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Presentation Overview

• Light Detection and Ranging (LiDAR) or Laser 
Radar (LADAR)

• Motivation
• Homotopy Trees
• Pseudo Homotopy Trees (PHTs)
• PHT Heuristics Differentiating Building from • PHT Heuristics Differentiating Building from 

Non-Building and Ground
• Experiments
• Results Discussion
• Conclusion
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Motivation

• Preprocessing Step for Reconstruction Algorithms
• Change Detection (Pre/Post Natural Disaster)
• Urban Planning
• Network Planning for Mobile Communication
• Geographical Information Systems
• Virtual Tourism• Virtual Tourism



Homotopy Trees

� Connectivity:  set considered connected if 
each pair of the set’s elements can be joined 
by a path where all elements of the path 
belong to that set 

� Light grey and dark grey triangles below � Light grey and dark grey triangles below 
belong to two different sets



Homotopy Trees Continued

� The set Z contains all the dark grey space
� The complement of Z or Zc then contains all 

the space in which Z does not occupy

� ����� ��� � � ��� � � ���

� � � � � �� � � � � 	 � � ��� � � ��� � � ��� � � ��




LiDAR TIN Definitions
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Pseudo Homotopy Tree Notation

� Assume PHT contains G generations and has J(i) nodes at each 
generation I
� &

� Let superscript n denote number of children for node and m denote 
parent index in prev. gen.

� Let connected set       denote the union of       and all      ’s children 
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Z� Let connected set       denote the union of       and all      ’s children 
and children’s children �

� Redoing the homotopy tree examples with the established notation:

,i j ,i j ,i j,i j ,i j,i j ,i j,i j ,i j ,i j



Pseudo Homotopy Trees

� Let S(Z) return the size of connected set Z 
(number of triangles in set Z)
� Assume      ,     , and      have 3m2, 4m2, and 1m2

� Therefore:  

1,1
1,2Y 1,1

2,4Y 0,4
3,1Y1,1

1,2Y 1,1
2,4Y 0,4

3,1Y1,1
1,2Y 1,1

2,4Y

( ) ( ) ( ) ( )1,1 1,1 1,2 0,4 2 2 2 2
1,2 1,2 2,4 3,1 3 4 1 8S C S Z S Z S Z m m m m= + + = + + =( ) ( ) ( ) ( )1,1 1,1 1,2 0,4 2 2 2 2
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PHT Heuristics Continued

� WC Set Floor Average
� All triangles in FGC set adjacent to GC set are ‘lower 

triangles’, the two lowest points in a lower triangle are 
‘lower points’, WC Set Floor average is the average or 
all lower points in a FGC set

� Assume in the below picture yellow triangles are FGC 
set and orange triangles are GC set, then all points set and orange triangles are GC set, then all points 
encircled in blue are lower points



PHT Heuristics Continued

� Heuristic V:  Enclosures (court yards)
� If a NWC set is identified as building but has an 

average elevation existing below 1.5 meters plus 
the building FGC set’s floor average, relabel that 
NWC set to ground



PHT Heuristics Continued

� Heuristic VI:  Ramps
� Find FGC set marked as non-building and do 

region growing with triangle adjacent to the top of 
the FGC set’s WT and include all NWT’s greater 
than FGC set’s floor average

� If region is adjacent to more than 50 adjacent WC 
sets, dismiss region as ditch



PHT Heuristics Continued

� Heuristic VII: Wall Bleeding
� Exterior WT’s in FGC set classified as building must 

be adjacent to NWT by at least 1 triangle, otherwise 
WT is classified as non-building

� Heuristic VIII:  Dense Vegetation
� For Fairfield data set (or data sets with both first and � For Fairfield data set (or data sets with both first and 

last return pulses), pulse differences greater than 4.6 
meters are labeled as non-building



PHT Algorithm Block Diagram
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3. Vosselman
– 85%, 90%
– 0.8 pt /1 m@
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4. Matikainen
– 90%, 85%
– 2-3 pt. / 1 m@

• Requires Interpolation:  2, 3, 4
• Requires Manual Registration:  2, 3
• Requires Manual Inspection:  2
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