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Background

A p p l i c a t i o n s  t h a t  3 D  m o d e l s  c a n  b e  a p p l i e d  i n .  [ B i l j e c k i  e t  a l . ,  2 0 1 5 ] B u i l d i n g s  a n d  t r e e s

M a n - m a d e  u r b a n  l i n e a r  o b j e c t s  ( p o w e r  l i n e s ,  p y l o n s ,  s t r e e t  l a m p s ) A p p l i c a t i o n s  t h a t  i n v o l v e d  m a n - m a d e  u r b a n  l i n e a r  o b j e c t s
（ e l e c t r i c i t y  s u p p l y ,  t r a n s p o r t a t i o n  i l l u m i n a t i o n ）  

https://www.pinterest.com/pin/342414377898411207/
https://www.pinterest.com/pin/791929915744355280/
https://www.pinterest.com/pin/31877109840849679/
https://www.pinterest.com/pin/143341200634414330/


M a n u a l  r e c o n s t r u c t i o n  f o r  m u l t i p l e  o b j e c t s  
i n  u r b a n  e n v i r o n m e n t  i s  t i m e  c o n s u m i n g .

Manual reconstruction Automated reconstruction from point clouds

A u t o m a t e d  r e c o n s t r u c t i o n  f r o m  p o i n t  c l o u d s

• Less labor-intensive
• Convenient for collection
• Suitable for 3D processing

Background

https://www.pinterest.com/pin/94083079710262536/
https://ns_hwh.fundaments.nl/hwh-ahn/AHN_POTREE/index.html?position=[207405.91;500422.10;134.03;]&target=[206905.91;500922.10;-573.08;]
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Background

I n d u s t r i a l  p i p e l i n e  w i r e f r a m e  m o d e l s  [ J i n  a n d  L e e ,  2 0 1 9 ] P y l o n  w i r e f r a m e  m o d e l s  [ J i n  a n d  L e e ,  2 0 1 9 ]

P o w e r l i n e  w i r e f r a m e  m o d e l s  [ G u o  e t  a l . ,  2 0 1 6 ]



M e t h o d o l o g y  [ W u  e t  a l . ,  2 0 2 5 ] M e t h o d o l o g y  [ Q i a o  e t  a l . ,  2 0 2 4 ]
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M e t h o d o l o g y  [ W u  e t  a l . ,  2 0 2 5 ]

Background

p o w e r l i n e m u l t i - b o d y  p y l o n

General izat ion abi l i ty
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Research Objective:
To explore algorithms with generalization ability for extracting wireframe models from 
isolated man-made urban l inear object point clouds.

Research focus

An algorithm with generalization abil ity should be:  

Type-agnostic:

No pr ior  assumpt ions about  one speci f ic  type of  man-made urban l inear objects.

Data-driven:

No pre-def ined model  l ibrar ies,  such as pre-def ined parametr ic  model  for  py lons.

Holist ic-pipel ine:

Input  object  should not  be processed in seperate parts.

i s o l a t e d  p o i n t  c l o u d



Main research question:

Is i t  possible to extract wireframe models from point clouds of man-made urban l inear 
objects with an algorithm that has generalization abil i ty?

Sub research question:

Is there any algorithm that gives or has the potential to give promising extraction results 
of the wireframe models of man-made urban l inear objects?

Research focus
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Methodology

• Primitive detection method

• Model  f i t t ing-based methods: RANSAC, Hough t ransform

• Region growing-based method: Normal-based region growing

• Energy minimization methods

• Energy min imizat ion for  Markov Random Fie lds (MRF)
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Methodology
Primitive detection methods

Model f itt ing-based methods: RANSAC, Hough transform

Region growing-based method: Normal-based region growing
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I n p u t E x t r a c t e d  c y l i n d e r s E x t r a c t e d  w i r e f r a m e s

m o d e l  f i t t i n g p o s t  p r o c e s s

Primitive detection methods -- Model f itt ing-based method
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I n p u t

m o d e l  f i t t i n g  1 :  
3 D  p l a n e  d e t e c t i o n

Primitive detection methods -- Model f itt ing-based method

m o d e l  f i t t i n g  2 :  
2 D  l i n e  d e t e c t i o n  

+  r e p r o j e c t i o n

E x t r a c t e d  w i r e f r a m e s
E x t r a c t e d  p l a n e s



Methodology

I n p u t R e g i o n s E s t i m a t e d  c y l i n d e r s E x t r a c t e d  w i r e f r a m e s

g r o w  r e g i o n s e s t i m a t e   
p r i m i t i v e s

Primitive detection methods -- Region growing-based method

p o s t  p r o c e s s
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Energy minimization method
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Methodology
Energy minimization method

 EVG ,

P i x e l s P o i n t s G e o m e t r i c  p r i m i t i v e s

. . .

Energy minimization for Markov Random Fields (MRF)



Methodology
Energy minimization method

Label ing  process wi th  two labels  (preserved  or  removed) :

N o d e s :  w i r e f r a m e s E d g e s :  s p a t i a l  r e l a t i o n s h i p  
b e t w e e n  w i r e f r a m e s  

 EVG ,

)()()(
 where,)( Minimize
xλVxDxE

xE


P r e s e r v e d

R e m o v e d

Energy minimization for Markov Random Fields (MRF)



Methodology
Energy minimization method

G r a p h  f r o m  
p o i n t  c l o u d

I n p u t  g r a p h  f o r  
M R F  m e t h o d

Energy minimization for Markov Random Fields (MRF)

C r e a t e  D u a l  G r a p h



Methodology
Energy minimization method
Energy minimization for Markov Random Fields (MRF)
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Experiments
Dataset creation
• 12 objects:  

• 3  power l ines

• 9  py lons .

• Each object :  

• Po in t  c loud  f rom AHN5

• Manua l l y  ex t rac ted  w i re f rame mode l

P o i n t  c l o u d  M a n u a l l y  e x t r a c t e d  
w i r e f r a m e  m o d e l  



Experiments
Test cases

S i m p l e  c a s e :  1  p o w e r l i n e  M e d i u m  c a s e :  4  p o w e r l i n e s  D i f f i c u l t  c a s e :  p y l o n  1  



Experiments
Analysis method

m a t c h  
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For  each  g round t ru th  3D l ine  segment  and  ex t rac ted  3D l ine  segments :   

For  a l l  ex t rac ted  3D l ine  segments :    For  each  matched g roup :    



Experiments
3D RANSAC results

Point cloud Input points Leftover points Leftover rate (%)
1 powerline 538 79 14.7
4 powerlines 6439 624 9.7

pylon 1 8947 3774 42.2

Point cloud Mtotal Munmatched Unmatched rate (%)
1 powerline 22 4 18.2
4 powerlines 62 16 25.8

pylon 1 97 35 36.1

Point cloud Min Max Mean Median Std dev. RMSE
1 powerline 0.325 2.238 1.106 0.991 0.707 1.313
4 powerlines 0.091 3.496 1.000 0.914 0.605 1.169

pylon 1 1.443 89.679 55.368 55.072 29.105 62.551

L e f t o v e r  r a t e  

U n m a t c h e d  r a t e  

A n g l e  d e v i a t i o n  a n a l y s i s  



Experiments
3D-2D RANSAC results

Point cloud Input points Leftover points Leftover rate (%)
1 powerline 538 9/125/134 24.9
4 powerlines 6439 18/1297/1315 20.4

pylon 1 8947 27/1172/1199 13.4

Point cloud Mtotal Munmatched Unmatched rate (%)
1 powerline 30714 643 2.1
4 powerlines 60947 28933 47.5

pylon 1 31228 7030 22.5

Point cloud Min Max Mean Median Std dev. RMSE
1 powerline 0.167 1.874 0.777 0.547 0.494 0.921
4 powerlines 0.113 4.808 1.383 1.253 0.747 1.571

pylon 1 0.346 89.987 51.514 51.668 20.994 55.628

L e f t o v e r  r a t e  ( f o r  l e f t o v e r  p o i n t s :  3 D  p l a n e  
d e t e c t i o n  /  2 D  l i n e  d e t e c t i o n  /  o v e r a l l  l e f t o v e r )  

U n m a t c h e d  r a t e  

A n g l e  d e v i a t i o n  a n a l y s i s  



Experiments
Region growing results

Point cloud Input points Leftover points Leftover rate (%)
1 powerline 538 6 1.1
4 powerlines 6439 205 3.2

pylon 1 8947 179 2.0

Point cloud Mtotal Munmatched Unmatched rate (%)
1 powerline 81 28 34.6
4 powerlines 1040 520 50.0

pylon 1 1443 1018 70.5

Point cloud Min Max Mean Median Std dev. RMSE
1 powerline 0.876 3.955 2.645 2.956 0.983 2.822
4 powerlines 0.310 31.696 7.132 6.250 5.216 8.835

pylon 1 0.984 89.969 52.282 51.756 23.459 57.304

L e f t o v e r  r a t e

U n m a t c h e d  r a t e  

A n g l e  d e v i a t i o n  a n a l y s i s  



Experiments
Hough transform results

Point cloud Input points Leftover points Leftover rate (%)
1 powerline 538 16 3.0
4 powerlines 6439 63 1.0

pylon 1 8947 2077 23.2

Point cloud Mtotal Munmatched Unmatched rate (%)
1 powerline 52 4 7.7
4 powerlines 68 27 39.7

pylon 1 649 64 9.9

Point cloud Min Max Mean Median Std dev. RMSE
1 powerline 0.454 5.586 1.218 0.587 1.655 2.055
4 powerlines 0.156 1.005 1.005 0.953 0.462 1.106

pylon 1 0.634 56.236 56.236 58.041 24.203 61.223

P r e s e r v e d  r a t e

U n m a t c h e d  r a t e  

A n g l e  d e v i a t i o n  a n a l y s i s  



Experiments
Main problems for primitive detection algorithms

Over look ing  prob lem Wrong f i t t ing  prob lem

S i m p l e  c a s e  r e s u l t  o f  3 D - 2 D  R A N S A C  
W r o n g  f i t t i n g  p r i m i t i v e s  o f  R e g i o n  g r o w i n g  ( l e f t )  a n d  H o u g h  

t r a n s f o r m  ( r i g h t )  

• More  severe  on  mode l  f i t t i ng -based  methods

• 3D  RANSAC,  3D-2D RANSAC,  Hough  t rans fo rm.

• Due to  the  scor ing  mechan ism o f  the  mode l  f i t t i ng  
p rocess

• Sco re  domina ted  by  t he  number  o f  i n l i e r  po in t s .

• More  severe  on  d i f f i cu l t  tes t  case

• Norma l  es t ima t i on  (3D  RANSAC,  Reg ion  g row ing )

• i t  i s  ha rd  t o  es t ima te  accu ra te  no rma ls  f o r  
comp lex  ob jec t s .

• Va l i da t i on  mechan i sm o f  mode l  f i t t i ng  p rocess  
(3D-2D RANSAC,  Hough  t rans fo rm)

• Va l i da t i on  i s  a l so  domina ted  by  t he  number  
o f  i n l i e r  po in t s .

I n t e r n a l  s t r u c t u r e  ( r e d )  a n d  

e x t e r n a l  s t r u c t u r e  ( b l u e )  o f  a  p y l o n  



Experiments
MRF results

Point cloud Input edges Preserved edges Preserved rate (%)
1 powerline 2842 2757 97.0
4 powerlines 38474 35497 92.3

pylon 1 69172 51355 74.3

Point cloud Mtotal Munmatched Unmatched rate (%)
1 powerline 2757 390 14.1
4 powerlines 35497 17921 50.5

pylon 1 51355 21560 42.0

Point cloud Min Max Mean Median Std dev. RMSE
1 powerline 7.252 11.405 9.214 9.347 1.044 9.273
4 powerlines 3.226 29.511 17.207 17.040 6.320 18.331

pylon 1 25.025 81.435 49.413 48.836 9.472 50.313

P r e s e r v e d  r a t e

U n m a t c h e d  r a t e  

A n g l e  d e v i a t i o n  a n a l y s i s  
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MRF results

Point cloud Input edges Preserved edges Preserved rate (%)
1 powerline 2842 2757 97.0
4 powerlines 38474 35497 92.3

pylon 1 69172 51355 74.3

Point cloud Mtotal Munmatched Unmatched rate (%)
1 powerline 2757 390 14.1
4 powerlines 35497 17921 50.5

pylon 1 51355 21560 42.0

Point cloud Min Max Mean Median Std dev. RMSE
1 powerline 7.252 11.405 9.214 9.347 1.044 9.273
4 powerlines 3.226 29.511 17.207 17.040 6.320 18.331

pylon 1 25.025 81.435 49.413 48.836 9.472 50.313

P r e s e r v e d  r a t e

U n m a t c h e d  r a t e  

A n g l e  d e v i a t i o n  a n a l y s i s  



Experiments
Problem of the MRF algorithm

h a r d  t o  f i n d  

i n l i e r s  

e

h a r d  t o  t u n e  t h e  

a n g l e  t h r e s h o l d  

I n l i e r  p r o b a b i l i t y  t e r m

E d g e  l e n g t h  t e r m

W e i g h t  t u n i n g  f o r  p a i r w i r e  t e r m
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Conclusions
The answer of the research questions
Is  i t  possib le to ext ract  wiref rame models f rom point  c louds of  man-made urban l inear objects wi th an 
a lgor i thm that  has general izat ion abi l i ty?

• Part ial ly yes.

Is  there any a lgor i thm that  g ives or  has the potent ia l  to  g ive promis ing ext ract ion resul ts  of  the wiref rame 
models of  man-made urban l inear objects?

• No promising results yet,  but the potential  exists.



Conclusions
Future work

I n tegra t ion  o f  P r im i t i ve  de tec t ion  method  w i th  Energy  m in im iza t ion

Graph-based Reg ion  g row ing  w i th  Energy  m in im iza t ion

P o i n t  c l o u d  P r i m i t i v e  d e t e c t i o n  G r a p h  

)()()( xλVxDxE 

E n e r g y  m i n i m i z a t i o n  

)()()( xλVxDxE 

E n e r g y  m i n i m i z a t i o n  G r a p h  R e g i o n  g r o w i n g  N e w  g r a p h  



Thank you



References
1 . B i l j e c k i ,  F . ,  S t o t e r ,  J . ,  L e d o u x ,  H . ,  Z l a t a n o v a ,  S . ,  &  Ç ö l t e k i n ,  A .  ( 2 0 1 5 ) .  A p p l i c a t i o n s  o f  3 D  C i t y  M o d e l s :  S t a t e  o f  t h e  A r t  

R e v i e w .  I S P R S  I n t e r n a t i o n a l  J o u r n a l  o f  G e o - I n f o r m a t i o n ,  4 ( 4 ) ,  A r t i c l e  4 .  h t t p s : / / d o i . o r g / 1 0 . 3 3 9 0 / i j g i 4 0 4 2 8 4 2

2 . J i n ,  Y . - H .  a n d  L e e ,  W . - H .  ( 2 0 1 9 ) .  F a s t  C y l i n d e r  S h a p e  M a t c h i n g  U s i n g  R a n d o m  S a m p l e  C o n s e n s u s  i n  L a r g e  S c a l e  P o i n t  C l o u d .  
A p p l i e d  S c i e n c e s ,  9 ( 5 ) : 9 7 4 .

3 . G u o ,  B . ,  L i ,  Q . ,  H u a n g ,  X . ,  a n d  W a n g ,  C .  ( 2 0 1 6 ) .  A n  I m p r o v e d  M e t h o d  f o r  P o w e r - L i n e  R e c o n s t r u c t i o n  f r o m  P o i n t  C l o u d  D a t a .  
R e m o t e  S e n s i n g ,  8 ( 1 ) : 3 6 .


