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Research on the reconstruction method of engine blade
defects based on binocular endoscopy
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Abstract: To address the challenge of accurately reconstructing micro-defects on highly reflective surfaces during in-service inspection of
aero-engine blades, a three-dimensional (3D) reconstruction method based on a binocular endoscopic system is proposed. To overcome
the limitations of insufficient calibration accuracy in endoscopic scenarios, a concentric dual-ring calibration target is designed, and a
feature point extraction and optimization algorithm based on concentricity constraints is developed to achieve high-precision binocular
calibration. Experimental results demonstrate that the proposed method achieves average single-camera reprojection errors of 0. 095 and
0. 103 pixels, respectively, while significantly reducing binocular calibration error and improving the accuracy of system geometric
parameters. For stereo reconstruction, a deep learning-based detection model, YOLOI11, is integrated to automatically locate defect
regions and obtain prior information of the detection bounding boxes in both left and right views. A region-constrained and prior-disparity
filtering strategy based on the detection boxes is proposed, which determines the intersection of the corresponding epipolar search regions
and disparity ranges. This approach confines the matching computation to the defect areas, preventing the propagation of smoothing costs
from incorrect matches outside the detection boxes, thereby enhancing stereo matching stability and local reconstruction accuracy.

Moreover, the AD-Census stereo matching algorithm is adaptively modified to further suppress noise. The reconstructed point clouds of
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scratches and pits exhibit relatively uniform density. Measurement results indicate that the relative errors of pit diameter and scratch

length are both less than 1% , and the depth measurement error does not exceed 8% , meeting engineering accuracy requirements. The

proposed method demonstrates strong robustness and precision under complex illumination and spatially constrained conditions,

outperforming conventional approaches in terms of calibration accuracy, local reconstruction quality, and measurement reliability. This

work provides an effective technical foundation for high-precision 3D surface morphology measurement of in-service aero-engine blades.

Keywords : engine blade; binocular endoscope; camera calibration; stereo matching; 3D reconstruction
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Fig. 1 Overall process of 3D reconstruction of local

defects in engine blades
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Fig.2 Mapping from calibration board plane to image plane
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Fig.3  Diagram of point extraction process
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Table 2 Parameter of binocular calibration
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[k, ky k3] [0.002,0.008,-0.040] [0.017,-0.023,-0.015]
[pi.p2] [0.002 0,0.003 1] [0.000 2,0.000 3]
0.999 -0.004 -0.013
R (o. 004 0.999 -0. 020)
0.013  0.020  0.999
T [-5.05,-0.07,-0.12]
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Table 3 Average reprojection error and root mean square

error of different calibration plates (pixels)
PRE BRI R R RS B2
[7.C X[ 0 0.257 0.303
0. 423 0. 463
B 0. 673 0.701
AR R E BT, B 5 E 7 2 B 1R 22 5 5

MR 22 (root mean square error, RMSE) 34 i} I T HoAth
PR bR E A, b A B B iRy IR 22 I B /N, 4G
SR — PR UE 1 B T[]0 XUR PR 5 AR R A 7 B TE R
JE B
4.3 EESEZAEERSHH

9T BRI ) D E 5 A S bR LR S A AL
P BE UL ZS K SAILH R 2R T R f0 NI AR R I X 42
W R 14 BT

AR S0 PRI S 1 7R X A 8 A AR S R Y
FE 515 mm TAERE T, ML 12~36 mm(58) x
7~20 mm( &) o
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Fig. 14 Example of blade with minor surface defects
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(a) Left image of pit (b) Right image of pit defect
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(d) Right image of scratch defect
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(c) Left image of scratch defect
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Fig. 15 Diagram of typical test results

P16 XFEE 118 15 AP IMISTS Sl SR e B £ AR [ L 2 15
BT, KA IEMICE )77 AD-Census (fEGVEHE %) 5
JRIERVEHE T A RXT LG, 16 (b) L (d) JyJmy DG e #E 22 &1
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Census 4RI P4 10 DT 0 25 SR A0 2% | T8 B Be X 10 1Y Jm 748
XIS ES Z RN IR X 8 (S TR 5358 , X E R
5 R IAELE R 22 14 B DX, 35 4 X35 2 52 il 50 o
PRAVC AL, T SCEE 7 R 1 AR TR AE 121 LY 38 43 DX BlUA
TEAN R VETC X 8k, SR 174 3 A4 DB DT e ARy R 4F
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BERLE oo

2 1540
11530
520 38
510 R

14500
|490

480

(a) AD-Census ] M3 8k B 20 22 B
(a) Disparity map of pit defect using
the AD-Census algorithm

(b) JRiF TSk e A0 25 P
(b) Local disparity map of pit
defect in this study
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(c) Disparity map of scratch defect
using the AD-Census algorithm

(d) Local disparity map of scratch
defect in this study
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Fig. 16  Comparison of results for defects
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Fig. 17 Diagram of point cloud of the defect
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MG 45 LT P BUBERG &SP A Bl T U 153

ARG = RS R R T R R (HH
PR IXIAT RESR IR L 08 1A R0 2= LA SRR LAl 4, AR
3 2 BT B R B TR A 2, G o Ml 0 £ G
A Bt R IR, KRt o i e A B8 R KRR L

Sy SRR I RS B2 117055 SR Y e R TR BB LS T
i e B LJ-GO15 SO I B A & (2 B SRS A
0.2 pm) SR G815 Mg B AR A9 0 S (R R Ui A R
NPT, AT 2R PR IR 4.

x4 MWELER

Table 4 Measurement results (mm)

S i oA BLSH
Hiz 2.013 2.000

LE7
REE 0.331 0. 309
K 7.302 7.250
KR T 1.057 1.070
R 0. 483 0.527

N 4 ATLUE Y BT i i 2 A YR B3k
P R IOORS B L 1 IMTT Bk B 00 A5 1Y) B AR 4 X iR
74 0.013 mm, MIXF R ZEZ R 0. 65% ; fe KGR JE 48 %)
BR2EH 0.022 mm, MXFERZEZA R 7. 12% , X F R 6k
B, < ) L A0 4 % 152 22 R 0. 052 mm, AH X2 22
0.72% ;5 B BE 1) 4 XF 1% 224 0. 013 mm, A XF % 22 K
1. 21% 5 Fe KGR BE 19 45 X iR 22 4 - 0. 044 mm , A X 5% 22
H 8.35% .

T JE A TR T 1) 14 KXo 15 22 378 K T 17 R
SR 2E X EEE T LT RE e S s R s
KR ZEZE S, I & (K% R R E TR
TR 00 a5 2 P 2 ) BB 5 T 8 0 ) 5 51 ) FH ke
A1 BB T 4 A T ( RANSAC B3k | Bl 5 T8 B
B PN 2 51 T BE S, X Rl 7 U i 22 BAIE K
TP e, Kk oy RE R 225 5 AR (12) , fEbR
FERMSEFE ST RS =X (13) FiR,

B (u, —uy)

AX=————"Ad
d2

AY=7B'(UIZ_%)AUZ (13)
d

B Sna

dz

M0 B 7 4 R ES OB, AX 5 AY NTF
AZ . IR Je A X R A R 000 2 194 Bt e R UR B 4K
AN T RS E N B8R R AR A PR (5 B8
[ SHHE) |, FBORIE Ty 8] (AR X5 28 322 K537 1 U

AR

AZ =

e LR UE A , 3% 4 vp A & 25 SR TR E L
BPARAFHAT . DB A X oA B B 207 s, B
56, DL T DI W 728 A58 TG T R AR 5 ek 1408 T30
G, HIOECIRAE b I SRR X 24 57 1 BRYT
TR RRREE . UK, 5 TARRE RS it , 93
LRI, AR 7 R o 4 15 R b, B d
GEROR AN GRSl PO RPS =3 NS D AP I -2 )
L B G SR L N NS s o N 3 PSS VA B
R 77 SR Bl

CROORA TG = e Ay T AR Y
A 25 5 5 S 2 I 9 22 S /D R WL 5 i AE X
LR T B L AT 2 BRI e b B A e G o AR
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5 45 i
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ROk | AL G AR AR AT AR B 2 N B AR kA R
ARG 22 R T AR B RN S LIRSS
LW P EETE N B USRI B b | BE A R AR IS
KEMNINSSE, BRI T E R 3R 25 FI SRR IE
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TEBRFA VAL 5 = 2 gt Jy I, BF ) 4 B B LT rh R
LR IX S 2 SO B A FRAT IR, 256 TR B 2 > Kol
B YOLO11, S8 ey BBk s H AR A AR 8 7 o7, I 2T 1t
flE VCC i, e T AR GEVE E 7 132 AF B AR X BT 40
M-EBNICALR 22, LW IR B, 07 4 1 VL
HERRR B L RUE T = e s a0 LR B, e Tk 3h
BLH R Jai il sk e A TE SRR 52

g5 BRI, SCE BT 4 A T TR SUIR B AR AR Y
B 2R G b o ik 5 2 T R DU HE Y R %85 DG T o A
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