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Accuracy?



Indoor Positioning

• Smartphones 
(bring your own device)

• Floor plans

•No infrastructure

•On device computing



Problem solved?

•Outdoor vs. Indoor

•Postioning vs. Localisation

•Business vs. Academy

• Smartphone vs. IMU, robots ...

USE CASES



Bachelor Thesis – Step Detection

• Step detection – accelerometer

•Orientation – compass

•Known path



Master Thesis - Localisation
•Map tessellation

• Single floor 2D positioning

•Grid cells - square vs. hexagonal

•Robot positioning related work



PhD. Study - Evaluation

•Black Box evaluation



(Everybody) uses particle filter. 
Why?



Dissertation Goals

•Main goal – indoor positioning

•Research goal – Bayesian filtering 



Bayesian Filtering

• Probabilistically estimate a state
of a dynamic system 
using noisy measurements obtained 
up to the current time of the estimation

• State – 2D position
• Implementations:

• Kalman filter
• Particle filter
• Grid-based filter

•Prediction & Correction 



Proposed Approach



Prediction phase - PDR

•Relative position

• Step detection, heading, step length

• Smartphone sensors



Correction phase – Map Model

• Floor plans -> Labels -> Export -> Grid

•Points, Connections, Zones

•Accessibility (position, transition)



Positioning

• Initial position

•Relative position

• Floor transition

• Filter reset



Fine Mask Grid Filter

•Upgraded mask computation, grid cell size

•Precomputed convolution masks



Centroid Grid Filter

•Real-time computing – position loss problem



Is grid-based approach 
better than particle filter?

Is it really working?



IPIN 2018 Competition – Nantes, France

•840 m

•70 checkpoints 
(Error computation)

• Saturday afternoon (+ setup)

•17 teams, 2 tracks



IPIN 2018 On-Site Competition

•75th percentile – 37.5 m

• Step length, pace, wide corridors

•Best 5.5 m 



Advanced Point Mass Filter 

• Šimandl, M., Královec, J. and Söderström, T., 2006. Advanced point-mass method 
for nonlinear state estimation. Automatica, 42(7), pp.1133-1145.



IPIN 2019 Competition – Pisa, Italy

•App crash, actor, step length, balcony



IPIN 2019 Competition - Results

•On-site – 75.3 m / 33.9 m / 16.2 m
• Best 3.8 m 

•Off-site – 6.6 m
• Best 2.3 m



Best configuration? 
My best result?



Validation Datasets

•Hexagonal – not robust

• IPIN 2019 – APM outperformed PF

•APM – multigrid, plan B

•PF - output



IPIN 2018 On-site

•773 configurations

•Competition best – 5.5 m

•Below 6 m (2x hexagonal, 3x centroid)

•Average for all configurations
• APM 12 m, Fine GF 26 m, Centroid GF 27 m

Basic GF 31 m, Hexagonal GF 35 m, PF 39 m

•APM matching real path

•Configuration and method for live performance?



•Official: 6.85 m / 8.39 m / 7.02 m

•Centroid GF – 4.46 m

•PF – 4.38 m (with outliers)

•PF + Wi-Fi – 3.86 m

IPIN 2020 - Castellón de la Plana, Spain



Theses

•Maroš Kovaľ – app development

• Slavomír Slovenkai - elevators

•Bianka Šimková – augmented reality

• Jakub Džama - particle filter + application

•Patrik Rojek – activity recognition, neural networks, steps

• Tomáš Hvišč - navigation

• Lucia Hajduková – computer vision, neural networks



Summary

•Grid-based filters 
• deterministic alternative to particle filter
• evaluation in realistic scenario
• recommendations for configuration

•Advanced point mass filter
• adapted existing method
• innovative in the field of indoor positioning

•Particle filter - method for a reference



Future work – ideas for short-term goals

• Indoor Navigation Application (practical aspects)

• Improved map model 

•Particle filter review 

• Sensor fusion and integration of computer vision, 
neural networks, activity recognition ...



Application vs. Research



Thank you for your attention.




