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A dimensional metrology method of components based on industrial CT image

XUE Lin, ZHANG Dejian, HE Qun, MA Kai, XU Jialong
(School of Mechanical Engineering, Dalian University of Technology, Dalian 116024, China)

Abstract: To obtain high-accuracy dimensional metrology results of industrial CT, a dimensional metrology
method of sub-voxel CT image was proposed for cylinder, which was a common geometric structure in the industry.
Firstly, the MarchingCubes method was used to detect the edge points and normal lines. Then the vertices were
moved along the normal direction to the maximum gradient. Finally, the point cloud segmentation method was used
to get the diameter of the cylinder. The measurement accuracy of this method had been verified in simulation data to

be superior to that of the global surface measurement method, and which had a certain engineering application

value.

Key words: industrial CT; dimensional metrology; edge detection; point cloud segmentation

Tolk CTGHEHLIZ F48) 7E R 4 i i
ZEMUR R B ) i A Y R A P R4
A AR ST I R 7 iR . SO 45O
SRR A I B 7 A AR T, CT ROSF 4 AT RAAR 15
PR R 00 JL AR 25 4 F0 RSH A5 B 5 45 = AR A i
ASC 3 T A A A5 42 Ak G e 5 ik A B L CT RS
A R B P A N R A B IO G BRI
RS BT I RGHI R CT 2 M — RIS 7E A
RSO FIATTR ZA f) A 0 00 2 2 P 3 R A0 78 L
Al SR A it

CT M BRSO E A I FE b A AR 252

I fm A HA:2023-01-18

EEWB : HK A AR SE BT (51905074)

EEBIT B¢ 1986 —), I3, T+, B 38z, 0F 55 O 1) A i
BE Tl CT WL

IS 1EE k14, 909981783@qq. com

2023 F F 455 £ TH
Pt it gl

M 5040 B A A R0 o 55 SR T S Yy IR R )
WHEEAE N B AL E .CT Hi S50 & | EF;
F 18 B BE L BIR Oh 52 R R 75 | R 48 iR 25
EIMEh G % . Br T LR, CT I & i #2 rp
B 2 T O A SR CT RUSH I & 119 ¢ B 52 i)
o CT BMEANT 2 iR = A i = 45040 4
I A Bk TR CT Bl 75 e i ) 4 1 — 4k
B,

FEI E Bk oA 2 R T AR R T I 2R
Ty 30 3 ol — >4 Jry (B B 42 S O A ) e T
TERZEAGEOLT A — 63 1 4 Ry 1B { 7] LAAR
BORS A () R SF 5 JR s vkl ad TR CT %
(1 B K R SRAR B P i s 50, AR A S fin v 14
ML, T CT R & 52 3 2 0 KR 152
M, 5 5% 3L T MarchingCubes (MC) 2 5100 114 J)
HRTI SRS B0 ke H v 0 2 A I RS B AR U >R



B O EF
EF T CT ERHNEHRTNEE )

RANSAC gm0 ok BAE A BRI BA R R 2 Sk 8] =48 CT M . i &

BURE P72 315 B R BB R D5 o ML) = AL BB PR T S~ CT e
. . R GE TEVERRTE 1 FFs, dth  7ik

B AR
1 CrEE#EEENET® ST 2 AR RS 7 4B 3. RANSAC [

CT RG> E RS X GHLI eSS 38 3 W00, I 7 2 1h 4 R 3 910 2
BANGEIA . DEE My AR B A e R B e AN RS IR AT A RS A T B
3607, M ERIC R A R E A R 8 — RANEE AR B,

ik

ST

ERa B
—_
(a) REEMK
FIHHREL
s [N mm [ mm [ iy ) R
(b) TIERTE
1 CT RFili RGeS A T AR R
1.1 #Rih% S HIFRE
FFH MC 7 EARIIA 5 N = 2 WA 1 ' ' '

A P I — RS RY (O B 2 30 — 4 O A 25
HED . CT H R IR R RS 1) rp 2 50 53 A
2P PSKAHAS CT VIR HY 8 MAR skl — A=

12

eG4 O TS CT R A 22 15K I, A 215 kiR e
THL 5 # EAG N B B A 0, S T = 4R ks A ST, A5 S T -5 A AR 58 SR FH R Pk A (.
h ELA AR 2 0 S AR S R B A TS E T A AR Ar . A&l 3 BRI 1B A
{(f(xsy,2)=T} (O DSV, WERRERT T, ERTUSMWIERENT
T ST R £ (v ys2) JZS AR (2 s T IBAMEHI VSV, VLV VeV, 4350 5 48 A T
v ) IR ZE(E., LT PPy Py 3 AT S —A S5 E 1 48—
ST BRI OTSU—RE g0 BIfE . % ARSI — A =i A
I (K % 43 R iS5 0T S 50 40 o BRR R L 4 Vi Vs
FEA Y CT EIMZ K BEE B 7 B’ A5 A B R34,
OTSU HE M SR RS R LS R, — M &
¥ 8 AT, BEANTILEA NSNS D R 1, Vs il v
AR PURS A 2° PR AR E A MR FR M FIE e X " o, .
B, v LML &l 2 Beos iy 15 FleikZs. B2
Y2 O PR FRR S HT Rk B T Jm PR 2ok 0 303
400 1, A BH A 5 S R A 3E 8 58 1 AR v 4
FYHTIRE A 1 AT Y PR A TS A o
ORI, 34 T T il 255 6 9 00052 S 7 B3 FEETHRR
8 ANTHL —JL AT IR 16 Rk, 1.2 BE=EE
ﬁ—i’k‘ﬂ?ﬁﬂ"]iﬂﬁm%, AR AE 5 A BRI =4 CT 54 {di il MC &k, 5 3] i) g A

17
2023 F F 455 FTH

Te 15 )



B E
ETTW CT BGRNZHRTNETTE

N%

TR0 = A TR AR AR AL W AR = AR A =
FAT R AL, — R TSRS EE S CT M
(38 s — AT i 2 4 5 X F CT A 0
S T AR, = A A RAK B R G T
vk ioall K EESEAIE CRUE S i iR
TSRS sl (BUSIR TSR R sl . TS A7k
HHEAAN
ZiAini
n(p)—HZiAlniH (2)

L p AW GATI RN T 50 (o) AT p )
R MRS A=A A R
A= AE R TR sy NS @ A =T R TR T

HRHE Canny GG A 8 v (kAR KA 4
il R, 1 205 B MR EEAE | [ g (B) | [ R F 24155
BEEE D5 1) _EAHAB P A AT C B9BEEE(E. R H MC
D5 TR AR B L % T A5 A 0 i i 5 LATO
(R R T ) S T A P66 B85 7 [l 2R AT 3 IR R MR AL
TR A R KA A
1.3 BEfEEA=SE

I R A B R BT SR )R M S s
TRELEHE S, L B %o 2 B4 4 2 0 AT A B
RANSAC J7 M 78 1981 AFWRAR Y, FH R A vt 754
AT, 207 — B TR 7 i, nT DU
R AR TN N2 L R - Nt 37 1))
G 5B SR AR 51 A RANSAC H%
(e /Iy 3R vk T LAHEBR S 5 B50HE a5 i T,
RANSAC sz 4381, 7T LR R 105 8% 245 21 19w
2 AR S PR U R (LI )

Ibmi pd @@

(b) RANSACHEIEH S =
(IR NN e B S|
RANSAC B8 B A 1 5300 53R A s 8080 i
SR SRR NSRS A A BB /N T T RO
I 14 et AP BB R KT T B B I . B —
DAL —2H A, A O RHZ A St A T i/ N
P A .
argminz ((x; —x) "+ (v —y)* + (2, —2)" —
La(x; —x0) +bCy; —yo) +elzi — 2] —r*)?
(3)
K (asyisz) WA WAEE S LR (205 yos

(2) MR

2023 F 455 FTH
Patiatodl

200 M TR [RAE Sl 2R 05 1) b 3 S AR R s Ca s
b)) RBIRE P ] 55 -0 A AT #2425 argmin
Jt /N A

TS ZH PN R /N T R A A B R B
YERVEM RIS . 4T 2 IR BEALIBCE , Se 1941 50
BIPEANFEAR PR 48 A i K A BG4 v i) P9 s 8l
B Ry e A 550 T 406 19 2 50 B0 Sy (B A 1) JL A
FRIESHL,

2 KB5S

2.1 RIRIEE

TG U6 UEFB 20 K AL CT B K 1 5 s
SRS =4 CADGT ML Bh 1) BAL S A
IRV A aRTist H 7B R 3L T 94258
LRI 5 A B B L SR R XA B CT #5251
WMl F FDK Sk b dr =4 d AR il =4 CT 1k
Bd . B AR CT 1B R 56, FF 5 AR
R X BHRRER A 200 KV, B A 80 pA, B EL
4 1 500, 4KZFK/NH 0.15 mm, BUE KN R 600 X
600(f5 %) .

KI5 ZHF CAD BT

SHEFERIER 4 AR S YRR R4, o
SR, AN E AL, RSN, F R
WETHE 7 X MR BAT RS i S A 3 5 L2 N Fe
JER s AR B UE T 42 512 0F A IR A RS ) 0 G
FEmALPR B 1A BB 1 B B A [
FE 2,56 2 B BT 3,55 3 Bk AT 4, (f A
PRI CT MBI 0 AR 2 05 = A 7 [ A AR
Dt SR FH 4 ) B 7 VA S B AR R A 80, 6 4 A
[BAE A LA 25 R an3R 1 PR,

MR 1 AT UL Y 4 ik 0 ) £ 15 2 248 XHEL
CEAEH 0.012 5 mm) ¥/NFLJR ke . & RJr
P R 25 1 48 X ECFAME Y 0.02 mm., KT
T A T M PP BT A B A S s B O 5 DS



B E
ETTW CT BGRNZHRTNETTE

N%

x1 BEHFEZENCTUESR mm

WiH B4 1 [ 2 B4 3 Bk 4
FRUEA 10.000 30.000 50.000 70.000
FrdR Iy 9.981 30.012 50.010 69.991
ESIEIR/S 9.979 30.020 50.018 70.021
FrigrkiR2zE —0.019 0.012 0.010 0.009
EJRiRE —0.021 0.020 0.018 0.021

R CAD SR BAR ¥ 42 ] 7 i 5 e 4 7 i
FREU 81 = VR R D i R A7 B o, I A 25 R
£0.025 mum iP5 20 25317 14 DU St PR Sy A 1R L
X g S 6 PR,

B 14.07% B 14.92%

0.100 ==
0.025
-0.025 |
—0.100 mm
(a) iR % ) 2B
K6 s 3RO R L2
R T BUE T A M R e R RO =
AP IACR T i e A TR ) A
S CT RIS N 4 20 7 M 7 L A v 22 00 301 Ky
500,1 000,1 500,2 000, FHFFHEFZIRE CT F1%
(302 SO HH 4 R 5 L B B AR 1 = A5 A, )
SR CAD BERLA BLAH , VS g 75 5 T 42 30
GOSHE BT E S & Rk B &5 R i 7
FiR .

fhi Z/mm

40 —— /I\-fﬁ}‘fﬂ‘(

—=— T ¥
35
< 30
imosl
20 -
15+

0 500 1000 1500 2000
i 22
&7 W T T PR 7k A SR B ST L
22 RS

R AO7 B R AR CT B A EHE 1 S

WX, IS HRE S A CAD B RUE by B S0 50E , XF
OB $ 07 1 5 42 )R 5 1 TR AL AR B AR I B 45 2R, 45
REWI PR IE AR B . P ik e Ui = 1
B RO 14,0700, We /N T 42 Jm J7 5 B9 B IR R
14,9206 R K2 $2 U0 Bt R T 22 4R rp AR 7
oy HEEIE CT D 5 R 5 8 275 18X
TR R G PR . A RO E U L 7E AN R
T BE MRS SO L B4R 7 1k O B R R W] /N T 4
JRTT I BB DR R o R AT

3 HiE

PR T —AhIET Tl CT M R RE A R SF i o
R ZITEAT A& CT K& & — A AR A B
. IR UEW] T i207 Y B AR BRI R RO T
JRITER . MR T g P iR T I Y
s FEMORT E R T2 SRy J7 vk B4 X W 7 LA B Y
BREPE, FET Tl CT Y BAE AR T I 54 4L
UFRYEES I T CT A8 RUSF I 45 T T A G A
At BAT—E /Y TR M A

SE 3k

(1] RESEZE, MRAETR , H A, 55, 25 T 2 3 2% il o Ao )
Tk CT 48 85 AR BOAR LT 1. E AL 5 R 5
r,2016,21(1) :14-21.

(2] TEAEWR, TRFML. 287 F. FTF Tl CT BIE A4S0 iR
Fort RoRE R Bk (1], AR, 2015, 37 (6) : 29-
32.

(3] SkAFEAR sRAEAR, X140, 55, Tl CT HRTERDLIE X
T AR A B L) . JE S, 2019, 41(3)
52-57.

(4] BHIEHE, = L BT A, s R B A T 3 4 T8 45
R 08 JEASURG U BAF 7 0 e [0 ). s il & H AR, 2019,
62(8):70-75,87.

[5] LIFTON]J J,MALCOLM A A, MCBRIDE ] W. On
the uncertainty of surface determination in X-ray
computed tomography for dimensional metrology[ J].
Measurement Science and Technology. 2015, 26(3) :
035003.

[6] KRUTH J P, BARTSCHER M, CARMIGNATO S,

Computed
metrology[ J]. CIRP Annals,2011,60(2):821-842.

[7] KOWALUK T, WOZNIAK A. A new threshold

selection method for X-ray computed tomography for

et al tomography for dimensional

dimensional metrology [ ] ]. Precision Engineering,
2017,50:449-454.
CT 655 60 50

19
2023 F F 455 FTH

Te 15 )



4
e
e
{=]
ES

QA

o AR
F, =F:
REREENBRENTZRFIEHRNE EE

N%

[5] JINSJ,LIU C F,SHI S Q, et al. Comparison of

(6]

[7]

(8]

(9]

[10]

[11]

[12]

morphology characterization for regular cracks with
multi-mode total focusing method[ C]//2019 Far East
NDT New Technology &. Application Forum
(FENDT). Qingdao,China:IEEE,2020.21-25.

20, 2R e RG], RN, 2021,
45(4) :1-6.

SRR R, A ST A e R AT
1 L0k P R AGE d R I [T, AR A R 23R 2021
42(1) :183-190.

RN IRBE B L BT e R E IS
BAGHFFEL) ] P2 AR 2021, 40(4) 1 475-481.

SRH A WRZE, R AR, A JE TR AR N
BER M IRAE R T CIVA {5 BT . E, 2021,
47(7) :19-25.

TSR PR 4 R A N P (A 0 K 4 3R A S AR BT
FE[D]. Lifg AR TR, 2019.

RAFMG , FRAAE. S 2 T AR AR h S TR R R R 5
B[], B 2%, 2022,41(4) : 527-534.

ZHANG ], DRINKWATER B W, WILCOX P D.
Defect characterization using an ultrasonic array to

measure the scattering coefficient matrix[ ] ]. IEEE

[13]

[14]

[15]

[16]

[17]

Ferroelectrics, and
Frequency Control, 2008,55(10) : 2254-2265.
SCHMERR L
nondestructive evaluation] M]. Switzerland: Springer,
2016.

BUDYN N, BEVAN R L T, ZHANG ], et al. A

Transactions on Ultrasonics,

W. Fundamentals of ultrasonic

model for multiview ultrasonic array inspection of
small two-dimensional defects| ] ]. IEEE Transactions
Ultrasonics. Ferroelectrics, and Frequency
Control,2019,66(6) :1129-1139.

DRINKWATER B W, WILCOX P D. Ultrasonic
arrays for non-destructive evaluation: a review [ ] ].
NDT &. E International, 2006,39(7) : 525-541.
ZHANG ], FELICE M V, VELICHKO A, et al.

Angular and frequency behaviour of elastodynamic

on

scattering from embedded scatterers| J |. Ultrasonics,
2019,99:105964.

ZHANG J,.DRINKWATER B W, WILCOX P D. The
use of ultrasonic arrays to characterize crack-like
defects [ ] ]. Journal of Nondestructive Evaluation,
2010,29(4) . 222-232.

AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

(35 19 7D

[8] LIFTON J J, LIU T. Evaluation of the standard 163-169.
measurement uncertainty due to the ISO 50 surface [11] CANNY J. A computational approach to edge
determination method for dimensional computed detection[ J ]. Readings in Computer Vision, 1987
tomography[ J . Precision Engineering, 2020, 61: 82- 184-203.
92. [12] FISCHLER M A, BOLLES R C. Random sample

[9] HEINZL C, KLINGESBERGER R, KASTNER ], et consensus: a paradigm for model fitting with
al. Robust surface detection for variance comparison applications to image analysis and automated
and dimensional measurement[ J . Physik in Unserer cartography[ ] ]. Readings in Computer Vision,1987:
7t,2006,13(1) :14-21. 726-740.

[10]J LORENSEN W E, CLINE H E. Marching cubes: a [13] FELDKAMP L A,DAVIS L C,KRESS J W. Practical
high resolution 3D surface construction algorithm[ J]. cone-beam algorithm [ ] ]. Journal of the Optical
ACM SIGGRAPH Computer Graphics, 1987,21(4) . Society of America A,1984,1(6):612.

< ¢

DR IEFE  RAATHA R FYEITE

2023 F 455 FTH
Patiatodl



