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Motivation

The optimization of movement trajectories, 
taking into account polymorphic 
uncertainty, is the basis for:

— the optimization of energy 
consumption and time requirements,

— maintaining the high safety level 
of aviation.

The focus on robustness is essential due to 
the large variety of sources of uncertainty:

— natural variability of environmental 
conditions,

— uncertainty, incompleteness 
and inaccuracy of
− sensor and geodata,
− data from mobility surveys,

— available expert knowledge and
— microclimatic models.

Methods

The quantification of the uncertainty and 
the update of the movement trajectory in 
real time is carried out by:

— Application of Bayesian filters [1] 
to take into account time-varying 
aleatoric uncertain measurement 
data and simulation parameters 
(inherent, objective uncertainty),

— extension by additionally including 
epistemic fuzziness (e.g. measurement 
errors) and

— recursive quantification of 
polymorphically uncertain model 
parameters.

Results

Enabling the consideration of polymorphic 
fuzziness in combination with the use of 
extended Bayesian filters:

— Consideration of all available 
information,

— realistic uncertainty quantification of 
the simulation parameters [3], [4], [5],

— robustness evaluation [2] of the 
calculated trajectories and

— Adaptative adjustment of the trajectory 
in real time based on new 
data/measurements.

Networking in the RTG

The following collaborations are planned 
for the determination and application of 
robust movement trajectories:

— Uncertainty quantification in the 
context of trajectory simulation (T10).

Required input variables are:

— Pre-processed position data from 
sensor and geodata (T5, T8),

— data from mobility surveys (T11) 
and

— predictions from microclimatic models 
(T7).
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Figure 1: Optimization of trajectories by considering polymorphic uncertainty

Figure 2: Scheme Bayesian filters Figure 3: Time-dependent polymorphic fuzzy 
quantity, modelled by p-boxes [5]
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