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Abstract— This paper aims to identify a hybrid solution for 

Data Acquisition, by using recent Smartphone's embedded 
sensors. The assumption is that Smartphone's sensors will reduce 
the complexity and the high cost of instrumentations. The 
objective is to achieve a sub-meter accuracy of the collected 
trajectories and to allow a large-scale deployment of the system's 
instrumentation, such as a helpful system in the domain of 
transport. Various parameters have been taken into account to 
identify and characterize the performance of the sensors under 
different Android Smartphones and tablets. Two experiments 
have been conducted and Android software has been 
implemented in cooperation of PC software, developed to retrieve 
the data via Wi-Fi, and to store the data via USB by a mbed 
microcontroller in a SD-Card. Some of devices respond better 
than others depending on the used mode or method. 

Keywords— Applications of Signal Processing, Signal Sensing-
Radar-Sonar and Sensor, Array Signal Processing, Signal 
Processing for Sceuirty, Signal Processing Theory and Methods. 

 

I.  INTRODUCTION  

The number of Smartphone applications increases rapidly due 
to the increasing use of Smartphone in various aspects of the 
life.  The use smartphones for controlling transportation 
behavior itself is not new, previous work has primarily 
focused on elaborate use of the phone's integrated GPS 
receiver. While GPS-based systems can be very efficient when 
GPS signals are available, they suffer from some important 
limitations. The ability to capture the behavior of transport 
accurately on smartphones would have a positive impact on 
many research fields. For example, human mobility tracking 
would benefit from an ability to automatically control the 
behavior of individuals in the domain of transport [9, 10].  It 
can be considered as a field of activity recognition and a 
widely studied field within the wearable, the mode detection 
of transport [16]. As a Location detection has been 

increasingly explored on smartphones. A number of newly 
systems used the embedded accelerometer for detecting 
different pedestrian and non-motorised modalities, such as 
walking and running [14, 8], ascending or descending stairs 
[12] or cycling [11]. Some studies are focused for detection by 
using sensor-fusion output of both accelerometer, gyroscope 
and also extracting information from GPS measurements 
[15][14]. Recent work has also focused on the external sensors 
that installed on vehicle to analysis and reconstruct the accident 
situation on the real-time location for the movement of the 
vehicle [16]. Most of these applications use the Smartphone's 
sensors to transfer data from and to the devices. With the 
development of their operating systems, such as Google's 
Android platform [1, 2, 3], it is imperative that these systems 
already have several sensors (e.g., GPS, accelerometer, 
compass and microphone), to acquire data from sensors, by 
using a Personal Area Network (PAN) technology [6,7], such 
as Wi-Fi and USB. 
We have developed a hybrid solution for Data acquisition by 
using Smartphone’s embedded accelerometer and gyroscope 
and combining GPS data that can provide a huge database of 
detection different cases of accident situation in the domain of 
transport. We have implemented our approach on android 
smartphones and integrated it as a part of a mobile application 
that aims at sending an alarm when detect an ordinary situation 
(like accidents, crash, etc.). 

 

II. RELATED WORK 

A. Overview 
The latest smartphone are equipped with many inputs of 

research and not limited: 
 Camera. 
 3-axis accelerometer. 
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 3-axis gyroscope. 
 GPS. 
 etc. 

Smartphone driving detection systems have become 
increasingly common since they only need to use sensor data 
acquired from GPS and sensor-fusion (accelerometer, 
gyroscope) that are available in a model smartphone. These 
devices are powerful, inexpensive and research platforms that 
make instrumenting vehicle for Data acquiring. Most of 
Smartphone’s platform has Android platform that is flexible for 
building real-world systems, and is especially useful for those 
who develop applications using Java programming language. It 
is also useful for creating applications exploiting the hardware 
sensors. Actually, the inability to access the hardware 
underlying the device has been frustrating to the mobile 
platform developers. While the Android Java environment is 
still the intermediary between the device and the human, and 
the Android developers bring much of the hardware's capability 
to the surface. This presents a great opportunity to write some 
code to accomplish our tasks using an open source platform. 

B.  Android Application 
Every Android application consists of one or more 

components which are defined in the application's manifest 
file. The Android platform allows the usage of all normal Java 
concurrency constructs.  
Android platform provides three types of classes: 
Service: The Service doesn't have a visual user interface, but 
rather it runs in the background for an indefinite period of time. 
It is possible to be connected with an ongoing service (and start 
the service if it is not already running).While running, it can 
communicate with another service through an interface of the 
service. 
The UI Thread is a concurrent unit of execution, which has its 
own call stack for methods being invoked. At least one main 
thread is running when it is started for each virtual machine 
(VM) instance. The application might decide to start additional 
threads for specific purposes.  
AsyncTask enables a proper and easy use of the UI Thread, it 
allows performing background operations and publishing 
results on the UI Thread without having to manipulate threads 
at a low-level. 
 

III. HYPOTHESIS AND METHODOLOGY 

In order to check the ability and the limit of these embedded 
sensors of smartphone, we suppose that the performance of 
sensors is approximately invariant at different acquisition 
rates, at various modes of operation classes and methods of 
communication, for different source of data. In order to prove 
this hypothesis, we have to acquire the sensor’s data, and then 
store them to be analyzed. Three types of sensor’s data will be 
exploited for our objective: GPS data (Longitude, Latitude, 
Altitude, and Speed), 3-axis accelerometer [8] (ax, ay, az), 3-
axis gyroscope (rx, ry, rz) for characterizing their performance 
with different rates: 100Hz and 200Hz, and verify if sensors 
remain responsive or not.   

Each mode and method is mentioned in above, will be tested 
over our sensor’s data. A single software implementation will 
be applied on different devices. 
In our implementation, we take into account three operating 
modes: 
AsyncTask and UI Thread Classes:  We apply each one 
separately and compare their responsive on each device. 
Communication: We study the frequency of Data Acquisition 
vs. modes of communication (local database, Wi-Fi and USB). 
Acquisition Rate: We estimate the approximated frequency of 
Data Acquisition. 

IV. EXPERIMENTATION 

In this section, for our experiments, in order to determine 
the accuracy of Data Acquisition, we used two experiments. 
The first one is acquiring data with a frequency 200Hz and 
storing it. The second one is Acquisition frame-rate of the 
embedded sensors (especially accelerometers and gyrometers). 
Each experiment consists of three parts (software, test, and 
result analysis). 

Software: We realize a software that allows us to acquire 
the data by two classes (AsyncTask and UI Thread),using  Wi-
Fi and USB communication , then to store data in a local 
database at a configurable frequency [2 Hz.. 200 Hz],  to give 
the frames of the Data sensors. 

Test: Here we select the frequency 200 Hz by the software, 
the Smartphone communicates with the PC and then the PC 
receives the collected data which will be stored in a file/local 
database. 

Result Analysis: To analyze the results of each experiment, 
we study the number of received frames according to the Data 
Acquiring method to estimate the performance of the 
acquisition mode and the method of communication. 

During this test, we have to take into account enough time, 
about fifteen seconds for every experiment, within which we 
are supposed to shake the phone in three dimensions (X-axe, 
Y-axe and Z-axe), and ensuring that no activity is running on 
the phone at the same time of data acquisition. In these 
experiments, there is no comparison between sensor values, but 
the comparison will be performed for the frequencies. These 
values are not reproducible, so the data does not represent the 
same phenomenon. 
 

A. Acquired Data with a frequency at 200Hz and Data 
Storage 

1. Acquired Data with a frequency at 200Hz 
 

The devices used for acquiring the sensors data are Galaxy 
Tablet 10, Galaxy Tablet2 7.0, Galaxy S2 and HTC (see Table 
I). For this purpose, we developed an application to collect the 
required data. It manages the communication with the sensors. 
This data is then previewed as variable signals to be 
distinguished by the naked eye. Figure 1 shows a screen shot of 
the application running on the devices. 
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TABLE I.  THE TYPES OF SMARTPHONES USED. 

Device Android 
Version 

Kernel Version Processor 

Galaxy Tab 10 3.2 2.6.36.3 P7510 dual core 

Galaxy Tab 2 7.0 4.0.3 3.08-379370 
GT-P3110 dual 

core 

Galaxy S2 2.3.6 3.0.15 
GT-I9100G 

 

HTC 4.0.3 3.28.401.1 
5GHz NVIDIA 

Tegra3quad 
core 

 

 
Fig. 1. The application of data acquisition running on the devices. 

As we referred, the main objective of our study will be on the 
sampled sensors. They will be acquired at a frequency of 200 
Hz. We will be able to check whether their values change to 
100 Hz. Firstly, we started the Data Acquisition by the 
communication channel (Wi-Fi).  This operation need about 
fifteen seconds for the Data Acquisition and we repeat it for all 
kinds of Smartphone (Galaxy tablet 10, Galaxy tablet 2 7.0, 
Galaxy S2 and HTC). The results of sensor's data values via 
Wi-Fi and via local database are presented in Figure 2.  

Note that the results of using the class UI Thread are more 
efficient for acquiring data sensors than the results of the class 
AsyncTask; because we receive many more packets for the 
first class than the second during a limited time, for both Wi-Fi 
and the local database in all of the Smartphone (see Table II), 
but we were not able to send the data via Wi-Fi  for  Galaxy 
Tab2 7.0 because this version cannot be a host to communicate 
with PC (see Figure 3), but via Bluetooth port will create a 
hotspot the same as a Wi-Fi; this problem is already well 
known[2]. 

By analyzing the results of Acquired Data with a frequency at 
200Hz via Wi-Fi (see Table III), and via local database (see 
Table IV), we find that the best estimated frequency via Wi-Fi 
is achieved by using Galaxy Tablet 10, then HTC and finally 
Galaxy S2.  This order is inversed via Local database, the best 
result for the fixed frequency is found for Galaxy Tablet2 7.0 
then HTC, Galaxy S2 and finally Galaxy Tablet 10. We 
conclude that the speed of acquiring data from the 
Smartphone's sensors is not associated with its software 
versions but instead depends on the hardware specifications. 
 
 

 

 

Fig. 2. Acquired data results for Galaxy S2. 

 

Fig. 3. Acquired data results for Galaxy Tablet2 7.0 via mode Local 
database. 

TABLE II.  THE ESTIMATED FREQUENCY OF ACQUIRING PACKETS FOR 
TABLET10, TABLET 7, GALAXY S2 AND HTC. 

Smartphone Tablet 10 
 Number of Packets Estimated Frequency 

UI Thread via Wi-Fi 2899 193.26 
AsyncTask via Wi-Fi 2880 192 
AsyncTask via Local 

database 
225 15 

Smartphone Tablet 7 
 Number of Packets Estimated Frequency 

UI Thread via Wi-Fi - - 
AsyncTask via Wi-Fi - - 
AsyncTask via Local 

database 
826 55.06 

Smartphone Galaxy S2 
 Number of Packets Estimated Frequency 

UI Thread via Wi-Fi 2655 183.99 
AsyncTask via Wi-Fi 2598 180.04 
AsyncTask via Local 

database 
603 41.78 
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Smartphone HTC 
 Number of Packets Estimated Frequency 

UI Thread via Wi-Fi 2848 189.48 
AsyncTask via Wi-Fi 2643 175.84 
AsyncTask via Local 

database 
804 53.49 

 

TABLE III.  THE PERCENTAGE OF THE ESTIMATED FREQUENCY VIA WI-FI. 

Smartphone Estimated Frequency Percentage 
Galaxy Tab 10 193.26 Hz 96.63% 

Galaxy Tab 2 7.0 - - 
Galaxy S2 183.99 Hz 91.99% 

HTC 189.48 Hz 94.74% 
 

TABLE IV.  THE PERCENTAGE OF THE ESTIMATED FREQUENCY VIA LOCAL 
DATABASE. 

Smartphone Estimated Frequency Percentage 
Galaxy Tab 10 15 Hz 7.5% 

Galaxy Tab 2 7.0 55.06 Hz 27.53% 
Galaxy S2 41.78 Hz 20.89% 

HTC 53.49 Hz 26.74% 

 

2.  Acquired Data with a frequency at 30HZ 
For this experiment, we designed a special mbed 
microcontroller for our test (see Figure 4). As Known, the 
mbed Microcontrollers are a series of ARM microcontroller 
development boards designed for rapid prototyping. We 
design [5] a model of the mbed NXP LPC1768 
Microcontroller in particular for prototyping all sorts of 
devices, especially those including Ethernet, USB, and the 
flexibility of lots of peripheral interfaces and FLASH memory. 
It is packaged as a small DIP form-factor for prototyping with 
stripboard and breadboard, and includes a built-in USB 
FLASH programmer. It is based on the NXP LPC1768, with a 
32-bit ARM Cortex-M3 core running at 96MHz. It includes 
lots of interfaces including built-in Ethernet, USB Host and 
Device, CAN, SPI, I2C, ADC, DAC, PWM and other I/O 
interfaces. The mbed NXP LPC1768 includes a built-in USB 
programming interface that is as simple as using a USB Flash 
Drive.  
 

 
Fig. 4. Design of mbed NXP LPC1768 microcontroller. 

By analyzing the results of Acquired Data with a frequency at 
200Hz via USB; we find after the calculation of the real 
frequency for all Smartphones is 2.62 ≈ 3Hz. Maybe the reason 
is the core of mbed which is running at 96MHz and by 
acquiring the data by a frequency 200 Hz, we have just 3Hz 
and it is equal to 0.000003MHz and it is not efficient to acquire 
the data at this limit of frequency.  
To ensure the purpose of the performance of Smartphone data 
reception, we decrease gradually the frequency until 30Hz. we 
evaluate the frequency of the sampled values during a limited 
of acquired Data at 30Hz. Table V presents the frequency 
results of each Smartphone. 

TABLE V.  THE  ESTIMATED FREQUENCY VIA USB. 

Smartphone Tablet 10 Tablet2 7.0 GalaxyS2 
Time Frequency 

(T+32)-T 18.35 18.35 18.35 
(T+64)-(T+32) 20.97 20.97 18.35 
(T+96)-(T+64) 18.35 18.35 20.97 
(T+128)-(T+96) 20.97 20.97 20.98 

 
By analyzing the frequency of Data acquired via USB at 
30Hz, we found it is more efficient than the Wi-Fi one at the 
same frequency (Table VI). 
With Wi-Fi communications, it can save cabling costs and 
installation time. But the USB mode is low-cost multifunction 
and it is well suited for purposes due to its small size, easy 
USB connection and an energy source for the Smartphone 
installed in a vehicle. 

TABLE VI.  THE ESTIMATED FREQUENCY VIA WI-FI AND VIA USB 

Smartphone Galaxy Tablet10 Galaxy S2 
Frequency via Wi-Fi 12.00 Hz 3.6 Hz 

Frequency via USB 19.66 Hz 19.66Hz 

 
 

3. Data storage 
We performed an additional experiment aiming to evaluate the 
speed of the data storage. We designed an application which 
examines the speed of writing this data to a file by using two 
methods UI thread and AsyncTask. This operation has been 
tested for fifteen seconds. For each second we received the 
information and then wrote it to the file (see Table VII). The 
objective was to know which way is more speed than other 
and is more efficient for saving the sensor's data to the file.  
 In general, the mode of local database for Smartphone takes 
more time to interact with the device's memory and to work on 
the Database engine. We couldn't write the received 
information, and we lost much information for the Acquired 
Data with a frequency at 200Hz because the high speed of 
acquisition data.  
The results of acquiring data using a timer are faster and more 
efficient to write data to the database via Wi-Fi than the results 
of acquiring data via local database. Probably the reason is the 
type of the Smartphone's hardware and the software layers. 
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TABLE VII.  EXPORTING DATA TO FILE PER 1000 SECOND VIA LOCAL 
DATABASE. 

Smartphone Local Database (per 1000 sec ) 

 Method UI Thread Method AsyncTask 

Galaxy Tab 10 17 packets 18 
Galaxy Tab 2 7.0 20 21 

Galaxy S2 15 17 
HTC 39 25 

 

B. The Acquisition framerate of the embedded sensors 

All Here, the Data Acquisition uses the sensor's frequency. 
The purpose is to check the performance of Smartphone data 
reception and compare different devices at this frequency in 
order to determine its impact.  The aim of this experiment is to 
determine the slope during a limited moment, which permits 
us to check the frequency of a sampled value of Data 
acquisition. We should ensure that the movement of each 
device (the shaking) is fast enough to observe the sampled 
data, and by the movement, it will have a frequency that is 
higher than the frequency of sampled value of the sensor; for 
that reason we will observe the crenels. 
For this operation, we had to shake each Smartphone in 
several directions, five times up and down, five times forward 
and backward and five times left and right. The objective was 
to analyze the signals of the Smartphone    obtained by the 
applied movement, then to check the performance of its 
frequency by acquiring data to test the quantity of received 
data. These experiments are performed using the method UI 
Thread via Wi-Fi, because we had good results for the first 
experiment. Figure 6 presents the sampled values for the 3-
axis accelerometer (ax, ay and az), over a 15 seconds period 
where the device was shaken in three dimensions (X-axe, Y-
axe and Z-axe).  
In order to bring out the significant changes in the sensor's 
data, corresponding to the shaking moments, we take only a 
sample of the signals to analyze the frequency of data 
acquisition during milliseconds (Figure 6). 
To estimate the frequency of these sampled values during a 
time of acquired Data. Mean (μ) and Sd (σ) are calculated on 
these sampled values to analyze statistically the significant 
changes. Table VIII, IX and X show the results of these 
statistics for all type of Smartphones. 

 

Fig. 5. Sensor data of 3-axis accelerometer. 

 

Fig. 6. Sampled values for Tablet 10. 

TABLE VIII.  CALCULATED Σ, Μ AND ESTIMATED FREQUENCY FOR 
RANDOM SAMPLED VALUES (AX). 

Ax(x) -0,14 -2,109 -4,278 -5,562 -6,017 -5,764 -4,193 -1,352 -0,499 
F(x)  2  19 18   17 1 11 14 18 19 

 

Sampled 
Values(ax) 

Mean μ Standard 
Deviation 

σ 

Frequency 
(F) 

Time 

336-456 -3,7819 1,671 12 0.08s 

TABLE IX.  CALCULATED Σ, Μ AND ESTIMATED FREQUENCY FOR 
RANDOM SAMPLED VALUES (AY). 

Ay(x) -5,899 -5,057 -2,49 -1,417 -0,766 -0,421 1,034 2,873  4,559 
F(x)  6  5  2   2 10 3 3 5 3 

 

Sampled 
Values(ax) 

Mean μ Standard 
Deviation 

σ 

Frequency 
(F) 

Time 

32-81 1,134 4,673 3,6 0.27s 

TABLE X.  CALCULATED Σ, Μ AND ESTIMATED FREQUENCY FOR 
RANDOM SAMPLED VALUES (AZ). 

Az(x) 9,485 9,935 9,61 8,336 6,612 5,728 5,358 4,875  4,768 
F(x)  2  5  4  - 2 6 1 6 4 2 

 

Sampled 
Values(ax) 

Mean μ Standard 
Deviation 

σ 

Frequency 
(F) 

Time 

199-289 6,3199 1,8548 3,826 0.26s 

 
We conclude, it is not relevant to acquire and store the data at 
more than 12Hz for Galaxy Tablet 10, and the estimated 
frequency for HTC and Galaxy S2 is about 4Hz. We consider 
that this difference in the frequency is not related to the 
current version of Android for each Smartphone but to its 
processor. The best results are achieved by Galaxy Tablet 10 
then HTC and lastly Galaxy S2 (see Table XI). 
We found that the used method is sufficient to observe the 
frequency (ex. The crenels) and the frequency depends on the 
puissance of the smartphone. 
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Smartphone Galaxy Tab 10 Galaxy S2 HTC 
Estimated  
Frequency 

12 Hz 3.6 Hz 3.8 Hz 

Time 0.08s 0.27s 0.26s 

 
 

V. CONCLUSION 

main objective of this study is to propose a method to identify 
the performance of various Smartphone’s embedded sensors, 
like Galaxy Tablet10, Galaxy Tablet7, Galaxy S2 and HTC for 
our experiments. The technical tools of Android platform have 
two classes UI Thread and AsyncTask, which are exploited to 
achieve our purpose. Two experiments have been conducted 
and we have ensured a sufficient time: The first one is to 
develop a method to store the acquired data with a frequency 
200Hz. The second one is to identify the acquisition frame-
rate of the embedded sensors (accelerometers and 
gyrometers).  We found that the closer for the frequency is the 
better for the performance.  
Three communication modes are elaborated for acquiring data 
via Wi-Fi, via USB and via local database. The local database 
mode is not considered in this study, for the frequency of 
acquired data because it consumes more time to deal with the 
memory of the device and  Database engine at the same time. 
By a high speed of data, the received data was not written.  
For the pre-defined frequency of 200 Hz via Wi-Fi, both 
classes AsyncTask and UI Thread are efficient to send and 
store all acquired data completely. For the second experiment 
Acquisition framerate of the embedded sensors, is performed 
to check the performance of Smartphone data reception and 
compare different devices at this frequency, in order to 
determine its impact during a period of time.  
To ensure that the performance of the sensor is determined by 
the processors, not by the Android system, we will take into 
account another Smartphone (Galaxy S5) to compare and 
confirm the additional results. In additional, by the knowledge 
of the Smartphone's context hardware, this allows us to 
estimate and identify a hybrid solution for data acquiring by 
their embedded sensors. For our future works, we will 
evaluate the performance of the Smartphone's sensors for 
failure detection (sensors  faults , false alarms, transport 
accident case, etc.) to be able to distinguish between the 
sensors that correctly measure the structural data, and sensors 
that may fail to correctly measure the structural ones in real-
time. 
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