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Support to process of Large Steel Plates using Laser Scanning Data  
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Curved steel plates, which are often used for ships and storage tanks, are manufactured from flat plates. The estimation of their 

curvature is very important for improving quality and reducing process time. Laser scanners are useful for densely measuring 
points on plates and estimating their preciseness. In this paper, we consider evaluating curvature of steel plates using large-scale 
point-clouds. One problem is to identify specific positions on plates while the plates are bending. We solve this problem by 
mapping a bended plate onto the original plat plate by using method of ABF++ and tracking the predetermined positions on the 
plate. 

Keyword: point-cloud, surface fitting, steel plate bending

 
1. 
��� 
ĠďCV9 �"��Õĩæ#Ľ�Â"ÆĵÏ3ã½�0��

!-��Ĕĩ�10ľÆĵÏ#Ľ�¡ēċ,b¶�¥ĵÏ3®�

!Æ
 	.µ�"¬ç!Ĥ�����ľÆĵÏ	ěęħ/"¬

ç! ������#ĽÊ� �3ê��Ħ×ÓĜ�1Ľ�"ć

Ð!����×!Æ
0ýµ3Û*���ľ�"-� KUB@

#Ćĸ,�!-0Ĭ{	�
��*ĽiÔ¡!-0Ă¨"$.�


,ĽĹĺ���åĊ¡"¹đĈ¸	�
 �ķ! ���0ľ 
Ìõù�#Ľ�"-� �ķ3 3×ręß!-0äČGXCy

è!-��ÁÀ�0��3ðï��0ľ��Õĩæ#Ľth�Â

� m! /Ľn�"Ï+Â m�Ã!�%�*Ľ�"ęß!#Ľ
§�3ęß�
0TX=@8OH	²ĕ! 0ľĤ¦�#Ľ§�

"Ā�3ôÅį���{ Ă¨�ęß�
0TX=@8OH	

£ğ�1��/Ľ����@8OH�°.1�äČ3ê��ĽÏ

Æ
"KUB@3NICRV:�
0"�	1$ĽÏÆ
"�¡

¡ø	ÁÀ�
0�č�.10ľ 
ÏÆ
!���#Ľ¯ÎĽµ�"ýµ3Ê��ęß�0���

Ă¨3ÿè��
�ľ�"KUB@3äČGXC!-��dÇ�

0�*!#Ľ¥ĵ�.Ħ×�¬����Ï"µ�gċ3ĥĢ��

����	²ĕ� 0ľ���ĽÌõù�#Ľ�"�*"¶Ü!

���ÓĚ�0ľ 
 
2. '-&0	1� 
� ¥ĵÏ�.®�!Æ
���Ğø�#Ľ×"ĕ�¡ýµ3º¿

�0²ĕ		0ľÏÆ
3Đ ��
!#Ľ	.��*ĽĂ¨ÿ

è�0ýµ	Û*.1��0ľv�ï!#ĽÈą¬ç!�âQ5

V	ě��1��/Ľ�"Q5V	Ė�ħ/"Æĉ! 0-�!

�¡�0��	Ú*.10ľ 
� Ìõù�¾Ò�0Ă¨ÿè"Þ13� 1 !ö�ľ ÏÆ
�¡
	Đ 21�­ĽTX=@8OH�Ï" 3×ręß3Đ �ľ°
.1�äČ�.ĽÏ"Ĭ{3»z��ME>PNGS3i´�0ľ

×!Ľ�âQ5V"gċ3ME>PNGS[�Ú*ĽĖ�"Æĉ

�.�"ø¨�1��0�3ęþ�0ľ�"ćÐ3iÔ¡!¾ö

�0���Ľ×"�¡iÔ!�Ä��0ľ  
� ����ķ! 0"#ĽĦ×�¡�1�������Ï¬ç�

.Ľ�âQ5V3ĥĢ�0���	0ľ� 2!�Ìï č�Ã3
ö�ľÈ}"¥ĵÏ!#ĽĂ¨ÿè�&
Q5V	Ė��1��

0+"��0ľ�¡�1�Ï¬ç!���Ľ�"Q5V3ĥĢ�

0ľÌõù!���#ĽÏ#�¡�10¨!TX=@8OH�ę

ß�10"�ĽÆ
Ï"ME>PNGS"gòÕĩ#�"ĭ¨í

 ���0ľ���Ľ�&�"Æ
Ï"ME>PNGS3�Y"

¥ĵ¬ç!xq�Ľ�1!-��Ľn�"Æ
Ï[�"�âQ5

V"gċ3���0��!�0ľ 
  
3. 3: 
	����4% 
� Ìõù�#Ľęß# Faro Focus 3D 3ê��äČęß3Đ �
�ľÏ"<5A#ĽYģ	ă 4m �ĽTX=sá�.Ï"^±Ĭ
)�"ġĴ#ă 6 m �	0ľ� 3!Æ
Ï3ęß��äČ�i´
�1�ME>P3ö�ľ 
� ^WĮġĴ@8OH"ęß�#ĽÑ�ç!]4�äČ	°.1

0"�ĽÑ�"Ĥpä3ê��ME>P3é´�ĽĪć´{3Æ

 
� 1. ¾Ò¶Ü"Þ1 

 

� 2. ¥ĵ�!-0Q5Vgċ"�� 




Ï���»z�0��	�
0ľ���ĽäČęß�#ĽÏ�

Ĭ{"äČ+�°�1��0ľÏ�Ĭ#'(�ñ ¥ĵ� ��

�0"�Ľ�ëĤ�"ä! �� RANSAC Ü3īê��¥ĵÓ
z3Đ�Ľ�ñ!Ĥ�¥ĵ3Ï�Ĭ���Ĳ��0ľ 
 
4. ABF++ �5��+A	!A� 
4.1  !A��������	<"=9�  
Ìõù�# ABF++ [1] 3ê��ĽÆ
Ï"ME>PNGS3¥

ĵ¬ç!xq�0��3č�0ľ 
� �"¶Ü�#Ľ)�ĽME>P3¥ĵ����
"ė¨3þz

�0ľME>P	� 4"-�!¥ĵ��1���0�
ĽĶä V
!Īć�0ģ"´�ė¨"Ù	zÎ0ı/m��0-� xq

3č�0ľT 3Zė¬"ĳ�Ľ! 3�"ĕĄì���0ľ)�Ľ
"#$ 		(' = 1,2,3) 3¥ĵ���ME>P"ė¨Ľ)�Ľr"ME>
P"Ķä�/"ė¨3./ = 20.$/ .$$  �ØĖ��0ľ�"�
Ľ
e\"Èī�ª3ęþ�0ľ 

2
(345 )6

7
#82$∈: ("#$ − .#/ )<→min  (1) 

���Ľ	{"#$ } #Ľ×3à����	²ĕ�	0ľ 
ĻÍf 1ļZė¬"wė"�#0�	0ľ 
ĻÍf 2ļĶä�/"ė¨"�# 20�	0ľ 
ĻÍf 3ļ`�"Zė¬!uÉ�107E?"Į�#ü��ľ 
� ABF++ �#Ľ Íf 1~33~ă���à��-�  {"#$ }3Q
:QV?6"Ë��ÂÜ3ê��ęþ�0ľ�"�ķ#Ľî ĉ

¬>@FL"ĘÜ�ķ!¤ó�0ľ���#ĽîĐ|" LU {Ę
3ê��Ę"þz3Đ ��ľ 
4.2  !A��������	#.=9 
� ×!Ľþz�1�ė¨3ê��Ľ¥ĵ��1�ä"©Ö3ęþ

�0ľZė¬"Ķä(?2, ?<, ?7)�ė¨("2$ 	, "<$ 	, "7$ )!İ��Ľe\
"ª	´/ú�ľ 

?2?7 =
@!A"<$

@!A"7$
	 BC@("2$ ) @!A("2$ )
−sin	("2$ ) BC@("2$ )

?2?< = G2
$ 	?2?< (2) 

Ķä©Ö#Ľ�"İl3�
0��à��-�!Û*.10ľÈ

ī�ęþ#e\!ö�ª3Ę����Đ ���	�
0ľ 

∥ GI
$(?I − ?#) + ?K − ?I ∥<

$8(I,#,K)∈:

	→ M!A (3) 

� Ìõù"��Ľ¥ĵ��1�¬ç#Ľr"¥ĵÏ!ü�� 0

��	Ú*.10ľ���Ľ� 3(b) "ME>P�.�ë3»z�
0ľ���#Ľ� 5!ö�;XHä��ëĉ3Ľr"¥ĵÏ"�
ë�YĎ��0ľ)�Ľ�ëĉ!dĒä3�/Ľ�"ä"ûä�

."Į�!³��Ľ¥ĵÏ"�ëĉ["©Ö3�/«�0ľ¥ĵ

["©Ö	�/«�.1�ä!���#Ľª(3)�#�Â��� 
·�ľª(3)#î Ø�o ÷Đ|"ĉ¬>@FL3Ę��ķ!¤
ó�0ľ���#Ľ;T@8―{Ę3ê��Ę3þz��ľ 
� � 6!ĽME>PNGS3¥ĵ���j3ö�ľÈī�"ęþ
Åį3ĝk�0�*!Ľí 0ĶäÂ"ME>P"¥ĵ�3Đ 

��ľÓĜ!���#Ľ16GB "MNR3¼�Ľ9UE9�ÝÂ
3.10Hz" CPU3¼� 64bit PC3ê��ľęþÅį3Ē 1!ö�ľ
ĪúÃøª3Ę���0�*!Ľä"nÂ	��0!¯��ęþ

Åį	���0ľ���"ðï#Ľ�âĉ3Ú*0��!	0"

�Ľ�&�"ä3ê�0²ĕ# �ľ10000 äø¨"ä�	1$
�{ĹĨ!ęþ�
0"�ĽÌõù�ê�� 4m �Ã"Ï�	1
$ 4cm JED�ä3<VKRV:�1$-�ľ  
� ¥ĵ��1�¬ç!���#Ľ�âĉ�ME>P"7E?�"

aä3Ú*0ľ�"aä3ć%ĉ{|3�âĉ���z��0ľ 

Ē 1. Zė¬"Ķä"Â� ABFİÂ"ęþÅį 
Zė¬"Ķä"Â 1,000 5,000 10,000 20,000 30,000 

Zė¬"Â 2756 9716 19182 38642 64496 
ęþÅį(s) 0.2 1.2 1.7 5.0 8.8 
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