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Reconstruction of Structure Shapes in Facilities from Large-Scale Point Cloud (2nd report) 

- Consistent Shape Reconstruction from Multiple Point-Clouds - 

Ryo MATSUOKA and Hiroshi MASUDA 

Dense point-clouds of engineering facilities can be captured using terrestrial laser scanners. It is important for many 
engineering applications to generate 3D models of components in facilities from captured point-clouds. In our previous 
work, we proposed a method for reconstructing pipe structures from a single incomplete point-cloud. In this paper, we 
extend this method for reconstructing consistent models using multiple point-clouds captured at different positions. In our 
method, pipe models are generated from each point-cloud and overwrapping pipes are merged into unified pipes. Then we 
estimate other connecting parts on the basis of pipe models. Since point-clouds of facilities include a lot of occluded 
portions, multiple candidates of connecting parts are often generated. For solving this problem, we introduce visibility 
checks from multiple positions and select a consistent set of part models. We also discuss how to evaluate reliability of 
generated models. 
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1.� J� � � R 

ǠħR��two��RĹƺRó�PµPȍȐŰÊǉŽP_

ehíĴ[b��{T`ȍĉǆůƊĄRȐŰÊĮƅeÑŬļ]

bb\RľŸsR��xUȊZehPbȎƇƄRǌÈRǉŽP

āgPbĮƅ���UƋļi9cTȍƇƅeǨÕPìŖ[b�

��PāgPhȍŋÃ^��~��wlkRu����u��

UƿRbȎCRǼȍǉŽ��{T`ïƺlǷaƻâƔP���

eƋļ]b<MUÓšcTȍĳšĶǄi2eb¬ľMsw�e

ÜŻ]b<MUi9bȎ  
�ƼPȍĞă^����ÏǫPSǯƨlkRǫşUĖPǯƶ

=chSaȍǉŽ¶ƶUÛƬeî;b<MUĈPȎCRb\ȍ

Íő¶T`ǉŽ=cbƀƷ��{eĴb<MSŜ\Aȍ đÍ

lƀƷ��{T`izȍi9bc;Ĉ:RǫşR¶ƶ^ėŸU

ǉƧi9b<MUŶ\`cbȎ 
ƥ 1 ĂPSPhSȍ�nĽT`ǉŽ=cbç�RƀƷ��{

T`ȍ�i�ȍl��ȍ~h�ȍ���vƦRǯƨƫƲǫşR

ĮƅeÑŬļ]bb\RľŸPIPhŉŧ[b 1)Ȏ<RƛƢPS

PhSȍĉǆůƀƷ��{eȊǥPÒƉ[ȍ đÍlǉŽ��

{T`izņƳǫşRŇēMũǍeƿl4<MiĮƅÑŬļe

ƿRbľŸeƞ[bȎ  
�őiȍƇĔRǉŽiSȍÍő¶T`RǉŽUȁ[Păñi

zȍǷ`cbǃōýƀT`ǉŽi9br�wzĈPȎCR_4

lăñPSȍǉŽ��{S½ƁM[h đÍi2bzRRȍǃ

ōýƀT`RǉŽ��{eƍPb<MiĮƅÑŬļRÑƇƆ^

ǨñƆUó�i9b<MUŝıi9bȎ 
ŞƛƢiSȍƥ 1 Ăiŉŧ[bľŸełī[ȍ' �R_4P

ǌÈeǃōýƀT`ǉŽ[b��{eƍPhȍǉŽ��{PƘ

Ɨ[lPŎñƔlǫş���eÑŬļ]bľŸeŉŧ]bȎZ

bȍÄNRǫşPIPhÂȇĨeēƸ[ȍÂȇĨU·Pǫşe

��tPǤƙ[hƝǐeÀ]®Ʈ[PIPhzƹRbȎ 
±�ȍƥ 2 ƤiSŉŧľŸRūǄPIPhƞ[ȍƥ 3 ƤiS

ǫş���eƲñ]bľŸeƞ]Ȏƥ 4 ƤiSǃōǇƀT`R

ǨñĨǎ¾Mǫş���RÂȇĨǎ¾PIPhǔ?bȎƥ 5 Ƥ

iSĔ��{eƍPbũǍĔȉPIPhƞ]Ȏ  

2.� 2?0;O 

ŞƛƢiŉŧ]bĮƅÑŬļľŸRŹce'�Pƞ]ȎZbȍ

¥ǄlÒƉRūĸúe'�Pƞ]Ȏ 
ZAȍƥ 1 Ăiŉŧ[bľŸeƍPhȍðýƀiǉŽ=cb

ƀƷT`�i�ĮƅeÑŬļ]bȎ<RľŸiSȍú 3(a) R_

4lƀƷ��{e��tËſUêƀMlbƈȄĩŮiǋǡ[ȍ

ƵĨ�ƯĨe¥ǛM]bú 3(b) Pƞ]_4lȏŰÊĦȄPŀį

]bȎŽǱƍR��two��iSȍƵĨMƯĨPǵ[hƦǈ

Ĩi��tƂęǈĨeĆã=BhǉŽeƿ4RiȍƵĨMƯĨ

e¥ǛM]bĦȄĩŮƫiSȍƀSŦČ�P£UȎŞơiSŦ

ČƀU 3 ŰÊĩŮeŃI 2 ŰÊǯÖeǚȀƐÉMõUȎ 
ŰPȍǚȀƐÉ�iRǾņǵ¿eǒthĦȄȆĀMÐťȆĀ

   * êơî° Ħļ 26 ħ 4 Ś 21 œ 
�  ňǝŷē Ħļ 26 ħ 7 Ś 25 œ 
� ** ďƋ´ö Ţ«ĉďĉďǸȋŢ«Ǯŏ«äŞǭ 7 �ƕ 3 ƒȌ 
 *** ű ´ ö ȂŵǤÂĉďĉďǸȋŢ«ǮǒĢġĢ�¢ 1-5-1Ȍ 

 
  Multiple point-clouds             3D models of components 

Fig.1� Shape reconstruction from multiple point-clouds  
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Fig. 2� Process of shape reconstruction 

 

     
        (a) Point-cloud          (b) Projection on 2D plane 
 

       
    (c) Extraction of Surfaces       (d) Generation of pipes 

  �     � �   
    (e) Verification by visibility       (f) Merging pipes 

    
 (g) Estimation of connecting parts    (h) Reconstructed model 

Fig. 3� Overview of shape reconstruction process 
 

 
Fig.4� Transformation of coordinates on scanner coordinate system 

 

 
Fig.5� Generation of pipe models by connecting cylinders 
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Fig.6� Reconstruction of merged pipes 

 

 
     (a) Elbow               (b) Tee              (c) Flange 

Fig.7� Reconstruction of connecting parts 

    
Fig.8�  Verification of visibility from multiple scanning directions 

 
Fig.9�  Comparison of distances 
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Fig.10 Reliability of generated models 

 

 
Fig.11� Components with low reliability scores 

�

Fig.12� Components generated from each point-cloud 

 

 
Fig.13� Top and side views of merged model 

   
       Fig.14� Reconstructed components with reflectance images 

Table 1  Number of components generated from each point-cloud�

� Points Pipe� Elbow� Tee� Flange�

Data1� 40,660,717 205 43 5 21 

Data2� 40,538,597 184 27 6 11 

Data3� 9,842,495 99 19 4 1 

Data4� 9,842,495 149 27 1 17 

Data5� 10,016,136 94 21 0 3 

Data6� 9,911,855 117 21 4 2 

Data7� 9,747,396 111 26 2 4 

Total 130,559,691 959 184 22 59 

 

Table 2  Numbers of components in the merged model�

 Pipe Elbow Tee Flange 

Merged 514 96 14 37 
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 (a) Reflectance image 

 
(b) Multiple candidates of connecting parts 

 
                (c) Selected parts 

Fig.15� Verification from multiple views 
 

 
Fig.16� Detection of incorrect components 

 


