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Sweep Surface Detection from Points Cloud Data using Theory of Kinematic
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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
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‘Available Online 28 March 2016 CAD/CAM software, satisfies the whole standards required for use in RE software. The most important

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: . . . . . . .

Reil,erse engineering these areas automatically. Qurrently, '{hls 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

Al 5y JoSis o adgl g e 0 )55 5l ol il (s, -l ] IS
—z ol (S5 Jamdl s (goduzy Yolas Jo anjls as rolling_ball i, b
Syore Jawil s S¥olee g g9l sy, 3l oolal b aily gaug, JuSiis

'2 Bezier Spline

¥ B_spline

“ Blend Surface

'* Free Form Surface

3 ool 16 095 1395 sls ya (urde Suilke wiiie

Silp [5¢6] sileoe lo,lae wlaly laosls ' gonast [3¢4]
orizen 5 [748] g3lis oloj Jsol b Gl 5 jlsen slawy,
Sty 5 looynS Vs [9] Glie wiige 098 olwlis
b Layl38le 5 cnl 50 sl ol 052y ugSan qusiige (5,25 (sl 3Bl
39 el ool p.ml).é Q‘x)Lf woolaiul 45‘):’ wb.ﬁ ‘_ng)l}gl dSQ] S99
Songen pbzea (2hb psrde 5 By, blatel oawzmn sladoe 5o
ols oy bl )g| r:l} sloosls 4 ).g)Lf LY £y L )|}é|‘a)5 o5

Saligh Slaptase (Shawg uz Slylp Slidind 3 sl Lo o
Olgn sl ol plosl sode Calisee sloo )5 4o T 51 eolial 4
aS 2 S el sl b 1984 e jo o), g edle a5 S
@l S0 Gl caz |y lepad (gl woel® 23 lit (5,55 5l aid S
Sy sl SThol G098 0 yieS 9il8 olilp [10] wslanilo p eghan
Gratls 4 azg LS e ) oyl calise gla o ololis
el (6 5SS Olalad 4y e Siwsnl Jlo aE (5,505l
sz ganasl cqx Gl Glids (ol pl 4 a2y b aS
ol Galisee glas 1 olusl )0 (Gogmu 0590 50 300 udsu o [11]
oSl lsieds o] 5l cVlae 5l an o &S ‘4‘559.9‘,&.0 o=l

ANz ganasl Glagi sl 5l pusSian (swaige slo)l3Ble 5 50
ol sz p 0sd oo oolaul Sadyl slaag, 4 SelSe Dlalad
e Sl sileaiadsn liul) o oot 5 sl slaas,
s el sauzs slaJow g3kl cam T 5l esliiul (g el ogSas
Sr6sd sladsg, loslaiwl b asl (05,9 (sloosls «jglain ol (gl
onl Bgd ganasl (il dazge H5Blay jo Lol 5l eolatul Sl a8
Jolb o ounalT o, gobn b 55als sl ol o Loy,
gy 57 SadY slaas, Sy sl slawg, (Sl slaas,
S gl Mg ST 51 4S) ye wlyinl g, 4 bogsye (sla el
RUW PUE I LIS SUON S TIV-E S P ES

sl 0oz zolaw (b (gl aied 08 Ly SBg) (a9l &b
5 Sy ooy pbmlr ogs (b Gl SWSa ol
o o5l Slsls 05 goae J S slapeile yo Il (ol e
S Glappile jo )8 pmile (g0555 (gilw oo yo aayg, 3l atws

! Segmentation

% Minima Rule

® Cognitive Theory

* Semantic Segmentation
® Primary Surface

® Functional Surface

" Processing Surface

® Tabulated Cylindrical Surface
® Lofting Function

% Swept Surface

! Extrude Function

320


https://dorl.net/dor/20.1001.1.10275940.1395.16.3.19.6
https://mme.modares.ac.ir/article-15-3800-en.html

[ Downloaded from mme.modares.ac.ir on 2024-04-20 ]

[ DOR: 20.1001.1.10275940.1395.16.3.19.6 ]

SIS 13 9 (5298300 L) pael

)-1-\503:)-14 LR § Suslosaw GlRd3g) 595 Jl o Sliwl b bl yal GLBe3IS jl (I (Sd39) 43 bga yo (A5 (2bwliuks

el gy Lol

B by, & o Alie (pl jo ead WLl s, Cuje (0S5
bl pl gloesls (e 5l (o)l s, & boiye saml plolits ol
g, slaars) sleylil zlsed Gl oS alaei ;s )0 Yoons ool
el )l bawgs Sl 5550 s, @ bgye 4>l Wgd e ool
S 58 ol [2] el )5S0 onge ol sl s 5 05
pY slayell glanl 5 plulid Jolie (ooled gl cnl o &5 ol
g e ol )5 S8 g 9 SSlegl g0 @

Ohgy e 43 52 [y 50 el b 4 dlie ol sun sy
03ld zedy Siletew sladyg; sandee® 9 Jly slajlop (eds
Dedise oyt g SRl alxe gy 4 iy 50 05
P R I B PRV L PR CPUES EIPC AP <
Lol susy @blbd ez wolin whpSl Gon slegise
el o @) o o 31 ool

Jboyp 518 p Gdmlo S 95 -2
ools sy bl pl slaesls Jloyi jls p gdule (K6l jidu cpl jo
IS lp (Ko (Soluesd pogio ciypas b L5 5 0155 599 .[24]

[25] wlosls a3l 1, g dawgs oy lyl g, s olis
aolil Jloyi jlop opesd slp wliee (Jhg) 5 ctmghy onl o
ol oFer sla Solued Slatse Lolwly abis o Jloy oy 045 0
k 5oy Jolis a5 Py abis 0 Ken slo Sluws .J._{’lu’do Cewds
0 dusle (5l 1098 o 00ls L Ny (Py) coodle b el Py s alaks
My e 5 d9do0 amloe Np(P) & bgupe 0 55 5 ol (Jboys
Syl canss (PCA) M Lol lizl Judos 51 ool b Jloys
(2) aldy 3sb N (D) ool )s5 iy e ile g o 55
c= Z (x; —0)(X; — 0)" 2

X;ENy(Pi)

orle oy slde (2 ySasS b Ble oy Hlop b aki o by

i SB495-3
355§ o i ot o oS 3, @ ars b Salei s,
3 My Ssloien sloag, [26] spdie iy wmse ol
R axgi 0y9e il a5 60,15 £oi Jdoa 4 wiis adsl slaayg,
b by P ilgiul 08 I hezmen (SlilE sladyg; 095 cul ilasd S
S wmube 5 @l e wlsial loays; (S sleay, s
srag, olg oo basg, cpl 5l eolail b [27] Sgd 0 Jolis 12‘50:;)")&]
[5] 85 w55 [P 0 B slaasg) azmen (5 Foduzny

ol ool S5 iSe 4w SIMT(E) Lo eyl
S T(E) 5 oobdio &b T(E) )ly90 goaims ylis a5 R(t) € SO(3)

1 |terative Segmentation

™ Principal Component Analysis
2 |ogarithmic Spiral Surface

** Developable Surface

321

=01 51 [20] el 00,8 glaol PHY (sla sty (tie (g, citiamnss 481
5 shilins olem cadsl bl coadae  odle (b, cnl yo &5 br
oS il el e ge gl oo 418 S a5 (o 55 Wlee (sla pie I
B9 ool Gialed (s Segiie (29)l> sloas,

Sl B9y (Sa)l by oad )l anse)s l eolanal bl
olsle é—’l’ LN L o9y UJ‘ 30l 00,5 ol 5,8 olSws 31 olauwl
loaly YU el isgnle 5 (b Clbibe &y b @ 29>
[21] Sl 00 d)Ja)J )lﬁ‘ e (g0

@oss 9,90 3 Sl clagiagh sl sladls o 4ol ogzg b
S5 @ sl 5 (b o o 5l eolitul g o9yl slaas, olile
L ozshw 5l aiws ol olold o550 50 (Jg el ool &Il 5galS
O skl sl Lo sge sl el bzl Sl 5 blis ol sleesls 51 soliul
BRRTUI PUEIK SILIOWRIN S PRI - PV CORIRR C7 P y- FXSER L
P JER PP PO N P JES W PV VET RPN WP N PCORIS | R PN B
Slite ganl ool 4 5k ;500 amms 10 5 33l 5 o0 e (g5Losls
Gy @ glie (g olulid 4 OYlis 5l gogame jln Slasi yo
B35 4 bgye (Al plalis Sl ESlotas sladyg; 5% pds 54
50 [B] wilos S walys Llas ol slaosls ol 311, a9l slaasg, 5 ol
wali IS o s gl g, ol Sl gl soleiin s,
Ol 6550 e 5 ol ool Bl (oo &5 aloass, 4 5 S
b ololis BB el (o3> gl ® Sl b g%oole g le
30,5 i gl [B] 8 eolatl 8,50 S e 4y dzgi b e
P g8 Slaaal §° e slasis, 5l daosls (33,5 03l 5 55 il
3yl g, plo 4 Cand (5 Jeduzn Slasle 4 zlis! a5 le e
ol 00 ool

sloslawl b g awam sloasl gasl,I b allie ol jo oo &l o 631 5o
@lelid Gln o3y, (Seilors Gloas, gandset 5 A S~
el 00l 43|)| Ll ﬂ‘ sleosls ol &9)l>- Sy, 4 Bl g_§>‘9“
b yblas ol SIS 5l anlr say, @Wld Cex orizes
el alals ganaios by 5 Jae g3, » ead plwl sanasl
Jlesl blas il sloesls 5 paiinse Sygo 4y 0,68l 098 oo oolazul
Loeallie cnl 5o @oloiiin Gy 0,0 gagie BB @ 5l 5 9dee
b olr @loag) Slgiee (L slapt ;i) glacysgazme 9,5 )by
Oize WS olulid 1) olgSds (635 50 imie 5 hlogn (e g5 2
S, 4 g3l (i Olanle j0 Cull Ceyu Glage 3l oolannl Jdoy

30 298 3925 A Camd pi ;93] g e Woools 05 03 )le 5 g oduzey

! pythagorean-hodograph Curve

2 slippable Motion

® Kinematic Surface

* Helix

® Spiral

® Taubin

" Heteroscedastic Errors-in-Variables
® Dual Graph

® Hierarchical Clustering

3 osledis 16 095 1395 sls i (e Suilke waiie


https://dorl.net/dor/20.1001.1.10275940.1395.16.3.19.6
https://mme.modares.ac.ir/article-15-3800-en.html

[ Downloaded from mme.modares.ac.ir on 2024-04-20 ]

[ DOR: 20.1001.1.10275940.1395.16.3.19.6 ]

SIS B 9 (5298300 L) pael

P300S Bl 9 Suileiaw A9, 598 I 0wl b bl jal S I (90l S439) 43 bgsyo Algs alwlivh

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- 1, normal vector of profile’s curve, and T, 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 T,
vector c- area in which the two surfaces E and S overlap (combination
of black and white)
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of lines L,, L,and L, which are the corresponding directions with
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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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