
 
 

-O>BK��0�XT�1A*.6@*  
�

�Ƨ� ±����öž� Ā����

 

Efficient Collision Detection for Large-Scale Point-Clouds 

Takeru NIWA and Hiroshi MASUDA 

Terrestrial laser scanners can capture dense point-clouds from engineering plants. Dense point-clouds are useful for 
collision detection of objects that move in engineering plants. We propose a real-time collision detection method for 
large-scale point-clouds. In our method, statuses are classified into collision, no collision, and unknown. The unknown 
status indicates that points are missing at the object position because of occlusion. Collisions are evaluated on depth-maps, 
which are generated from point-clouds. Two-resolution of depth-maps are used for improving performance. High-resolution 
depth maps are used only when objects collide on rough resolution depth maps. Our experimental results show that our 
method could quickly detect collisions between a large-scale point-cloud and mesh models.  
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Fig.1� Collision detection  
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(a) Reflectance image of point-cloud 

 
(b) Depth map 

� Fig.4� Generation of depth maps 

 
(a) Point-cloud 

 
(b) Projection on 2D plane 

 

(c) Multi-resolution depth map 

 

(d) Depth values of front and back 

 

(e) Projection of virtual models  

 

(f) Comparison with depths  

 (g) Relationship of depth values 
 

(h) Collision detection 

Fig.3� Overview of collision detection process 

 

Fig.2� Process of collision detection  
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Fig.7� Relationships among depth values 

 
Fig.9� Detection of outliers using neighbor points 

 
Fig.8� Object placed in an occluded region 

 
Fig.5� Projection of mesh onto depth map 

 

 
   (a) Perspective image             (b) =-! image 

Fig.6�  Distortion of straight lines on =-! plane 

 

 
Fig.10� Generation of multi-resolution depth maps 
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(a) No collisions 

 
(b) Collisions 

 
(c) Unknown 

 
(d) Unknown 

Fig.12� Results of collision detection 

  
Fig.13� Example of point-clouds 

 
Fig.11� Relationships of depth values on multiple depth map 



bÐčõtƽŭ29n�itŽC9Ȅƽŭn�it, ��a

Ɖ4ȄƽŭűƦc )(*. �ű�@řī1U?CTȄ§Ž29

nufylubňúƼµĕcƢ *,��ȃŝ 		*
� A29Ȅ/

bňúƼµĕcȃƽŭ@ĠRU9úƹŜűƦt4J?«Ĵ

29Ob@BTȄűƦbslkcȃƽŭØűGR *9 bǌǵ

(�	9ȃ	�9�bǌǵ@���(99�@BT9NȄűǨǌǵ+ú,C

/AaQTĒūbƸǕ2+ŻPa--ȃȀƼµĕ@bĒū

Çā+ßƪ@BTȄǂ©Ăǿ@cȃƽŭØűGRbǌǵ+

*9 �½bűt 	 �Ɣĭǝĳ2ȃ7b£Ƥa�ĨŴ¥tƤC

9A,bĒūÇātƯ<9Ȅ��

����8�5����U09.12QHT2�R'�

� ōƇƎ@ĸŔ29Įũtǂ©4T9Naȃƶľbǰċn

ufylutŽC?ȃƽƕņǨtǂ©29Ȅǂ©a)C?

cȃ 16×16 s]h�t 1s]h�aîƣ29ƗCnufy
lutŽC9Ȅi9ȃţǏb9Naȃ4×4 s]h�t 1 s
]h�aîƣ29�ǨƃCƼµĕbnufyluOŽĩ2

9Ȅ/URtŽC?ȃM ��aƉ4Q'aȃǃƛnufyl

ubMtŽC9ĒūÇāȃǃƛnufyluAƗCnuf

yluaQTĒūÇāȃ3ǰċbnufylutŽC9Ēū
ÇābƽƕņǨtǂ©29Ȅ3ǰċnufylubĒūÇā
@cȃĒūbßƪĥ+BTA,aȃǼŠȃƼµĕbȀCn

ufylut§Ž4TȄ 
� ƽƕņǨtM �aƉ4Ȅ//@cȃ	 �Ɣĭ@ĒūÇāt

ƯC<9õábēñtƉ2?CTȄǃƛnufylubM

tŽC9õá@cȃǸĐaù-bs]h�tǇJTĢƷ+

BT9Nȃ�aţJ?Àź+Ǚ-CTȄŵaȃ#ĒūC2$

#Ēū�Ń$bõáaÀźǗĕ+¤�4TȄ/b 
 =bÇ

ābõáȃ�ĨŴ¥+ĲĜ1U9ºs]h�@ĒūÇāt

ƯC<?CT9N@BTȄĬ"bĸŔ29 
 ǰċnufy

lutŽC9õáacȃƽƕ+úđaȀǗÓ1Uȃ×�n

ufylubõábƚ 

 ¯AC<9Ȅ�

� �Ł@ȃ( ǰċnufylu@cȃ
 ǰċbõáQSOÀ

źǗĕ+Ǚ-C<9ȄĒū4TõáacňúƼµĕ@bn

ufylu+ĢƷACT9Nȃ�ǨƼµĕ@bÀźaQ<

?ĒūÇā@,T_�f+ĈCG<99NAƨ(RUTȄ��

� ��bƞŒGRȃĬ"bĸŔ29ǃƛnufyluAƗ

Cnufylub 
 ǰċtŽC9ĮũaQ<?ȃĒūÇā

bǗĕ+Ʈ2-ã�@,T/A+VG<9Ȅ��

Table.1  Three cases of depth maps 
 Low Middle High 

1 Layer - - 5760�11520 

2 Layers 360�720 - 5760�11520 

3 Layers 360�720 1440�2880 5760�11520 

 

Table.2  Performance evaluation (frame per second) 
 No Collision Collision Unknown Average 

1 Layer 25 34 26 26 

2 Layers 578 548 544 562 

3 Layers 289 284 287 287 
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� Table.3  Performance evaluation (frame per second) 
Triangles No Collision Collision Unknown Average 

4800 245 247 247 246 

10800 153 158 153 156 

14700 125 126 129 127 

19200 102 103 104 103 

�

Table.4  Worst cases of processing time (frame per second) 
Triangles No Collision Collision Unknown 

4800 147 154 138 

10800 93 112 94 

14700 73 87 90 

19200 60 63 62 

�

Table.5  Performance evaluation (frame per second) 
Cube size No Collision Collision Unknown Average 

25cm 254 256 259 256 

50cm 245 247 247 246 

75cm 221 231 229 227 

100cm 213 229 216 222 
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