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Figure ACT Optimal sensor placement for pollutant prediction after 8 seconds in the yellow rectangle. The
pollutant concentration is measured after 2 seconds. Application of [1] for an Urban Physics Simulation [3]

Motivation

In the context of a digital twin, sensor
technology represents the Interface
between the physical and the virtual
worlds. The question of optimal sensor
placement becomes important In the
context of large-scale Infrastructure,

such as bridges, chemical plants, cities,
Or even entire regions.

Methodology

In the provided scenario (Figure ACT),
the prediction of the pollutant
concentration m = u(T,") at a specific
time (T=8s) and at a specific location
(yellow rectangle) is to be determined.
This should be based on the measured
concentration d at the sensor positions
(white circles, measurement time T=2s).

This leads to a Bayesian inverse
problem for the parameter m:

TTyhost (m|d) o« mye(dlm) Tyrior (m)

The posterior probability distribution
characterizes how well the estimated
parameter m matches the measured
values d. In addition, the distribution
provides candidates for the solution
and, most importantly for sensor
placement, an evaluation of the
uncertainty of the system.

In order to develop an optimal sensor
design, It Is necessary to determine
the following quantities:

1. an objective function

2. a forward model (physical or
data-driven model, e.g. FEM or ML)
3. prior knowledge of the parameter
to be estimated

4. knowledge about uncertainty of
the measured system (sensor noise,
uncertainty of the forward model etc.)

Extension: Sensor steering
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The  miniaturization of  sensor
technology has reached a point where
devices can be easily transported.
Additionally, drones or robot dogs are
capable of swiftly reaching locations
that are difficult to access. This opens
up the possibility of using them as
mobile sensors. The following sketch
presents a possible autonomous
control of the mobile sensors' steering:

Online Stage
Cycle i

l

Step 1. Obtain measurements d' at sensor locations
i-1 -1
CTRR. P

Step 2. Estimate uyand its associated uncertainty by solving the
inverse problem d = g,(u;) using a Bayesian approach.

Step 3. Define output region of interest €2,

Step 4. Solve optimization problem to obtain new sensor
locations S,,...,Sq.

Step 5. Steer sensors to new locations and return to Step 1.

Procedure for sensor steering taken from [2]

The poster employs the example of
pollutant transport to illustrate how

optimal sensor placement can be
achieved for an abstract Bayesian
Inverse problem.
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