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Increase of Data

ÅThe Global Datasphere has increased drastically
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3D Environments
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Point Cloud

ÅDataset that represents an environment using (millions of) points.
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LiDAR

ÅLiDAR scanning captures points using laser to represent e.g. buildings
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Glass

ÅProblematic material for 
laser scanning.

ÅReflective

ÅTransparent

ÅStill noticeable?
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Problem Statement

ÅPrevent uncomfortable or 
potentially dangerous situations

ÅAdd glass to the scene

Motivation Research Objective Theory Methodology Results Conclusion



Related Work

ÅPhysical Manipulation
ÅWindow foil

ÅActive Illumination
ÅStructured light
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Related Work

ÅPassive Methods
ÅDepth properties

ÅSensor Fusion
ÅLiDAR + Sonar
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Related Work

ÅMirror detection
ÅRobot + SLAM

ÅTemperature monitoring
ÅGlass = heat loss
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Downsides of other approaches

ÅDifferent types of data
ÅNot always available

ÅMore expensive
ÅDifferent scanners
ÅTime to prepare scene
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Research Question

How can the location of glassbe deduced 
using only information acquired from         

3D point cloudsand a reference position?
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Why can glass not be captured properly?

Å[ŀǎŜǊ ǿƛǘƘ ǿŀǾŜƭŜƴƎǘƘ ƻŦ Ғ флл ƴƳ
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Interaction of Laser with Glass

ÅPossibility 1: Transmission
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Interaction of Laser with Glass

ÅPossibility 1: Transmission
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Interaction of Laser with Glass

ÅPossibility 1: Transmission
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Interaction of Laser with Glass

ÅPossibility 2: Reflection
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Interaction of Laser with Glass

ÅPossibility 2: Reflection
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Interaction of Laser with Glass

ÅPossibility 2: Reflection
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Interaction of Laser with Glass

ÅPossibility 2: Reflection
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Example of possibility 2 in the data

Motivation Research Objective Theory Methodology Results Conclusion



Interaction of Laser with Glass

ÅPossibility 3: Direct reflection or absorption

Motivation Research Objective Theory Methodology Results Conclusion



Interaction of Laser with Glass

ÅPossibility 3: Direct reflection or absorption
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Interaction of Laser with Glass

ÅPossibility 3: Direct reflection or absorption
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Example of possibility 3 in the data
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Overview Methodology
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Input data
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Calculate Euclidean Distances
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Mercator Projection
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ÅReference point = Projection Origin 
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CLAHE
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ÅHistogram Equalization ÅContrast Limitation



CLAHE
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CLAHE
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Canny Edge Detection
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Canny Edge Detection
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Contour Extraction
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Rectangle Validation
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ÅContour simplification
ÅDouglas-Peuckeralgorithm

Å4 points as corners



Rectangle Validation
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What is considered a window?

Å4 corners 90° ± Error Margin

Valid Invalid



Rectangle Validation
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