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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 Tourisn




Homotopy Trees

Connectivity: set considered connected If
each pair of the set’s elements can be joinec
oy a path where all elements of the path
nelong to that set

_ight grey and dark grey triangles bel
pelong to two different sets




Homotopy Trees Continued

"he set Z contains all the dark grey space

"he complement of Z or¢Zhen contains all
ne 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)smatdsach
generation |

G J@) G JG) ) .
Z= U UZ, k=012..,G/2 j=12,..J0|KHM7°= UZ,, k=012,.G/2 j=12,.JG)

i=2-k+1 j
Let superscript n denote number of children forenadd m denote
parent index in prev. gl
Let connected sl  denote the unicgiibf nd =@l s childrer

and children’s children CH=zMUz12JZ04

Redoing the homotopy tree examples with the estadd notation:
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Pseudo Homotopy Trees

Let S(Z) return the size of connected set Z
(number of triangles in set 2)

a have23|zitm?, and 1m
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Modified Find Lowest

Greedy NWT - t,

Insertion And Set as
Triangulation Seed Triangle

Input: Partition Raw
Raw LiDAR LiDAR into
Data smaller blocks

Region Growing
Yes | Adding only NWT
to NWC Set;

WT adf:led to In Current

NWC Sef's Que
4o Generation, Ate SeruUnused

Is Seed
NWT?

No

y - there any Connected Triangle in
Region Growing Sets with Unused Parent's Queue as

Adding only WT
to WC Set;
NWT added to
WC Set's Queue

Set Seed Triangle
and newly formed
Connected Set as Set Current

Child to Parent Output: Are Generation

Connected Set y F’seudoT there any futu?re Equal to Next
omotopy Tree generations? Generation

Jriangles in their Seed Triangle
Queues?
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PHTHeuristics Continued

WC Set Floor Average

All triangles in FGC set adjacent to GC set are ‘lowe
triangles’, the two lowest points in a lower triangle art
‘lower points’, WC Set Floor average is the average (
all lower points in a FGC set

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




PHTHeuristics 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




PHTHeuristics Continued

Heuristic VI: Ramps

Find FGC set marked as non-building and do
region growing with triangle adjacent to the top o
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 W(
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
last return pulses), pulse differences greater than 4.
meters are labeled as non-building




PHT Algorithm Block Diagram

Count triangles
in sets;
calculate FGC
set floor

GC Set
Identification
(Heuristic )

Input: PHT Growing
Raw LiDAR Algorithm
Data (see Figure 6)

average

Identify Bldgs
(Heuristic II)
Non-Bldgs
(Heuristic ),
and Enclosures
(Heuristic V)

Region
Growing to find
ramp to roof
buildings
(Heuristic VI)

Output:
Building
Detection
Results

Bldg WTs are
adj. to Bldg roof
NWT by 1 tri.
(Heuristic VII)

Are both First
and Last Return
ets available?

< 40m’ relabel

Bldgs with area

to Non-Bldg
(Heuristic IV)

Identify Non-
Bldgs with F &
L Pulse Diff.
(Heuristic VIII)




2,189 buildings
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