Now you see me, now you don't

Direct LiDAR-Based Intervisibility Modeling with Semi-Transparent
Vegetation for Military Mission Planning
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Data science for national security
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Data science for national security

Data Science Centre of Excellence
Airborne missions
Largely manual process

Visibility is a crucial factor
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« \Vegetation
« Transparency
« Dimensionality

Representation
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Limitations of current methods

Identification |

[

Screening

[
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Identification of

via datab en regi s ]

[Identiﬁcation via other methods]

Records identified from:
Databases (n = 99)
Scopus (n = 40)

The Lens (n =59)
Dimensions (n = 0)

Records removed before screening:
Duplicate records removed (n=1)

Records marked as ineligible by automation
tools (n = 0)

Records removed for other reasons (n=0)

Records identified from:

Websites (n = 0)

Supervisor recommendations (n =
+ 10)

Citation searching (n = +-25)

Records screened (n = 98)

Records excluded (n = 72):
Keyword present in different context (n =
1

Pointcloud registration (n = 8)
Visibility in a different context
(n=7)

Object recognition (n=5)
Overview of ofi-topic field (n = 5)
No abstract available (n=5)
Fuzzy in different context (n = 4)
Foreign language (n=3)

Terrain reconstruction (n=2)
other (n=22)

Y

Records sought for retrieval

Reports not reviewed (n = 8)
Not found (n=3)
Not openly accessible (n=5)

Records assessed for eligibility
(n=+-35)

(n = 26)
)

Records assessed for eligibility
(n=18)

[ Included ]

Studies included in review (n = 43)

PRISMA (Page et al, 2021)



Vegetation

_

No vegetation Including vegetation

%
TUDelft



Transparency

Binary viewshed Non-binary viewshed
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Dimensionality
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Representation
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Mesh Raster Point cloud
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Method

Select area Enhance data Calculate LoS  Create viewshed  Direct analysis

]
TUDelft



Airborne laser scanning (ALS)

,x
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Cloud Optimized Point Cloud (COPC)

» Superset of LAZ » Octree spatial index « HTTPS range requests
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Method

Select area Enhance data Calculate LoS  Create viewshed  Direct analysis
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Classify vegetation

Colors Target Predictions

* Myria3D model
» Direct point cloud classification
» Ported from French to Dutch data

» Ingests attributes + optional color

(Gaydon, 2024)
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Confidence = 98%




Class = ground
Class = Vegetation

Class = building




Densify facades

» Detect roofs
» Roofs are supported by walls*

« Extend facades straight down
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Method

Select area Enhance data Calculate LoS  Create viewshed  Direct analysis
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Line of sight

Point is visible \: /
\l
\

Actor
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Buffer distance
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Sphere queries
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Query tradoff
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Execution Time per Meter of LoS [us / m]
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Calculate

« Step=1
e Count=0
« Class = None

 Visibility = 1
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Calculate

Step =2
Count =4
Class = Vegetation

Visibility = 0.8
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Attenuation

Medium

p(x) = &+

p(x) = probability of visibility LoS
x = distance through medium
k(x) = permeability

(Llobera, 2007)
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K(X)=p *cC

p = point density
c = attenuation constant

Attenuation

LoS

Medium




Calculate

Step =2
Count =4
Class = Vegetation

Visibility = 0.8
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Calculate

Step =3
Count=5
Class = Building

Visibility = 0

]
TUDelft



Method

Select area Enhance data Calculate LoS  Create viewshed  Direct analysis
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Conventional raster method Our method
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Method

Query Enhance Calculate Produce Apply
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http://0.0.0.0:8080/?demo=delft
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Conclusions

Progress on shortcomings Performance

* Outperforms industry standard
* vegetation, transparency,
dimensionality, representation

Smart point clouds Flexible and nuanced
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* vegetation, transparency, .
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« Same data, more information .
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Performance

100-500 x speedup
Spatial index, optimized queries,
early exit

Flexible and nuanced

Control over parameters and risk
Flight height, routing, lookouts



Future work

» Tree species
« Camouflage, Acoustics

« 3D Gaussian splats, radar

(Esri, 2021)
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Future work

* 4D point cloud
« Change detection

» Detecting (un)reliable obstacles

® Unchanged ® New Building

e Demolition e New Vegetation
Vegetation Growth  » Missing Vegetation

® Mobile Objects

(de Gélis, 2023)
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More information

e Codebase link

* Cloudfetch package on PyPI [ink

 Online viewer link

* Presenting at NCG symposium link

» Paper for ISPRS journal

Viewer
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https://github.com/yairroorda/Thesis
https://pypi.org/project/cloudfetch/
https://gist.bk.tudelft.nl/apps/PointCloudLineOfSight/?demo=groningen
https://ncgeo.nl/ncg-symposium-2026/
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