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 One important problem investigated in reverse engineering (RE) field is finding the best surface to 
approximate point cloud data. Swept surface is a surface type that in addition to various applications in 
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 
these areas automatically. Currently, this process is performed by user intervention. In this paper, using 
kinematic surface formulation and slippable motion concept, a general method to find swept surfaces 
with any arbitrary central curve and profile is introduced. To this end, point cloud data are processed 
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 

1 -   -  
rolling_ball   - 

   

12 Bezier Spline 
13 B_Spline  
14 Blend Surface 
15 Free Form Surface 

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
95

.1
6.

3.
19

.6
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
m

e.
m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
4-

20
 ]

 

                             2 / 12

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


    

                                

1395163  321  

 PH1 ] 20 .[ -

   
    

 
 

 .
 

  
] 21.[  

   
 

 
 .

 

  
 ] 22 23 .[

 
  .

 2  3

   ] 5 .[

  
4 5  ( )  .

] 5[
  6 

7   
  

  
   

   .
 8 

  9 

  . 
   .

    
 .

 
   

  

1 Pythagorean-hodograph Curve 
2 Slippable Motion 
3 Kinematic Surface 
4 Helix 
5 Spiral 
6 Taubin 
7 Heteroscedastic Errors-in-Variables 
8 Dual Graph 
9 Hierarchical Clustering 

   
 

   
 .   

   
 ]  2 .[

   
  .2 3 

  
  .4    .

 10 5  .
   

    

2 -     
  

 . 
 

]24 .[ 
 ] 25.[ 

  . 
  . p  
p (p )   .

o (p )  
11 (PCA)   .

 (p ) ) 2 (
   

)2( = (x
( )

o )(x o )  

x  p o   .
  

 

3 -   
 

  ] 26 .[  
 

  .  :
  
12  ] 27 .[   

  13 ] 5.[ 
( )   

( (3)  ( ) ( ) 

10 Iterative Segmentation 
11 Principal Component Analysis 
12 Logarithmic Spiral Surface 
13 Developable Surface 

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
95

.1
6.

3.
19

.6
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
m

e.
m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
4-

20
 ]

 

                             3 / 12

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


    

                                

  

322  1395163  

  .x 
) ) 3 (  
)3( x( ) = ( ) ( ) x + ( ) 

  .( ) 0
 )  .

 ) 3 (x
  

)4( v(x) = r × x + t + x 
  .r = ( )   

 t = ( )    
   

   .
 

   . 
 .

   .  
   

  .
    

 ( ) 
= 0    

 r = 0v(x) = t   .
    

t ] 28.[ 
 0  r. t 0 v(x) = r × x + t   .

  . 
]13 29) [2 -.(  
 0  t = 0 

  
] 28.[  

 0   
 0 v(x) = r ×

x + t + x   . 
 ( )   

]5) [2 -.( 
 t = 0 

  . 
) 2-.(  

4 -    
x   n    

v(x)  ) 5:( 

)5( v(x) n = 0 

 a  
 

 

c  
 

b  
 

 

d  
 

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) 

2    - 
- - - 

)  
  

 

   

 [r ]  .
   

)6( (v(x) n) = 0 

  
 )  6 (  

    . )  7(
  [r ] 

  
  

)7( min[ ] (v(x ) n )  

 
 ]30 .[  

  
 ) 7 (   

x = 0   . 
 . 

  ) 8 ( 

)8-  f(x )f(x )  

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
95

.1
6.

3.
19

.6
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
m

e.
m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
4-

20
 ]

 

                             4 / 12

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


    

                                

1395163  323  

)8-  ( , , , , , ) 

)8-  ( ) ((p × n) , (p × n) , (p × n) , 
             , , , . ) 

  x  
  . 

    .
  

    .
 

     
  

5 -   

 . 

 ]6.[ 
 1 

2   .
 .

 

  .

 .
  

 .
3

  
  

6 -   
    

 ]  13 [
   ] 15 13 [

]20 18 .  [ 
 .

  
 

 
   

   :
  ) 3-.(  

1 Lloyd Algorithm 
2 Iterative Voronoi Algorithm 
3 Over segmentation 

  :
) 3 -.(  

  :  
 

 ) 3 -.(  

 
  . 

 .
  

 
  

6 -1-    
    

)9( ( , ) = ( ) + ( ) ( ) 

)   
)10( ( ) = [ ( ), ( ), ( ) × ( )] 

  . ( ) ) 
( ) )/ )  .

( )  ) 
  . 

 ] 23[
 ( )  

  
   

  

 

b  
 

 

a  
 

 

c  
 

Fig. 3 Types of swept surfaces with regard to the direction of profile’s 
curve  a-  swept  surface  with  parallel  section  b-  swept  surface  with  
constant section c- swept surface parallel with guide surface 
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Fig. 4 a- n  normal vector of profile’s curve, and T  tangent vector to 
central curve, at point = 0 b- exhibition of swept surface  (black-
hued) produced by two generating curves ) and ), and extruded 
surface  (white-hued) produced by extending the ) curve along T  
vector c- area in which the two surfaces  and  overlap (combination 
of black and white) 
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Fig. 5 a- approximation of swept surface using extruded surfaces b- use 
of lines , and  which are the corresponding directions with 
extruded surfaces ,  and  as an approximation of the curve ). 
As seen, it may be expected to result a better approximation of swept 
surface and )curve as the number of surfaces  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 , , 

 and  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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Fig. 11 Segmentation of noisy model a- The real CAD model b- The 
segmented model after the second step of integration c- Detection and 
separation procedure of the swept surfaces using proposed algorithm 
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