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English Abstract 4,y 4l paliiual)

Research Background: The need to reduce the uncertainty in the studied environments such as

automated target recognition, guidance and control of autonomous vehicles, monitoring of

complex machinery, medical diagnosis, and smart buildings, called for the use of a large number
of sensors instead of one sensor, and in order to describe the studied case, we considered the fusion

of the output of these sensors, thus studying the sensor data fusion systems

When fusing data from multiple multi-sensor element systems, the problem of working in real
time has arisen, as a result of their adoption of the serial fusion mechanism, regardless of the
number of levels of fusion. This causes delay in processing, and the inability to distinguish correct
data, leading to non-accurate or non-reliable evaluation describetion of the situation or the studied

case.

The Research Obijective: The research aims to development of a data fusion model, which
reduces the time of the fusion process by separating the two phases of fusion and conducting them
simultaneously (initial data fusion -secondary data fusion) for more than two sensors, and filtering
abnormal readings resulting from a defect in reading information and its transmission, which

provides the possibility to evaluate the studied state (or situation) in real time.

Resources and Methods: The research method was used in our study using Matlab(2016a) to
simulate the proposed data fusion model and Intelligence Cycle Model, and using Visual Studio

software 2019 to generate random samples for the testing process of the two models.

Conclusion and Practical Results: we compared the performance of the proposed model with
the Intelligence Cycle model and make sure that the data collected from the two models
accurate.We also verified the effectiveness of the proposed model by implementing it in a
suggested health diagnosed software application.Our proposed model achieved higher and faster

performance and describing the studied.

The result were published in AlBaath University Journal, No.43, Year 2021

Key words: Synchronized Data Fusion — Data Fusion Models - Information Fusion — Sensor

Fusion.
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Appendices (33l

Visual Studio 2019 zaliy cseia 2l eyl
code of randome asmples:
using System;
using System.Collections.Generic;
using System.L.ing;
using System.Text;
using System.Threading.Tasks;
using Microsoft.Office.Interop.Excel,
using System.lO;

namespace randomgenreater

{
class Program
{
static void Main(string[] args)
{
String x ="1",

int errorpersintage = 1;

var rnd = new Random();

var list = new List<double>();
int MaxSpeedVlaue = 10;

int MinSpeedValue = 0;

for (inti=0;i<1000000; i++)
{
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if (i <errorpersintage*100000)

{

var n = Math.Round(((rnd.NextDouble() * 9) +
MaxSpeedVlaue), 0);

list. Add(n);
}

else

{

var n = Math.Round(((rnd.NextDouble() * 9) +
MinSpeedValue), 0);

list. Add(n);

}

}

using (StreamWriter sw = File.Create Text(@"E:\Master\app
2\matlab\speed " + x + "0.csv"))

{
for (int1=0; i <list.Count; i++)

{
sw.WriteLine(list[i]);

by
list.Clear();

int MaxTempl1Vlaue = 42;
int MinTemp1Value = 36;
for (inti=0;i<1000000; i++)
{
iIf (i <errorpersintage * 100000)
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var n = Math.Round(((rnd.NextDouble() * 5) +
MaxTemplVlaue), 0);

list. Add(n);
}

else

{

var n = Math.Round(((rnd.NextDouble() * 5) +
MinTempl1Value), 0);

list. Add(n);

}

using (StreamWriter sw = File.Create Text(@"E:\Master\app
2\matlab\templ " + x + "0.csv"))

{
for (inti=0; 1 < list.Count; i++)
{
sw.WriteLine(list[i]);
b
} list.Clear();
int MaxTemp2Vlaue = 42;
int MinTemp2Value = 36;
for (inti =0; i < 1000000; i++)
{
If (i <errorpersintage * 100000)
{
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var n = Math.Round(((rnd.NextDouble() * 5) +
MaxTemp2Vlaue), 0);

list. Add(n);
}

else

{

var n = Math.Round(((rnd.NextDouble() * 5) +
MinTemp2Value), 0);

list. Add(n);

}

using (StreamWriter sw = File.Create Text(@"E:\Master\app
2\matlab\temp2_" + x + "0.csv"))

{
for (int1=0; i < list.Count; i++)

{
sw.WriteLine(list[i]);

list.Clear();

int MaxPulseVlaue = 181;

int MinPulseValue = 50;

for (int i =0; i < 1000000; i++)

{
iIf (i <errorpersintage * 100000)
{
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var n = Math.Round(((rnd.NextDouble() * 130) +
MaxPulseVlaue), 0);

list. Add(n);
}

else

{

var n = Math.Round(((rnd.NextDouble() * 130) +
MinPulseValue), 0);

list. Add(n);

}

using (StreamWriter sw = File.Create Text(@"E:\Master\app
2\matlab\pulseValue " + x + "0.csv"))

{
for (inti=0; i <list.Count; i++)
{
sw.WriteLine(list[i]);
}
list.Clear();

int MaxOXVlaue = 121;
int MinOXValue = 50;
for (inti=0;i<1000000; i++)
{
If (i <errorpersintage * 100000)

{

var n = Math.Round(((rnd.NextDouble() * 70) +
MaxOXVlaue), 0);

99



list. Add(n);
}

else

{

var n = Math.Round(((rnd.NextDouble() * 70) +
MinOXValue), 0);

list. Add(n);

}

using (StreamWriter sw = File.CreateText(@"E:\Master\app
2\matlab\oxvalue " + x + "0.csv"))

{
for (int1=0; i <list.Count; i++)
{
sw.WriteLine(list[i]);
}
} list.Clear();
int MaxAIRVlaue = 23;
int MinAIRValue = 5;
for (inti=0; i <1000000; i++)
{
if (i <errorpersintage * 100000)

{

var n = Math.Round(((rnd.NextDouble() * 17) +
MaxAlIRVlaue), 0);

list. Add(n):
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else

{

var n = Math.Round(((rnd.NextDouble() * 17) +
MinAIRValue), 0);

list. Add(n);

}

using (StreamWriter sw = File.Create Text(@"E:\Master\app
2\matlab\airvalue "+ x +"0.csv"))

{
for (inti=0; 1 < list.Count; i++)
{
sw.WriteLine(list[i]);
}
¥

load matlab.mat sensorl
load matlab.mat sensor2
load matlab.mat pulse
load matlab.mat air

load matlab.mat ox

load matlab.mat speed
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load matlab.mat limitvalues

function varargout = temp(varargin)
gui_Singleton = 1;
gui_State = struct('gui_Name', mfilename, ...
'gui_Singleton’, gui_Singleton, ...
'gui_OpeningFcn', @temp_OpeningFcn, ...
'gui_OutputFen', @temp_OutputFen, ...
'gui_LayoutFen', [], ...
'gui_Callback’, []);
if nargin && ischar(varargin{1})
gui_State.gui_Callback = str2func(varargin{1});
end
if nargout
[varargout{]:nargout}] = gui_mainfcn(gui_State, varargin{:});
else
gui_mainfcn(gui_State, varargin{:});
end
function temp_OpeningFcn(hObject, eventdata, handles, varargin)
handles.output = hObject;
guidata(hObject, handles);

function varargout = temp_OutputFcn(hObject, eventdata, handles)
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varargout{1} = handles.output;

function check_CaIIback(hObject, eventdata, handles)
tic

r=1;

alltime = 0;

x=1;

error=();
model]=get(handles.radiobutton],'Value');
model2=get(handles.radiobutton2,'Value');
errorpersintage=get(handles.popupmenul,'Value');
sensor] = cell(1000000,1);

sensor2 = cell(1000000,1);

pulse = cell(1000000,1);

air = cell(1000000,1);

ox = cell(1000000,1);
speed = cell(1000000, 1);

if (errorpersintage == 1) %0 percent

load matlab.mat temp1_0;load matlab.mat temp2_(;load matlab.mat

pulseValue 0;

load matlab.mat airvalue _(; load matlab.mat oxvalue (;load matlab.mat

speed 0;
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sensor] = templ _0; sensor2 =temp2 0; pulse = pulseValue 0;
air = airvalue_0;ox = oxvalue_(;speed = speed 0;
else if (errorpersintage == 2) %10 percent

load matlab.mat temp1_10;load matlab.mat temp2_10;load matlab.mat

pulseValue 10;

load matlab.mat airvalue_10; load matlab.mat oxvalue 10;load matlab.mat

speed_10;

sensor] = templ_10;sensor2 = temp2_10;pulse = pulseValue 10;
air = airvalue_10;0x = oxvalue _10;speed = speed 10;

else if (errorpersintage == 3) %20 percent

load matlab.mat temp1_20;load matlab.mat temp2_20;load matlab.mat

pulseValue 20;

load matlab.mat airvalue 20; load matlab.mat oxvalue 20;load matlab.mat

speed_20;

sensor] = templ_20;sensor2 = temp2_20;pulse = pulseValue 20);
air = airvalue_20;0x = oxvalue 20;speed = speed_20;

else if (errorpersintage == 4) %30 percent

load matlab.mat temp1_30;load matlab.mat temp2_30;load matlab.mat

pulseValue 30;

load matlab.mat airvalue_30; load matlab.mat oxvalue 30;load matlab.mat

speed_30;
sensor] = templ_30;sensor2 = temp2_30;pulse = pulseValue 30;

air = airvalue_3(;ox = oxvalue _30;speed = speed_30;
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else if (errorpersintage == 5) %40 percent

load matlab.mat temp1_40;load matlab.mat temp2_40;load matlab.mat

pulseValue 40);

load matlab.mat airvalue_40; load matlab.mat oxvalue 4(;load matlab.mat

speed_40;

sensor] = templ_40;sensor2 = temp2_40;pulse = pulseValue 40);
air = airvalue_40;0x = oxvalue 40;speed = speed 40;

else if (errorpersintage == 6) %50 percent

load matlab.mat temp1_50;load matlab.mat temp2_50;load matlab.mat

pulseValue 50;

load matlab.mat airvalue_50; load matlab.mat oxvalue_50;load matlab.mat

speed_50;

sensor] = templ_50;sensor2 = temp2_50;pulse = pulseValue 50);
air = airvalue_50;0x = oxvalue_50;speed = speed_50;

else if (errorpersintage == 7) %60 percent

load matlab.mat temp1_60;load matlab.mat temp2_60;load matlab.mat

pulseValue 60;

load matlab.mat airvalue_60; load matlab.mat oxvalue 60;load matlab.mat

speed_60;
sensor] = templ_60;sensor2 = temp2_60;pulse = pulseValue_ 60);
air = airvalue_60;0x = oxvalue_60;speed = speed_60;

else if (errorpersintage == 8) %70 percent
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load matlab.mat temp1_70;load matlab.mat temp2_70;load matlab.mat

pulseValue 70;

load matlab.mat airvalue_70; load matlab.mat oxvalue 70;load matlab.mat

speed 70;

sensor] = templ_70; sensor2 = temp2 70; pulse = pulseValue 70);
air = airvalue_70; ox = oxvalue 70; speed = speed 70;

else if (errorpersintage == 9) %80 percent

load matlab.mat temp1_80;load matlab.mat temp2_80;load matlab.mat

pulseValue 80;

load matlab.mat airvalue_80; load matlab.mat oxvalue_80;load matlab.mat

speed_80;

sensor] = templ 80; sensor2 = temp2 80; pulse = pulseValue 80);
air = airvalue_80; ox = oxvalue _80; speed = speed_80);

else if (errorpersintage == 10) %90 percent

load matlab.mat temp1_90;load matlab.mat temp2_90;load matlab.mat

pulseValue 90;

load matlab.mat airvalue_90; load matlab.mat oxvalue_90;load matlab.mat

speed_90;

sensor] = templ_90; sensor2 = temp2 90; pulse = pulseValue 90;
air = airvalue 90; ox = oxvalue 90; speed = speed 90;

else if (errorpersintage == 11) %100 percent

load matlab.mat temp1_100;load matlab.mat temp2_100;load matlab.mat

pulseValue 100;
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load matlab.mat airvalue_100; load matlab.mat oxvalue 100;load matlab.mat

speed 100;
sensor] = templ 100; sensor2 =temp2 100; pulse = pulseValue 100;
air = airvalue_100; ox = oxvalue_100; speed = speed_100;
end
end
end
end
end
end
end
end
end
end
end
unhealtycases = (;
if (model2) %New Model
parpool('local',2)
while r <= 10
g = cputime;

age= str2double(get(handles.age,'string’));
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nl = length(sensorl);
n2 = length(sensor2);
n3 = length(pulse);

n4 = length(air);

n5 = length(ox);

n6 = length(speed);
lenghtarray = [n1,n2,n3,n4,n5,n6];
result = cell(1000000,4);
t=1;

while t <= lenghtarray
templ = sensorl(t);
temp2 = sensor2(t);
speedValue = speed(t);
pulseValue = pulse(t);
oxvalue = ox(t);

airvalue = air(t);

f1=0;

2=0;

f3=0;
if (templ > 42) || (temp1 < 35) || (temp2 > 42) || (temp2 < 35) [|(speedValue>9)
|| (oxvalue > 120) || (oxvalue < 50) || (airvalue >22) ||(airvalue<5) ||(pulseValue

> 180) || (pulseValue < 50)
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result(t,l) = {'Invalid Data'};
t=1t+1;
error=error+1;
else
temp = (templ-+temp2)/2;
if temp > 38.1
result(t,2) = {'fever'};
elseif (temp <=38.1) && (temp >36.4)

result(t,2) ={'Normal’};

elseif (temp >35 ) && (temp <36.4)

result(t,2) = {low Temp'};
end
if (age <100) && (age > 15)

if (speedValue < 5) && (pulseValue >= 100)

result(t,3) = {'high pulse rate'};
else if (speedValue >= 5) &&(pulseValue >(220-age))
result(t,3) = {'high pulse rate'};
else if (speedValue >= 5) &&(pulseValue <(220-age))&& (pulseValue >= 60)

result(t,3) = {'normal pulse rate'};
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else if (speedValue < 5) && (pulseValue < 100) && (pulseValue >= 60)

result(t,3) = {'normal pulse rate'};

else if (speedValue <= 9) && (pulseValue < 60)

result(t,3) = {'low pulse rate'};

end
end
end
end
end

else if (speedValue < 5) && (pulseValue > 110)
result(t,3) = {'high pulse rate};
else if (speedVaIue > 5) &&(pulseVaIue >160)

result(t,3) = {'high pulse rate'};

else if (speedValue > 5) &&(pulseValue <160)&& (pulseValue >= 70)
result(t,3) = {'normal pulse rate'};

f2=1;
else if (speedValue < 5) && (pulseValue < 110) && (pulseValue >= 70)

result(t,3) = {'normal pulse rate'};
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end
end
end
end
if (airvalue <= 16) && (airvalue >= 12)
if (oxvalue >= 60) && (oxvalue <= 110)
result(t,4) = {'normal ox level'};
f3=1;
else if (oxvalue < 60)
result(t,4) = {low ox level};
else if (oxvalue > 110)
result(t,4) = {'high ox level’};
end
end
end
else if (airvalue > 16)
if (oxvalue >= 60) && (oxvalue < 120)

result(t,4) = {'normal ox level’};

else if (oxvalue < 60)
result(t,4) = {low ox level};
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else if (oxvalue > 120)
result(t,4) = {'high ox level’};
end
end
end
else if (airvalue < 12)
if (oxvalue >= 50) && (oxvalue < 110)
result(t,4) = {'normal ox level’};
f3=1;
else if (oxvalue < 50)
result(t,4) = {'low ox level’};
else if (oxvalue > 110)
result(t,4) = {'high ox level’};
end
end
end
end
end
end
% if (strcmpi(result(t,4),{'normal ox level})) && (strcmpi(result(t,3),{'normal pulse

rate'}))&&(strempi(result(t,2),{'Normal'}));
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% if(fl==1 && f2==1 && f3==1)

%  result(t,1) ={'Normal'};

% else result(t,1) ={'Not Stable’};

% end

% [result(t,1)] = secondFution(result(t,4),result(t,3),result(t,2));

% parpool local 2
t=t+1;
if(fl1==1 && f2==1 && f3==1)

resultt ={'Normal'};
else resultt ={'Not Stable'};
unhealtycases =unhealtycases+1;
end
end

end

r=r+l

e = cputime—q;

alltime = e + alltime;

end

toc

tottime= alltime/10

error=error/10
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unhealtycases = unhealtycases/10;
set(handles.text16, 'String’, unhealtycases);
set(handles.text10, 'String’, tottime);
delete(gcp('nocreate’))
else if (modell) %intelgice cycle Model
while r <= 10
g = cputime;
age= str2double(get(handles.age,'string'));
nl = length(sensorl);
n2 = length(sensor2);
n3 = length(pulse);
n4 = length(air);
n5 = length(ox);
n6 = length(speed);
lenghtarray = [n1,n2,n3,n4,n5,n6];
result = cell(1000000,4);
t=1;
while t <= lenghtarray
templ = sensorl(t);
temp2 = sensor2(t);
speedValue = speed(t);
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pulseValue = pulse(t);
oxvalue = ox(t);
airvalue = air(t);
f1=0;
2=0;
f3=0;
temp = (templ+temp2)/2;
if temp > 38.1
result(t,2) = {'fever'};
elseif (temp <=38.1) && (temp >36.4)

result(t,2) ={'Normal’};

elseif (temp <36.5)
result(t,2) = {low Temp'};
end
if (age <100) && (age > 15)
if (speedValue < 5) && (pulseValue >= 100)
result(t,3) = {'high pulse rate'};
else if (speedValue >= 5) &&(pulseValue >(220-age))

result(t,3) = {'high pulse rate'};
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else if (speedValue >= 5) &&(pulseValue <(220-age))&& (pulseValue >= 60)

result(t,3) = {'normal pulse rate'};
f2=1;
else if (speedValue < 5) && (pulseValue < 100) && (pulseValue >= 60)

result(t,3) = {'normal pulse rate'};

else if (speedValue <= 9) && (pulseValue < 60)

result(t,3) = {'low pulse rate'};

end
end
end
end
end

else if (speedValue < 5) && (pulseValue > 110)
result(t,3) = {'high pulse rate};
else if (speedVaIue > 5) &&(pulseVaIue >160)
result(t,3) = {'high pulse rate'};
else if (speedValue > 5) &&(pulseValue <160)&& (pulseValue >= 70)
result(t,3) = {'normal pulse rate'};

f2=1;

116



else if (speedValue < 5) && (pulseValue < 110) && (pulseValue >=

70)
result(t,3) = {'normal pulse rate'};
f2=1;

end
end
end
end
end

if (airvalue <= 16) && (airvalue >= 12)
if (oxvalue >= 60) && (oxvalue <= 110)

result(t,4) = {'normal ox level'};

else if (oxvalue < 60)
result(t,4) = {low ox level};
else if (oxvalue > 110)
result(t,4) = {'high ox level’};
end
end
end

else if (airvalue > 16)
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if (oxvalue >= 60) && (oxvalue < 120)

result(t,4) = {'normal ox level’};

else if (oxvalue < 60)
result(t,4) = {low ox level’};
else if (oxvalue > 120)
result(t,4) = {'high ox level’};
end
end
end
else if (airvalue < 12)
if (oxvalue >= 50) && (oxvalue < 110)
result(t,4) = {'normal ox level’};
f3=1;
else if (oxvalue < 50)
result(t,4) = {'low ox level};
else if (oxvalue > 110)
result(t,4) = {'high ox level’};
end
end

end
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end
end
end
if(fl1==1 && f2==1 && f3==1)
result(t,1) ={'Normal’};

else result(t,1) ={'Not Stable'};

unhealtycases =unhealtycases+1;
end
t =t+1;
end
r=r+l
e = cputime—q;
alltime = e + alltime;

end
toc
tottime= alltime/10
error=error/10
unhealtycases =unhealtycases/10;
set(handles.text10, 'String’, tottime);
set(handles.text16, 'String’, unhealtycases);

end
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end

function pushbutton2_Callback(hObject, eventdata, handles)
function age_Callback(hObject, eventdata, handles)
function age_CreateFcn(hObject, eventdata, handles)

if ispc && isequal(get(hObject,'BackgroundColor’),
get(0,'defaultUicontrolBackgroundColor'))

set(hObject,'BackgroundColor','white');
end
function temp2_Callback(hObject, eventdata, handles)
function temp2_CreateFcn(hObject, eventdata, handles)

if ispc && isequal(get(hObject,'BackgroundColor’),
get(O,'defauItUicontroIBackgroundCoIor'))

set(hObject,'BackgroundColor','white');
end
function popupmenul_Callback(hObject, eventdata, handles)
function popupmenul_CreateFcn(hObject, eventdata, handles)

if ispc && isequal(get(hObject,'BackgroundColor’),
get(0,'defaultUicontrolBackgroundColor'))

set(hObject,'BackgroundColor','white');
end
function uipanel]l_SizeChangedFcn(hObject, eventdata, handles)

function radiobutton]_Callback(hObject, eventdata, handles)
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set(handles.radiobutton2, 'Value', 0);
function radiobutton2_Callback(hObject, eventdata, handles)

set(handles.radiobutton], 'Value', 0);
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