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ABSTRACT 

This paper presents a sensing system that logs sensor 

data on an Android-based mobile device and stores it to 

a remote server for further processing and analysis. 

This system consists of an application for Android 

operating system, FTP file server, a PostgreSQL 

database, an application that reads data from FTP and 

populates the database, an application that processes 

data stored on the server, and a web application that 

displays captured data. 

The main purpose of this system is to provide sensing 

capabilities for applications that provide supervision or 

assistance with activities of daily living, coordination of 

services by outside health care providers, or monitoring 

of user activities to help to ensure their health, safety, 

and well-being. 
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1 INTRODUCTION 

By 2050, one in every three persons living in the more 

developed regions is likely to be 60 or older, and about one 

in every four is projected to be 65 or older [1]. Many of 

them will need help and there will be even less young 

people to help them than today. Yet most of them will have 

electronic devices with them, and we can use those devices 

to help them. 

The aim of human monitoring system is to track user 

activity, detect interesting events and optionally trigger 

actions or alarms when needed. This kind of system is 

helpful in healthcare, ambient assisted living, baby care and 

many other areas.  

This paper describes the Sauron sys tem, an application that 

collects sensor data on an Android-based mobile device, 

and stores the data to a database for real-time processing or 

off-line analysis. The application will (1) speed up the 

process of creating and testing applications that rely on real 

world mobile sensing, and (2) provide training data for 

modelling user activities. 

A few examples where the Sauron can be applied: an 

application that monitors person’s everyday life and makes 

a suggestion if necessary, for example, if you take a walk 

every morning through the park and one day there is a 

construction site in the way, the application would alert you 

before you even left the house and suggest a detour. 

Figure 1: Main view of Android application user interface with 

status bar at the top and displayed data in the bottom. 
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Another example would be for specific tasks like fall 

detection [2], to recognize user’s activity and estimate daily 

energy expenditure [3], or for detection of unusual 

behaviour based on analysis of daily-living dynamics [4]. 

The paper is structured as follows. Section 2 will introduce 

the system architecture and its components. Next, Section 3 

described the sensor data – available at a mobile device. 

Finally, Section 4 concludes the paper. 

2 SYSTEM STRUCTURE 

System consists of five separate components as shown in 

figure 2. Each component is an application of its self: 

 Android application – gathers sensor data on a 

mobile device, 

 FTP server – used to temporary store the data 

before it is written to the database, 

 Server application – reads the data from FTP 

server and populates the database, 

 Database – where all data is stored and labelled, 

 Web application – visualizes data from database. 

Part of the applications run on the server side with the 

following requirements: 

 Windows XP or newer 

 PostgreSQL server 8.3 or newer 

 Java 6 or newer 

 

Android application runs as a client with the following  

requirements: 

 Smartphone with Android 2.3.3 or newer 

 GPS, gyroscope and accelerometer sensors  

 WiFi internet access recommended 

2.1 Android application 

Sensor data is acquired with an Android application from a 

smartphone running Android operating system (shown in 

Figure 1). It can log and store data from all sensors 

available to operating system. 

Most interesting data is supplied by acceleration sensor, 

orientation sensor, gyroscope sensor and magnetic field 

sensor. Application can also log location based on two 

different services. If GPS signal is available, it logs GPS 

coordinates. If GPS location is not available (for example 

inside buildings), it logs coordinates based on a buildings 

electromagnetic footprint using Qubulus’ Cloud Positioning 

API for Android [5], which estimates the position within 

building. This is done by creating a radio frequency 

fingerprint of a building and comparing it to measurements 

on the device. 

The application is designed to be used both in a laboratory 

environment and in real world. On startup, it requires basic 

information about user and type of activity being recorded. 

This is required, to label the data, which is important in 

longer and complex activities. Then, it starts a service that 

records all selected sensors  and stores the sensor data to a 

SD card on the smartphone. If it is connected to internet via 

Wi-Fi, it periodically sends all logged data to FTP server. 

Wi-Fi is recommended because the application generates 

big amount of data, but 3G or any other internet connection 

is supported. 

2.2 FTP server 

Due to security reasons Sauron cannot communicate 

directly with an external database, hence the data is stored 

temporary on a FTP server, and afterwards into a database 

by an application running on the server side.  

2.3 Server application 

Now that all data is located on FTP server, system has to 

permanently store it to database. This is done by an 

application that reads raw text files, connects  to database 

and stores the data in tables corresponding to particular 

sensor type. This way it is ensured that only our verified 

application could modify the database. 

2.4 Database 

For data storage we used PostgreSQL server. There we 

stored information for every time a sensor value has 
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Figure 2: System architecture and its components [7] 



 

changed. This includes: timestamp, user, scenario activity 

and sensors value at the time. 

2.5 Web application 

At this point all data is stored in the database and we can 

use any external application to process it. In this example, 

we developed a web application that plots the data on a 

chart as seen in Figure 3 or display it on a map. 

3 ANDROID SENSORS 

Most of the Android devices have a number of sensors 

attached to the device. Some sensors provide raw values, 

some values are calculated, some have a coordinate system 

relative to the device, and some have coordinate system 

relative to planet Earth. This section will describe how to 

understand values returned by Android sensors. 

3.1 Coordinate system 

Accelerometer, magnetic field, gyroscope, gravity and 

linear acceleration sensors use a coordinate system relative 

to the telephone. The axes always stay the same, even if the 

orientation of the telephone changes.  Axes point in 

directions as shown in Figure 4. 

Rotation vector and orientation sensor use a coordinate 

system relative to the Earth as shown in Figure 5. 

3.2 Raw sensor data 

The data are provided directly from the sensor. Values are 

stored in an array, where first number is value in direction 

X, second number is value in direction Y and third number 

is value in direction Z. 

 

 

Figure 1: Axes in phone coordinate system [6] 

 
 

 

Figure 2: Axes in Earth coordinate system [6] 
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Figure 3: Accelerometer data over time. In this example, subject was walking, then lying down and then at around 30 s started 

walking again. Gravity acceleration is clearly visible as Y value (solid line). 



 

The unit of measurements are as follows: values for 

accelerometer are in m/s^2; values for magnetic field are in 

µT (microtesla); values for gyroscope are in /s (radian per 

second), where rotation is positive in the counter-clockwise 

direction, and the output of the gyroscope could be 

integrated over time to calculate a rotation describing the 

change of angles over time; value for light is in SI lux 

(lm/m^2); value for proximity sensor is in centimetres (cm). 

Some proximity sensors only support a binary near or far 

measurement. In this case, the sensor should report its 

maximum range value in the far state and a lesser value in 

the near state. 

3.3 Calculated sensor data 

Some values are calculated from values of other sensors to 

give some new or better information. An example is gravity 

sensor that shows the direction of gravity acceleration. If 

the device is stationary, values should be same as 

accelerometer. 

Linear acceleration indicates acceleration along each axis, 

not including gravity. 

The rotation vector represents the orientation of the device 

as a combination of an angle and an axis, in which the 

device has rotated through an angle θ around an axis <x, y, 

z>. The three elements of the rotation vector are 

<x*sin(θ/2), y*sin(θ/2), z*sin(θ/2)>, such that the 

magnitude of the rotation vector is equal to sin(θ/2), and the 

direction of the rotation vector is equal to the direction of 

the axis of rotation. 

4 CONCLUSION 

System described in this paper logs values from sensors on 

an Android smartphone and saves them in a database. This 

paper focuses on data acquiring and storage, and omits 

higher-level computation. 

The system performs well in logging sensor data, but it 

generates huge amounts of network traffic and has high 

demand on server hardware, if it is used for real time 

processing by multiple clients. 

We successfully used it for laboratory measurements with 

ten users for recognizing basic activities and we combined 

measurements with other sensors. This will allow us to 

create a smartphone application that will inform the user 

about the energy expenditure. There are also on-going 

measurements for more complex activities for detecting 

unusual behaviour that benefits from inside and outside 

location. 

Such a system has great potential for use in healthcare or 

any other area where real-time mobile sensing is required. 
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