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ARTICLE INFORMATION ABSTRACT

Original Research Paper One important problem investigated in reverse engineering (RE) field is finding the best surface to
Received 01 December 2015 approximate point cloud data. Swept surface is a surface type that in addition to various applications in
Accepted 18 January 2016 CAD/CAM software, satisfies the whole standards required for use in RE software. The most important

Available Online 26 March 2016 problem in utilization of swept surfaces for RE purposes is finding the areas belonging to it out of

point cloud data. Through an algorithm presented in this paper, a method has been introduced to find

Keywords:

Reverse engineering these areas automatically. C_Zurrently, t_his process _is performed by user intervention. I_n this paper, using
Swept surface kinematic surface formulation and slippable motion concept, a general method to find swept surfaces
Iterative segmentation with any arbitrary central curve and profile is introduced. To this end, point cloud data are processed

kinematic surface

Slippable surface regarding slippable motion criterion using iterative segmentation algorithm, then by presenting an

effective algorithm and employing the concept of hierarchical classification and drawing the dual graph,
swept-surface-related areas are found. The introduced method is implemented in several models with
different conditions for validation. It is observed that the results have good agreement with real model
condition, showing the efficiency of this method in finding the swept surface.
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Fig. 1 a- long surface generated by the intersection of three primary

surfaces b- generation of long surface by rolling ball method requiring
the solution of complicated partial differential equations c- generation
of long surface using swept surface and ordinary differential equations
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Fig. 2 Geometrical models according to different velocity fields a-
helical velocity field b- pure rotational velocity field c- spiral velocity
field d- logarithmic spiral velocity field (dashed lines denote the
direction of velocity field current)
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Fig. 4 a- n, normal vector of profile’s curve, and T—u tangent vector to
central curve, at point u = 0 b- exhibition of swept surface S (black-
hued) produced by two generating curves c(u) and p(v), and extruded
surface E (white-hued) produced by extending the p(v) curve along TTL
vector c- area in which the two surfaces E and S overlap (combination
of black and white)
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Fig. 5 a- approximation of swept surface using extruded surfaces b- use
of lines L,, L,and L, which are the corresponding directions with
extruded surfaces E;, E, and E5 as an approximation of the curve c(u).
As seen, it may be expected to result a better approximation of swept
surface and c(u)curve as the number of surfaces E; increase.
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Fig. 6 The manner of dual graph generation on extruded surfaces a-
after primary segmentation, each area is assumed to be a vertex of the
graph b- with regard to the areas located adjacently, the edges of graph
is drawn (to avoid the ambiguity of figure, only three vertices E;, E,,
E; and E, are titled).
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Fig. 7 the manner of integration of different areas and dual graphs
relating to each step a- model is over-segmented b- model after the first
step of integration: integration of areas that are identical in terms of
slippable parameters c- model after the second step of integration:
integration of areas that are common in at least one slippable parameter
d- final model after the third step of integration: detecting of swept
surfaces (the surfaces specified with black color)
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Fig. 8 a- The segmented model according to slippable criterion with
regard to constant velocity field b, c- boundary planes for adjacent
segments (The orientation of arrow shows the slip vector in first
direction)
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Fig. 9 Exhibition of the constituting elements of the model using hierarchical view method
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Fig. 10 a- The segmented model after the second step of integration b-
detection and separation procedure of the swept surfaces using
proposed algorithm
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separation procedure of the swept surfaces using proposed algorithm

anab Jas -0 a8l CAD Joo =l g8 l)ls Jow gomast 11 JsCi
@ boye slo o SSE 5 (olulid =g coS 5 el po g jl 00
ol o oSl Sl ool b gl s,

3 osleis 16 095 1395 sls i (jurde Suilke Swaiie



S 1B 9 (52905300 L) pael

P300S Bl 9 Suileisw A9, SI9k )l 0wl b bl jal S jI 90l S439) 43 bga o Algs alwlivh

of Computational science, Beijing, China, May 27-30, 2007.

[18] L. H. You, H. Ugail, B. P. Tang, Xiaogang Jin, X. Y. You, J. J. Zhang,
Blending using ODE swept surfaces with shape control and C1 continuity,
The Visual Comput, Vol. 30, No. 6, pp. 625-636, 2014.

[19] C. Li, S. Bedi, S. Mann, NURBS approximation to the flank-milled surface
swept by a cylindrical NC tool, Intervational Journal of Advanced
Manufacturing Technology, Vol. 61, No. 1, pp. 35-51, 2012.

[20] R. T. Farouki, K. M. Nittler, Rational swept surface constructions based on
differential and integral sweep curve properties, Computer Aided Geometric
Design, Vol. 33, pp. 1-16, 2015.

[21] Kevin M. Nittler, Rida T. Farouki, A real-time surface interpolator
methodology for precision CNC machining of swept surfaces, Intervational
Journal of Advanced Manufacturing Technology, Vol. 84, No. 1, pp. 1-14,
2015.

[22] H. Pottmann, J. Wallner, Computational Line Geometry, pp. 195-221, New
York: Springer, 2009.

[23] C. Wu, S. Agarwal, Schematic Surface Reconstruction, Proceedings of the
twelfth Computer Vision and Pattern Recognition Conference, Washington:
IEEE Computer Society, pp. 1498-1505, 2012.

[24] H. Hoppe, T. DeRose, T. Duchamp, J. McDonald, W. Stuetzle, Surface
reconstruction from unorganized points, Proceedings of the 19th annual
conference on computer graphics and interactive techniques, New York:
ACM, pp. 71-80, 1992.

[25] A. Foorginejad, K. Khalili, Point clouds curvature estimation using umbrella
curvature, Modares Mechanical Engineering, Vol. 15, No. 1, pp. 227-235,
2015. (in Persian _.,l8)

[26] Y. Liu, H. Pottmann, W. Wang, Constrained 3D shape reconstruction using a
combination of surface fitting and registration, Computer Aided Design, Vol.
38, No. 6, pp. 572-583, 2006.

[27]1 M. Hofer, B. Odehnal, H. Pottmann, T. Steiner, J. Wallner, 3D shape
recognition and reconstruction based on line element geometry, Proceedings
Tenth IEEE international conference on computer vision, Beijing: IEEE, pp.
1532-1538, 2005.

[28] T. Randrup, Approximation of surfaces by cylinders, Computer-Aided
Design, Vol. 30, No. 10, pp. 807-812, 1998.

[29] H. Pottmann, T. Randrup, Rotational and helical surface approximation for
reverse engineering, Computing, Vol. 60, No. 4, pp. 307-322, 1998.

[30] A. Nchter, J. Elseberg, P. Schneider, D. Paulus, Study of parameterizations
for the rigid body transformations of the scan registration problem, Computer
Vision and Image Understanding, Vol. 114, No. 8, pp. 963-980, 2010.

3 o)l 16 095 1395 sls ya (Hurde Suilke wiiie

[3] W.Jun, Y. Zeyun, Surface feature based mesh segmentation, Computers &
Graphics, Vol. 35, No. 3, pp. 661-667, 2011.

[4] P. M. Castro, L. A Lima, F. L. Lucena, Invariances of single curved
manifolds applied to mesh segmentation, Computers & Graphics, Vol. 38, pp.
No. 1, 399-409, 2014.

[5] J. Andrews, C. H. Séquin, Generalized, basis-independent kinematic surface
fitting, Computer Aided Design, Vol. 45, No. 3, pp. 615-620, 2013.

[6] A. R. Miandarhoie, K. Khalili, Geometric model segmentation using
approximate voronoi diagram and fuzzy regions construction, Modares
Mechanical Engineering, Vol. 14, No. 15, pp. 127-136, 2015. (in
Persian .. ,l8)

[7] B. Song, N. S. Zheng, D. W. Li, R. L. Chen, L. Li, Reconstructing DEM
using TLS point cloud data and NURBS surface, Transactions of Nonferrous
Metals Society of China, Vol. 25, No. 9, pp. 3165-3172, 2015.

[8] L. Liu, Y. J. Zhang, X. Wei, Weighted T-splines with application in
reparameterizing trimmed NURBS surfaces, Computer Methods in Applied
Mechanics and Engineering, Vol. 295, No. 1, pp. 108-126, 2015.

[9] M. Moinet, G. Mandil, P. Serre, Defining tools to address over-constrained
geometric problems, Computer Aided Design, Vol. 48, No. 1, pp. 42-52,
2014.

[10] D. D. Hoffman, W. A. Richards, Parts of recognition, Cognition, VVol. 18, No.
1, pp. 65-96, 1984.

[11] W. H. Hung, S. C. Jessy Kang, Automatic clustering method for real-time
construction simulation, Advanced Engineering Informatics, VVol. 28, No. 2,
pp. 138-152, 2014.

[12] A. Shamir, A survey on mesh segmentation techniques, Computer graphics
forum, Vol. 27, No. 15, 39-56, 2008.

[13] N. Gelfand, L. J. Guibas, Shape segmentation using local slippage analysis,
Proceeding of The 4th Euro graphics Conference, New York: ACM, pp.
214-223, 2004.

[14] F. P. Arribas, I. T. Vargas, Computer-aided design of horizontal axis turbine
blades, Renewable Energy, Vol. 44, No.1, pp. 252-260, 2012.

[15] A. Gameros, L. D. Chiffre, H. R. Siller, J. Hiller, G. Genta, A reverse
engineering methodology for nickel alloy turbine blades with internal
features, Manufacturing Science and Technology, Vol. 9, No. 1, pp. 116-124,
2015.

[16]J. K. Hinds, L. P. Kuan, Surfaces defined by curve transformations,
Proceedings of the 15th numerical control society annual meeting &
technical conference, Chicago, USA, April 9-12, 1978.

[17] B. Su, J. Tan, Sweeping Surface Generated by a Class of Generalized Quasi-
cubic Interpolation Spline, Proceeding of The 7th International Conference

330



