Simplication of Massive TINs with
the Streaming Geometries Paradigm

Maarten de Jong
July 2021

1st Supervisor: Hugo Ledoux
2nd Supervisor: Ravi Peters
Co-reader: Balazs Dukai




Content

« Background
 Relevance

* Research questions
« Approach

* Results

« Conclusions

]
TUDelft



Background

« TIN

— Delaunay
« Streaming
* Previous work
« Spatial coherence

]
TUDelft



Background

 TIN

— Delaunay
« Streaming
* Previous work
« Spatial coherence

»’\% : ”’ﬂhv

]
TUDelft



Background

« TIN

— Delaunay
« Streaming
* Previous work
« Spatial coherence

Invalid Delaunay Valid Delaunay

]
TUDelft



Background

 TIN

— Delaunay
e Streaming
* Previous work
« Spatial coherence

TUDelft

Timo taken: 1205

Average # points per second: 6146
Points processed past minute: 368771
Total # of points: 781845

Total # of triangles: 1544654

Point Cloud (LAS) Finalizer Triangulator TIN (OBJ)




Background

e TIN
— Delaunay . - )

« Streaming

* Previous work

— Spatial coherence

Dukai [2020]

i S
L —— — ;
\ 7\ 1 ]
= A‘\/Al[\ s = S/\

Isenburg et al. [2006]

]
TUDelft



Background

« TIN

— Delaunay
« Streaming

* Previous work
— Spatial coherence

07BZ2 - Bedum
Cell Time (# points)

o

94385707.3
[ 188771415
283157122
I 377542829

37EN1 - Delft

Cell Time (# points)
o

118543871
[1 237087741
355631612
Il 474175482

%
TUDelft ;




Relevance

« Usability of massive dataset

* Noise modelling

« 3D reconstruction

« Accurate surface representation

van Rijssel et al. [2020]
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bjective

Seamless, simplified TIN of 8 AHNS3 tiles in Zuid-Holland
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Research Questions

 How can a seamless, simplified, Delaunay TIN for all AHN3 points be
constructed using the streaming geometries paradigm?

— How can simplification be integrated into the streaming creation of a Delaunay TIN?

— Which TIN simplification method produces the best results when used in a
streaming pipeline?

— How does the streaming creation and simplification of a Delaunay TIN perform in
comparison to existing methods in terms of execution time, memory usage, and
accuracy?
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Approach

* Integrate simplification into existing streaming pipeline
*  Write algorithms from the ground up
* Iterate on most promising options
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Streaming Simplification
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Streaming Simplification

« Random thinning

—  Control method

* Drop-heuristic

—  Decimation approach

« MAT

—  Simplifies based on points

 Refinement

—  Constructive simplification

TUDelft —
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{Point Cloud (LAS)H Finalizer Hnanuom TmnnlngJ—-[ Triangulator H TIN (OBJ)

{Point Cloud [LAS)H Finalizer H Triangulator H Drop-heurlstic H TIN (OBJ)

{Point Cloud (LAS)H Finalizer H MAT Simplifier H Triangulator H TIN (OBJ)

{Point Cloud [LAS)H Finalizer H Refinement H Triangulator H TIN (OBJ)
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Datasets
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area number of Poi.nts average density
Delft-Tiny 0.01km? 212,550 21.3 I::»l::i.ntslrr'l2
Delft-Small 1.40km? 20,310,070 14.5 points/m?
One Tile 31.25km? 343,044,606 11.0 points/m?
Two Tiles 62.50km?> 642,167,999 10.3 points/m?
Four Tiles 125.00km? 1,354,295,996 10.0 POiI'ltS/m?'
Six Tiles 197.50km? 1,902,652,509 9.6 points/m”
Eight Tiles 250.00km” 2,424,250,813 9.7 points/m”
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Results
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Results
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Delft-Tiny
ne ta vertices gles RMSE maxerror (m) max memor 3

No Simplification 2 212 425,046

Rand5 7 0 4 10.3 2
Decim100 27m25s 53,34 4 9 2 5.4 67
Greedy025 1m2: 37,651 75,270 07 2 357
Greedyl == 39,994 7 (e .3 162
Greedy5s 23 44 57 06 4
FCFS 34,704 2 337
FCFS + Decim10 im 26,419 52,82 7 40
MATO02 14,551 2 7 06 142

Delft-Small
time taken vertices triangles RMSE max error (m) max memory (MB)

No Simplification Im30s 20,319,438 40,638,770 - - -
Rand3 1m37s 5,079,401 10,158,749 1.38 30.0 12
Decim100 =18h - - - - -
Greedy025 29m26s 5,021,178 10,042,286 0.12 12.3 684
Greedyl 17mi15s 5,333,951 10,667,831 0.10 9.0 630
Greedy5 9ml12s 5,970,399 11,940,721 0.11 10.9 773
FCFS dmds 4,916,929 9833779 0.20 15.0 491
FCFS + Decim10 8hdm 3,614,934 7,229,797 0.46 24.0 385
MATO02 14mbs 2,236,205 4,472,145 1.53 55.7 345
Full Refinement 17h53m 4,210,394 8,420,723 0.16 20.0 673
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Results

* Greedyl

— Low RMSE
—  Long runtime

« Greedy5

— Same RMSE as Greedyl
—  2hless runtime vs. Greedyl

- FCFS

— Relatively high RMSE
—  Shortest runtime
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Eight Tiles
time taken vertices triangles RMSE maxerror (m) max memory (MB})
No Simplification 12h55m™ 2,424 250,813 - - - -
Rand10 2h23m 225,004,204 450,008,309 1.76 442 12
Greedyl 17h11m 228,154,328 456,308,291 0.16 31.5 729
Greedy5 15h23m 279,231,753 558,463,139 0.16 384 828
FCFs 10h50m 199,632,116 399,263,875 0.21 39.1 776

1) data piped to /dev/null instead of file
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Results

FCFS — Two Tiles FCFS — Eight Tiles

I ey Usage M

Memory Usage (WB)
Memory Usage (WB)
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Results

Threshold: 0.20 Eight Tiles - Greedyl

Eight Tiles - Rand10
Mgdian: 0.02

RMSE: 1.76

Frequency
Frequency

a
Vertex z-error (m)

4
Vertex z-error (m}

(a) Rand10 (b) Greedyl

Eight Tiles - FCFS.

Threshold: 0.20
Madian: 0.02
{RMSE: 0.21

Eight Tiles - Greedy5

Frequency
Frequency

4 4
Nertex z-errar (m) Vertex z-error (m)

(c) Greedy5 (d) FCFS
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Results

« Random simplification
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Results

« Greedyl
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Results

- FCFS
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Artefacts

e Cell borders
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Artefacts

Roof edges
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Comparison

* Isenburg
— Similar speed, less simplification
— Unknown RMSE

* Hegeman
— Slower
— Better RMSE

* Dukal
— Slightly better RMSE
— Unknown speed comparison

]
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triangles per second  simplification

Isenburg et al. [2006d] 100,000 90%
Greedyl 74,251 87%
Greedy5 104,905 84%
FCFS 127,051 88%
vertices per second  simplification RMSE (m)

Hegeman et al. [2014] 1,600,000 32% 0.07
Hegeman et al. [2014] 4,300,000 B81% 1.90
Randé 184,430 86% 1.44
Greedyl 37,125 87% 0.14
Greedy5 52,452 84% 0.14
FCFS 63,526 88% 0.18

simplification RMSE (m)

max error (m)

Dukai [2020] 99, 7%, 0.10 8.9
Greedyl 98.5% 0.09 6.7
Greedy5 97.6% 0.09 44
FCFS 99, 3% 0.09 6.3




Conclusions

How can a seamless, simplified, Delaunay TIN for all AHN3 points be
constructed using the streaming geometries paradigm?

« Using sst

« Can be done using either Greedy or FCFS refinement
« 86 days for FCFS for entire AHN3

« 107 days when using Greedy5
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Conclusions

« How can TIN simplification be integrated into the streaming creation of a
Delaunay triangulation?

* At one of three positions
* Preferably at B

A - e emememmsssmmm—-,, 0 e mmemsmme-————

o i 1 £ \ | 1 Ty | 1 ATy
Point Cloud (LAS) }—4 A :4>{ Finalizer }—’: B :4>{ Triangulator }—’: C :4>{ TIN (OBJ)
1 1 1 1 1 1

_______________

______________________________
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Conclusions

 Which TIN simplification method produces the best results when used in
a streaming pipeline?

* Greedy methods have the lowest RMSE
 FCFS best overall for speed and relatively low RMSE
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Conclusions

- How does the streaming creation and simplification of a Delaunay TIN
perform in comparison to existing methods in terms of execution time,

memory usage, and accuracy?

« Marginally outperforms Dukai
* Is outperformed by Hegeman on speed
* Provides best RMSE of all comparisons

]
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triangles per second  simplification

Isenburg et al. [2006d] 100,000 90%
Greedyl 74,251 87%
Greedy5 104,905 84%
FCFS 127,051 88%
vertices per second  simplification RMSE (m)

Hegeman et al. [2014] 1,600,000 32% 0.07
Hegeman et al. [2014] 4.300,000 81% 1.90
Randb 184,430 86% 1.44
Greedyl 37,125 87% 0.14
Greedy5 52,452 84% 0.14
FCFS 63,526 88% 0.18

simplification RMSE (m)

max error (m)

Dukai [2020] 99.7% 0.10 8.9
Greedyl 98.5% 0.09 6.7
Greedy5s 97.6% 0.09 44
FCFS 99.3% 0.09 6.3
31



Contributions

« Statistics on simplification
* Open-source method for simplifying massive TINs
* FCFS streaming simplification method
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Discussion

* Practicality of massive TINs
« Performance of simplification algorithms

*  Memory usage
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Future Work

* Improving finalizer initialization
 Expanding FCFS
« Quadric error as simplification
* Further modules
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