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Defect volume measurement in 3D CT image based on
improved SIFCM and region growing
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Abstract:; This paper proposed an internal defect volume automatic measurement algorithm based on the improved spatial intuitionistic
fuzzy C-means clustering ( NL-SIFCM ) and 3D region growing for measuring the volume of holes and cavities in 3D CT images of
workpieces. Firstly, the acquired 3D CT images are pre-processed. Subsequently, NL-SIFCM was used to segment on 3D CT image to
obtain a binarized defect image set, while a fast algorithm was obtained for 3D CT image having spatial similarity between slices.
Finally, the binary defect image set for 3D region growing to obtain the defect voxel number and spatial structure, and the defect spatial
structure is displayed in the 3D visualization software to assist inspectors in analyzing defects. The experimental results show that the
measured volume of the standard spherical volume used to simulate defects has a relative error of less than 1. 0% , indicating a high level
of measurement accuracy. The applicability of the algorithm has been validated by actual workpiece inspection, demonstrating its
effectiveness in meeting the demands of CT inspection.
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Fig. 2 Schematic diagram of non-local information calculation
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Table 2 Running time comparison of different algorithms

Yl i 4 (=R7S BAREL BFTI s
s SIFCM ( CPU) 292 40. 051
T NL-SIFCM ( CPU 532 511. 107

#300 ~ #400 A \E ( )
Jti3 NL-SIFCM( CPU) 274 263.312
e NL-SIFCM ( CUDA) 268 69. 285
Hejd SIFCM (CPU) 397 54. 196
Tl NL-SIFCM ( CPU 659 601. 831

#900~ #1000 if’T\E ( )
ek NL-SIFCM ( CPU) 364 325.779
e NL-SIFCM ( CUDA) 369 87.574

TESE N =4k CT EE 0 B33 (L RR 4L |, B8
Je A = 4 XA R FEARIC A R U) A o ) g — A i i
SRt b I A GE T B A B AT Bl R, B R
L AR 4 () 45 44 ]\ 28 = 2 T AR A v, O Je 5
A [5[0SO 57 X il o 2 [ 45 4y
From b, A DN A5 B HR v BR 23 [ 45K A AT 10 7, [l 4
PRI A5 RN 3 PR o 2l = 4 DR Ry 1A
PRI 18] A 27. 93 s,

Bl 10 HaissRE
Fig. 10 Test results chart

R3 REREERNER

Table 3 Volume measurement values of standard balls

BRIk EAR/ @ﬁrﬁﬁiﬂ/ - il iﬁ?‘ﬂ/ AR 2E/
mm mm mm %
#1 4.178 1 -0.26
2 4.188 8 #2 4.179 6 -0.22
#3 4.166 5 -0.53
#4 4.164 3 -0.58
5 65.449 8 #5 65.2107  -0.36
#6 65.1822  -0.41

MR 3 AT U S0 AR A AR X R 2275 1. 0% LA
P9, AT CT el 2 ik A 75 3R 20 Tl o 3% o ) A

FREARIER AR /), 80 B — 2B ke B, e 22 R B
T =4k CT EUR AR HESKERGE A0, o T3 i R A7 A
T2 R B BRI A A B 2 X Il 2s H AR
JEE I DX, 503 ) X3 Al /N 2 TS B8 45 2R i S
HEATR BREAL S Y] Fr AR 11 7R

K BRodAb 201 R 1#

Fig. 11 Serial slices at the spherical cap

3.3 XERIHGXE

AT A 3 AN S B A 0 UE iy B Al v, O
o3 AN TR AR i SO R T I T A sl
AT, REME T =4 CT KIS 12(a) Fin, &
e AR R SFR 0. 000 23 mm? 5 W5 T4 =4 CT 8%
wWE 12(b) s, HRZE RSF R 0,000 37 mm’ 5 & S HLI
=4 er WA WK 12 (¢) Frs, Bk & N
>4 0.000 18 mm’,

(b) BEHE T4

(a) WEPPRL A () RENHLI J
(a) Woven (b) Nozzle (¢) Engine blade
material workpiece workpiece
workpiece

K12 e
Fig. 12 Workpieces to be tested

A SCHTE RSB AR LI —~ 50x60%50 pixels
B9 RO AL R B A TG 5 A Mg T e L 10 2
IR P28 BRI AR A B A 5 fE R AR e T
302U R NS EEAT RN . BT 13 AR TR R
M Be I I SR ARIC

(a) TR T (b) MM T () REIHLAF¢
(a) Woven material (b) Nozzle (c) Engine blade
workpiece workpiece workpiece

13 5 ROL IX 35K
Fig. 13ROI images to be tested

A SCAIT RS TE RS 3 AN TR ROT A B R4 70



- 84 - LSRR R e o

8375

RS2 A B 25 18] 254 s T = 4 nT A A b
&l 14 s, i E 14 (a) HRZR T Gn 20k 9 FLTI Gt
B ] 14 () DU B T IS T v il 2 s ek D 14 ()
WA T ZSHl i TRz s, T s ar T
A PR TG i 00 e R FRBR v (L, R st A S
FAN TR SR R BREAE M An HEE, A SCEE S
ffiH FCM 532535 SIFCM 53k 40 5 J5 =4 K3 E K 40
THARBUS 07 ik (RIAR RS L 1 580k 2) s 75t b, 1k
RO R EE RN 4 PR,

#

o
(a) IR RHERIE (b) B AR (O paysid
(a) Woven (b) Nozzle defect (c) Engine blade
mate rial defects cavit ies

Bl 14 SEBRITAR I A
Fig. 14 Actual workpieces inspection chart

F4 AEEZHHBERNEE
Table 4 Defect volume measurements
for different algorithms

btk PRl JHk2 AU
' — DA/ ARSI DA/ AxhR I, AR
. mm® 2/% mm?® /% mm® /%

#1 5.8558 5.9761 2.05 5.8027 -0.91 5.8052 -0.86
#2 4.7879 4.8702 1.72 4.8254 0.78 4.8198 0. 65
#3 4.8564 4.9006 0.91 4.8636 0.15 4.8630 0.14
#4 1.9058 1.9284 1.18 1.9126 0.36 1.908 8 0.16
#5 4.6234 4.5929 -0.66 4.6013 -0.48 4.6034 -0.43
#6 6.0364 6.0673 0.51 6.0292 -0.12 6.0295 -0.11
#7 8.8756 8.7845 -1.02 8.8282 -0.53 8.8305 -0.51
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