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Line of Sight

• Satellite visibility is defined as the 
connecting “line” established between the 
satellite and the ground receiver (Line of 
Sight - LoS)

Lu and Han (2020)
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GPS
• Has three segments

• Minimum four satellites are needed to determine the coordinates of the receiver (x, 
y, z coordinates and the clock error)
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DoP values

• Dilution of precision = numerical representations of 

the geometry of the satellites

• Dependent on the positions of satellites that are 

visible to the receiver.
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• Volume of the shape of the vectors 
between the satellite segment and the 
user segment 

• The components of the Geometrical 

DoP are: Positional DoP, Vertical 

DoP, Horizontal DoP and Time DoP

• The smaller the GDOP value is, the 

better the geometrical configuration 

of the satellites above the receiver is
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GNSS planning tools 

• Software tools used to predict the quality of the GNSS survey based 

on the geometry configuration of the satellites above the location of 

the receiver at a given moment of time
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• Actual GNSS mission planning tools do not offer the user the 
possibility to insert the environment of the receiver properly
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Research question:

• Main research question: To what extent can point 
cloud data be integrated in the behaviour of the 
satellite LoS and how does this relate to and 
influence the DoP values? 

• How are obstructions represented in calculation of DoP?

• How good is the carried analysis compared with the given 
result by simulation tools/ GNSS equipment?

• How can such a simulation of a GNSS mission be 
helpful?

• What determines the threshold that decides if a line of 
sight is visible or not?
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Why point clouds?

• Good 3D representation of the environment

• They represent vegetation

• Disadvantage: they do not represent a continuous surface compared to 

the 3D model
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Why an analysis of DoP values?

• DoP values can be used for the selection of the satellites which give the position 
solution (Novatel, 2015)
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Related Work

• Dandurand et al. (2019) – created a prediction model based on both the satellite constellation and 
the shape of the of the point cloud which represents the environment of the receiver
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• Zhang et al. (2021) – two methods for assessing visibility between a viewpoint and a target point: 
one method for tall vegetation and the other method for buildings – both methods involve choosing 
a threshold to conclude if the LoS is blocked or not
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• Gandolfi et al. (2011) – presented a GNSS planning tool software 
written in C++ and using DEM as 3D data
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• Yuen (2009) presented in his master thesis the computation of DoP
values of satellites above a given cut-off angle as well as the satellite 
coordinates in ECEF coordinate system (Earth – Centered Earth-Fixed)
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My method

• Instead of approximating the LoS with a mathematical line in 3D 
space

• I approximate it with a cylinder to filter point cloud objects
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Resources

• AHN4 point cloud set

• Correct GPS SEM almanac for the week

• LASTools

• NMEA Tools on a Samsung Galaxy S20 FE
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NMEA strings
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Methodology
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Creation of “ghost” satellites

• Additional point positions on the LoS between the satellite and the 
receiver

• Why? 

• To minimize the distance to fit in the boundary of the 3D data 
(Netherlands)

• For the coordinate transformation to work
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Coordinate conversion from ECEF to 
RDNAP
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Implementation – PROJ commands

Lesparre et al. (2018)
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Coordinate transformation of the receiver

• The receiver’s coordinates are given in WGS84

• To be converted to both ECEF and RDNAP

• However, the given height is the orthometric height
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About the height…
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Methodology – Visibility algorithm

• Filtering operations

• Why? – To discover which satellites are visible 

• Contains two parts: a 2D algorithm and a 3D algorithm
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2D algorithm

• creates bounding boxes on the 2D line projection from the satellite to 
the receiver
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3D algorithm 

• Projects a cylinder between the 
satellite and receiver 

• Tests if the points filtered using the 
2D algorithm are inside the cylinder 
as well
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Choosing thresholds

• A small yet dense point cloud object can contain a few thousand points 
– a threshold of 9000 points was chosen

• For the square boxes, the size of 5 meters was chosen

• For the diagonal of the rectangular boxes, the size of 220 meters was 
chosen
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• The radius of the cylinder was linked to the size of the square boxes
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DoP calculation

• To easily calculate the DoP
values, the ECEF coordinates of 
visible satellites and of the 
receiver had to be transformed to 
ENU in order to have the HDoP
related to the Earth’s surface 

Wikipedia
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Azimuth and Elevation

• As a further validation, the azimuth and elevation angles were 
computed and compared to the ones given by the receiver 

Van der Marel (2020)
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How the visibility algorithms work
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Results

•Simulation tested on 4 sites on the TU Delft Campus 
(open sky vs obstructed)

•The GNSS data was gathered in the period of late 
November - December
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Test Site 1
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DoP plot – smartphone application DoP plot – simulation
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Test Site 2
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DoP plot – smartphone application DoP plot – simulation



Test Site 3 
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Test Site 4 
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Answers to the research questions
• How are obstructions represented in calculation of DoP?

• A: An obstruction blocks the access of the receiver to satellites from a 
certain part of the sky and it results in the calculated DoP values to be 
larger 

• How good is the carried analysis compared with the given result by 
simulation tools/ GNSS equipment?

• A: The simulation is either optimistic or pessimistic.
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• How can such a simulation of a GNSS mission be helpful?

• A: Point Cloud data is a good 3D representation of the environment. 
Integrating it into GNSS survey planning tools is useful to determine 
which satellites are visible and therefore the precision quality

• What determines the threshold that decides if a line of sight is visible 
or not?

• A: It depends on the location of the receiver and on the class the point 
belong to
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Answer to the main research question

• The used point cloud data is 500 
MB initially. The data after the 
filtering operations is 
diminished by usually a tenth

54

Point Cloud Size

Initial 500 MB

LAStool
height filter

250 - 300 
MB

2D algorithm 
boxes

40 – 55 MB

3D algorithm 
cylinder

1 - 2 MB



Recommendations

• Finding a link between the volume of the cylinder ray and the number 
of points threshold

• Analysing the content inside the cylinder based on classes

• Integrating this simulation into an online tool
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Thank you for your attention!

Questions
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