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MOOUTBHHUX MPUCTPOIB.

Ilpeomem Oocnioxcennss — AnroputM o00poOku iH(oOpMaIlii HaBiramidHIX
CEHCOPIB.
Mema po6omu — Po3pobka anroputmy o0poOku iH(popMarii HaBiramiHHUX

CCHCOpIB MOOUIBHUX NPHUCTPOIB KOPHCTyBaya Ta JOCIIDKCHHS MOKJIMBOCTI
BUKOPHCTAaHHS JICIICBUX HaBITallifHUX CEHCOpiB Ha 0a3i KUIIEHHKOBUX HPUCTPOIB
JUTSL BUKOHAHHS HaBITaI[IfHUX BUMIPIOBaHb.

Memoo Oocnioxcennss — KOMII'IOTEPHE MOICTIOBAHHS Ta EKCIICpEeMEHTabHi
BUTIPOOYBaHHS.

HaykoBa HOBM3Ha TONsirac B HACTYITHOMY: 3a JOIOMOIOK CIIELialbHO
CTBOPEHOI MpOorpaMu 3IIHCHEHO aHaIi3 JaHUX CEHCOPIB (aKcelepoMeTpa, TipocKora,
ceHcopa iHTeHCHMBHOCTI 3ByKy, GPS mpmiiMaga) 3 MOOLIEHOTO TPHUCTPOIO
KopucTyBada. [Hpopmamis 3amicaHa B TEKCTOBOMY (opMarti y cremiansHiil ¢popmi.
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MO>JIMBICTh MIBUAKOT 1 TOYHOI MepeAadi AaHUX BiJ CKHCOPIB JITaJbHUX anapBTIiB
JacTh Oarato mpeBar i MOXJIHMBOCTeW. ToMy 3HAYHO JemieBIIe i MBUALIC Oyne
PO3pOOUTH HOBI aqroOpuTMH POOOTH JJs JaHHX THINB Mepenadi JaHuxX i 0OpoOKu

iHpopManii, HiX BOPOBAPKyBaTH aOCOIIOTHO HOBI.

CEHCOP, JOCJIDKEHHS, MOBUIBHMI TIPUCTPIL, METO/,
THTEPITOJISLLS, BUMIPIOBAHHSI, IEPEJJAUA TAHUX, TPA®IK, OBPOBKA
JIAHIX, OLITHKA.
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ABSTRACT

Explanatory note to the master’s thesis, «_Information processing algorithm

from navigation sensors of user mobile devices Measurement-and-processingof-data
from-electronie-devieesy: 100 pages, 45 figures, 1 table, 30 references, 1 appendix.

Investigation object — mobile device sensors measurement results processing.

Investigation subject — Navigation sensors information processing algorithm.

Purpose of the work — Information processing algorithm development from
user mobile device navigation sensors and imvastigation—investigation of the
possibility of using low-cost navigation sensors based on user pocket devices to
perform navigation measurements.

Investigation method — computer modeling and experimental researches.

Scientific innovation is in the following: using a specially created program was
making analysis of data from sensors (accelerometer, gyroscope, sound intensity
sensor, GPS receiver) of user pocket devices such as (smartphone, smart glasses, car
din smart devices, tablets, etc.). Data is recorded in txt-textual form in special format.
Software supports two types of data processing: Polynomial interpolation and Spline
interpolation-for-unique-time.

Why it is so important to transmit data online into MatLab. Nowadays rapidly
are developing unmanned aerial vehicles. If we can transmit data from UAV sensors
into MatLab, then we can process it and get the desired information about UAV. Of

course we have to use the most chipiest way to data transfer.

SENSOR, RESEARCH, MOBILE DEVICE, METHOD, INTERPOLATION,
MEASUREMENT, DATA, GRAPHS, DATA PROCESSING, EVALUATION.
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CHAPTER 5. DATA MEASURING AND PROCESSING
5.1. Algorithms of data processing

processing equipment. We have three main parts of equipment which are interact
between each other. Those three parts are: mobile phone; personal computer, laptop
or other machine; Wi-Fi, Bluetooth router or other transferring device. In our case we
use cell phone (with special application), wi-fi router and personal computer (with
special software).

——The detailed structural scheme of the data transferring and processing is
represented on the figure 5.1. In this scheme we can see three main blocs and internal
structure of two of them. Cell phone block consist of: block of sensors,
microcontroller, memory, display, wi-fi module and touch screen.

——While working of mobile device sensors all information from these sensors
is transfer to data bus and process in microcontroller. After microcontroller thru the
same data bus it can be transferred by wi-fi module (ip address 192.168.1.2) or
visualized on the display. From wi-fi module of the call phone information goes to
wi-fi router (ip address 192.168.1.1) which redirect our sensors information to the wi-
fi module of the personal computer (ip address 192.168.1.3).

——Personal computer block consist of hardware part and software part. In
hardware part receiving information goes to the data bus, then to central processing
unit and to from data bus to software block. In software block we use “Android

sensor support” adding to MatLAB.

the desired information. We use MatLab for recording and decoding data. Also we
use spline interpolation and polynomial interpolation methods (which are described
in chapter 4) to process data and get corresponding calculations and graphs.

——AIll MatLab working results can be displayed on the screen in real time and
all information will be updated during each second. Also all results can be saved on

the hard drive disk.
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Algorithm of data processing of information from sensors of mobile phone is

represented in figure 5.18. Meaning of block numbers on the scheme:

WX kWb =

10. Calculation of Polynomial coefficient (description in chapter 4.4).

—_—
—_

12.
13.

Input data.

Desiding block.

Reading data fron IP host.

Data storage in matrixes.

Reading data from “*.txt” file.

Starting to int. convertation.

Data storage.

Sensor measurement parameter changing dN=1.
Comparison of dN with maximal number of parameters.

. Calculation of parameters in single time scale.
Saving of results.
Calculation of the spline node points (description in chapter 4.5).

14. Calculatio of “Coux de Bour function”.

15.
16.
17.

18

19.

Calculation of Spline function coefficients.
Calculation of parameters in single time scale.
Saving of results.

. Moving trajectory 3D visualization.

Plot of parameters depending from time.

20. Data receiving block.

21.

22. Block of calculation to the single time scale with the help of Spline

23

interpolation.

interpolation.
. Plot of graphs and 3D visualization data block.

Block of calculation to the single time scale with the help of Polynomial

This alghoritm has been used to developed specific software in MATLAB for data

transfer and anaisis. Some basic codes of this software has been represented in

Apendix A. Also, software recived authorship lisence (Apendix B).

- ‘{Formatted: English (United States)
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onboard sensors on Android mobile devices. With this method, we can access a

AR Wit gl

mobile device’s accelerometer, magnetometer, location, orientation and compass
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from accelerometer, magnetic field meter and orientation. You can select network
and/or GPS as location provider(s).
5.3. Experimental data
‘ —During the experimental part of this work the data from sensors of mobile

phone was measured, transferred to personal computer and processed into

‘ corresponding plots (figures 5.3 — 5.17). Those figures represent the recorded data - _ - { Formatted: Engish (United States)

from sensors by orange color and circles; different methods of interpolation by red

and blue colors and stars.
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Also I have built the 3D plot (figure 5.6) of the Acceleration X,Y,Z and Spline

interpolation.

—+— Spline interpolation
—<— RAW data

Z, ms2

Y, ms2 20 10 X, ms2

Figure 5.6 — 3D plot of Acceleration X, Y, Z and Spline interpolation.
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Figure 5.7 — Plot of Raw data from Sound intensity sensor and Piecewise cubic,
Linear, Spline interpolations
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—The other method which was used in this work is Polynomial interpolation.

This method in details is described in Chapter 4. Two parameters were investigated

by this method: Acceleration X from Accelerometer and Altitude from GPS.

Corresponding plots are 5.14 — 5.17.
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-10
0

Figure 5.14 — Polynomial interpolation with different degree of polynom.

Figure 5.15 — Dependence of time to calculation and degree of polynom.
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COI]ClllSi()llS to the chapter 5 - ‘{Formatted: English (United States)

A

——The fifth chapter of the work include all final result of research. This results
represented in figures. In this chapter were presented algorithms of data processing
and detailed structural scheme of the data transferring and processing.

——Information which was recorded from three sensors: Accelerometer, GPS
receiver and Sound intensity sensor. Received information represented in graphs of
raw data, Piecewise cubic interpolation, Linear Interpolation and Spline
interpolations. Also for Acceleration X and Altitude were built Polynomial

Interpolation with different degree of polynom.
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CONCLUSIONS
Detailed analysis of the theoretical base and the results of practical part of work

have allowed making the following conclusions.

Due to the analysis of trends in the aviation industry, — viation industry is the - - Formatted:

plase where milions of sensors is be used for difetrent purpuses. Other, very jrppgrﬁtgl}tx

A IYIY OIS MR RO O Y AR A Y

task of avionics equipment is data transfer between sensors to processing equipment.

a SIS WM TR e eI MM Y SRR YT TYYERo M Y

The result of a scientific research paper are a special graphs, for trajectory in 3D

structure of modern devices, there functions and possibilities. Adduce structural
schemes of devices hardwere and describe there components.

sensor measures in some specific time scale and it could be a huge problem while

problem and those methods were described,
Received information represented in graphs of raw data, Piecewise cubic
interpolation, Linear Interpolation and Spline interpolations. Also for Acceleration X

and Altitude were built Polynomial Interpolation with different degree of polynom.
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Appendix A; __ - Formatted: English (United States)

Listing of program in MATLAB software

clear all; close all; clc
load sensor.mat

ACCELEROMETERXms(1)=[1;
ACCELEROMETERYms(1)=[]:
ACCELEROMETERZms(1)=[1;
LIGHTlux(1)=[1:;
LOCATIONAccuracym(1)=[1;
LOCATIONAItitudem(1)=[1]:
LOCATIONLatitude(1)=[];
LOCATIONLongitude(1)=[1;
LOCATIONORIENTATION(D)=[1;
LOCATIONSpeedKmh(1)=[1;
PROXIMITYm(L)=[]:
SOUNDLEVELdAB(1)=[]:
Timesincestartinms(1)=[];

%range cuting

a=20;b=40

AXms=ACCELEROMETERXms(a:b);
AYms=ACCELEROMETERYms(a:b);
AZms=ACCELEROMETERZms(a:b);
L=LIGHTlux(a:b);
LAccuracym=LOCATIONAccuracym(a:b);
LAItitudem=LOCATIONAItitudem(a:b);
LLatitude=LOCATIONLatitude(a:b);
LLongitude=LOCATIONLongitude(a:b);
LORIENTATION=LOCATIONORIENTATION(a:b);
LSpeedKmh=LOCATI10NSpeedKmh(a:b);
P=PROXIMITYm(a:b);
SdB=SOUNDLEVELdB(a:b);
Timestartinms=Timesincestartinms(a:b);

time=(Timestartinms-Timestartinms(l))*1e-3; %s

num=80

timeint = linspace(0,time(end), num);
AXi=interpl(time,AXms,timeint, “pchip”);
AYi=interpl(time,AYms,timeint, “pchip");
AZi=interpl(time,AZms,timeint, “pchip”);
Soundi=interpl(time,SdB,timeint, “pchip”);
LOCALi=interpl(time,LAltitudem,timeint, “pchip”);
LOCLATI=interpl(time,LLatitude,timeint, “pchipT);
LOCLONi=interpl(time,LLongitude,timeint, “pchip”);
Speedi=interpl(time,LSpeedKmh,timeint, “pchip®);

figure(1)
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