Y R A A S, )
AR TE Al

lenth(7) = max(x,) — min(x; )
{width(z’) =max(y,) —min(y,)
(11)

1, lenth A1 width hy fix & 31 515
F) 1 B B 98, max Al min &R
TR AR R T x Fy 7 ] B
KA ME, KNP R AETEA
DS il DR R B A BE
Pl A IR, S Ty Rl
J BRI R B TR 1R 22 , itk
TR I, . I PCA i€
PR BE RN S B 7 ) i, TR B T T
oSy 3Kk o AN I AN 3K
KESTHAZHENTEE, 1585
—N/NRIER L, BITH5E PCA 5 —
J7 1] bt R MR/ D R R, BT
AN TP ) B TR BEAE O 5L A
1R IR depth (i), BARSEILL
RN 8 Fi7R .

2 IRISIE
21 RHKIEEE
) FH R 7 R o 1) B

8 EREREMNETEE
Fig.8 Schematic diagram of defect depth

measurement

86 Wiz MG A - 20254 68 5 1110]

AT, B WE 9 Ui Bk T
AR SCHE TV R PR S

TEHCH R BAREE (K110 (a)),
T SE A M051090 T SR 4R
FRIUH Fr sl = AT IR B, 49
HASHARRINE 1 s, BTA
[/ 1) Z-score [ {E X Bl 19 58 B PR3
FERCRAFAE 22 5, A Gl 3 100 Ay it
A 1R R 2 43 5 Z-score Ky 2
3T FEERE , LSRR ICR .
A BEAPIRIAE FREE RN E] 10
(b)~ (d) R,

A SCAE I EE T 2 = B LAl AR
F4) SR RS I 3, o SCik [13-15] 19
SR BRI Ty 2 AR SO AT R
SCHR [13] 42 H 09 77 A ] 32105545
Bror gt R iR m th 2w , {7
T AR PR BGHA T HARAT B FFIE (R, Horh
FIH T 728 5 280 CV A W72 15 77
PRI L 5 Jo 1 FH DXl A AR 4038
BREE . SCHR [14] 421 T —FP XSG AL
1 AR 1R IR E {37 5575 Fil NRPCA-
RG ( Normal principal component
analysis-region growing ) ¥IJE#M 454
i, 8 [ DBSCAN 5k 47 Bk B 3
#o Sk [15] A AR R
MR ANELAE B R DA KB
HEATBRBE 73 o 25 SCHR Hh i i 2
WOSCRINE 11 s

SR et IS s Y1 )
DARAEAEBE PN 22 RS, L

-—

9

HORAEXRT ML 435, B SCHR [13]
FE B 53 #2537 B MR S5
AR SR 1 S o A B 43 B SR e
5 H B SEEE N kG, A S 23
Mg 7 S5 PRS2 R, T SR 53 R Y S A Pk
I S 7 T AR A i R A
2.2 BRSNS

AU TG I 5 235 SR e L 5 0
TEA G B SRR v 1, DRI X R
AR T RN 4% SCHR i $ B3 1 e
P SE TR b T Ak, IR 5 |
SR R ST T H A, DA v
T IEAL 25 RIS -

i 11 H Geomagic 4 X it
F B DX SRR A T E A, AR &I R
FOERARRSE AL, S B AR R R
55 g 30T 408 ) PEAE S s AT X L,
P EZ B2 WX Fp A
IR A 52X, R 6 14 Lo
7o KHZRFE s = A TR AR B, A
T AR AH B 1 L S RS 58 1 R
FH 1.3.3 7 48t A e g o Ak 5 vk, %t
el FH JF A SR 3 AR S TR AE R
A1 R R 2 A B R ) B
ST R AT H A

TEXT BT A B BE AT RAE S, R
T4 xR 2 (MAE ) #1215 43
iR 22 (MPE ) 1 A i o 6k i 1
JEE VL R RS I  HERA AR
HEAEA N

l n
MAE:;Z‘xi_yJ (12)
=

NI 15

Fig.9 Experimental site



Measurement and Detection mﬁﬁﬁm

] y

(a) LG A (b) HdEgag (c) BRpEEN (d) BBy 7
B 10 #®@uoEIREE

Fig.10 Effect diagram of detection segmentation

L& |x -y, F1 B8 M051090 RN EESE

MPE = ; Z:, — x100% (13) Table 1 Specific parameters of the Shengxiang M051090 scanner
ST, 3, AR AN 43 B A - i
= v BLEAAE . g B R
%1‘{3@, Vi EE‘?&‘{E’ n E@%BHQEO %Hﬁﬁﬂﬁ% <86 FPS(@1.3M)
IRZGRIAE R NFe 2 TR 3 fiR &R e <2.5 FPS(@5.1M)
3 bR I (] ) T S R T R AR B % px 510 J7 (2472 x 2064)
B 1 HOCR 58 BRSEI  B1 8) HE A i BRI B (mm x mm) 90 x 75.1
R B, B A 1A 245 4K 19-12900K T y— £15

N 2 5 ‘i:‘t AT o

CPU fli 55 3 ZLMIAEE T AT T . il
3 i 1% & Al /mm 0.036

B XS A AL SHLIE ik
BRI A AR, SR T — | e } e \| oo \ e \
FpET A S oy R A . o, ‘

BT —Fh IDW-NA £ 2 R F 3 0
Bk R T A K B R
IR A 2 52, I S B 2
SE T ELAN, I3 OTSU 1 ZDE 9
FEE A B T SR K I, B | , 3/ i/ ‘/
JAJE T PCA LS8 WL T X B e 1) v

BilibAL. SR B T B i

CEL Y7o - -

(1) AR SCR T 1 1 K OTSU
T R A BREENL fifik T T2 (a) A% (b) Sit{13] (¢) 14 (d) Sk{15]
NA i SR [ 367 [ s ﬁE ‘/’Eﬁﬁ I‘E{ﬁﬁ}%lﬁ’é Fig.11 Effect diagram of defect segmentation of each literature

2025465568 & M 1110] - Bt hlE A 87



L

SPECIAL TOPIC

®2 BFEDEIRMEHRT MAE Xttt

Table 2 Comparison of the size MAE of the segmentation defects by each method
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Table 3 Comparison of the size MPE of the segmentation defects by each method
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Research on Assembly Technology of High-Pressure Compressor Rotor
Based on Concentricity Optimization

LI Pengfei, JIN Bin, FENG Shaobao, ZHANG Taotao, ZU Jianguo
(AECC Shenyang Aero Engine Research Institute, Shenyang 110015, China)

[ABSTRACT] In order to improve the concentricity level and stability of concentricity measurement results after the
assembly of high pressure compressor rotors in aircraft engines, as well as the accuracy of predicting results during the
assembly process, research has been conducted on issues such as the inability to optimize the perpendicularity of the rear
end face of the components and poor repeatability of concentricity measurement results during the assembly of compressor
rotors. By establishing the calculation model of the eccentricity of the middle section of the core machine rotor, found that
the influence of the perpendicularity error of the back end face of the compressor rotor on the eccentricity of the middle
section of the core machine rotor was 3.4 times that of the concentricity error. By establishing the datum correction model
of the concentricity measurement process of the compressor rotor, it is analyzed that the reasons for the poor repeatability
of the measurement results and the poor accuracy of prediction results are that the ratio of the rotor height to the radius
of the reference end face is large, which makes the corrected results highly sensitive to the slight differences in the fitting
surfaces of the reference end faces of the front shaft at different radial positions. Therefore, by reducing the ratio of the
rotor height to the radius of the reference end face, taking the back end face as the measurement datum and improving
the stack assembly direction, not only could the stability of the rotor concentricity measurement results be improved,
but also the influence of the perpendicularity of the back end face could be considered in the stack optimization process.
The verification results show that the concentricity error of the rotor is reduced by 68%, and the repeatability error of the
measurement results decreases from 32% to 13%.

Keywords: High-pressure compressor; Rotor assembly; Concentricity ; Perpendicularity; Stack optimization
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Research on Defect Detection and Characterization of Compressor Blades
Based on Point Clouds

WEI Yongchao', WANG Yinghai’, MO Duheng’, LIU Jiawei', CAI Shuang®

(1. Scientific Research Office, Civil Aviation Flight University of China, Guanghan 618307, China;
2. School of Computer Science, Civil Aviation Flight University of China, Guanghan 618307, China;
3. Institute of Electronic and Electrical Engineering, Civil Aviation Flight University of China, Guanghan 618307, China;
4. College of Civil Aviation Safety Engineering, Civil Aviation Flight University of China, Guanghan 618307, China)

[ABSTRACT] Aiming at the problem of accurately detecting and quantifying scratches and crater defects in compressor
blades with existing methods, an algorithm based on structured light point cloud data is proposed. First, an IDW-NA point
cloud feature enhancement algorithm, which integrates inverse distance weighted curvature and normal angle of large and
small regions, is used to highlight the defects. In the defect localization process, the Otsu method (OTSU) is innovatively
introduced to eliminate the limitations of manually setting thresholds, followed by the Z-score-based defect integrity
expansion (ZDE) algorithm to achieve complete segmentation of the defects. Finally, the PCA algorithm is improved to
perform quantitative analysis of the defects. Experimental results show that, compared to existing algorithms, the proposed
method provides better performance in terms of defect segmentation integrity and continuity. The average absolute error
of the final segmented defect size is no more than 0.105 mm, and the average percentage error is no more than 7.27%,
confirming the accuracy and effectiveness of this approach.

Keywords: Defect detection; Defect analysis; Structured light point clouds; Aero-engine; Compressor blade
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