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Introduction

• The use of Global Positioning 

System (GPS) signals to 

deliver location based 

services

• Implemented by smart 

phones

• Smart city



Introduction

• antennae needs a clear view of the sky

• GPS-deprived conditions

– Urban settlements

– Indoor(inside hotels,malls)



Application in GPS

• GPS accuracies of smart phones have not 

been studied nearly as thoroughly as typical 

GPS receivers

• Median horizontal error in static outdoor 

environment is around 5.0 to 8.5 m.

• In dense and crowded areas with more 

buildings it is even worse.

• Most android devices are equipped with 

motion sensors 

• This can be used to complement GPS accuracy



INS (Inertial Navigation System)

• continuously updates the position, orientation 

and velocity of the moving object from motion 

sensor readings.

• typically contain 

– gyroscope : measuring angular velocity 

– accelerometer : measuring linear acceleration

• immune to jamming and deception



Drawbacks of INS

• Measurement of acceleration and angular 

velocity cannot be free of error.

• Integration drift

• unrestrained positioning errors in the absence 

of coordinate updates from external source

• GPS can be used for updating



• Solution

– Hybrid Positioning System 

integrate other non-GPS methods in GPS-denied 

environments in order to enhance the availability 

and robustness of positioning solutions 

GPS

INS



Kalman Filter

• Estimating Algorithm

• uses a series of measurements (with some 

inaccuracies) observed over time 

• produce more precise estimates by reducing 

noise 



Algorithm

• The algorithm works in a two-step process. 

– Prediction Phase: Kalman filter produces estimates of the 
current state variables, along with their uncertainties. 

– Update Phase: Once the outcome of the next 
measurement is observed, these estimates are updated 
using a weighted average, with more weight being given to 
estimates with higher certainty. 

• The algorithm is recursive. It can run in real time, using 
only the present input measurements and the 
previously calculated state and its uncertainty matrix; 
no additional past information is required.



Observed Point and Variance

Source: http://www.bzarg.com/p/how-a-kalman-filter-works-in-pictures/



Prediction Phase

Source: http://www.bzarg.com/p/how-a-kalman-filter-works-in-pictures/



Transformation

Source: http://www.bzarg.com/p/how-a-kalman-filter-works-in-pictures/



Update Phase

Source: http://www.bzarg.com/p/how-a-kalman-filter-works-in-pictures/



Source: http://www.bzarg.com/p/how-a-kalman-filter-works-in-pictures/



Kalman Filter Parameters

• The algorithm works in 
a two-phases

• prediction phase, old 
position will be 
modified according to 
the physical laws of 
motion.

• Next, in the update 
phase, a measurement 
of the position is taken 
from the GPS unit.



Data View

• Black: predicted, 

• green: filtered 

• red: observations



Experiment

Android devices used



Experiment

• The algorithm is supposed to be hard coded to 

the device but for demonstration we have 

extracted the data from android device 

sensors in csv format.



Data logging



XY direction of accelerometer is different from that of 

gyroscope/magnetometer.

Accelerometer measures Ay in forward direction of device and 

Ax perpendicular to it

Gyroscope/Magnetometer gives Ox as bearing from north

The formula converts device orientation to natural orientation

Ae= Ay sinOx +Ax sinOx+ 90

An= Ay cos Ox+Ax cosOx+90

Motion Sensors



Data Calculation

This calculations are performed by pyKalman Module in python



Result



Results and Conclusion

• The acceleration in z direction is greatly 

affected by gravity (9.8 m/s2). Component of 

this acceleration affects other axes as well 

resulting error in position.

• Requires more sensitive motion sensors



Conclusion

• various potential application areas such as 

robotics, shopping malls, museums, 

underground areas, city area, etc

• With increased computational power on 

handheld devices, a propagation-based 

technique could be implemented to 

determine the position of the device.




