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Abstract: Computed tomography is a crucial non-destructive testing technique for acquiring point cloud da-
ta and reverse reconstructing workpieces with complex internal structures. Point cloud segmentation is vi-
tal in reverse engineering, as its accuracy affects the quality of the reconstructed model. To address re-
verse reconstruction needs, this paper introduces a slice segmentation method based on the principal axis
for part segmentation, involving two stages: coarse and fine segmentation. Initially, parallel equidistant
point cloud slices are generated along the principal axis, classified by calculating slice features. Similar slic-
es are then merged and clustered for coarse segmentation results. These results serve as input for the fine
segmentation stage, where sub point cloud features are calculated and classified. The sub point clouds are
verified, merged, and under-segmented to achieve the final segmentation result. Subsequently, a geome-
try-topology tree structure is proposed for fast, accurate model reconstruction, representing the model un-

ambiguously. The experimental results demonstrate that the proposed method achieves effective segmenta-
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tion and high applicability, with an average IoU of 0. 879 7. Additionally, the model reconstructed using a

geometric-topological tree fully retains the object's main structural information, which is highly valuable

for practical engineering applications.

Key words: computed tomography; 3D point cloud; part segmentation; reverse reconstruction

1 3 =

WEH BN/ AR X T BA NS 1 T
A GE R H DDA DN 2 AN P 2 755K, T CT AR Ry
— RS SR AR T U P A K JEE 4 TR I RT
PASIE BTG5 AGE I, £ G453 A T A5 2 1 Kk
AW X FEEENCT BMR, 5 N Rt T
R BIE 5T LA SE BUAS [ B9 7 75 5K o 30t 1] T 7
e, D G R TR A R OR T CT BEAT =4
LRl I TSR (VS R L QU e R DS €=
TR, 2o U 25 R AT O il w1 KRt AT
Kb 3R

S o3 B A B A R Y O B PR X
T AT W0 PR L R A R I R A A
AEEREL . WM B EIT A T
RUAU A 1 43 8 DCHUAE K R R 2 4 I AF
HAT, 5z 2 BIX RR ZH X TR EF B A=
FEWNGE R WX R T 8 o O 2
SR AR R R Wy R s i 2, A%
AE % 52 N H AR £ AR5 BRI AT o H 2 X T 2ROk
JE EOR B 1 5, W S AR )
T #0855 K L X R 0 O vk LR B AE
TE 43 FURE LR, A H SR 2 8K B, AR 3¢
BEx BA NS A RS T T — R T CT ]
R B i = W0 1F 2 HU 7 35, vl LA 800 i B 3g
J7 A AE I BRBE I F T 20 350 25 SR 3 W R 47
HE R0 T A, S T ) A A 306 ] A

P e

BT AR ALY ) S A S e AR AL
SRAE— BB O s DR R TR
RUAE Ok & BRIkt AT T Z2 et T A
S M U R s T AR B Ah S S
5 AT R DL B T 2 RO T RS B A AT
THFSE . Fatemeh 55" 2 225 1 73 %1 07 0 4

BUL T A = HEAT 3 H AN FER 45 0 oC R AL AR
— PN, AT RLA RO A3 A AR S T . Veljko
SR AR /N 3 ko o T R R R R AT LA
S B o FV RSB T . X T AR 25 R
) B TR BT 43 ) 2 B, e ik ARRT LA
HFEATER 2 X 5 R 2 ) %
TR R 1) — B R SR B R b R R R
15 S Ak 38 5 T, R 22 RO 00000 43 3 % 1k 3%
AR ZE RS R R G 3 5 RANSAC X i = i
154r% .

ETXREAKN A EREN 4P R E
LRSI, A HE ) AR R Y
ARARL T | ol = o571 20 56 BB e s gl o220 ]
BF 38 A 3 B AR K AR AT DL R X B A
FER  Anh-Vu PR 3R T OB Y X e
AR A ENV B OB s AT N SO R R ST,
QTR SUE IRER SR LY N el PN B
I ey BN BE R . SR AE R XA KX
AT AR ED N5 FE I F S AT SRR
J7 BT B BN 2 AR S 4 2R . ) F
SRS TN 2 I M R SR B H R B A 1 4
TR, ) FH 2 TEREAE A I B R AR R Aol 435,
THEE AR AR 1) £ DX 43 300 2% 0, R FH 300 % 8 S B 1l
S AT X AR K IF X 2] Oy 22 8 KRG A Btk
T4

BEF B2y F Y Oy vk 0l R T B A R AT
FEA A, R A AE AR AL X 05 2 i AT 0 S B4
LA Rl il 3R 24 B A5 A RR R
RATVE R i 22 R B SR R R T AR X
B Chen & FH 50 S1 Ja) 3 - T BE B9 ok R AF 4L
P 2 18] 0 5 Z L AT LA B N = RRAE R B R
MDS XJ J e i A7 B2, 8 8 0 A A, SR 5 R
DBSCAN X 8 i = AT R 2

BR T bR 0 A B R A A AR Y R
2 E T o WO A 2 HE AT R AE A S By



5519 1

Ty, A5 BT CT BRI IR 5e 5 2 5350 B bl o) 8 2959

BT A — B o3 B BURFAE A5, 454 RS X X
RPUFIELHATIRE ™

R B TR BIRAS T — R B ROR L HOR
IATAE — 8 BB o R TR A5 TR 1R 2 4R
B e F 268, OF HLAE A8 o B AR 2 A S
LR R AU G A [ 8 LAY I X 45 2R AF 7R
SO o T DA A 5 vk B OAR B N o T Ok
LM BEAT T e, B T A E A X AR R
ok B HEAT BRI AH 2 B xR [ 2 B &, 28
SR, ZHONBLBRE IR . ETRENITE
REL LS B B 1 0 R G R R BB 6 I Y
fiE il 3R 7, AR T LA BN B A RO L (H 2 Fy
fiE T3 FE Il MR 8, B = TRE B
— i R BEAT 0 H o PG, AR SCHE T T — Rl
F T Al = U 8RO ik Al LA AL
oy B Z2 BRI A = B R I B2 BORS R AL
B B . R TR DT kIR T B
Xt ) A R A R R R, WL S B TR N R Y

3 pEE

RELEN S SN EERMESH L EEY
PR Ae J 1 |, 3 o 40 30 £ A mT AT 00 R )

PR g 2 A o MR X — AR AR SCER T T —
Fift B T 0 U0 R B B 23 059 (slice seg-
mentation method based on the principal axis,
PASS) 1% J7 AT LA S5 S HL o5 40 53 51 P
T4y, 4 AR B 4 JRy 4 AIE LR FB R AE 52 B A5 2 43
o FE S ARBRNE LR, EEITREA S
A 3 Bl L AR e DA T2 A ) Ol R A S R B
MEFATHEE T EMMI R SIS sU R A
TR AU BRI U0 3 R AR X U0 2R AT
Gy HAE GOFE ERARB YL L XA IR ) A
£ 5 1 S HEAT R B AT A5 B 0 o H A
R ZJE X o3 NG5 R BEAT FR AR TE B e R A X
TREH TR AL T A= iR A
BN HBRAR TIZERN A s EEGIFRA
AT & MY S 2, B SR R R O3 A s AT Ab A
13 B B 21 o B 2R
3.1 A=A

ARICE LR m YR — F 5 5 A R A
fTHEET A By BA — €5,
HT T AR SC AT 0 HA N I 9 1] AR TR AT
I3 I R Al SO R R Bl

XF T RS AR SCR H 3800 2 A
(Principal Component Analysis, PCA) i #t 471t
Boo X TFH AL S P={p,poapiopa)

T A '
Input I I
A7 Sy EEM EEEDS AZUA EEDS| UKHE :
l |
I {} [
|

|
Output | - |
< R <G e = urax |
1A 4 ss B eetestestelestostestiostestestoslostosteslioslostostisiesiosteiostestesteostesteste J
e e e
™ wnamer: :

Input | .y -

s e PEF A S
FASHE [ TAZs%  EE o o0 :
l |
| v
|
Output | |
43 I <}:;— KA HIRLEE < EHTHE |
|
l |

1 PR Bd = o 1 SR

Fig.1 Framework of two-stage point cloud segmentation algorithm
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Tab.2 Nozzle evaluation parameters

Method Precision Recall F1 ToU
RANSAC  0.9287 0.9582 0.9396 0.8896
RG 0.7488 0.8568 0.7568 0.6383
BF 0.8529  0.8544 0.8239 0.7234

PASS 0.9263 0.9516 0.9316 0.8797
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