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1) INTRODUCTION

Rail transportation, recognized as one of the most cost-effective and essential modes of transport, has
experienced a continuous increase in rail travel demand each year. To prevent the deterioration of travel
quality and railway tracks, maintenance and repair units play a crucial role. This study aims to reduce
maintenance and repair costs by utilizing data collected through smartphones and predicting the
condition of railway tracks.

Maintenance and repair expenses in railway routes are considerably high, and failures often
escalate to the point of breakdown, resulting in substantial financial and human losses. With the
development of rail transport and increasing train speeds, maintenance strategies have evolved from
reactive maintenance to preventive, and more recently, predictive maintenance approaches.

Three major challenges are commonly associated with the maintenance of railway tracks:

— The high cost of purchasing and operating track measurement vehicles.

— The extremely slow pace of data collection by these measurement vehicles.

— The long return intervals of measurement vehicles for subsequent inspections.

This study addresses several key questions, including:

— Is it possible to eliminate the use of expensive track measurement vehicles from maintenance
units and replace them with alternative technologies?

— Can a low-cost model be developed for collecting railway track data?

— Is there a policy or methodology for verifying the accuracy of the collected data?

— Is it feasible to monitor track conditions without disrupting railway operations or incurring
losses for rail transport companies?

— Can preventive maintenance tasks be performed more rapidly?

This research was conducted in the North-East 2 rail transport network of the Islamic Republic of
Iran Railways, focusing on the 66-kilometer route from Gorgan station to Galougah station. This is a
single-track line used for both freight and passenger services. The main focus of the study was the
segment between kilometers 429 to 441, specifically from Bandar-e-Gaz to Galougah, over a duration
of 100 minutes, using a sleeper-type passenger train.

The limitations encountered in this study include:

— Lack of real-time access to data from track measurement vehicles.

— No control over the train’s speed during the trips.

— Lack of control over the timing and location of train stops, which created significant difficulties,
particularly in aligning the collected data with the start and end points of the route.

— Assix-month time gap between archived data from the railway authority and the data collected
during the field study, during which track geometry is likely to have changed, introducing
potential errors into the results.

This paper is structured as follows: Section 1 introduces the research topic. Section 2 presents a
review of the related literature. Section 3 describes the methodology applied in solving the problem.
Section 4 reports the results and provides a comparative analysis of the findings. Finally, Section 5
presents the conclusions drawn from this study.

2) Research Innovation

In this study, for the first time, a telecommunications system and a vibration-recording device—such as
a smartphone—have been employed as data collection tools. The objective was to analyze the geometric
condition of the railway tracks using the collected data and, in the event of track degradation, notify the
preventive maintenance unit before a failure occurs. This approach enables low-cost, highly repeatable
monitoring of track geometry and aims to minimize the financial losses incurred by railway companies.

3) Solution Methid

3-1) Equations

Subtracting the actual standard deviation value from the predicted value indicates the error in Eq. (1).
Dividing the sum of the absolute values of these errors by the total of the actual standard deviations
provides the percentage of prediction error.
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Below in Eq. (2) is the mathematical model for predicting the maximum standard deviations of the

left and right rails in measuring the AL parameter, which has been referred to as the geometric conditions
along the horizontal axis.
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Error =

4) Conclusion

This study utilizes seismic data recorded by passengers' smartphones to monitor and plan railway track
maintenance. The proposed low-cost method accurately identifies damaged sections, reducing the need
for conventional inspections. Results indicate improvements in safety, cost reduction, and operational
efficiency. Future work should incorporate Al algorithms and consider environmental factors to enhance
data analysis accuracy.

5) Tables and Figures
Table 1 provides a concise overview of previous research studies.

Table 1. Literature Review Summary

Tools Used

Algorithms / Techniques

Author / Year Objective / Innovation

Weight, speed, rail

geometry Analytical model

Rossi & Nicolini (2003) Prediction of high-speed train vibrations

McAnaw (2003) Ride quality monitoring Macminder / Mactrack AVI + accelerometer

Distance,speed,
attenuation

Estimation of ground vibrations near

Bahrekazemi (2004) railway lines

Empirical model

Kaito et al. (2006)
Weston et al. (2007)
Mori et al. (2010)
Lee etal. (2011)
Heirich et al. (2011)
Bokhman et al. (2014)
Kratochwille (2019)
Antognoli et al. (2020)
Tsunashima et al. (2023)

Meng et al. (2023)

Under-car vibration analysis
Sensor placement optimization
Temporary GPS-based installation

High-accuracy data acquisition

Low-cost system design

Lateral displacement measurement
High-precision ICE measurement
Non-stop UGMS monitoring

Track monitoring using smartphones

loT-based monitoring

GPS + accelerometer
Axle-mounted installation
GPS + map
Optical system
IMU

SINS + laser

Accelerometer + laser +
GPS

Permanent installation
Smartphone

Sensors, smartphone

Acceleration analysis
Vibration analysis
Routing
Optical sensing
Sensor fusion
Inertial navigation
Multi-sensor integration
Continuous monitoring
Signal analysis

Real-time processing

Machine learning, spectral
analysis

Mohammadzadeh et al. Algorithm comparison for track condition
(2024) detection
Enhanced reversibility in emergency
response

Track data + frequency

Bababeik et al. (2024) Emergency localization Optimization

Smartphone

This Study (2025) accelerometer

Smartphone-based track monitoring Vibration analysis
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Figure 1. Number of patents on nanotechnology with time.

This study was conducted on the North-East railway network, as illustrated in Figure 1. The
numbers shown beneath each station represent the kilometer markers, measured relative to the point of

origin, which is Tehran Railway Station.

X LLL LLR max ALL ALR max
Ut 4 5ad 1.25 0.004 0.021 0.025 0.26  0.0012 0.0004
23 4 sl 0.0015 0.0025 0.068 0.0026 0.0125 0.0015 0.0015

sisuali4isd L 1,00025 00125 00024 0.0158 02165 0.0005 0.0012
Figure 2. Categorized Data Matrix and Description of Its Components.

Figure 2 illustrates the collected data and the method used for their categorization. The data in the first,
fourth, and seventh columns of this matrix are the most utilized in the implementation of the project and
in the modeling processes. Each row of the matrix corresponds to a 60-meter segment used as a sample.
In total, 610 overlapping 60-meter segments with a 40-meter overlap were extracted, providing 610
distinct samples for analysis
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For example, the first part of Figure 3 illustrates a wave composed of two sinusoidal signals with
frequencies of 50 Hz and 120 Hz, along with a portion of noise generated over time. Although this
information is not directly discernible from the time-domain plot, it becomes clearly evident in the
second plot through the application of the Fourier Transform.
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Figure 4. Horizontal Data Collection by Firefox and EM120 at the Beginning, Middle, and End of the Route.
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In Figures 3 and 4,

sections a and a’ respectively represent the horizontal condition of the railway
tracks, with the former showing data collected using Firefox and the latter using the EM120 system. At
the beginning of the route, the EM120 data recorded standard deviations of 20 and 30, indicating a poor

track condition, as standard deviations in the range of 8 to 10 are already considered critical.
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If the train passes near Bandar-e-Gaz station at its normal speed, larger acceleration values will be
recorded, indicating a greater decline in track quality. It should be noted that the EM120 system moves

at a constant speed throughout data collection. The results are presented in Figure 5.
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Figure 6. Comparison of the actual standard deviation of the data collected with EM120 and its predicted
values along the horizontal axis.

In machine learning for modeling, 70% of the input data is randomly selected as training data, and
the model is built using this data. The model is then evaluated using the remaining 30% of the test data.
In this project, 70% of the data collected by FiveFox, after performing the pwelch operation, was
selected for modeling using the dividrand function in MATLAB. A model was designed between the
two data sets using the plsregress function, as shown in Figure 6.

train_data corr test data corr percent_train error percent_test error
runl 0.91794 0.8378% 14.89 22.681
ran2 0.91264 0.86548 14.911 20.256
ran3 0.93549 0.52101 14.388 28.895
rund 0.58081 0.547086 13.704 28.426
runs 0.96108 0.03268%9 13.875 26.376
runk 0.95075 0.59598 15.109 24_.738
run’? 0.94475 0.79187 14.437 21.827
runf 0.93438 0.77648 14.521 23.881
rund 0.9088 0.90794 15.373 19.967
ranld 0.94135 0.68419 13.708 26.023
runll 0.91582 0.56748 14.211 29.048
runl? 0.9064 0.38571 15.0594 27.061
runl3 0.91248%9 0.56255 15.26 27.24
runld 0.95974 0.41382 13.776 23.45%
runlh 0.94529 0.54913 13.857 25.833
runlé 0.954038 0.7275% 14.408 24.51%
runl?7 0.92866 0.88657 13.655 21.774
runls 0.94322 0.72815 13.79 25.178
ranl9 0.95523 0.30357 14.089 26.83
ran2i 0.95656 0.52431 14.306 21.751
MEan runs 0.9332 0.621 14.308 21.754

Figure 7. Various correlation values and error percentages for the geometric parameter along the horizontal
axis.
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Figure 7 shows the percentage of error and the correlation between the actual and predicted data
for the training and test data along the vertical axis (LL). To increase reliability, the model was executed
more than 30 times, and the average percentage of error and correlation are reported.
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Figure 8. Predicted and actual standard deviation values for the test data.

Figure 8 also presents the actual and predicted standard deviation values for the 60-meter rail
segments. The objective is to identify potentially defective sections of the rail and dispatch maintenance
and inspection teams accordingly. The average predicted standard deviation is 2.5, with values
exceeding this average indicating suspicious rail sections.

All the processes described in Sections 4 and 5 have also been applied to the horizontal axis, leading
to the following charts and results. Arguably, the outcome of the entire project is encapsulated in what
is presented in Figure 9.

- prediction by test data
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Figure 9. Bar chart of predicted and actual standard deviation values for the training and test data.
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close all

clc

location1=xIsread('locationl.xlIsx’);
location2=xlIsread('location2.xlsx’);
location3=xlIsread('location3.xIsx’);
location4=xIsread('location4.xlIsx");
accelerometerl=xlIsread(‘accelerometerl.xlsx’);
accelerometer2=xIsread(‘accelerometer2.xIsx’);
accelerometer3=xlIsread(‘accelerometer3.xlsx’);
accelerometer4=xlIsread(‘accelerometer4.xlsx’);
bandargazgalugah=xIsread('bandargazgalugah.xIsx’);

mat.x[]=;
s(1).x=accelerometerl;
s(1).y=locationl;
s(2).x=accelerometer2;
s(2).y=location2;
s(3).x=accelerometer3;
s(3).y=location3;
s(4).x=accelerometer4;
s(4).y=location4;
num_travel=4;
window_notcover=12240\50;
for p=1:num_travel

accelerometer=s(p).x;
location=s(p).y;

a5=zeros(floor(window_notcover),1);
strast=zeros(floor(window_notcover),1);
stchap=zeros(floor(window_notcover),1);
I=zeros(floor(window_notcover),1);

al=bandargazgalugah(1:16,.);

a2=al(l,:);

a3=length(a2);

dd=zeros(a3,1);

dd(1)=0;

for j=1:a3-1
dd(j+1)=a2(j)-a2(j+1);

end

masafat=1000*cumsum(dd);

%for k=1:61

% ad=find(masafat>=50*k & masafat<=51*k);

% a5(k)=min(ad);

% ab=[masafat,al];

%  akhar=[l,stchap,strast,(strast+stchap)/2]; % [ 200*k,STD chap,STD rast,STD miyangin ]

% ifk==1

% a7=a6(1:a5(k),:);

% end

% ifk~=1

% a7=a6(a5(k-1):a5(k),:);

% end

% stchap(k)=std(a7(:,4)); % STD az rail samt chap
%  strast(k)=std(a7(:,5)); % STD az rail samt rast
% 1(k)=50%k;

% end

% subplot(411)
% plot(akhar(1:end-1,1),akhar(1:end-1,2));

% title 'STD curve LLL'; xlabel 'masafat per 200 meter'; ylabel 'STD'; % rasm nemodar STD baray har 200 metr az TGC

% subplot(412)
% plot(akhar(1:end-1,1),akhar(1:end-1,3));

% title 'STD curve LLR'; xlabel 'masafat per 200 meter'; ylabel 'STD' ; % rasm nemodar STD baray har 200 metr az TGC

% joda kardan vahedhaye 35m az dadehhaye TGC va eijad hamposhani dar dadeha

if p==1

cover.x| =



\A ab@ﬂ”&[zalﬁw; @J&!ﬂlﬁ/‘j&/ajagjléajj/wu&‘;{u L sl Q&"w“j‘j‘}/#f‘;jjjabj A3 o 3,55 45

window_cover=floor(35/12240);
ebtedal=zeros(1,window_cover);
entehal=zeros(1,window_cover);
leng_notcover=50;
leng_cover=35;
for I=1:window_cover
%if 1==1
Y%ebtedal=find(masafat>=0,1);
%entehal=find(masafat>=200,1);
%end
%if 1~=1
ebtedal=find(masafat>=leng_cover*(I-1) & masafat<=leng_cover*(l-1)+5); % 10-210/20-220/30-230...,
ebtedal=min(ebtedal);
entehal=find(masafat>=leng_notcover+leng_cover*(l-1) & masafat<=leng_notcover+leng_cover*(l-1)+5);
entehal=min(entehal);

%end

cover(l).x=bandargazgalugah(ebtedal:entehal,:);

stdcoverchap(l)=std(cover(l).x(:,3)); %STD az dadehhaye hamposhani shode az rail chap
stdcoverrast(l)=std(cover(l).x(:,4)); %STD az dadehhaye hamposhani shode az rail rast

o subplot(413);

6 plot(stdcoverchap)
6 subplot(412);

% plot(stdcoverrast)

XXX

end
stdakharcover=zeros(floor(window_cover),3);

for y=1:floor(window_cover)
stdakharcover(y,:)=[stdcoverchap(y),stdcoverrast(y),(stdcoverchap(y)+stdcoverrast(y))/2];

end

end

accelerometer(:,4)=accelerometer(:,4)-movmean(accelerometer(:,4),20);

fraction=accelerometer(end,1)/location(end,1); % mohasebeh nesbat zaman location va accelerometer.

new=fraction*location(:,1); % tabdil zaman location be accelerometer.
location=[new,location(:,2:end)]; % location jadid ba zaman taggir kardeh.
Y%location=location(4758:5412,:); % joda kardan dadehhay bandargaz ta galugah@@@@Q@@Q@@Q@@.
time=location(:,1); % zaman.

v=location(:,5); % speed.

n=numel(time);

x=zeros(n,1); % masafat tey shodeh bein har 2 zaman motevali.

x(1)=0;

fori=1:n-1

deltat=time(i+1)-time(i);
averagev=(v(i+1)+v(i))/2;
x(i+1)=(deltat)*(averagev);

end

Xx=cumsum(x); % vahed meter masafat
%xxx=xx/1000; % vahed kilo meter masafat
finish=[time,v,x,xx]; % [zaman, speed ,x ,meter]

gaz=find(finish(:,4)>44000 & finish(:,2)==0); % km start az bandargaz
gaz=min(gaz);

gi=finish(end,4)-135;

qqi=find(finish(:,4)>qi & finish(:,4)<qi+15, 1); % km finish in tabloye glugah 429km
finishgaz=finish(gaz:qqi,:);

ff=(finishgaz(end,end)-finishgaz(1,end));

nesbat=12240/ff ; %sankrom kardan masafat phyphox va TGC dar km tey shode 12.240km
finishgaz=[ finishgaz(:,1:3) , neshat*finishgaz(:,4)];

% joda kardan vahedhaye 200m az dadehaye accelerometer phyphox bandargaz-galugah
% ebteda=floor(finishgaz(1,4));

% timl=finishgaz(1,:)

% vahed.x[]=;

% vahed.y[]=;

% aab=zeros(62,1);

% dera2=zeros(62,1);

% tim1=finishgaz(1,:);

% en=zeros(100,:);

% av=zeros(100,:);

% for kk=1:61

%

%  av(kk)=(ebteda + 200*kk);
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% en(kk)=(ebteda + 230*kk);

% gazi=find(finishgaz(:,4)>=av(kk) & finishgaz(:,4)<=en(kk));

%  aa5(kk)=min(gazi);

% tim2=tim1(aa5(kk));

%  deral=find(accelerometer(:,1)>=tim2 & accelerometer(:,1)<=tim2+0.02 );
%  dera2(kk)=min(deral);

% if kk==1

% zamebtaccgaz=finishgaz(1,1);

% zamebtaccgazl=find(accelerometer>=finishgaz(1,1) & ...
% accelerometer<=finishgaz(1,1) + 0.1);

% zamebtaccgaz2=min(zamebtaccgazl);

% vahed(kk).x=accelerometer(zamebtaccgaz2:dera2(kk),:);

%

% end

%

% if kk~=1

% vahed(kk).x=accelerometer(dera2(kk-1):dera2(kk),:);

%

% end

%  %pwelch zadan roye vahedhaye 200m joda shodeh dadehaye acceleromeret
%

%  window=round(length(vahed(kk).x(:,4))/1);

%  noverlap=window/2;

% freq=0:1:50;

% nfreg=length(freq);

% fs=100;

%  [pxx(kk).x,f(kk).x]=pwelch(vahed(kk).x(:,4),window,noverlap,freq,fs);
%

% end

% matricakhar=zeros(61,nfreq+4);

% for kkk=1:61

% matricakhar(kkk,1:end)=[akhar(kkk,1:4),pxx(kkk).x];  %[200*k,STD rail chap,STD rail rast,STD miyangin,pwelch har 200m
accelerometer]

% end

%

%

% tt=0;

% matricakhardiv=zeros(43,nfreq+4);

% [trainind,valuind,~]=dividerand(61,0.7,0.3,0);
% for kkkk=trainind

% tt=tt+l

%  matricakhardiv(tt,:)=matricakhar(kkkk,:); % matricakhardiv=[200*k,STD rail chap,STD rail rast,STD miyangin,pwelch har 200m
accelerometer]

% end

% [~,~,~,~,beta,pctvar]=plsregress(matricakhardiv(:,5:end),matricakhardiv(:,2));

% sumpctvar=cumsum(pctvar(2,:));
%
% joda kardan vahedhaye 35m az dadehhaye shetab phyphox va ejad hamposhani dar dadeha
ebteda=floor(finishgaz(1,4));
tim1=finishgaz(1,:);
if p~=1
pxxcover[]=;
end

pxxcover.x| |=;
if p~=1
coverace| |=;
end
coveracc.x| |=;

for lI=1:window_cover

ind1(ll)=find(finishgaz(:,4)>=ebteda+leng_cover*(ll-1),1);

ind2(I1)=find(finishgaz(:,4)>=ebteda+leng_notcover+leng_cover*(ll-1) & finishgaz(1,4)<=ebteda+leng_notcover+leng_cover*(ll-
1)+10,1);

tim2=tim1(ind1(Il));

tim3=tim1(ind2(Il));

timaccind1(Il)=find(accelerometer(:,1)>=tim2 & accelerometer(:,1)<=tim2+0.1 ,1);
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timaccind2(Il)=find(accelerometer(;,1)>=tim3 & accelerometer(:,1)<=tim3+0.1,1);
coveracc(ll).x=accelerometer(timaccind1(ll):timaccind2(ll),:);
window=round(length(coveracc(ll).x(:,4))/1);
noverlap=window/2;
freq=0:0.5:50;
nfreg=length(freq);
fs=100;
[pxxcover(ll).x,~]=pwelch(coveracc(ll).x(:,4),window,noverlap,freq,fs);
end

barresitimaccind=[timaccind1;timaccind2];

barresiindex=[ind1;ind2];

matricakharcover=zeros(window_cover,nfreg+3);

for w=1:window_cover
matricakharcover(w,1:end)=[stdakharcover(w,:),pxxcover(w).x];

end

mat(p).x=matricakharcover;

end
matricproject=zeros(num_travel*window_cover,nfreq+3);
g=1;

for o=1:window_cover
matricproject(g:g+3,:)=[mat(1).x(0,:);mat(2).x(0,:);mat(3).x(0,:);mat(4).x(0,:)];
9=g+4;

end

% ignor kardan dadehayee ke NAN hastand

matricproject(isnan(matricproject))=0;
nan_cel=find(matricproject(:,1)==0);
matricproject(nan_cel,:)[]=;

% dar yek satr garar dadane pwelch haye safarhaye mokhtalef

tul=length(matricproject(:,1))/num_travel;
matricproject_row=zeros(tul,num_travel*length(matricproject(1,4:end))+3);
for ii= 1:tul
ji=ii

matricproject_row(jj,1:end)=[matricproject(ii,1:3),matricproject(ii,4:end),matricproject(ii+1,4:end),matricproject(ii+2,4:end), matricproject(ii
+3,4:end)];
end

0
% plsregress gereftan satree

I_m_r1=length(matricproject_row(:,1));
I_m_r2=length(matricproject_row(1,:));

[~,~,~,~,betacoverrast_culm,pctvarcoverrast_culm]=plsregress(matricproject_row(1:1_m_r1,4:end),matricproject_row(1:I_m_r1,2));
Y%plsregress bar roye dadehaye rail rast
[~,~,~,~,betacoverchap_culm,pctvarcoverchap_culm]=plsregress(matricproject_row(1:l_m_r1,4:end),matricproject_row(1:l_m_r1,1));

Y%plsregress bar roye dadehaye rail chap

[~,~,~,~,betacovermiyangin_culm,pctvarcovermiyangin_culm]=plsregress(matricproject_row(1:l_m_r1,4:end),matricproject_row(1:l_m_r1,
3)); %plsregress bar roye dadehaye rail miyangin
sumpctvarcoverrast_culm=cumsum(pctvarcoverrast_culm(2,:));
sumpctvarcoverchap_culm=cumsum(pctvarcoverchap_culm(2,:));
sumpctvarcovermiyangin_culm=cumsum(pctvarcovermiyangin_culm(2,:));
goodfitness=[sumpctvarcoverchap_culm' ,sumpctvarcoverrast_culm' ,sumpctvarcovermiyangin_culm'J;
plot(cumsum(100*pctvarcoverrast_culm(2,:)),'-bo");

% % plsregress zadan va goodfitness gereftan
%
% |_p=length(matricproject(:,1));

%  [~,~~,~betacoverrast,pctvarcoverrast]=plsregress(matricproject(1:l_p,4:nfreq+3),matricproject(1:1_p,2)); %plsregress bar roye
dadehaye rail rast
% [~,~,~,~betacoverchap,pctvarcoverchap]=plsregress(matricproject(1:l_p,4:nfreq+3),matricproject(1:l_p,1)); %plsregress bar roye

dadehaye rail chap
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%  [~,~,~~betacovermiyangin,pctvarcovermiyangin]=plsregress(matricproject(1:1_p,4:nfreq+3),matricproject(1:1_p,3)); %plsregress bar
roye dadehaye rail miyangin

%  sumpctvarcoverrast=cumsum(pctvarcoverrast(2,:));

%  sumpctvarcoverchap=cumsum(pctvarcoverchap(2,:));

%  sumpctvarcovermiyangin=cumsum(pctvarcovermiyangin(2,:));

%  goodfitness=[sumpctvarcoverchap' ,sumpctvarcoverrast' ,sumpctvarcovermiyangin' J;

%  plot(cumsum(100*pctvarcoverrast(2,:)),-bo");

% tt=0;

% [trainindcover,valuind,~]=dividerand(316,0.7,0.3,0)

% no=length(trainindcover);

% matricakharcoverdiv=zeros(no,nfreq+3);

%

% for kkkk=trainindcover

% tt=tt+l

% matricakharcoverdiv(tt,:)=matricakharcover(kkkk,:); % matricakharcoverdiv=[STD rail chap,STD rail rast,STD miyangin,pwelch
har 200m accelerometer]

% end

% [~,~,~,~betacoverrast,pctvarcoverrast]=plsregress(matricakharcoverdiv(1:no,4:54),matricakharcoverdiv(1:n0,2)); %plsregress bar roye
dadehaye rail rast

% [~,~,~,~,betacoverchap,pctvarcoverchap]=plsregress(matricakharcoverdiv(1:no,4:54),matricakharcoverdiv(1:no,1)); %plsregress bar roye
dadehaye rail chap

% [~,~,~,~,betacovermiyangin,pctvarcovermiyangin]=plsregress(matricakharcoverdiv(1:no,4:54),matricakharcoverdiv(1:no,3)); %plsregress
bar roye dadehaye rail miyangin

% sumpctvarcoverrast=cumsum(pctvarcoverrast(2,:));

% sumpctvarcoverchap=cumsum(pctvarcoverchap(2,:));

% sumpctvarcovermiyangin=cumsum(pctvarcovermiyangin(2,:));

% goodfitness=[sumpctvarcoverchap' ,sumpctvarcoverrast' ,sumpctvarcovermiyangin'];

% joda kardan 200m aval az accelerometer

%locationb=finish;
Y%a=find(locationb(:,4)>=200 & locationb(:,4)<=220); % peida kardan derayah 200 aval az location

Y%a=min(a) % entekhab min derayeh
%b=locationb(1,:);
%t=b(a); % zamani ke 200 aval tey mishavad

%tt=find(accelerometer(:,1)>=t & accelerometer(:,1)<=t+0.02 );

Y%tt=min(tt)

%w=488361 % shomare derayei ke migoyad az een lahzeh dar tabloy bandargaz hastim.
Y%p=accelerometer(w:tt,1:end);

%dataz=[p(:,1),p(:,4)1;
%window=round(length(p(:,1))/1);
Y%noverlap=window/2;

%freq=0:0.1:50;

%fs=100;
%[pxx,fl=pwelch(p(:,4),window,noverlap,freq,fs);
%subplot(512);

%plot(p(:,1),p(:,4));

Y%title 'row data acceleration of phyphox’;
%xlabel('zaman'’);

%ylabel(‘acceleration’);

%subplot(513);

%plot(f,10*log10(pxx));

Y%title 'get pwelch to phyphox acceleration™;
Y%xlabel(‘frequency’)

%ylabel('db'");

% joda kardan 200 aval az dadehaye bandargazgalugah

%al=bandargazgalugah(1:16,:)
%a2=al(1,)

%a3=length(a2);
%dd=zeros(a3,1);

%dd(1)=0;

%for j=1:a3-1

% dd(j+1)=a2(j)-a2(j+1);
%end
%masafat=1000*cumsum(dd);
Y%ad=find(masafat>=200 & masafat<=201);
%a5=min(a4);
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%a6=[masafat,al];

%a7=a6(1:a5,:);

%subplot(514);

%plot(a7(:,1),a7(:,4));

%title 'raw data of EM120' , xlabel 'masafat meter', ylabel 'LLL";
Y%st=std(a7(:,4));

%ss=numz2str(st);

%Ilgd=legend(num2str(st), earthnorth’);
%title(lgd,'standard deviation');

%subplot(515);

Y%plot(a7(:,1),a7(:,5));

Y%title 'raw data of EM120", xlabel 'masafat meter', ylabel 'LLR1";
Y%st=std(a7(:,5));

%ss=numa2str(st);

%Ilgd=legend(num2str(st), earthnorth’);
%title(lgd,'standard deviation’);
%window=round(length(a7(:,1))/1);
%noverlap=window/2;

%freq=0:0.1:20;

%*fs=100;
%[pxx,fl=pwelch(a7(:,4),window,noverlap,freq,fs);
%subplot(313);

Yoplot(f,10*1og10(pxx));

Yotitle 'get pwelch ALL', xlabel(‘frequency’) , ylabel(‘db");



