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Data Structures: � = set of all line segments; � = set of all vertices.  
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Precondition:  �� contains the information of a polyline, including � and �.  Note 

that the first and last line segments of the closed polyline ��, ��  and �� , are 

adjacent to each other, i.e., ��� =� , where � is the number of line segments in ��.  

Postcondition: Smoothed polyline is stored in �� 

(1) calculate the median normal, ��� ��N , for each line segment, ��� ∈  

(1.1)    initialize a real variable, �����	
���� � , to a big number 

(1.2) loop over each line segment: � � ������ ��� �������	 
� � � 
 � �∈ = = − +  

(1.2.1) calculate the sum of angles, �����	
� ,  between the normals of the 

current line segment and other line segments in �����
���   

(1.2.2) if  �����	
�  is less than  �����	
���� � ,  then  ���������� 	
�	
���� =�  

(1.3) the median normal for �� ,  ��� ��N , is equal to the normal of the line segment 

that corresponds to  �����	
���� �  in the loop of Step (1.2) 

(2) calculate perturbation at each vertex  �∈υ  

�

���������������������������������������� υυυυυυυυ
υ

��������������������������� ������ NNPCNNPC
U

•−+•−
= �������������������������������C�7


where  ���C   and ��υP   are the centroid of line segment ��∈   and the position of 

vertex  �∈υ , respectively. ��υ�����  and  ��υ������   are two line segments that are 

adjacent to vertex υ   from the left and right, respectively.                                                                           



�+��

�−��

��� ��N

��� �+��N
υ

�� �+��C

�� ��C

��υ����� �� =

��� υ������ �� =+




�

�v

�v

��PN���� PN �����

���� PN ������

��P�����
��P������

PC 


?���
��
&�����
*�����
*��
�
���)�����
 ?���
��
D����
����������
�*
#����9
,�




������*
���.--��.-����	�
�
	���-����������������,�
�

	����
��������.�/����	����

&���
*�����
��
���
�*
�"�
�������)	����
�������
*������
*��
�����"���
���)�����
3��"���
�"���
��������
E�������
*�����
��

���
#�������
���
+�
#��3��
��
�
3���"���
����
*������

4�
�"�
�����9�
�*
���)������
�
����
������
��
����������
*��
���"

����
 ��������
 ���
 �"��
 �
 �����"���
 ������+�����
 *��
 ���"
 #����9
 ��
 �����������
 2"�
 ����
 ������
 ��*���
 ��
 �

�������.��
#�����
�+������
*���
�"�
#�����
���������
�*
�������
�*
���
�"�
����+)
����
���������



A�
����)
�"�
����
*�����
��
�����"
�
������
���)����
+)
�"�
*����3���
����������





��������	
��

	
�������
��
��
�


Data Structures: � = set of all line segments; � = set of all vertices.  

Precondition:  �� contains the information of a polyline, including � and �.  

Postcondition: Smoothed polyline is stored in �� 

(1) calculate the mean normal, ��� ��N , for each line segment, ��� ∈  

(1.1) let  ∑
+=

−=
=

�

�

��
��

��
��NΝ  

(1.2) let the normalized � be the mean normal for  �� ,  ��� ��N  
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(2) calculate perturbation at each vertex �∈υ   by using Equation (1)             □ 
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(1) Loop over every vertex � for a second-order fitting 

(1.1) Determine a local quadric curve patch.  

In the local coordinate system ( )��	 vv , a quadric curve patch:   

��
�

��� �������� ++==                                                    (3)                

is used to approximate the curve in the neighborhood of vertex �.  Here, 

coordinate % is measured along   �v  direction, and & coordinate is measured 

in the �v  direction. The linear least-squares estimation of three 

coefficients  ��   is expressed as  

ZBA = 
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A ,                                     C�+7 

where � is the number vertices of  ��P�
�� , which refers to the two-ring 

neighborhood of vertex �. If we consider �∈ ��P�
��  , � equals 5 in the case 

of a polyline. If we solve Equation (4a) by using  ( ) ZBBBA
�� �−

= ,   BB�  may be 
ill-conditioned. Thus, singular value decomposition [6] is used to solve 

ZBA = .                                                                     □ 
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Precondition:  An integer counter ��� =Q��
��  for each vertex � of a polyline 

Postcondition: a smoothing perturbation, QU , at each vertex � has been calculated 

(1) loop over every vertex � of a polyline, which is not in a sharp corner region 

(1.1) loop over 2-ring vertices  ∈q  ��Q�
��     (from  ��υ −   to �+�υ ) 

(1.1.1) calculate the nearest point  p  via Equation (7) for a quadric curve 

fitting  

(1.1.2) calculate the nodal normal at vertex �, qN
�

 

(1.1.2.1) if ��q�����   is a feature line segment, ����� qN �����  =median normal of  

��q����� ; otherwise,  ����� qN �����  =mean normal of ��q����� . 

(1.1.2.2) Similar operation is applied on ��q������  to calculate ����� qN ������   

(1.1.2.3) qN
�

= normalization of   ����� qN ����� +  ����� qN ������  

(1.1.3) Accumulate a correction to the overall perturbation at vertex �� 
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where qU   is the overall correction at vertex �, and •   is a dot product.  
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(2)  loop over every vertex � that is not in a sharp corner region of the polyline 

��� QUU QQ ��
��← .                                    CK7 

□ 
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Data Structures: � = set of all line segments; � = set of all vertices.  
Precondition:  �� contains the information of a polyline, including � and �.   

Postcondition: Smoothed polyline is stored in �� 

(1) make a copy, ��� , of the input polyline �� 

(2) execute 	
���������
�( ���  ) 

(3) identification of sharp corners  

(3.1) loop over each  vertex ��∈υ    on ���   

(3.1.1) if the angle between the normals of two line segments, which are 

incident to vertex  υ , is greater than an angular threshold  �θ , then 

mark the two neighboring line segments left to υ   and the two neighboring 
line segment right to  υ  as feature line segments.  

(4) main smoothing loop with a specified number of smoothing steps 

(4.1) loop over each line segment  ��∈  

(4.1.1) if  �  is not a feature line segment, calculate its mean normal by 

using Step (1) of Algorithm 2 

(4.1.2) otherwise, calculate its median normal by using Step (1) of Algorithm 

1 

(4.2) loop over each vertex �∈υ  on  ��  

(4.2.1) if ��υ�����   is a feature line segment, ����� υ�����N =median normal of  ��υ����� ; 

otherwise, ����� υ�����N = mean normal of  ��υ����� . 

(4.2.2) Similar operation is applied on ��υ������   to calculate  ����� υ������N  

(4.2.3) calculate the smoothing perturbation  υU  by Equation (1) 

(4.2.4) update the vertex coordinate by  υυυ UPP +=                    □ 
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(1) through (3)  are the same as in Algorithm 5 

(4) loop through each feature line segment and mark its two end nodes as feature 

vertices 

(5) main smoothing loop with a specified number of smoothing steps 

(5.1) loop over each line segment  ��∈  

(5.1.1) if  �  is not a feature line segment, calculate its mean normal by 

using Step (1) of Algorithm 2 

(5.1.2) otherwise, calculate its median normal by using Step (1) of Algorithm 

1 

(5.2) loop over each vertex �∈υ   on ��   

(5.2.1) if υ    is not a feature vertex,  use Algorithm 4 to determine  υU  
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(5.2.2) otherwise, use Steps (4.2.1), (4.2.2) and (4.2.3) in Algorithm 5 to 

determine  υU  

(5.2.3) update the vertex coordinate by  υυυ UPP +=                    □ 
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