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Spatial hole position and pose reconstruction based on directrix-generatrix

Li Bing,Fu Weiping, Wang Wen, Yang Shiqiang

(School of Mechanical and Precision Instrument Engineering, Xi’ an University of Technology, Xi'an 710048, China)

Abstract: The position and pose reconstruction of spatial hole widely exists in industrial and architecture areas. This paper proposes a
method for recognizing the position and pose of space hole, named the directrix-generatrix method. The principle of the reconstruction
method is as follows: fitting the hole directrix according to the marginal points on the cross section of the hole; through other points in
hole cylindrical surface respectively, drawing the hole cylindrical surface generatrix in the direction given by the hole axis; LM
(Levenberg- Marquard) algorithm is adopted to perform the optimization, in which the algebraic sum of the distances from the crossover
points of the generatrices and the hole cross section to the hole directrix is minimum. Then, the hole axis direction is obtained, and the
center of hole directrix could be used as the hole location. The experiment result shows that the proposed method requires less sample
data, and features very simple calculation process and high accuracy, which is also suitable to the position and pose reconstruction for
axis and other cylindrical surfaces.
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Fig.2 Three kinds of coordinate transformation processes
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Fig.3 Two-dimensional ellipse
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Fig.4 Sketch diagram of hole directrix-generatrix
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Fig.5 Three dimensional model of inclined hole
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Fig.7 Axis direction reconstruction
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Table 1 The results of hole position and pose construction

L% WERRM 8 A28 8 AUV3 A S R/3
fLEAR/mm 20.0000  19.9490  19.9490  19.948 8
FLoy X/mm  111.6490 111.6492 111.6492 111.649 3
fl0 ¥/mm  100.000 0 100.000 0 100.000 0 100.000 0
L0 Z/mm -64.6391 -64.6393 -64.6393 -64.639 1
WZE X/(°)  70.8361  70.8339  70.8363  70.8362
Bigk Y/(°)  34.9123 349136  34.9118  34.9119
W2k Z/(°)  62.0425  62.0426 62.0428  62.0427

DA B S5 SRR 0, FLoC o7 B b Lo 1T i % S4B
RIS B e, FLIIZR 1) = kG B 5L 3R s Bl A
Ko 5 AU 2 A 3 ASAT T B AT SRASAR S A L
FHXTIRZERN 0.2%

it —25 e, BT A FLAE T B (AR 1 AN )
AR LA 00 4 A T 7 3 L IR A AL, A AL
DARAR(109.293 8,100.000 0, —69.253 6) , £ Jy [m] f
(76.397 0,34.232 4,59.267 8) , 4% 19.732 6 mm, %%
5 SEBREAFTER R 1R 22 , EURG BE e Ik T A SR 0 i 7
o
5.2 s

ASCRFSCHR[9 ] 2 R 5 B 550 mm 45
MR R TR AL S BUIRAE  S2m, anisl 12 s, SCHR[9 ]
TE T AW Ak 43 313 5 2R 4R 6 A i, R 42 4 R
FHIB AR SREA A B A R TS, 25050 2142 0. 2748 2 m, v
T [E 0 AR 47247 (10. 000 00,22. 649 80,4.484 25)  Hhzk )y
4 (0.997 71, —0.067 67,0.000 38) , A< ¥ H H
H— AT 6 A AU TET B Al 3 A, Aa AR 4 il A (9.



1658 & I £ ¥

38 %

652 71,22.565 02,4.737 11), (9. 669 22,22. 808 03,
4.723 62),(9.678 71,22.946 76 ,4.474 63) , (9. 668 63,
22.796 79,4.239 79) , (9. 650 21,22.525 10,4.251 80) ,
(9. 641 63,22.399 03,4.475 11) fI (12. 545 71,
22.363 33,4.736 12), (14. 559 54,22.499 32 ,4.710 11),
(10.576 62,22.884 54 ,4.455 89) .

K12 BHERRAE REE
Fig. 12 The diagram of the roller sampling points

W 13 14 FR AR P64 SCA 4 05 1 T 6 R A
TS, P EVECHR S TR 10 {5 R . SR A5 SR kiR
F0.274 86 m, [A 0 A bR R (9. 660 10, 22. 672 66,
4.484 33) Bl £ )5 | &y (0. 997 70, - 0. 067 82,0. 000
38) . B 1Ly RO X ARARE AT 3% FHXT IR 2SN,
i LS AR AR/ o XU B AR ST R 1 7 1k 1
g

(ax*+bxy+cy*+dx+rey+f)=0

2361 ’
235f o T
234t i LN
/ o BN I A
2331 .
= \ — WA
220N © RN
231t ~— o
230} T
229 : . . . : .
248 -47 -46 -45 -44 -43 -42
X

B3 U e
Fig. 13 Fitting directrix ellipse

+ BRI A
LG 57 2

LI

140, g

130

120

w110}

100[+

90}

80l

236

232
y 230

ngag 4 T x

Bl 14 BT

Fig. 14  Axis direction reconstruction

ASTCEEXob 2% ] LA S o AR 4R i T — R LR - BEER

5 RIS G AR IS4, %005 12 Rl AL — A Bk
T 120 2 /0 ik i /0 L A SR T A A A B AT A 5 FLAGE 28,
AL A] b 7 28 A AT 6 8 T A e H AR

BOT IR B e T U D TR R
o IR

TRIT AN I Z AT A LA 2N AT i Th 01 25 it £k

PEHEIE , Szpak Z. L. 45 "7 45—l i 50 400 4 £ B

ST LIRS A sk A ) R, B LA S8 i e, FL KT I

SEAIFL N R SRR SO BIE T B AR o S Ja ks WA

TR HHL LT A Bl B2 AL S S LN 2R A, 55

WAL TR,

553

[ 1] NIEVERGELT Y. Fitting cylinders to data[ J]. Journal
of Computational & Applied Mathematics, 2013,
239(239) . 250-269.

[2] ALSUBAIHI I A. Orthogonal least squares fitting with
cylinders [ J ].
Mathematics, 2016;1-11.

[3] MNITE, sk, sKIER. J6T PCL B S8l LEL 3 =

AERHESICEAR [T ] AR, 2016, 39(2) .
80-82.
NAN G L, ZHANG R F, ZHANG Z R. Technology about
cylinder head’ s 3D feature extraction based on PCL[J].
Electronic Measurement Technology, 2016, 39 (2) . 80-
82.

(4] E548, Ewep, mueid. Rl Emsel].

M2 THE, 2014, 23(3) :59.
WANG CH CH, WANG X W, XU X CH. Study on the
cylindrical surface fitting method [ J]. Engineering of
Surveying and Mapping, 2014, 23(3) :5-9.

[5] WEIS, WANG Y. A robust cylinder fitting method with

parameterized  distance

International  Journal of Computer

function based on gauss
image[ C]. Acis International Conference on Software
Engineering, Artificial Intelligences, Networking and
Parallel/ Distributed Computing, 2009 :83-86.

[6] YAN L, XIE H, ZHAO Z. A new method of cylinder
reconstruction based on unorganized point cloud [ C ].
International Conference on Geoinformatics, 2010;1-5.

(7] B&B, om0, Rui . JE T 85 19 Levenberg-

Marquardt [RA:LE )], HHEHE AR S k&, 2009,
19(8) :133-136.

LU L, SHANG L P, SONG L M. Cylindrical fitting with
Levenberg-Marquardt based on projection [ J ].
Computer Technology and Development, 2009, 19(8) :
133-136.

(8] KLl XA, e, % BUBIR R BIE K B AR
WELI]. MR EOR 4, 2014,31(4) :355-358.



7 2z

I A5 TS - i s ] fLA R A

1659

(9]

[10]

(1]

[12]

[13]

[14]

ZHANG SH J, LIU CH J, LI J F, et al. Cylinder fitting
with roundness estimate method based on projection[ J].
Journal of Geomatics Science and Technology, 2014,
31(4) :355-358.

ZEb A R E SR, B A BT L S R 1 = 4 3 (]
HEmELG L], F3 =240 B AR =R, 2010,
38(4) :604-607.

QING SH W, PAN G R, GU CH. Fitting of spatial
cylindrical surface based on genetic algorithm [ ] ].
Journal of Tongji University: Natural Science, 2010,
38(4) :604-607.

oK i F, E AR S (A A TR0 R [ T A0L 5 O
L] TR, 2012, 40(1) 77-80.

ZHANG Y Z, WANG ] X. Cylinder surface fitting with
arbitrary initial values[ J]. Geotechnical Investigation &
Surveying, 2012, 40( 1) :77-80.

FEIENI, AN, Bhmm g, 4. 5T 2 A iR
R e A [T]. AR, 2014,
35(11) :2567-2573.

YAN Y G, DENG X L, YAO L F. Three-dimensional
surface reconstruction of large-scale pipe combining
principle component analysis [ J ]. Chinese Journal of
Scientific Instrument, 2014 ,35(11) :2567-2573.

R, MMt VUG , 4. RRUAS I DR s ) B 5 i g
ARBETE B[] AL A4, 2013, 34(2) .
338-343.

GENG X, QU X H, JIANG W, et al. Rapid
measurement and modeling technologies of large pipes
and their application[ J]. Chinese Journal of Scientific
Instrument, 2013, 34(2) ;:338-343.

ARk, B, T Tl CT R EMA )], HEHL
TSR, 2010, 46(11) :208-210.

70U B, ZENG L, MA R. Fitting of industrial CT image
pipes [ J ]. Computer Engineering and Applications,
2010, 46(11) :208-210.

TR EIGE , K B BT RS E SE AR E Y A3 () [ A
IR T]. OB SRR, 2013(2) 149-51.
ZHANG R F, ZHANG X M. Measuring cylindrical axis
based on virtual binocular stereo vision[ J]. Instrument

Technique and Sensor, 2013(2) ;49-51.

[1S] XUE T, £5, 45, RO AL E Dy AL b 5
PG D7 RS L] BLBORE % 5 HOR, 2015,
34(3) .440-444.

LIU J, FU W P, WANG W. Study on the orientation
analysis  of holes axis and image

various  pose

measurement method [ J ]. Mechanical Science and
Technology for Aerospace Engineering, 2015,34 (3):
440-444.

MARQUARDT D W. An algorithm for least-squares

Journal of the

[16]
estimation of nonlinear parameters [ J ].
Society for Industrial & Applied Mathematics, 2006,
11(2) :431-441.

SZPAK Z L, CHOJNACKI W, HENGEL A V D.

Guaranteed ellipse fitting with the sampson distance[ C].

[17]

European Conference on Computer Vision, 2012 :87-100.
FITZGIBBON A, PILU M, FISHER R B. Direct least

IEEE Transactions on

[18]
square fitting of ellipses [ J ].
Pattern Analysis & Machine Intelligence, 1999, 21(5) .
476-4380.

EEE N

—_
-~

-

s
b e A e e am

ZK,2011 4R TR B TR Bk
S, B PG 22 B TR A R A, R
WEFE T T 0 REL AR AN HILE L o
E-mail ; bing_ying@ aliyun. com

Li Bing received his B. Sc. degree from
Nanchang Institute of Technology in 2011.
Now he is master student in Xi’an University of Technology in

2011. His main research interest includes intelligent robot and

machine vision.

B FECGEIRER) , 1996 4F T P4 2% 58
KA ARAF I 20, B VG G TR
A, R T ) R RE AL
N WLE TN S B E
E-mail ; weipingf@ xaut. edu. cn

Fu Weiping ( Corresponding author )
received his Ph. D. degree from Xi’an Jiaotong University in
1996. Now he is a professor and doctoral supervisor in Xi’an
University of Technology. His main research interests include

intelligent robot, machine vision and automatic driverless cars.



