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Research context and motivation

+ Capacitors are commonly used as sensors for short distances, e.g. in touch screens and
mechanical vibration measurements. They provide good accuracy and are passive
devices

» Accurate tag-less Indoor localization is important for several application such as assisted
living and health monitoring

+ Capacitive sensors can be used for indoor localization in loading mode, where a metal
plate acts as one side of capacitor and the person acts as the second capacitor plate.
This makes this localization technique tag-less as compared to many other available
localization techniques

+ In this study we use long-range capacitive sensors for indoor person localization. With
capacitive sensors using 16cm x 16cm plates we achieved sensing ranges of about 1.5m
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+ Our study explores the Neural Network architectures to es%mate the trajectory of a person
in a room of 3m x 3m. We used 4 capacitive sensors, attached to the room walls and
achieved the trajectory estimation with RMSE of 26 cm, using signal conditioning followed
by an autoregressive Neural Network.
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Addressed research questions/problems

+ Viability of single plate capacitors for indoor person localization
* Viability of neural networks to convert sensor data (i.e. oscillator frequency) into trajectory
» Challenges

+ Steep (more than quadratic) decrease of sensitivity as distance increases

+ High electric and electrostatic noise from environment

« Drift mostly because of changes of static charge in the environment

Novel contributions

Extended range - high sensitivity, low noise for measurements over distances 10-20X sensor

size (single plate)

« Differentiate between human movements and changes in environmental conditions (drift)

» Use of Neural Networks to infer human movement and trajectory from the oscillator
frequency variations
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Adopted methodologies

» Data from four capacitive sensors labelled with X and Y coordinates of room using
ultrasonic sensors

« Extensive NN architectural exploration, leading to the best results from an Autoregressive
Neural Network with three hidden layers (64 neurons, 32 neurons, 8 neurons with dropout
regularization).

» NN trained on various sizes of input window, LP and median filter parameters to obtain the
best combination of hyper-parameters.
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« Strong non-linear dependence between sensor output and the distance to person
* Noise limited correlation between sensor data and distance of person from the sensor
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* The resulting RMSE was about 26 cm, which is perfectly suitable to track, for example, the

movement of an elderly person within an apartment

« Training and testing of Neural Networks on data acquired in separate environments
* Use of more and more realistic settings for our experiments, for example tracking a person

performing normal daily activities within a room or tracking a person across multiple rooms,
or tracking multiple people
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