
VOL 9       NO 1      YEAR 2017 JOURNAL OF MADENT ALELEM COLLEGE   
 

161 
 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



                   JOURNAL OF MADENT ALELEM COLLEGE VOL 9       NO 1      YEAR 2017 

162 
 

 

Design and Implementation of Fast Ambulatory System for Cardiac Patients 

Using GSM Network and ECG Signal 

Ass. Prof. Dr. Majid S. 

Naghmash 

Head of Information Technology 

Department 

Dijlah University College   

E-Mail: majid.salal@duc.edu.iq 

Lecturer Dr. Abass F. Humadi 

Middel Technical UniversityCollege 

of Electrical and Electronic 

EngineeringTechniqueE-Mail: 

drabbas1962@gmail.com 

Ass. Prof. Dr. Mousa K. Wali 

Middel Technical UniversityCollege 

of Electrical and Electronic 

EngineeringTechniqueE-Mail: 

musawali@yahoo.com 

 

Abstract 

This paper presents, the design and implementation of fast ambulatory system for cardiac patients 

by using global system mobile (GSM) network and Electrocardiography  (ECG) signal. The early 

detecting of critical case in the heart performance gave enough time to help the patient with heart 

disease. Depending on the filter response and ECG band limited signal, the proposed system 

generate voice alarms to the monitor when the time band of the QRS complex wave in the ECG 

signal is exceeded the standards duration which indicate that the patients in dangerous condition 

and arrhythmia may be founded. The FIR filter response analyzed the distorted ECG signal and 

produce an alarm which will be send by GSM transmitter to the nurse or doctor mobile phone  

reciever at monitor center when the ECG frequency band jumb over natural frequency and high 

risk of cardiac patients. The low pass FIR filter performance using kaiser window permit to pass 

only the natural band otherwise send emergency alarms via GSM mobile phone. Results shows 

and efficient and hilight observation with each case recording by FDA tool in MATLAB.   

Keywords-Fast Ambulatory, Cardiac Patients, ECG, GSM, MATLAB 
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 جي إسالنظام العالمي للهاتف المحمول ) لمرضى القلب باستخدام شبكة  الاسعاف الفوريتصميم وتنفبذ نظام 

 .جهاز تخطيط القلب الكهربائي )أي, سي,جي( وإشارة (أم 

 

 

 الملخص:

 تعرض هذه الورقة, تصميم نظام فعال في حالات الطوارئ للمرضى الذين يعانون من أمراض القلب, استناداً إلى إشارات
 ( وشبكة النظام العالمي للهاتف المحمولFIRعامل تصفية الاستجابة )مرشح باستخدام  (ECG) يةائكهربتخطيط القلب ال

.(GSM) في وقت مبكر مرض القلببريض لمللمساعدة تساعد على تقديم اجة في أداء القلب الكشف المبكر للحالة الحرأن 
ولد الإنذارات الصوتية إلى يالنظام المقترح  أن , يائكهربلتخطيط القلب ال محدودةالالحزمة وإشارةالمرشح استجابةاعتماداً على 

مما يشير إلى الرانية من 0.08كرر منلا يائكهربتخطيط القلب ال إشارة ة المركبة فيتجاوز وقت الموجتجهاز العرض عندما 
المضطربة باستخدام مرشح  يائكهربتخطيط القلب ال تحليل إشارة أن في حالة خطيرة وعدم انتظام ضربات القلب. يضمرال أن

لهاتف الى متلقي ا (GSM)لشبكة النظام العالمي للهاتف المحموسيرسل عبر إنذار الذي  يولد(FIRعامل تصفية الاستجابة )
 حدوث خطورةيوائكهربالطبيعي في تخطيط القلب ال الترددتتجاوز ترددات القلب عن الممرضة أو الطبيب عندما كالمحمول 
لتمرير  تسمحتمرير باستخدام نافذة كايزر منخفض ال  (FIRعامل تصفية الاستجابة )مرشح القلب. باستخدام  يضعالية لمر

لهاتف الشبكة الدولية لعن طريق  الراديوإرسال إنذارات الطوارئ تحت تكنولوجيا البرمجيات  سيتم إلاوالطبيعية فقط  الحزم
تصميم الفلتر الرقمي )  ل عن طريق أداةالضوء على المراقبة مع كل حالة تسج. النتائج تظهر كفاءة, وتسلط GSMالنقال 

FDA tool ) فيMATLAB. 
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Introduction 

The Electrocardiography machine 

records signals from the patients body and it 

is useful in identifying patients with coronary 

artery disease and dangerous arrhythmias or 

a portion of the heart has been damaged, the 

affected muscle cells will no longer conduct 

action potentials, so an ECG will reveal an 

abnormal pattern of impulse conduction
(1,2)

. 

In one-fourth of patients with coronary 

disease the sudden death may be the first 

clinical manifestation. In addition, 20% of 

patients with myocardial infarction will die 

before reaching a hospital. Most of these 

deaths are caused by ventricular 

fibrillation
(3)

. When ST segment depression 

of ECG  exceeds 0.1 mV, is strongly 

suggestive for ischemia. The ECG changes in 

myocardial infarction with  classic evolution 

is from peaked ( hyperacute) T wave, to ST 

segment elevation, to Q wave development to 

T inversion. The evolution of new Q wave (> 

30 ms in duration and 25% of the R wave 

amplitude) is diagnostic
(4)

. 

In recent years, the modern 

communication system is used in health care 

for many performing such as surgery and 

delivering assistance to the patients in the 

form of telemedicine and biotelemetry using 

local area network (LAN) and radio 

frequency(5).  To establish these technology 

required more investment with slow return 

rate(6). The medical facilities not provide full 

extent in all over the word due to poor 

transportation with large distance. However, 

the current communication technology 

should be applied in home automation and 

networking. By using the GSM network, the 

heart patients data could be moved 

immediately to the doctor in charge and 

surveillance nurse(7). The trasmitter and 

reciever in GSM mobile system can be used 

to transmitte and receive the patients 

information instantly for early detectionof 

any emergency case after some signal 

processing like digital signal processing 

(DSP). The FIR filter is one of the signal 

processing part which used to pass an 

accurate band of interest and neglect the 

undesired band (8). The patient monitoring 

system is placed near patient bed and 

connected to the mobile phone by mean of 

wireless technology or interfacing with 

personal computer for more processing 

associated the physician room(9). The GSM 

network interfacing and analysis the ECG 

signal by FIR filtration with kaiser 

windowing techniques (10). The attractive 

characteristics in frequency domain of kaiser 

window will produce high efficiency and 

capability in the noise elimination than other 

windowing techniques (11). The ECG 

filtration by FIR filter performs earlier 

analysis to minimize the false detection rate 

and decrease the time spent by this 

processing  (12).  Consequently, the software 

defined radio (SDR) technology used in the 

FIR filter design minimize and optimize the 

power consumption to lowest level as well 

(13). The need of having modern tools like 

SDR technology and portable devices allow 

the biomedical signal recording to further 

study of the high prevalence of 

cardiovascular diseases (14). The use of SDR 

technology  help the medical staff to capture 

process and store signals from the patients to 

perform succeeding analysis and 

comprehensive clinical studies in order to 

make more perfect decisions (15). The alarm 

message sending through mobile 

communication device via mobile phone 

could be reduce the emergency time to assist 

patients and staff in the telemedicine services 

(16). The selection of appropriate technology 

to develop a suitable design in the software 

and hardware side and perform good analysis 

detection assist the patients to move from 
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critical situation to stable case early (17). The 

development of bioengineering applications 

becomes more popular technology and wide 

used due to fast and accurate results of 

patients assistance (18). In this paper, the 

combination of digital signal processing 

(DSP) technology with ECG monitering 

device depend on the ECG duration is 

developed and investigated using FIR filter 

and SDR technology. Figure 1 shows the 

conventional designs of ECG transformation 

via GSM system depending on the heart beat 

per minuts (BPM) proposed by (19).  

 

 

 

 

 

Figure 1: Proposed ECG trasfer system 

 

 

The design method accessible can be 

basically comprehensive to FIR highpass 

(HP), bandpass (BP) and  bandstop (BS) 

filters. Consider the case of BP filter is 

requied that would satisfy the specifications 

of heart signal band. The only differences in 

the design of BP filter are to use the more 

critical of the two trasition width for the 

design and the idealized frequency of BP 

filter for the determination of the initial 

impulse response.  

I. Proposed System 

The proposed system shown in Figure 2 

represent the GSM transciever that performs 

ECG analysis and transformation by using 

the digital modem with FIR Kaise window 

technique. Decision whether the person is 

normal or abnormal is based on calculating 

the value of ECG interval and if any 

abnormality is detected, the system initiates 

an command to the inbuilt GSM Baseband 

Processor module, which sends an SMS to 

physician or caretaker mobile through the 

SIM module. Analysis of the ECG signal is 

done by performing the FIR decomposition 
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followed by upsampling filter to increase the 

modulated frequency from baseband to 

intermediate frequency (IF).  The F0IR filter 

permit to pass only 0.12 secondband in an 

ECG signal. The stadards amplitude range of 

ECG signal is 1-10mV and its frequency 

range is 0.05 -100 Hz. Simulation performed 

in MATLAB environment using the 

FDATool.   

 

 

 

Figure 2: Proposed design for ECG transportation using GSM system and MATLAB 

 

 

 

 

A. GSM Transciever Design 

 

The transmitter and reciever path of 

GSM system is designed and 

simulated using 

MATLAB/SIMULINK with digital 

filter design tool (FDATool) as 

shown in Figure 3. In the transmitter 

path, the ECG signal is generated by 

using random integer generator block. 

The GSMK digital modulator is used 

to modulate the ECG signal and feed 

to the FIR band pass filter under 

specialspecifications. This FIR filter 

use to pass only the non-normal ECG 

signal. The filterd signal is then 

upsampled to IF band using RRC 

filter. The RF band from GSM 

tranmitter is send to the channel 

under 20dB SNR. In the reciever 

pathe, the down sampling RRC filter 

is used to decimate the incoming 

signal from RF to IF band and then 
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feed to the FIR banpass filter to 

recover and isolate the ECG signal. 

The recover ECG signal is 

demodulated by GMSK demodulator 

which will send to the doctor hand 

phand for investigation.  

 

 

 

 

 

Figure 3: Proposed design of ECG transfer system using MATLAB and FDATool 

 

B. Design of FIR Filter 

The desirable characteristics of 

Kaiser window in the time and frequency 

domain assist to give time limited function in 

the ECG signals. The magnitude response of 

bandpass filter with Kaiser window is 

illustrated in Figure 4.The filter order is 

chosen to be 64 with the sampling frequency 

of 50Hz. The pass-stop band of the designed 

filter is selected to pass only the ECG signal 

band from 0.12- 15 second which represent 

the critical situation of patient. After the 

ECG signal passed through the FIR filter, the 

channel processor increase the signal 

frequency to intermediate frequency (IF) 

band by using of so called upsampling filter. 

The IF band of GSM system in this case is 

69.333248 MHz. The FDATool in MATLAB 

is used to show the frequency and magnitude 

response of suggested filter. The filter 

information of all decomposition design 

provide a linear phase and high stability in 

the band of ECG signal.   
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Figure 4: magnitude response of FIR RRC filter 

 

 

The FDATool environment in 

MATLAB and the signal processing toolbox 

is used to provide a decmposition design for 

many advanced techniques assistance. The 

FIR filter specifications shown in Table 1 is 

recognized  in this paper to work in the GSM 

transciever as pulse shaping filter after 

modulation process. The filter performance 

in term of  impulse, magnitude and phase 

response of proposed filter shows a linear 

and constant response with respect to digital 

filter rols which is mean high stabilty in the 

band of interest as illustrated inFigure 5, 

Figure 6and Figure 7 respectively. The power 

spectrum of transmitted waveform is 

illustrated in Figure 8 as close as possible to 

ECG signal.  

Table 1: FIR Filter specifications  

Parameters  Specifications 

Response Type  Bandpass 

Design Method FIR Window  

Filter Order  64 

Scale Passband Kaiser  

Sampling Frequency ( Fs) 48 Hz 

First stopband    ( Fstop 1) 8   Hz 

First passband     (Fpass 1) 8.5 Hz 

Second stopband  ( Fstop 2) 9 Hz 

Second passband  ( Fpass 2) 9.5 Hz 

Filter stability  Stable  

Linear phase  Yes  
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Figure 5: FIR Impulse response 

 

 

 

Figure 6: FIR Estimated magnitude response 
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Figure 7: FIR magnitude and phase response 

 

 

Figure 8: Power spectrum of transmitted signal 

 

 

 

II. FPGA Implementation  

 

The GSM transcievers with FIR filter is 

designed and implemented in FPGA Vertex-

4 to verify the filter performance in real time. 

The implementation and useful confirmation 

of the proposed FIR filter is concluded by 

resolve the  Xilinx system generator and ISE 

programs with  FPGA virtex 4. The hardware 

description language (HDL) code is 

generated by using the ModelSim software 

and the synthesis step is done using simplify 

pro from simplicity. The implementation 

design flow illustrated in Figure 9[15] is used 

to satisfy the FPGA performance and 

requirements as well. The project design and 

synthesis using Xilinx supported schematic is 

implemented by HDL for text based entry. 

The HDL file is synthesis into EDIF file and 

NGC file. In this case, the logical design 

format in EDIF is converted into physical file 

format. The native circuit description file 

NCD for FPGA to generate the bitsteam file 

from these files in order to optionally 

program the PROM for following 

programing into Xilinx FPGA. To ensure the 

design meet a timing requirements and 

function  properly, the gate level simulator is 

used for design verification.
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Figure 9: FPGA design flow [14] 

 

Table 2 illustrate the devices summary that used in the proposed system given by ISE programs. 

The FPGA area consumption in term of  slices and LUT in the project implementation shows an 

important reduction in the FPGA required area compared with current design. The consume 

elements of used logic number to the available logic elemnts could be calculated using the 

following formula:  

 

 

 



                   JOURNAL OF MADENT ALELEM COLLEGE VOL 9       NO 1      YEAR 2017 

172 
 

Table2 : Device utilization summary 

 

 

Conclusions 

This paper presents, the most important 

process to the critical situation of heart 

patients. The main advantage of the proposed 

system is the early detection of cardiac 

disorder of the patients for immediate 

treatment. When the time interval of ECG 

signal exceed the normal case, an alert of call 

or SMS is transmitted throught GSM system 

to the doctor or nurse hand phone  to sought 

for saving the patient life by prompt 

medicines. Futhermore, new cellular access 

technology such as 4G provide much higher 

data transmission speed which will support 

the proposed system in terms of time and 

data size. Consequently, the implementation 

of ECG transciever using GUI on personal 

computer is successful  with high resolution. 

The implementation results provide an 

important utilization in the Slices and LUT 

via FPGA resources compared with 

conventional system design. 
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Abstract 

Piroxicam is one of non-steroidal anti-inflammatory drugs (NSAIDs) which is widely used in 

treating rheumatic disorders. The current study aimed to detect the deleterious effect of 

piroxicam pertaining to the chronic administration in male albino mice Mus musculus.A total 

number of (64) adult male albino mice were utilized in this study, they were randomly 

distributed into four main groups, the first three groups were orally treated with concentrations 

(50,100,150) mg/kg of piroxicam respectively, the forth group considered as control group were 

orally treated with distilled water for eight weeks, kidney samples were collected every two 

weeks for the histological study. This study recorded the presence of histopathological changes 

in the kidney of the treated mice with the concentration (50) mg/kg represented by hemorrhage, 

vascular congestion, calcium casts formation inside the lumens of renal tubules, while the groups 

treated with (100)mg/kg of the drug showed a fibrin deposition inside renal tubular lumens, 

infiltration of inflammatory cells, cytoplasmic vacuolation in the epithelial cells of the renal 

tubules and sloughing epithelium of renal tubules. The histological examination of mice kidneys 

treated with (150) mg/kg showed the appearance of hyalinization, shrinkage and complete loss of 

glomeruli, pyknosis of nuclei as well as the presence of oedema, in addition there were a 

remarkable decrease in the glycogen and protein contents of cells. The statistical results of the 

present study revealed a significant differences (P<0.05) in the mean diameters of renal 

glomeruli for all concentrations of the experiment for the period of eight weeks also there were 

significant decrease in the mean diameters of proximal convoluted tubules in the period of four 

weeks of the treated animals with concentrations (100 and 150) mg/kg as compared with control 

group. While the diameter of distal convoluted tubules showed a significant decrease with the 

concentrations (100 and 150)mg/kg for the periods six and eight weeks as compared with control 

group. It is clear from this study that piroxicam has drastic toxic effects on kidney tissue as 

represented by the observed histopathological changes. 

 

Key words: Histopathological changes, Piroxicam, Kidney, Albino mice 
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في كلى ذكور الفئران  ة الناجمة عن التجريع بعقار البيروكسيكاممرضية النسجيالتغيرات ال

 Mus musculusالبيض البالغة 

 

 انتظار محمد مناتي * 

 بشرى عمر احمد معروف **

 
 * قسم علوم الحياة / كلية التربية للعلوم الصرفة )ابن الهيثم(/ جامعة بغداد

 راقيةفرع التشريح/ كلية الطب/ الجامعة الع** 

 

 الخلاصة
. المستخدمةعلىنطاقواسعفيعلاجالاضطراباتالروماتيزميةللالتهابواحدالعقاقيرغيرالسترويديةالمضادةيعد عقار البيروكسيكام 

 . Mus musculusالبيض لتجريعالمزمنفيذكورالفئراننتيجة ا بيروكسيكاملعقار الضارالتأثيرال لكشفعنا الدراسةالحاليةتهدف 

عشوائيا إلى أربع مجموعات رئيسية، تم  الحيوانات وزعت امن الفئران البيض،بالغ ذكرا( 64) الحالية استعمل في الدراسة

واعتبرت على التوالي، من عقار البيروكسيكام ( ملغم / كغم 150، 100، 50) فمويابتركيزالأولى  ةالثلاث تجريع المجاميع

لاغراض عينات كل أسبوعين الالماء المقطر لمدة ثمانية أسابيع، تم جمع سيطرة حيث جرعت بكمجموعة المجموعة الرابعة 

 جية.الدراسة النس

احتقان الأوعية ، النزفم تمثلتبحدوث / كغ م( ملغ50تركيز )المجرعة بكلى الفئران  نسجية فيسجلت الدراسةوجود تغيرات 

/ م( ملغ100) ظهرت المجاميع المجرعة بتركيزحين أ الكلوية، في داخل تجاويف النبيباتالكالسيوم تكون قوالب  الدموية، و

 نبيباتالخلايا الظهارية في ال تفجيالخلايا الالتهابية،  تجاويف النبيبات الكلوية، ارتشاحالليفين داخل مادة ترسب  عقارم من الغك

تنكس محدوثال/ كغ م( ملغ150) الفئران المجرعة بتركيز جي لكلىاظهر الفحص النسالكلوية، و النبيباتظهارة  انفصالالكلوية و

محتويات في  الى حصولانخفاض ملحوظوذمة، بالإضافة حدوثا لنوى وكذلك الللكبيبات، تغلظ  الزجاجي، انكماش وفقدان تام

 والبروتين. الخلايا من الكلايكوجين

جميع تراكيز معدلأقطارالكبيباتالكلويةلفي  (P <0.05)فروق معنويةهذه الدراسة حدوث ل المورفولوجية أوضحت النتائج

ةاربعةأسابيع للمجاميع مدال رمانية أسابيعكمالوحظ حدورانخفاض ملحوظ في معدلأقطار النبيبات الملتوية الدانيةفيمدة التجربةل

القاصية المتعلقة بالنبيبات الملتوية  نتائجال كغممقارنةمعمجموعةالسيطرة,في حينأظهرت/ملغم(150, 100)المجرعة بتركيز

 .ستةورمانية أسابيعمقارنةمعمجموعة السيطرةةلمد (ملغم/ كغم100,150انخفاض ملحوظفيالتراكيز)حدوث 

كبيرة في نسج الكلية والمتمرلة بالتغيرات المرضية يتضح من خلال الدراسة الحالية ان لعقار البيروكسيكام تأريرات سمية 

 النسجية الانفة الذكر.

 

 *التغيرات المرضية النسجية، بيروكسيكام، كلية ، فئران بيضالكلمات المفتاحية: 
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Introduction  
Piroxicam is one of the most popular 

non-steroidal anti-inflammatory drugs 

(NSAIDs) used for the treatment of 

inflammatory conditions and rheumatic 

disorders, it is useful in the management of 

ankylosing spondylitis, acute 

musculoskeletal disorders and dysmenorrhea 

[1]. It is belong to oxicam group, a group of 

non –steroidal anti-inflammatory, analgesic 

and antipyretic drugs, it is readily absorbed 

following oral administration and its long 

plasma half-life allows once daily dosing 

which is possible advantage in improving 

compliance [2]. 

The unwanted effect of NSAIDs is 

involved in the inhibition of cyclooxygenase 

enzyme (COX) pathway, inhibition 

prostaglandins which prevents ovulation in 

rat [3]. The recent studies showed that 

piroxicam has many side effects on 

intestinal, digestive system, represented by 

ulcers, gastritis [4]. 

NSAIDs also caused pregnant mice 

abortion and congenital anomalies in mice 

fetuses [5], furthermore there were side 

effects of piroxicam on the testes of male 

mice [6]. Ebaid et. al. [7] also found that 

injecting piroxicam caused a remarkable 

histopathological symptoms in the liver and 

kidney of male albino mice. 

This study was done to evaluate the 

histological alterations in kidneys of adult 

male albino mice that induced by piroxicam. 

 

Materials and Methods 
Animals 

A total number of (64) healthy adult 

male albino mice Mus musculus were 

utilized in this study they were collected 

from Iraqi national center for drug control 

and research, Baghdad, Iraq. weighing 

between (25-30) gm and age approximately 

(8-10) weeks old, They were randomly 

distributed into four main groups of five 

mice for each, they were housed in cages 

and were kept in the laboratory under 

constant conditions for at least one week 

before use, they were fed a standard 

commercial diet.  

Experimental design  

The drug used in this study was piroxicam in 

capsule form of (20) mg for each, 

concentrations (50, 100, 150) mg/kg were 

prepared daily and they were given orally 

using stomach cannula for the periods two, 

four, six and eight weeks three of the four 

groups were orally treated with the 

concentrations (50, 100, 150) mg/kg 

respectively, the forth group considered as 

control group were orally treated with 0.1 ml 

of distilled water for eight weeks.  

Histological & Histochemical 

preparations 

Animals from control and treated groups 

were sacrificed, dissected and small pieces 

of the kidney were quickly removed, then 

fixed in formalin fixative for 22 hours 

followed by changing the fluids with 70% 

alcohol after washing the specimens for 

many times, after washing, specimens were 

dehydrated, embedded and then sectioned to 

5 µ thickness, for the histological 

examinations, sections were stained with 

haematoxylin and eosin [8]. 

In the histochemical study, sections were 

stained with periodic acid schiff’s method to 

demonstrate carbohydrates [8] and with 

bromophenol blue to demonstrate total 

proteins [9]. 

 

Morphometric measurements  

The morphometric measurements were done 

under light microscope using ocular 

micrometer stage after calibrating the ocular 

lenses with micrometer stage for each 

magnification power[10]. 

Statistical analysis  

      The statistical analysis were done by 

using the statistical analysis system (SAS) 

program to demonstrate the effect of drug 

concentration and period in different 
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standards, which was performed by 

comparing the significant differences of the 

control groups and the treated groups for 

each period with the Least significant 

differences (LSD) at the level (P<0.05) [11]. 

 

 

Results 
Histological examination of kidney tissue 

Control group 

Histological sections of this group appeared 

with normal histological structure 

represented by a kidney surrounded by a 

capsule and it is differentiated into an outer 

region called cortex which contains renal 

corpuscles and sections of proximal and 

distal convoluted tubules, and an inner 

region called medulla which showed 

sections of thick and thin segments of 

Henle’s loop as well as sections of the 

collecting ducts figures (1,2,3).  

 

 
Fig(1): C.S in the kidney of control group showing        Fig(2):C.S in the kidney of control group showing Distal  

Kidney capsule (KC), cortex (C) and medulla convoluted tubule (DCT), Glomerulus (G) and Proximal  

          (M)  (H&E, 100X).convoluted tubule (PCT)(H&E, 400X) . 

 

 

 
Fig(3): C.S in the kidney of control group showing sections 

 of collecting ducts (CD), Thick segments (TH) and 

 Thin segments (Th) of Henle’s Loop(H&E, 400X).  
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Groups treated with (50) mg/kg of 

piroxicam 

The examination of kidney sections of  

treated mice with (50) mg/kg of piroxicam 

for different periods revealed many 

pathological changes compared with control 

group. These changes are represented by 

vascular congestion and hemorrhage after 2 

weeks, infiltration of leukocytes after 4 

weeks of administration as well as the 

beginning of calcium casts formation after 6 

and 8 weeks of administration figures 

(4,5,6,7). 

 

 

 
Fig(4):C.S in the kidney of group treated with (50)mg/kg Fig(5): C.S in the kidney of group treated with (50) mg/kg 

for 2 weeks showing the congestion of blood  for 4 weeks showing the congestion of blood vessels (Co), 

Hemorrhage (He) and Infiltration vessels (Co), Degeneration of tubular epithelium  

of leukocytes (In)(H&E, 100X)                           (D) and  Infiltration of leukocytes (In)(H&E, 400X)                        
 

 

 

 
Fig(6): C.S in kidney of group treated with (50)mg/kg                   Fig(7): C.S in kidney of group treated with 

(50)mg/kg 

for 6 weeks showing the beginning of calcium   for 8 weeks showing the formation of calcium    
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         casts formation (Ca) and the Infiltrationof casts (Ca) and the hemorrhage (He)(H&E, 400X)                        

leukocytes(In)(H&E, 400X) 

 

 

Groups treated with (100) mg/kg of 

piroxicam 

The results of microscopic examination 

showed many histopathological changes in 

the kidney of treated mice with (100)mg/kg 

of piroxicam for different periods of 

exposurethese changes included the 

increased thickness of kidney capsule, 

subcapsular hemorrhage, hypertrophy of 

epithelial cells  and the Infiltration of 

leukocytes after 2 weeks of administration 

figure(8), the sloughing epithelium in renal 

tubules , fibrin deposition inside tubular 

lumens, atrophy of tubular epithelium and 

hemorrhage were shown after 4 and 6 weeks 

figures (9,10), while after 8 weeks of 

administration there was a shrinkage and 

loss of some glomeruli in the kidney 

sections figure(11). 

 

 

 
Fig(8): C.S in the kidney of group treated with (100) mg/kgFig(9): C.S in the kidney of group treated with (100) 

mg/kg 

for 2weeks showing the subcapsular hemorrhage(He), for 4 weeks showing the Atrophyof tubular epithelium 

   hypertrophy(Hy) of epithelium and the Infiltration            (At) and fibrin deposition (FD)(H&E, 400X) 

of leukocytes (In), kidney capsule (KC).(H&E, 400X) 
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Fig(10): C.S in the kidney of group treated with (100)Fig(11):C.S in the kidney of group treated with (100)mg/kg 

mg/kgfor 6weeks showing the fibrin deposition (FD),for 8weeks showing the congestion (Co), shrinkage(Sh) 

sloughingepithelium (S)and hemorrhage(He)and completely loss of glomeruli (LG)(H&E, 100X).  (H&E,400X). 

 

Groups treated with (150) mg/kg of 

piroxicam 

The examination of mice kidneys treated 

with (150) mg/kg of piroxicam showed 

severe changes that represented by pyknosis 

of nuclei, atrophy and sloughing of 

epithelium after 2weeks of administration 

figure(12).The appearance of hyalinization 

around the congested blood vessels was 

observed after 4 weeks figure(13),  whereas  

after 6 and 8 weeks of administration the 

changes were vacuolation of tubular 

cytoplasm and atrophy of tubular epithelium 

as well as the presence of odema that 

occupied a large area of the kidney tissue 

figures (14,15). 

 

 

 
Fig(12):C.S in the kidney of group treated with (150)mg     Fig(13):C.S in the kidney of group treated with 

(150)mg/kg 
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/kg for 2weeks showing the atrophy of tubular for 4weeks showing the atrophy (At), congestion(Co), 

Epithelium(At),pyknosis (P)and sloughing epithelium hyalinization (Hya)and hemorrhage(He)(H&E,400X) 
(S)(H&E,400X). 

 

 

 
Fig(14): C.S in the kidney of group treated with (150)mgFig(15): C.S in the kidney of group treated with 

(150)mg/kg 

   /kg for 6weeks showing the atrophy of epithelial cells            for 8weeks showing the odema (O)(H&E,400X).   

  (At) and vacuolation of tubular cytoplasm (V) (H&E,400X).  

 

Histochemical changes in the kidney 

Control kidney sections stained with periodic acid shiff’s (PAS) showed a positive reaction to the 

stain as an indication for the existence of carbohydrates in the brush border of proximal 

convoluted tubules and the basement membrane of renal tubules figure (16). 

Kidney tissue of treated mice with (50,100,150)mg/kg of piroxicam after 8 weeks of 

administration showed a depletion of carbohydrate content. The reduction increases with the 

increment of concentration and administration period figures (17,18,19). 

 

 
Fig(16):C.S in the kidney of control group showing    Fig(17):C.S in the kidney of group treated with(50) mg/kg 

CD 

CD 

CD 
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Carbohydrate deposition(CD),distal convoluted tubule for 8weeks showing atrophy (At) and carbohydrate  

(DCT), glomerulus (G) and proximal convoluted tubuledeposition(CD) sloughing epithelium (S) (PAS,400X). 

(PCT)(PAS, 400X). 

 

 

 
Fig(18):C.S in the kidney of group treated with (100)     Fig(19):C.S in the kidney of group treated with (150)  

mg/kg for 8weeks showing atrophy (At), carbohydrate         mg/kg for 8weeks showing atrophy (At),carbohydrate 

deposition(CD) (PAS,100X).deposition (CD), sloughing epithelium (S) and  

Vacuolation (V) (PAS,400X). 

The control sections stained with Bromophenol blue (Bpb) showed normal protein content which 

is equally distributed in glomeruli and renal tubules, while there were a reduction in protein 

content in the kidney tissue of treated mice with (50,100,150) after 8weeks of administration 

figures(20,21,22,23) 

 
Fig(20):C.S in the  kidney of control group showing Fig(21):C.S in the kidney of group treated with (50) mg/kg 

 the protein content (PC) in glomerulus (G),renal tubules for 8weeks showing atrophy (At) , calcium casts(Ca) 

(RT)(Bpb, 400X)                             and protein content (PC)  (Bpb,400X). 

CD CD 

PC 

PC 
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Fig(22):C.S in the kidney of group treated with (100)  Fig(23):C.S in the kidney of group treated with (150) mg/kg 

mg/kg for 8weeks showing Atrophy (At) and protein  for 8weeks showing infiltration of leukocytes (In) , 
  content (PC) (Bpb, 400X)shrinkage of glomerulus (Sh) and protein content (PC)                                                                                            

(Bpb, 400X)      

 

Morphometric results    

   The morphometric results of the present 

study revealed significant differences 

(P<0.05) in the mean diameters of renal 

glomeruli for all concentrations of 

piroxicam for the period of eight weeks 

compared with control group, while the 

other periods did not show any significant 

differences (Table 1).Also there were non-

significant decrease in the mean diameters 

of proximal convoluted tubules in the treated 

groups with concentration of (50,100,150) 

mg/kg in all periods except the period four 

weeks of the treated animals with 

concentrations (100,150) mg/kg that showed 

a significant decrease (P<0.05) in 

comparison with control group (Table 2). 

The results also clarified that there were 

significant differences (P<0.05) in the mean 

diameters of distal convoluted tubules of 

treated groups with concentration (100,150) 

mg/kg for six and eight weeks of 

administration, while the group treated with 

concentration (50)mg/kg of piroxicam did 

not show any significant differences over the 

whole administration period (Table 3). 

 

Table(1): The effect of Piroxicam on the mean diameter of renal glomeruli (µm) of male mice 

compared with the control group   

Drug concentration 

mg/kg 

Mean diameter of renal glomeruli (µm) ± S.E 

L.S.D Periods (weeks) 

2 4 6 8 

Control (0) 50.5±1.9 49.8±1.5 48.5±1.6 50.5±1.9 NS 5.85 

50 38.0±1.7 36.5±1.8 31.3±1.6 36.0±1.6 *7.88 

100 39.0±3.1 41.0±1.7 33.0±3.0 32.0±1.3 *9.24 

150 39.0±2.3 38.0±2.0 27.0±2.6 26.0±1.6 *7.94 

L.S.D NS 6.79 NS 5.93 NS 6.77 *4.70 ---- 

PC 
PC 
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NS: Non-significant, *(P<0.05) 

 

Table (2): The effect of Piroxicam on the mean diameter of Proximal convoluted tubule (µm) of 

male mice compared with the control group   

Drug 

Concentration 

mg/kg 

Mean diameter of proximal convoluted tubule (µm) ± S.E 

L.S.D Periods (weeks) 

2 4 6 8 

Control (0) 28.2±1.1 28.0±1.0 28.0±1.1 28.5±1.2 NS 1.85 

50 26.3±0.8 27.0±0.7 24.1±0.9 22.6±0.6 *4.87 

100 26.5±1.1 23.5±0.6 23.5±0.7 22.0±0.6 *4.15 

150 25.0±0.5 22.2±0.6 22.7±0.6 21.7±0.6 *3.59 

L.S.D NS 2.45 * 2.93 NS 2.35 NS 1.91 ---- 

NS: Non-significant, *(P<0.05) 

 

 

Table (3): The effect of Piroxicam on the mean diameter of Distal convoluted tubule (µm) of 

male mice compared with the control group   

Drug 

concentration 

mg/kg 

Mean diameter of distal convoluted tubule (µm) ± S.E 

L.S.D Periods (weeks) 

2 4 6 8 

Control (0) 25.6±0.6 24.5±0.9 25.2±0.5 25.8±0.8 NS 2.25 

50 25.7±0.9 27.0±0.7 26.5±0.9 25.8±0.6 *4.06 

100 25.5±0.8 26.2±0.6 23.5±0.7 21.2±0.4 *3.57 

150 25.0±0.5 25.0±0.6 22.0±0.5 20.7±0.4 *3.74 

L.S.D NS 2.89 NS 2.29 *2.36 *1.69 ---- 

NS: Non-significant, *(P<0.05) 

Discussion 

In this study, we tried to identify the effect 

of piroxicam in the kidneys of adult male 

albino mice. It was clear that its effect was 

time dependent, there were increased effects 

with prolonged time of dose administration 

this result is in agreement with[7]. 

The histological examination revealed that 

there were histopathological changes in the 

kidney of treated mice with the 
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concentrations (50, 100, 150)mg/kg of 

piroxicam and were more severe by using 

high concentrations (100, 150) mg/kg , the 

histopathological changes of  groups treated 

with (50) mg/kg showed severe hemorrhage, 

congestion, formation of calcium casts, 

these findings in agreement with Baisakh et. 

al. foundation [12] , furthermore these 

changes were accompanied by invasion of 

inflammatory cells to the interlobular tissues 

in a trial to minimize the injury [13] . 

There was also a remarkable 

histopathological changes in the most 

groups treated with piroxicam that 

represented by a vascular congestion that 

may be related to the use of drug that cause 

an acute inflammation this and led to change 

the blood flow inside blood vessels, this 

change may cause a relaxation and an 

extension in these blood vessels, thus the 

blood will accumulate into the vessels [14]. 

The hemorrhage observed in the present 

study may be caused by the continuous 

inflammation which is resulted from the 

effect of drug especially with high 

concentrations, and led to the shred of the 

endothelial cells that line the blood 

capillaries. These findings in agreement with 

[15]. 

Results also showed formation of calcium 

casts in the tubular lumen, this may 

attributed to the elevation of hydrogen 

peroxidase H2O2 that cause the 

nephrotoxicity which is responsible for 

changing the permeability of mitochondrial 

cellular membrane; Hence the amount of 

calcium taken by the mitochondria will 

increase and with the existence of oxygen, 

the mitochondria will break down and the 

calcium will be released in the kidney tissue 

[16]. 

The present study also showed the presence 

of histopathological symptoms in the groups 

treated with (100) mg/kg of piroxicam that 

represented by fibrin deposition inside the 

tubular lumens, these findings also observed 

by [17] who stated that fibrin deposition is 

attributed to the inhibition of 

cyclooxygenase-1 by NSAIDs which is 

responsible for prostaglandins production in 

different positions of kidney tissue. 

The sloughing of tubular epithelium would 

happen in a trial to increase the distance, so 

that the drug will not reach the blood stream 

as much as possible to exclude its harmful 

effect [18]. 

The shrinkage and loss of some glomeruli 

that observed in this group, may be caused 

by the mesangial cell processes that 

retracted due to the contraction of their 

filaments [12]. 

Results also showed the appearance of 

hyalinization in the kidney of groups treated 

with 150 mg/kg of piroxicam after 8weeks 

of administration is probably caused by the 

accumulation of abnormal protein 

substances resulted from dissolution of 

amino acids especially the immunoglobulins 

and carbohydrates resulted from cell death 

[19]. 

Regarding the histochemical changes 

observed in this study under piroxicam 

administration, results showed a reduction in 

the polysaccharides and total proteins in the 

kidney tissue, The decrease in carbohydrate 

content could be attributed to the increased 

stress on organs, which lead to high energy 

consumption and allowed an equalized 

pressure to be exerted upon them [20,7] or 
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may be due to the depletion of 

mucopolysaccharide in tissue which is 

attributed to the turbulence of Golgi 

apparatus [21]. 

The decrease in protein content could be 

attributed to the depletion of ribosomal 

granules of the rough endoplasmic reticulum 

[21] or it may be caused by the disruption of 

lysosomal membrane under the effect of 

various toxicants leading to the liberation of 

their hydrolytic enzymes in the cytoplasm 

resulting in marked lysis and dissolution of 

the target materials [7].   

    The morphometric study regarding the 

measurements of glomerular diameters 

revealed a significant decrease in the mean 

diameters of  glomeruli in groups treated 

with (50,100,150)mg/kg of piroxicam for 

the period 8 weeks, this findings are in 

agreement with the results of [17].Also 

measuring diameters of proximal convoluted 

tubules showed non-significant differences 

except the period  of 4 weeks of treated 

groups with (100,150) mg/kg showed a 

significant decrease; while the results of 

distal convoluted tubules showed a 

significant decrease in the periods (6,8) 

weeks for the groups treated with 

(100,150)mg/kg. these results are consistent 

with many researchers included [22&23].   

 The main reason behind changing in the 

diameters of glomeruli, proximal and distal 

convoluted tubules is  using NSAIDs  that 

may reduce the collagen content in the tissue 

which  probably has a big role in supporting 

the wall of renal tubules and ducts, 

therefore, the reduction of this material 

resulted in changing the tissue features [23]. 

Safari et. al.[24] suggested that using 

NSAIDs may cause free radicles releasing 

that is related with causing damages to renal 

tubules and glomeruli.   
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Abstract: 

 The work presented in this paper concerned with the design of a new remote monitoring 

system for patients in An intensive care unit (ICU) , which can be used to read the medical signs 

such as (heart rate, temperature value and oxygen saturation percentage) from the patient's body 

beside checking the pacemaker device and send the values to the remote area. The proposed 

system deals with the patient vital signs as an input to send them to a computer in the nursing 

room by a transmitter-receiver system which composed of two Arduino kits connected with 

Bluetooth devices. The signal received by computer is processed and if there is an abnormal 

condition a message will be send to doctor mobile through Global System for Mobile 

Communications (GSM). The mechanism of the system is to send the medical signs to doctors in 

a remote area. Tإhe computer sends these values to doctor's mobile. Finally, visual basic 

language was used to implement the frame work of the system. 

 

Keywords: Arduino kit, medical sensors, Bluetooth, visual basic, GSM mobile, ICU. 
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 والمتحكم الدقيق GSMتصميم وتنفيذ نظام مراقبة الاشارات الطبية للمريض باستخدام تقنية ال 

 

 

 

 الخلاصة:

العمل في هذا البحث يتعامل مع تصميم نظام مراقبة المريض في وحدة العناية المركزة عن بعد، والذي يمكن 

ان يستخدم لقراءة الاشارات الطبية مثل )معدل سرعة دقات القلب ، درجة الحرارة، ونسبة الاوكسجين بالدم( 

ق من عمل جهاز منظم ضربات القلب وارسال القيم الى النظام المقترح من جسم المريض بالاضافة الى التحق

، والذي بدوره يتعامل مع اشارات المريض الحيوية كاشارة ادخال لارسالها الى الحاسوب الموجود في غرفة 

الممرضات باستخدام منظومة الارسال والاستلام المكونة من بوردين اردوينو مربوطين عن طريق البلوتوث 

لاشارة المستلمة من قبل الحاسوب يتم معالجتها وملاحظة ان كانت غير طبيعية ففي هذه الحالة يتم ارسال . ا

 راتالى موبايل الطبيب. ميكانيكة عمل النظام هو القيام بارسال الاشا  GSMرسالة عن طريق نظام ال 

ارات الطبية الى موبايل الطبيب. الطبية الى الاطباء عن بعد . اذ ان الحاسوب يقوم بعملية ارسال هذه الاش

 .تم استخدامها لتنفيذ هيكلية العمل بهذا النظامفجوال بيسك واخيرا لغة ال
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1. Introduction: 

       As a result of development in life, 

health monitoring becomes an important 

researched field. So researched in this field 

were developed through years for many 

applications such as military, homecare, 

hospital, sport training and activity 

emergency [1].  

Telemedicine applications give a 

wide help in health monitoring field, where 

this technology is used to transmit medical 

information about the patient’s status 

electronically, so it gives an easy way to 

monitor and diagnose the patient remotely, 

such as the ICU network [2]. ICU 

Networking means connecting the Intensive 

care unit (ICU) PC’s (client) to the nursing 

room PC (server) with Local Area Unit 

(LAN),Metropolitan Area Network ( MAN) 

or other network by providing a set of rules 

for communication called protocols, these 

protocols should be known by all 

participating hosts, which allows different 

computers with different operating 

characteristics to communicate with each 

other, and that in order to present whole 

information about the patient situation in 

nursing room so any abnormal condition can 

be recognized immediately by nurse without 

being in the ICU which could be then sent to 

doctor mobile[3].  

Revolution in microcontrollers 

through years led to discover the Arduino, 

which is an open hardware board that rise in 

thoughts and projects of robotic control 

easily and simply by using an open 

hardware programmable language (Arduino 

c), the ability of using Arduino in projects 

that used a revolved engineering languages 

like matlab and java, beside the simplicity of 

dealing with and programming it, makes 

Arduino on the top of microcontrollers types 

[4]. Although there are a wide researches in 

this field but more efforts are required to 

prove clinical and cost effectiveness. 

G.Virone, et.al.had been proposed 

system architecture for smart healthcare 

based on wireless sensor network (WSN). 

They suggested a strong potential for WSNs 

for low-cost and deployment of multimodal 

sensor for an improved quality of medical 

care [5]. 

 Aartvan Halteren, et.al. had been 

developed a system allows the incorporation 

of diverse medical sensors via wireless 

connections and the live transmissions of the 

measured vital signs over public wireless 

networks to health care providers. The 

results documented the feasibility of using 

the system, but also demonstrated logistical 

problems with use of the BANs and the 

infrastructure for transmitting mobile 

healthcare data [6]. 

 Dr. Deepack Choudhary, et.al. had 

been developed a portable real-time wireless 

health monitoring system. The system is 

used for remote monitoring of patient’s heart 

rate and oxygen saturation in blood, the 

system was designed and implemented using 

ZigBee-wireless technology. They found 

that the system can successfully install for 

testing patient’s home for health care 

monitoring and the wireless sensor network 

can operates on an area of 10-15 square 

meters [1]. 

This paper was implemented by 

developing a monitoring system to pursuing 

the patient's status immediately. The system 

was depending on microcontroller kit 

(Arduino) and using its Bluetooth network 

for sending the medical vital sign from the 
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patient's body to remote ICU (special 

computer) instead of the traditional 

computer network for reading and sending 

the important signs and avoids the 

connectionless problems. 

  

2. Proposed Work. 

 The purpose of this work is to design 

a medical wireless monitoring system 

capable to sense the status of patient medical 

sign (the temperature, the heart rate through 

the Patient's blood pressure, in additionto 

regulate the abnormal beating of heart 

through the pacemakers shown in Fig. (1). 

 

 

 

 

 

 

  

 

 

 

 

Fig (1): Shows The General Block Diagram Of The Monitoring System. 

2.1 System Descriptions: 

The system consist of many parts to satisfy the requirements of the idea as shown in fig (2) 

 

 

 

 

 

Fig. (2): Shows the Main Components of the Health Monitoring System. 

 

 

2.1.1 Sensors: many of the medical sensors was connected to the Arduino ports to read the 
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a. Temperature sensor: the responsibility of this sensor is to read the body's 

temperature and identify the status. 

b. Heart rate: is the number of heart beat per minute; each beat represents the 

contract and relaxation of heart. 

 

Fig (3): shows the circuit diagram of Heart Rate [7]. 

 

c. Pacemaker Sensor:  is a device used to 

regulate the abnormal beating of heart; it 

is an internal device that transplanted 

within human body. It is composed of 

three parts_ input/output leads sensor 

circuit pulse generator the input/output 

leads are electrodes that connected to 

heart chambers taking the input signal 

from the heart to the pulse generator and 

transmit the output signal from the 

pacemaker back to the heart. Sensing 

circuit receives the heart input signal, 

processing it to a form acceptable to the 

pulse generator by using an oscillator 

triggering by the heart input wave and 

gives square wave as an output which 

goes to the pulse generator. 

The pulse generator is the most important 

part of the pacemaker it is a preprogrammed 

microcontroller receives its input from the 

from the heart through the sensing circuit 

and responds to it with a stimuli that 

transmitted back to the heart the stimuli 

generate according to the program of the 

generator as shown in fig.(4). The pacing 

mode of the pacemaker should be only when 

it is needed so that there is no interference 

between the natural pacing and artificial 

pacing [8]. 
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To understand the mechanism of artificial 

pacing more clearly we will take the R wave 

as an example which represents the 

ventricular contraction which in turn pumps 

the blood to the big arteries in the human 

body. In case of absence of R wave the 

pacemaker will pace by giving electrical 

activity to the heart while if the R wave is 

already exist there no need for artificial 

pacing .for a single chamber pacemaker 

which takes the input from one chamber 

only from the

 heart (one chamber needed to be regulated) 

the pacemaker has three paths to 

follow:RESET timer, WAIT, and PACE. 

after the R wave be sensed the generator will 

switch to WAIT stat for a time delay of 0.83 

second which is the normal duration 

between two R waves, after this delay if 

another R wave sensed then the generator 

goes to RESET timer and start counting a 

delay of 0.83 second (WAIT state) if R 

wave doesn’t sensed then the generator goes 

to PACE mode and give an electrical 

stimulus (pacing) delivered to the heart the 

leads and so on [8]. 

 

 

 

 

 

 

 
 

 

 

Fig. (4): shows the block diagram of Pacemaker. 

 

d. Oximeter sensor : is a circuit that consist 

of red and infrared LEDs that generates red 

and infrared wavelengths respectively as 

shown in fig.(5), these wavelengths passed 

to a photo diode detector throughout the 
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finger where a portion of the two 

wavelengths absorbed by blood vessels in 

the finger (arterioles). The absorption ratio 

depends on oxygen saturation percentage( 

no of oxy hemoglobin molecules and the no 

of deoxy hemoglobin  to the number of the  

total hemoglobin molecules) and the 

transmitted wavelengths of both LED s 

received by a single photodiode , after that 

the received light passed to a timing circuit 

that supplies a pulses with proper repetition 

rate to derive red and infrared wavelengths 

alternately so it acts as digital switch .after 

that both light wavelengths red and infrared  

amplified and convert to a voltage using 

current to voltage converter circuit 

operational amplifier (op_amp) . As the 

wavelengths received in photo diode in 

pulsed form because the blood in the artery 

is pulsed a sample and hold circuit is used to 

separate the wavelengths each with a single 

path. The timing circuit will used again to 

generate control pulses of the sample and 

hold circuit. The output voltage then passed 

to a band pass filter to remove low and high 

frequency noise after that the clear voltage 

signal passed to an Arduino to be converted 

to a digital signal and send to the computer 

by Bluetooth [9]. 

 

Fig. (5): shows the block diagram of Oximetry Sensor [9]. 

 

 

2.1.2 Connecting the Bluetooth with 

microcontrollerkit (Arduino): 

Bluetooth is a wireless networking device 

that transmits data from point to point over a 

short distance using a communication 

protocol. In this work the Bluetooth is used 

to transmit data from medical sensors to 

computer by connecting it with the Arduino 

Uno microcontroller kit in both sides as 

shown in fig.(6). HC-05 Bluetooth module is 
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used for this purpose.The Bluetooth element 

connected wirelessly to Arduino kit in a 

serial module, it is easy to use a two pins 

chosen from Arduino kit to represent the 

connection of serial port between Bluetooth 

shield and Arduino where the Tx of 

Bluetooth side is connected to the Tx of 

Arduino side and the Rx of Arduino side is 

connected to the Tx of the Bluetooth side 

and with a suitable Arduino program the 

data transmission is achieves. Fig.(7) shows 

the overall system work to follow up on the 

patient’s status. 

 

Fig. (6): shows the block diagram of Bluetooth connection with microcontroller kit (Arduino).

 

2.1.3 Connecting Mobile Phone with 

personal Computer: 

Mobile phone technology has advanced 

in recent year. Many applications with 

mobile phones were implemented for 

sending short message service (SMS) from 

pc to mobile phone, where, when the system 

detect a (observe) a dangerous (risk) status 

or a threshold is reached. The monitoring 

system sends SMS through GSM to the 

doctor’s mobile phone to inform him about 

the emergency case.Fig.(7): shows the 

modem device essentially consist of an 

internet modem and global system for 

mobile communication (GSM) modem / 

SMS gateway, the SMS sending is done 

through the SMS gateway. Patient 

information management system has 

knowledge about the number doctor. Hence 

the system basically will first query the 

database before sending SMS. SMS message 

to the corresponding doctor with respect to 

the patient ID as well as the message that 

has been sent to the doctor
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Fig.(7) : Shows the interface between personal computer and mobile phone through GSM 

modem. 

 

 

3. Working of the system: 

      Fig.(8): shows the flowchart of the health monitoring system. 
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Fig.(8) : Flowchart illustrate the overall system mechanism. 
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4. Implementing the Proposed System. 

The implementation of the monitoring system was achieved using hardware 

implementation from system's parts and visual basic language (ver.6) to programming the 

frame work as shown in Fig. 9 and Fig. 10. 

Fig.(9): shows the hardware implementation of monitoring systems 

 

Fig.(10): shows the hardware implementati

on 

of monitoring systems with GSM and mobile phone. 

Conclusions: The system is more flexible due to 

the usage of Bluetooth connection between 
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the first and second Arduino. Where, the 

vital signs and parameters data has been 

sent immediately to the server' PC in 

addition to alarm message to phone for 

directing the responsible about the patient's 

condition. At this meaning, the facility of 

data sending depend on the HC-05 

Bluetooth which the range of Bluetooth is 

approximately (10 meters) that is capable 

to insure a large building. Moreover, Tx& 

Rx are separate pins for Bluetooth HC-05 

instead of using microcontroller kit 

(Arduino) port's pins. Hence, this leads to 

reduced response time (sending and 

receiving) so as separate Pins are used 

instead of Arduino pins. The GSM 

network is higher baud rate that led to send 

all the sensors values to the mobile phone. 
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Abstract  

Current study was done to investigate ocular toxoplasmosis that caused by 

Toxoplasma gondii parasite in blood samples of patients that reviewers to retina 

unit in Ibn- al Haitham teaching Eye hospital in Baghdad , using real-time PCR 

technique. Initially the disease was diagnosed by ELISA method using specific 

IgG and IgM antibodies for T. gondii. According to its positive results the studied 

groups were divided to ocular toxoplasmosis group that contain 42 patients, their 

proportion 84%, 14 patients in positive uveitis group in 31.1% percentage and 

control group recorded 35 positive case for infection with T. gondii in 41.7% 

percentage this group named as Asymptomatic toxoplasmosis group with 

significant differences (p<0.01) between the three groups. The highest mean of IgG 

recorded in ocular toxoplasmosis group 1.661 ± 0.187 IU/ml and also for IgM 

1.922 ± 0.510 IU/ml. when Real-time PCR applied 14 positive results in ocular 

toxoplasmosis group were registered with 33.3 percentage against 7 positive results 

only for uveitis and Asymptomatic toxoplasmosis groups with rates 50% and 20% 

respectively without  any significant differences , this test was successes in 

diagnosing of T.gondii parasite in different groups, although most infections were 

chronic with low rates in comparison with ELISA technique that recorded high 

rates of positive diagnosis of infection. 

 

Key words: Ocular toxoplasmosis, Diagnosis, IgG, IgM, Real-Time PCR.  

 

 

 

 

 



                   JOURNAL OF MADENT ALELEM COLLEGE VOL 9       NO 1      YEAR 2017 

202 
 

التحري عن داء مقوسات العين في المرضى العراقيين باستعمال تفاعل انزيم البلمرة المتسلسل 

 في الوقت الحقيقي

 علي نزار ياسين   وحيدة رشيد علي*اسراء قاسم العبيدي

 التربية للعلوم الصرفة )ابن الهيثم(، جامعة بغداد، بغداد، العراققسم علوم الحياة، كلية 

 قسم العلوم، كلية التربية الاساسية، الجامعة المستنصرية، بغداد، العراق*

 

 المستخلص

طفيلي الناجم  عن  Ocular toxoplasmosis داء مقوسات العين  للتحري عن الدراسة الحالية   اجريت

Toxoplasma gondii عينات دم المرضى المراجعين لوحدة الشبكية في مستشفى ابن الهيثم للعيون في في

. شخص Real-Time PCRفي الوقت الحقيقي  تفاعل إنزيم البلمرة المتسلسلطريقة   بغداد وباستعمال

لنتائجه  استنادا̎و،للمقوسة الكوندية IgMو IgGوللأضداد النوعية  ELISAلاليزابطريقة ا المرض مبدئيا̎

شكلوا  مريضا̎ 42موجبة قسمت المجاميع المدروسة الى مجموعة داء مقوسات العين عدد المرضى فيها ال

% ومجموعة السيطرة 31.1شكلوا نسبة  Uveitisمن مجموعة التهابات العنبية  مريضا̎ 14% و84نسبة 

% وسميت بمجموعة داء المقوسات عديمة 41.7حالة موجبة للمقوسة الكوندية شكلت نسبة  35التي سجلت 

(بين المجاميع p<0.01) وبفارق معنوي عند احتمالية Asymptomatic Toxoplasmosisالاعراض 

وحدة عالمية /مل  0.187±  1.661سات العين مجموعة داء مقو لدىIgGمعدل الضد  بلغ اعلى ،ة الثلاث

تفاعل إنزيم  وعند تطبيق وحدة عالمية /مل. 0.510±1.922فيها بلغ معدله الذيIgMوكذلك الحال للضد 

داء مقوسات العين وبنسبة  مرضى موجبة لمجموعة نتيجة14 سجلتفي الوقت الحقيقي البلمرة المتسلسل

 لمجموعتي التهابات العنبية وداء المقوسات عديمة الاعراض شكلوانتائج موجبة فقط  7مقابل %  33.3

،نجح هذا  (p<0.107) مع عدم تسجيل فروقات معنوية بينالمجاميع  ،% على التوالي 20% و  50نسبتي 

الاختبار من تشخيص تواجد طفيلي المقوسة الكوندية لدى مختلف المجاميع بالرغم من اغلب الاصابات كانت 

 وبنسب قليلة مقارنة مع اختبار الاليزا الذي سجل ايجابية عالية في تشخيص الاصابة. chronicمزمنة 

 

 في الوقتالمتسلسل انزيم البلمرة  تفاعل،IgG،IgMداء مقوسات العين، التشخيص ،  المفتاحية:الكلمات 

 الحقيقي

 

 

 

. 
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Introduction 

 

Toxoplasmosis a disease resulting 

from infection by the protozoan 

Toxoplasma gondii, which infects, 

both humans and warm-blooded 

animals as a zoonotic pathogen a 

worldwide distribution (1,2). 

Approximately one-third of all 

humanity has been exposed to this 

parasite and this disease is listed as 

the third biggest cause of life 

threating food  borne disease (3). T. 

gondii  has a complex life cycle that 

includes an asexual and sexual cycles 

, the asexual cycle occurs in a wide 

range of intermediate hosts and the 

sexual cycleoccurs exclusively in 

feline hosts, which shed infectious 

oocysts in their feces(4).There are 

three major ways of transmission 1: 

consuming food or water containing 

oocyst 2: eating undercooked meats 

containing tissue cysts and 3: 

transmission via placenta (1).In 

humans, Toxoplasma infections are 

widespread and can lead to severe 

disease in individuals with an 

immature or suppressed immune 

system, (2,4). 

 Ocular toxoplasmosis (O.T.) or, more 

precisely, toxoplasmic 

retinochoroiditis is the most frequent 

cause of infectious blindness 

andvisual  morbidityamongst young 

adults in developed countries and it’s  

associated with both congenital  and  

acquired  infections (5,6). O.T. is 

characterized by necrotizing 

retinopathy, which is triggered by the 

activation of dormant organisms 

within the retina (5). Active lesions 

that are accompanied by a severe 

vitreous inflammatory reaction will 

have the classic "head light in the fog" 

appearance. It’s the main cause of 

posterior uveitis and can cause serious 

sequelae including complete loss of 

vision (6,7). 

Clinical ophthalmological findings 

together with positive anti – T. gondii 

serology provide sufficient 

information on which to base a 

diagnosis (8).Cell culture   of 

intraocular fluids is particularly 

intensitive when any a small amount 

of materials is available but it may 

take days to weeks to obtain a result. 

PCR detects the DNAs of 

microorganisms and is a rapid method 

which has been used to detect T. 

gondii  in different biological samples 

(9).The aim of the present work was 

to detect toxoplasmic DNA on 

peripheral blood of patients with 

ocular toxoplasmosis.  

 



                   JOURNAL OF MADENT ALELEM COLLEGE VOL 9       NO 1      YEAR 2017 

204 
 

Materials and Methods 

The current study was conductedon95 

patients whose underwent to the retina 

unit at Ibn Al- Haitham hospital of 

eyes in Baghdad, Iraq, from March to 

September 2013. All patients were 

clinically diagnosed by physician 

using slit-lamp bio microscopy device 

and binocular ophthalmoscopy with 

the expansion of the iris maximum 

mydriasis. Healthy eighty four 

subjects were considering as control 

group. Age ranged from 10 to 70 in 

patients and control groups. Five  ml  

of venous blood were  drawn from 

patients  and healthy individuals , 

each sample was divided  in  two 

tubes , the first one contain  3 ml of 

blood for immunological diagnosis 

(ELISA) and the second one contain 2 

ml blood which placed in sterilized 

EDTA tube for molecular diagnosis. 

The sera of all cases were tested for 

the presence of specific IgM and IgG 

anti- Toxoplasma antibodies via 

ELISA kits (Bio check diagnostics 

company, USA)according to the 
manufacturer’s instructions. 

Isolation of genomic DNA from 

whole blood / DNA was extracted 

from the whole 

blood samples of the study groups 

using a commercial purification 

system(AccuPrep® Genomic DNA 

Extraction Kit, Bioneer , Korea ) 

following themanufacture’s 

instruction for DNA purification from 

blood. For Real-Time PCR assay, 

commercial quality quantitative 

detection of DNA parasite 

Toxoplasma gondii (AccuPower® TG 

Real - Time PCR Kit) from the 

production of Korean company 

Bioneer was used (Table 1). 

 

 
Table (1): Special components of Real-Time PCR kit. 

Quantity Component                          

8- well strip x 12 ea TG PCR Premix ( primers,probes , DNA 

polymerase, dNTPS, salts) 

15 µl / tube x 2 strips (Natural) TG Positive Control (PC) DNA 

15 µl / tube x 2 strips (Yellow) Internal Positive Control (IPC) DNA 

15 µl / tube x 2 strips (Purple) DEPC DW ( No Template Control,NTC) 

1800 µl / tube x 4 ea DEPC DW 
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1800 µl / tube x 4 ea SL buffer 

1 ea Optical Sealing film 

 

The TG PCR Premix mix was prepared for each sample according to company 

instruction as following table (2). 

 

Table (2):Components of TG PCR Premix mix. 

Component Volume 

TG PCR Premix Number of tubes 

Internal Positive Control (IPC) DNA 1µl 

DEPC DW 44µl 

Genomic DNA template  5µl 

Total volume  50µl 

 

Then tubes placed Exispin vortex centrifuge at 2500 rpm for 5 minutes, after that 

transferred into Exicycler™ 96 Real-Time PCR and applied the following thermo 

cycler conditions as the following table (3). 

Table (3): Thermo cycler conditions. 

Step Function Temperature 

Time 

(hh:mm:ss) Repeat 

1 INCUBATE 95.00  0:5:0 0 

2 INCUBATE 95.00  0:0:5 0 

3 INCUBATE 55.00  0:0:5 0 

4 SCAN 

  

0 

5 GOTO Step2 

 

45 

6 INCUBATE 25.00  0:1:0 0 

7 End 
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Statistical analyses were computer 

assisted using the Statistical Package 

Statistical Package for Science SPSS 

version 2010, and included the 

following statistical tests: Descriptive 

statistical tables: Mean, Standard 

Error, Standard Deviation, 

95%Confidence Interval of the Mean 

and Contingency Coefficient (C.C.) 

by P>0.05 and P<0.01 was considered 

statistically significant. 

Results 

In the present study, 50 samples of 

sera from patients with ocular 

toxoplasmosis, 45 samples from 

uveitis and  84 samples was consider 

as a control  group , were tested by 

ELISA specific IgM and IgG 

antibodies for T.gondii and  by Real-

Time PCR technique. As shown in 

table (1), positive and negative results 

were recorded, positive IgM and IgG 

in O.T. group was 42(84%) , while in 

uveitis 14(31.1%) and 35(41.7%) for  

control .Negative ELISA IgM and 

IgG, distributed as 8 (16%) for O.T. 

group, 31(68.9%) for uveitis and 

49(58.3%) for control group.  

According to ELISA test the groups 

was renamed as shown in tables two 

and three. The cut – off value of 

positive IgM and IgG was 1.00 

IU/ml., this point used to differentiate 

positive results from negative results. 

Table (2) showed results of the level 

of IgG antibody in all studied groups. 

Higher results was recorded in O.T. 

group 1.661 ± 0.187 I.U./ml., 

followed by positive 

uveitisgroup1.596 ± 0.157 I.U./ml. 

and Asymptomatic toxoplasmosis 

group withvalue1.501 ± 0.257I.U./ml. 

while  other groups presented low 

results of this antibody (Table 2), this 

table explained also the lower and 

upper limit of  IgG level in all groups. 

Levels of IgM antibody was detected 

in this study (Table 3). Patient of 

Ocular toxoplasmosis group recorded 

higher level of IgM in a value 1.922 ± 

0.510  I.U./ml. followed by positive 

Uveitis group1.867 ± 0.061 I.U./ml., 

and finally Asymptomatic 

toxoplasmosis group which recorded 

1.744 ± 0.070 I.U./ml., these patients 

were had acute toxoplasmosis,5.While 

negative results for all groups was 

represented in this table also. Table 

(3) shown lower and upper limit of  

IgM antibody in all studied groups. 

Some pathological effects of T. gondii 

infection in eyes of O.T. patients was 

documented in images (Figure 2,3). 

Besides the serological diagnosis of 

O.T. Real-Time PCR technique was 

used to confirm the infection with T. 

gondii by detection of T. gondii DNA 

in the blood samples of patients and 
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control, the study revealed that out of 

42 patients with O.T. only 14(33.3%) 

showed positive results by R.T.-PCR 

technique while 7(50%) and 7(20%) 

for positive uveitis and Asymptomatic 

toxoplasmosis respectively (Table 4, 

Fig.3). Statistically, there was no 

significant differences between them 

(p<0.05). 

 

Discussion  

Ocular Toxoplasmosis is a major 

cause of posterior uveitis worldwide 

but its incidence and prevalence are 

difficult to evaluate precisely (6).The 

diagnosis is usually based on 

ophthalmological examination 

showing unilateral, whitish, fuzzy- 

edged, round, and focal lesions 

surrounded by retinal edema (7). 

Laboratory diagnosis is based on the 

detected of antibody profiles in ocular 

fluid or in serum samples but it has 

many limitation(8,9,10).The results of 

the present study showed the presence 

of IgM and IgG antibodies in the sera 

of all studied groups with some 

variations (Table 1,2,3) but IgG 

antibody was detected in all groups 

with high percentages especially in 

patients with O.T. 83.33% and 

85.71% in positive uveitis and 

Asymptomatic toxoplasmosis groups 

respectively, this finding referred that 

immunoglobulin G was the major 

class involved in the humoral immune 

response to against the T. gondii 

parasite, this is similar to the findings 

ofAl-Azawi et al.(11) and Al-

Hakeem(12) which found the 

presence of  IgG antibody was higher.                                                                                                                         

The detection of specific IgM 

antibodies has been the most 

frequently used serological marker for 

diagnosing recent toxoplasmosis (13).  

In current study the presence of 

specific IgM antibodies was low in all 

groups. Only 7 cases have positive 

results in O.T. group, 2 cases in 

positive uveitis group and 5 cases in 

control group. Other studies recorded 

this low rate also, Ronday et al.(14) 

detected only one case of IgM, 

Ongkosuwito et al.(15) diagnosed a 

rate 8% of positive IgM from 24 

patients of ocular toxoplasmosis, Al-

Azawi et al.(11) recorded a 

percentage 4.8% of positive IgM from 

42patients of  Toxoplasmicchorio 

retinitis, and this was similar to the 

results of the present study. 

The real-time PCR, has grown 

considerably over recent years, the 

technique had proven to be useful for 

the early and accurate diagnosis of 

toxoplasmosis and for guiding pre-

emptive therapy in patients at high 
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risk of developing invasive 

disease(16). Peripheral blood samples 

originated from patients that gave 

positive results for specific IgG and 

IgM toxoplasmosis were analyzed by 

rael-time PCR. The results showed 

few patients were positive for 

Toxoplasma parasitemia on blood 

samples (Table 4), only 33.3%, 50% 

and 28% percentages for O.T., uveitis 

and asymptomatic toxoplasmosis 

groups respectively. These results 

were in agreement with Cardona  e t 

al. (17) that found 18.18% (4/22) of 

cases with cerebral toxoplasmosis 

were positive by R.T. PCR and 

concluded that, real-time PCR on 

peripheral blood samples was not 

useful for diagnosis of cerebral 

toxoplasmosis. In the study of  Bouet 

al.(18) they  found a positive PCR 

result was obtained with the blood 

from 8 of 15 (53.3%) patients with the 

diagnosis of ocular toxoplasmosis . 

Similar finding have been reported by 

Dupouy – Cametet al.(19). Moreover 

other studies (20,21,22,23) showed 

sensitivity values of tests with blood , 

10 to 35% . Fekkar et al.(24) obtained 

only 8% of T. gondii detection on 

blood for diagnosis of ocular 

toxoplasmosis by PCR , and 

considered that PCR detection of 

T.gondii DNA in blood samples 

cannot be a sufficient tool for the 

diagnosis of ocular toxoplasmosis , 

and these similar to the results of this 

study. The low percentage of 

diagnosis may be explained  that 

ocular toxoplasmosis is considered a 

local event in eye (25) and there is no 

in significant systematic parasitemia, 

instead most probably there exists a 

local reactivation (26), and most of 

patients were during the chronic phase 

of infection.                                     In 

the present study T.gondii DNA in the 

blood of some patients of uveitis and 

asymptomatic toxoplasmosis groups 

were detected (Table 4). In order to 

explain this result, it is possible that a 

small number of parasites might be 

released from tissues into the  blood  

at subclinical level, and their presence 

can be detected by PCR as low- level 

immunosuppressive states (18). 
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Table: (1) The ELISA assay and percentages for all the study groups. 

Groups  
No. and 

Percent 

ELISA   Result   

Total 

  

        C.C.& 

        P-value Positive Negative 

O.T. 
No. 42 8 50   

% 84 16 100   

Uveitis 
No. 14 31 45   

% 31.1 68.9 100 C.C. = 0.389 

Control 
No. 35 49 84 P=0.000 

% 41.7 58.3 100 H.S. 

Total 
No. 91 88 179   

% 50.8 49.2 100   

 H.S.: Highly Significant at P< 0.01 

 

 

Table(2): Levels of IgG antibody by  IU/ml for all study groups. 

Groups 

The   

Total 

No. of 

Samples 

No. of 

Positive 

Samples 

 

Mean 

 

 

Standard 

Deviation 

Standard 

Error 

95 % Confidence 

Interval for 

Mean 

 

Lower 

Value 

 

Uppe

r 

Value 

Lower 

Bound 

Upper

Bound 

O.T. 42 35 1.661 0.187 0.032 1.597 1.7 1.319 2.143 

Uveitis + 14 12 1.596 0.157 0.045 1.496 1.7 1.344 1.831 

Uveitis - 31 - 0.389 0.19 0.034 0.319 0.5 0.123 0.702 

Asymptomatic  

Toxoplasmosis 
35 30 1.501 0.257 0.047 1.405 1.6 1.184 1.897 

Control 49 - 0.35 0.167 0.024 0.302 0.4 0.122 0.712 

 

 

 



                   JOURNAL OF MADENT ALELEM COLLEGE VOL 9       NO 1      YEAR 2017 

213 
 

 
Table(3): Levels ofIgMantibody by  IU/ml for all studygroups. 

Groups 

 The    

Total  

No. of 

Samples 

  

  

No. of 

Positive 

Samples 

 

Mean 

 

 

  

Std.    

Dev.  
  
  

Std. 

Error 

 95 % Confidence 

Interval forMean 

 

Lower 

Value 
  
  

 Upper 

Value 
  
  

Lower 

Bound 

UpperB

ound 

O.T. 42 7 1.922 0.51 0.193 1.45 2.4 1.472 2.658 

Uveitis + 14 2 1.867 0.061 0.043 1.321 2.4 1.824 1.91 

Uveitis - 31 - 0.632 
0.166 

 
0.03 0.571 0.5 

0.306 

 
0.768 

Asymptomatic  

Toxoplasmosis 
35  1.744 0.07 0.031 1.657 1.8 1.679 1.858 

5 

Control 49 - 0.618 0.236 0.034 0.55 0.7 0.238 0.762 

 

 

Table(4): Results of Real - time PCR test  and percentagesforpositiveELISAstudy groups.       

Groups 
No. and 

Percent 

Real-timePCRResult 
Total 

  

C.C.& 

P-value   
  

Positive Negative 

O.T. 
No. 14 28 42   

% 33.3 66.7 100   

Uveitis + 
No. 7 7 14 C.C. = 0.216 

% 50 50 100 P=0.107 

Asymptomatic 

Toxoplasmosis 

No. 7 28 35 NS 

% 20 80 100   

Total 
No. 28 63 91   

% 30.8 69.2 100   
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Figure(1):  Scar diffused in the retinaas a result of OcularToxoplasmosisinfection. 

 

 

   
Figure( 2): The spread ofmanyscares inthe retinadue tochronicOcular 

Toxoplasmosisinfection. 
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Figure(3): graphictapesfor the distribution offrequencies in accordance with 

thepercentageReal-time PCRtest for  positiveELISAstudy groups. 
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Figure (4):  The results of Real time PCR reactionfor positiveELISAstudy groups. 
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Abstract 

This paper produces and investigates the steganography technique of information hiding in 

communication system by using other information to provide major security. Nowadays, the security in 

the information transferring plays a vital role due to data protection importance. Therefore, the traditional 

techniques by using invisible ink or hidden tattoos need to developed and compensate under digital 

processing. Hence, Red (R), Green (G) and Blue (B) plans (RGB) approach is activated to improve the 

proposed scheme. By this technique, the text message converted to binary code as first stage. Then, the 

binary code is arranged as an image and converted to (YIQ) model as second stage. The final stage is to 

save the picture and converted to color image to minimize the distortion. Results show high Peak Signal 

to Noise Ratio (PSNR) and minimum Mean Square Error (MSE) in the extracted picture. The suggested 

algorithm is a promising technique to enhance the current and future communication security and open 

new widow to develop this issue. 

 

Keywords: Steganography, Data Hiding, Image Stages, YIQ. 
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  نموذجب تخداميس نصية رسالةاخفاء  تقنيةفاعلية 

YIQ 
 
 

 الخلاصة:

تقدم هذه الدراسة، البحث في تقنية إخفاء المعلومات بواسطة معلومات أخرى في نظام الاتصالات لتوفير أمن 

لذلك، التقنيات في الوقت الحاضر،أمن نقل المعلومات يلعب دورا حيوياً بسبب أهمية حماية البيانات.  كبير.

حبر غير مرئي أو الوشوم المخفية تحتاج إلى تطويرها والاستعاضة عنها بالطرق الحديثة  باستخدامالتقليدية 

، الأحمر ططمن المعالجات الرقمية. وبالتالي خ (R) الأخضر ،(G) والأزرق   (B) او ما تدعى بطريقة  

(RGB) تفعل لتحسين المخطط المقترح. بواسطة هذه التقنية، الرسالة النصية تحول إلى شفرة ثنائية كمرحلة  

. ثم، يتم ترتيب الشفرة الثنائية كصورة وتحويلها الى موديل أولى (YIQ) كمرحلة ثانية. المرحلة الأخيرة هي  

التشويةلحفظ الصورة وتحويلها إلى صورة ملونة لتقليل  . القمة العالية الى نسبة معدل  أشارةوالنتائج أظهرت  

(MSE)مع نسبة خطأ طفيفة (PSNR)الضوضاء  في الصورة المستخرجة. الخوارزمية المقترحة هي تقنية  

 واعدة لتعزيز أمن الاتصالات الحالية والمستقبلية وفتح نافذة جديدة لتطوير هذه المسألة.
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1. Introduction 

The digitalization of data transmission in the 

modern communication processing gave the 

researchers new open window to develop the 

security in the send information. Interfere 

information via internet suffer from 

unlawfully copy, tamper and intercept. 

Hence, fast growth in the data security 

technique was needed to overcome this 

phenomenon. One of the most important 

techniques is by using a steganography to 

hiding the data in the communication 

channels. The objective of this method is to 

increase the capacity and security 

enhancement for traditional message. The 

Steganographyapproach is typically 

containing a media conversion into secret 

data in term of such called storage media 

[1]. The cryptography, watermarking, and 

steganography is a different methods which 

is used to hidden the information via internet 

channels. Many researchers are contributing 

in this field as in [2-5]. This paper 

introduces and investigated a steganography 

technique only as a major goal. However, 

the hiding secret data is changed the Least 

Significant Bit (LSB) of each pixel in the 

image cover by the bits in the secret 

information resulting in low distortion. The 

idea contributed by [6] considers a simple 

and traditional compared with used demand 

in current communication complexity.  

2. Bit Insertion Strategy  

Today, the LSB insertion strategy is the most 

important method in the steganography data 

encryption way[7]. In the below message 

hidden example, one could hide the letter 

(A) in the first 8-bytes of three pixels in 24-

bits image pixel.     

 
(00100111  11101001  11001000)
(00100111  11001000  11101001)
(11001000  00100111  11101001)

 

A:01000001 

Result: 

(00100110  11101001  11001000)

(00100110 11001000  11101000)

(11001000  00100111  11101001)

 

The transformed bits is show as three underlined bit which represent the half message bit in the 

LSB insertion bit were required. Insignificant difference in the suggested approach permit to 

insert the message in more LSB for each byte resulting in big information capacity as well. Due 

to slight change, one could avoid the pixel change too [8,9]. In the case of 24-bit image, every 

color bit of the red, green and blue components could be used. Subsequently, each color 

represented by a byte. In this case one could store 3 bits in each pixel. Thus, a 800×600 pixel 
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image could store a total amount of 1,440,000 bits or 180,000 bytes of fixed information as 

illustrated in the below example. 

The 3 pixels of 24-bit image could be represented as: 

(00101101 00011100 11011100)

(10100110 11000100 00001100)

(11010010 10101101 01100011)

 

The binary representation of (11001000) for the number 200 is embedded into LSB, then the 

resulting grid written as:  

(0010110𝟏 0001110𝟏 1101110𝟎)

(1010011𝟎 1100010𝟏 0000110𝟎)

(1101001𝟎 1010110𝟎 01100011)

 

 

While the first 8 byte in the grid need to 

change only 3 underlined bits according to 

fixed message. Then, by using the maximum 

cover size one can use only half bits from 

the image for this duty. Subsequently, the 

256 possible intensity of each color will 

change the LSB of pixel to introduce a small 

change in the colors intensity. Hence, the 

human eye can’t distinguish this changes 

and the hidden process is successfully 

established [5].  

3. YIQ Color  

The National Television Systems Committee 

(NTSC) in United States used YIQ color space 

due to a great advantage of gray scale 

information could separate from color data; 

therefore it’s used for both black/white and 

colors signals. The three components of NTSC 

color space include Luminance Y, hue I and 

saturation Q which represent gray and 

chrominance respectively. The approximation of 

given formulation between RGB and YIQ as in 

[11]: 

𝑅, 𝐺, 𝐵, 𝑌 ∈  [0, 1][−0.5957, 0.5957] 

𝐼 ∈  [−0.5957, 0.5957] 

𝑄 ∈  [−0.5226, 0.5226] 

[

𝑅

𝐺

𝐵

] = [

1 0.9563 0.6210

1 −0.2721 −0.6474

1 −1.1070 1.7046

] [

𝑌

𝐼

𝑄

] 

[

𝑌

𝐼

𝑄

] = [

0.299 0.587 0.114

0.595716 −0.274453 −0.321263

0.211456 −0.522591 0.311135

] [

𝑅

𝐺

𝐵

] 
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4. Suggested Model 

The suggested technique depends on psycho visual redundancy and pixel dependency.  

In general, the color image contains 3 different bands in its formed. This color like red, green and blue 

represent the color coordinate systems. The proposed flow chart of suggested algorithms for basing text 

message is illustrated in Figure 1. 

Figure 1: Suggest algorithms flowchart. 

The information hiding process in suggested algorithms achieved in R, G and B band. Hence, 

theMATLAB program version (7.1) has been used to design the proposed algorithms. The first 

stage is to data hidden passing to Graphical User Interface(GUI) in MATLAB to implement the 

LSB algorithms. The second stage in this approach is to return back the reverse data in the cover 

RGB image cover by using GUI interface tool as illustrated below: 

 

Input: RGB color cover image, text message to recover. 

Output:Stego RGB color image. 

Step 1: Decompose the color image into R, G, and B bands. 

Step 2: Decompose each of the R, G, and B band data into binary bit planes. 

Step 3: Transfer the covert information into the binary bit stream. 

Step 4: Scan each binary bit in first binary image 

1stRed band of cover image bit = current pixel in the first binary image. 

Step 5: Scan each binary bit in second binary image 

1stGreen band of cover image bit = current pixel in second binary image. 

Step 6: Scan each binary bit in third binary image 

1stBlue band of cover image bit = current pixel in third binary image. 

Step 7: Save those information generated in steps 4, 5 and 6. 

 

Start 

Convert text message to binary image 

 Loop 1st row to end of original image put in 

 
Convert image from YIQ to RGB model 

Output: Stegoimage 

End 

Input: original image, text message 
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5. Hidden Data Extraction 

The extraction of hidden data from original host image could be recreated without data losses as 

shown below:  

Input: Embedded image. 

Output: Original RGB color image, 3 Hidden Binary images. 

Step 1: Decompose the Embedded image into R, G, and B bands. 

Step 2: Decompose each of the R, G, and B band data into binary bit planes. 

Step 3: Design temple zeroes matrix: 

Temple (size) =original (size) 

For each pixel in temple =1st Red band bit of Embedded image.  

Step 4: Save temple matrix a first binary image. 

Step 5: Implement step3 to step4 for Green band and Blue band.  

Step 6: Save this information generated in steps 3, 4 and 5. 

 

6. Results 
Different image in size, application and field 

has been chosen to implement the suggested 

algorithms as illustrated in Table 1. Figures 

2, 3 and Figure 4 show the different steps of 

implementation process in the suggested 

model. 

 

 

Table 1: Groups original cover images size. 

Class Size 

A 512×512 

B 288×237 

 C 332×400 
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Figure 2: Class A covers images. 

 

 

 

 

Figure 3: Class B covers images. 
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Figure 4: Class C covers images. 

To create secret message, the MATLAB is 

used to implement the hidden image. The 

measurement of 3 stages image quality has 

been done using PSNR level. Hence, alarge 

PSNR level represents small possibility of 

visual attack in human eyes. The three 

standard gray scale images in Figure 1, 2 

and Figure 3 named Lena, Medical and 

Famous picture is illustrated as well. The 

exhibition of all images show the amount of 

smooth area and complicated area in the 

image effect which depend on the PSNR 

capacity inserting. The spreading in all 

images stage is highlight due to big secret 

message affected by use LSB in the RGB 

band techniques which is hidden for human 

eyes. As clear in all images, the medical 

image is more complicated than other image 

due to more edge area and frequent 

variation. Hence, the capacity is affected 

more than Lena image as shows in Figure 5, 

6 and Figure 7.   

The image imperceptibility is shown by PSNR values [3]. 

𝑀𝑆𝐸 =
1

𝑀𝑁
∑∑(𝑋𝑖𝑗 − 𝑦𝑖𝑗)

𝑁

𝑗=0

𝑀

𝑖=0

                                                                                             (1) 

𝑃𝑆𝑁𝑅(𝑑𝐵) = 10 𝑙𝑜𝑔10 (
12

𝑀𝑆𝐸
)                                                                                           (2) 
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Where𝑋𝑖𝑗is the 𝑖𝑡ℎ rows and 𝑗𝑡ℎ columns of original imagewhile𝑦𝑖𝑗 is the 𝑖𝑡ℎ row and 𝑗𝑡ℎ column 

of transformed image. Higher the PSNR value means more difficult to perceive that any hidden 

message is hidden. In our experimental work we have found that by increasing the payload, the 

PSNR value drops down. We have to make a compromise between payload and PSNR. 

 

Figure 5: Histogram embedded image of original (a) and hidden (b) forclassA. 

 

 

 

 

a 

b 
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Figure 6: Histogram embedded image of original (a) and hidden (b) forclass B.  

 

Figure 7: Histogram embedded image of original (a) and hidden (b) forclass C. 

 

a 

b 

a 

b 
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Table 2: The average results for each group of colored images. 

Class 𝐏𝐒𝐍𝐑(𝐝𝐁) Maximum Hiding Capacity in (bits) 

A 41.1468 786432 

B 36.5154 204768 

C 41.0449 398400 

 

 

Figures 5− 7show the results of each group 

for colored images in graph to help study the 

results more easily. Table 2shows the 

average results of each group for colored 

images. If we change our set of images, the 

results will change accordingly. The payload 

values can also be changed by using a 

different information or content to be 

Stephen by the proposed method. 

7. Conclusions 

The new technique of watermarking using 

RGB bandfor all images size is implemented 

in this paper. The suggested methods 

provide randomize key map hidden in single 

channel and two channels in binary and 

copyright image embedded into original 

image for more protection and improve the 

system security. The suggested technique is 

promising in attack the JPEG compression 

and noise. The more attractive feature for 

this proposed method is the ability to use 

either symmetric key or public key and the 

verification of original message could be 

done without hash. This work will support 

and accelerate the researcher developments 

in the communication security field.  
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Abstract 

Multi-carrier code-division multiple access (MC-CDMA) is anextensively known transmission 

technique for high speed data communication. In MC-CDMA, transmission is performed in 

parallel on various frequencies. This technique is widely sought after for the transmission of 

digital data via the media offadding channels. This paper showcases original contribution to the 

field of “peak-to-average power ratio (PAPR)” reductioneffect by using “Multiwavelet Critical-

Sampling Transform (DMWCST)” in the developmental “MC-CDMA systems”. In this study, 

primarily oriented towards the selected mapping techniques and phase modification was used. As 

well showcase how selected mapping with phase modification can be applied to mitigate PAPR 

since they are signal distortionless and their complexity is lesser compared to other techniques. 

Keywords: MC-CDMA, OFDM, PAPR, CCDF, DMWCST. 
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 مى الى القدرة المعدلة لاشارة مقسم التردد العاموديظتقليل نسبة القدرة العتحسين تقنية 

 حواملتقسيم الرموز لعدة في  الحرجة العينة المويجات لمتعدد المنفصل التحويلالمبني على 

 التضمين و تحسين الطور باستخدام طرق اختيارتقنياتبتعدد الدخول

 مدرس دكتور محمد عبود كاظم

 العراق -الجامعة التقنية الوسطى معهد التكنلوجيا بغداد 

 الخلاصة

. بسرعةعالية البيانات لنقل واسع نطاق على معروف هواسلوب (MC-CDMA) بتعدد الدخول حواملتقسيم الرموز لعدة 

 عن الرقمية البيانات لنقل واسع نطاق على هذاالاسلوب. الترددات مختلف فى التوازى على الارسال يتم MC-CDMA فى

مى الى القدرة ظالقدرة العتقليل نسبة  مجال فى الاصلى اسهامه يعرضا العمل هذ. ضعيفة ينقل وقنوات تلاش وسائط طريق

-MCي تطوير نظامفالحرجة  العينة لمتعددالمويجات المنفصل التحويلنظام باستخدام المعدلة لاشارة مقسم التردد العامودي

CDMA .لتخفيفه تطبيق كيفيةالتضمين و تحسين الطور و تقنيات اختيار نحومرحلةالاتجاه  الاول المقام فى, هذا العملفى 

PAPR اخرى بتقنيات مقارنة تعقيداقلال درجةو  اقلالاشارة  لانتشويه. 
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Introduction  

Mobile radio communication schemes are 

required to render high-character multimedia 

services to mobile users. To cater for same, 

modern mobile systems are required to 

strengthen high capacity and changeable bit 

rate transmission with bandwidth efficiency 

to safeguard the restricted spectrum 

resource. Generally, MC-CDMA 

accumulated a considerable measure of 

consideration towards future creation of 

wireless communication. MC-CDMA is a 

cross breed gathering of two access 

techniques, “frequency division 

multiplexing (OFDM)” and “Code Division 

Multiple Access (CDMA)” which consider 

advantage of two strategies. Recently, 

CDMA strategy has been considering as a 

hopeful that requirements quick and capable 

information exchange to bolster interactive 

media administrations, video conferencing 

and promote applications[1-3]. MC-CDMA 

and OFDM frameworks are generally 

utilized as a part of the current third and 

fourth generation wireless networks. They 

are excessively perceived candidates for the 

future era systems for broadband and 

individual correspondences. In that 

capacity,“Discrete Multiwavelet Transform 

(DMWT)” is intended to meet the 

previously stated need. So this anticipate 

shows DMWT subordinate orthogonal 

modulator. But, “Discrete Wavelet 

Transform (DWT)” have the great properties 

however it doesn't satisfy the future needs. 

By actualizing DMWT, it can accomplish 

sound ghastly proficiency and increases 

great “bit error rate (BER)” when contrasted 

with “Fast Fourier Transform (FFT)” and 

DWT[4]. MC-CDMA system is extensively 

used for “Long Term Evaluation 

(LTE)”,“Worldwide Interoperability for 

Microwave Access (WiMAX)”, and Digital 

TV transmission [5].It MC-CDMA schemes 

have inbuilt issue of a high PAPR and also 

the reason for serious performance 

degradation in the transmitted signal. One of 

the key downsides of an OFDM plan is that 

it has a high crest factor. Brought about by 

the nonlinearity of a powerful enhancer 

“high power amplifier (HPA)”, the high 

crest factor component acquires on sign 

twisting the nonlinear HPA. These further 

results in the debasement of “bit error rate 

(BER)”.Numerous topic[6-16] has been 

considered to mitigate the crest factor of the 

OFDM signals. The alignment for the crest 

factor reduction can be categorized into two 

types. First, there are deterministic 

approaches that keep the limit forthe crest 

factor of the OFDM signals under a limit 

level. Clipping and block coding have a 

place with this write. The second sort is 

reliant on probabilistic technique. These 

methodologies factually propel the run of 

the mill of the crest factor appropriation of 

the OFDM signals without sign bending. 

“Selected mapping (SLM)” and “partial 

transmit sequence (PTS)”[17-20]form part 

of this type. In the SLM with OFDM 

system, an arrangement of comparable 

symbol sequences is delivered from a given 

information symbol sequence by having the 

capacity to duplicate with the stage 

successions. At that point, the one with the 

crest factor variable in the set is decided for 

transmission. It is recognized from the 

reproduction results in various writing[21, 

22] that the randomly produced phase 

sequence set outperforms any other 

applicants in SLM OFDM scheme. The 

search issystematized as follows. Section 

two briefly showcases the proposed 

modified “MC-CDMA transceiver”. 

Simulation results are rendered in Section 

three. At last, conclusions are drawn in 

Section four. 

Proposed of Modified MC-CDMA 

Transceiver  

Block diagram of Modified MC-CDMA 

Transceiver as shown Figure 1.In selective 
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mapping, parallel data symbols are 

multiplied by the phase sequences before the 

procedure computation of “Invers 

Multiwavelet Critical-Sampling Transform 

(IDMWCST)” in  [23]. Thereafter, symbol 

sequence with the lesser PAPR is picked 

upand transmitted. The multiwavelet two 

scale equations mirrors those for scalar 

wavelets [24]: 

Φ(𝑡) = √2 ∑ Hk

∞

𝑘=−∞

Φ(2t − k),                                                                       (1) 

ψ(𝑡) = √2 ∑ Gk

∞

𝑘=−∞

Φ(2t − k)                                                                        (2) 

Albiet,𝐻𝑘and𝐺𝑘, and are matrix filters (i.e.,𝐻𝑘and 𝐺𝑘 are n × n matrices in place of scalars). 

In order to pull back the source data at the receiver, information is needed forchannel 

exemplification of the block of source data to be transmitted. Alongside, this information is 

transmitted apart, and is called out as side information.  

Figure 1 showcases the functional block diagram of MC-CDMA scheme with phase 

modification. The complex-valued data symbol𝑆(𝑘) is multiplied alongwith user specific 

spreading code 𝐶(𝑘) = (𝐶0
(𝑘), 𝐶0

(𝑘), … 𝐶𝑉−1
(𝑘) )

𝑇

of spreading factor V. The complex-valued sequence 

sought after spreading is rendered in vector notations 

as,𝑛(𝑘) = 𝑆(𝑘)𝐶(𝑘) = (𝑁0
(𝑘), 𝑁0

(𝑘), …𝑁𝑉−1
(𝑘) )

𝑇

.A multi-carrier spread spectrum signal is 

considered after modulating the components𝑁𝑣
(𝑘), 𝑣 = 0,… , 𝑉 − 1, in parallel onto V sub-

carriers. Let us consider for now that K users are supremely transmitting data. The spread data 

symbols of K users are summed, and then input to the IDMWCST of size Z=1xV. The signal for 

MC-CDMA symbol, 0 ≤ 𝑡 ≤ 𝑇is showcased as  

𝑚(𝑡) =
1

√2𝐷𝑟
∑ ∑∑𝑆(𝑘)

𝐾

𝑘=1

𝑇

𝑡=1

2𝐷−1

𝑑=0

𝐶𝑣(𝑘)𝜙𝑑,𝑡              0 ≤ 𝑡 ≤ 𝑇              (3) 

 

Hereby,m[n] relies on the selected phase-shifted signal. The optimization problem which we are 

intending to resolve is to minimize the PAPR. The PAPR is used as the objective phase 

modification of the optimization problem; so;where: T is the data duration, the PAPR of the 

transmitted signal in (1) can be written as: 

𝑃𝐴𝑃𝑅 =
𝑚𝑎𝑥|𝑚(𝑡)|2

𝐸[|𝑚(𝑡)|2]
(4) 

Where 𝑚𝑎𝑥|𝑚(𝑡)|2signifies the peak power and 𝐸[|𝑚(𝑡)|2] means the average power. Further, 

E [.] denotes expectation and complementary cumulative distribution function for MC-CDMA 

signal can be written as “Complementary Cumulative Distribution Function (CCDF)” = 

probability (PAPR> P0), where P0 is the Threshold [12].  PAPR of MC-CDMA signal is 

mathematically definite as 

𝑃𝐴𝑃𝑅 = 10𝑙𝑜𝑔10
𝑚𝑎𝑥|𝑚(𝑡)|2

1
𝑇 ∫

|𝑚(𝑡)|2
𝑇

0
𝑑𝑡
      𝑑𝐵                                              (5) 
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It further guides the above equation by decreasing the numerator 𝑚𝑎𝑥|𝑚(𝑡)|2 or increasing the 

denominator 𝐸|𝑚(𝑡)|2or both.If the number of subcarriers becomes large, the PAPR of 

transmitted signal becomes large and as such the signal is distorted by the nonlinear amplifer. To 

decrease the nonlinear distortion of nonlinear amplifer, we need to decrease the PAPR of 

transmit signal.  When   0 ≤ Ѳ𝑖 ≤ 2𝜋, the resultant baseband transmission is stated as: 

𝑆(𝑛)[𝑝] = 𝑚(𝑡)𝑒𝑗Ѳ𝑖(6) 

 

 

Figure 1: Block diagram of MC-CDMA System Based OFDM Discrete “Multiwavelet Critical-Sampling 

Transform” using “Selected Mapping with Phase Modification” 
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Simulation Results 

In this section, we reconfirm results of the 

studies and assess the performance of MC-

CDMA dependentDMWCST signals with 

the PAPR reduction method. The 

examination are carried out using 

“MATLAB R2015a” simulations and the 

performance metric of select is the 

“Complementary Cumulative Distribution 

Function (CCDF)”. In “Orthogonal 

Frequency Division Multiplexing (OFDM)” 

the PAPR is commonly calculated per 

symbol. This is not possible in 

DMWCSTdue toDMWCST symbols 

overlap in the time-domain while the PAPR 

has to be computed per frame. The 

DMWCST system is recognized using a 

filter bank structure with many levels of 

decomposition. The modulation structure 

used is “4-QAM”. The phase alphabet is 

taken to be ϕ ∈(0, π/2, π, 3π/2) which is 

randomly selectedthoughproducing the 

phase vector. 

 

 

Figure 2: CCDF of the PAPR of the MC-CDMA System based DMWCST signals for different values of L. 

A reference curve with no PAPR reduction is also plotted. 

 

To suitably scrutinize the enhancements due to the PAPR reduction method, a reference PAPR-

CCDF curve achieved for DMWCST for the case without PAPR reduction (i.e. no phase 

modification) will too be rendered. Figure 2 showcases the CCDF curves for the difference of 
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PAPR under the PAPR reduction method for different number of replications, L. It is vivid from 

the plots that the enhancements are crucial and bring in up to 3.5dB reduction in PAPR in 

comparison to the case when no PAPR reduction method is used. 

 

 

 

Figure 3: Complementary cumulative distribution function (CCDF) of the PAPR of MC-CDMA System 

based DMWCST signals for different distributions of the phase sequences. 

 

Figure 3 displays the respective plots and it 

can be inferred from the figures that all the 

distributions result insignificant 

improvements. Also, there are no notable 

differences in their performances. These 

results are crucial because the imperceptible 

difference in the performances when using 

pseudo-random and random sequences. This 

also means that the former can be used in 

place of the later. Thus the receiver end only 

needs to know the key used to generate the 

pseudo-random phase sequences used at the 

transmitter (and not the entirephase 

sequence). This guides the way for a notable 

mitigation in the transfer of side 

information. 
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Figure 4: CCDF of the PAPR of MC-CDMA System based DMWCST signals using the PAPR reduction 

method for different phase sequences.  

 

 

We presently scrutinize the impact of the phase alphabet on the PAPR reduction technique. The 

results are displayed in Figure 4where a range of cardinalities for the phases are referred back. 

The results showcased based on the select of the phase alphabet does not affect the performance 

of the PAPR reduction method. 
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Figure 5: CCDF comparison of the PAPR for MC-CDMA System based DMWCST signals and several 

DWT family. 

 

In Figure 5 where a comparison between 

DWT family and DMWCST for the phases 

are referred back, we can infer that all the 

wavelets follow a similar CCDF pattern for 

their PAPR performances. Also show the 

PAPR performance curves for various 

wavelet families and various filter lengths, 

respectively. Simulations analyzed also 

verified that suggested design using 

DMWCST achieves much lower PAPR and 

enhanced performance over other DWT 

family. 

 

Conclusion  

In this work, we suggested a technique to 

mitigate the PAPR in the progressive“MC-

CDMA” System based DMWCST signals. 

The method revealed the postulate that by 

modifying the phase of the DMWCST sub-

carriers one can amend the PAPR of the 

transmitted signal. By randomly changing 

the phases of the sub-carriers that modulate 

the information, one can get different 

DMWCST frames with different PAPRs. In 

addition, by transmitting the DMWCST 

frame with least PAPR than other DWT 

family, the probability of the DMWCST 

system slipping into non-linear region is 

significantly lowered 
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Energy Stopping Power of Electrons in the Energy Range  
(0.01- 1000 MeV) In Some Human Body Tissues and Water 
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Abstract 
Electron accelerator is considered as an important tool in cancer radio-therapy and it providing 

unique choice in treatment of superficial tumor. In this paper, the mass stopping power of electrons 

has been calculated in biomedical human substances such as bones, soft-tissues and water with 

energy range of (10 keV-1000 MeV)using two methods. The first methodis done by calculating the 

energy loss of electrons in the tissue as one compound. The second method is by calculating the 

collision energy loss of electrons for each element of the compositions of bone, soft-tissue and 

water, and then calculates the collision energy loss of the tissue, where the tissue was considered to 

be made up of thin layers of pure elements (H, C, N, O, Na, Mg, P, S, Cl, K, Ca, Fe and Zn). The 

present results of the mass stopping power (dE/dX) for bone, tissue(soft) and waterwere 

compared for the two methods with the standard published results (ESTAR PROGRAM). The 

results are found in excellent agreement with the standard published data, where the error doesn’t 

exceeds 0.3% when the first method was used. But it was found that the error is high when the 

second method is used. Therefore, werecommended using the first method and treating the tissue 

as one compound instead of it is composed of thin layers of pure elements. 

 

Keywords: stopping power, human body tissues, electron therapy, bone, biomedical human 

substances.   
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 0.01حساب الفقدان لطاقة الالكتروناتفي بعض الانسجة البشرية ضمن مدى طاقة الالكترونات )

 الكترون فولت(مليون  1000 –

 

 د.شاكر محمود مربط وفاطمة حسن فخريو د.سعيد سلمان كمون

 كلية مدينة العلم الجامعة

 الخلاصة :

السرطانية وقد تكون هي الوسيلة  للأوراميعتبر معجل الالكترونات احد الوسائل المهمة في العلاج الاشعاعي  

تم والجلدية. السطحيةمعالجة الاورام السرطانية  تحت مثل  بعض حالات الاورام السرطانية معالجة الوحيدة في 

مكونات الرخوة والعظام وبعض  الانسجةرونات خلال مرورها فيلالكتقدرة الايقاف لفي هذا البحث حساب 

باستخدام طريقتين ، الاولى هيحساب  ( 1000MeV( الى  )keV 10 من ) في مدىالطاقة )الماء(الجسم البشري

قة الثانيةحساب يوالطر. في النسيج واعتبار النسيج كمركب واحدرونات خلال مرورها طاقة الالكت الفقدان في 

في النسيج واعتبار النسيج مكونا من عدة طبقات كل طبقة تمثل رونات خلال مرورها الالكت طاقةالفقدان في 

تبين بان النتائج  قد.و( H ،Na،Mg،P،S،Cl،K،Ca،Fe،Zn)له عنصرا من العناصر الكيميائية المكونة 

% كأقصى حد عند 0.3ولا تتعدى نسبة الخطأ طابقة بشكل كبير مع اهم النتائج العالمية المنشورة تالحالية م

حساب الجرعات المكافئة للالكترونات عند مرورها في لويمكن اعتمادها كنتائج قياسية استخدام الطريقة الاولى 

د ان نسبة الخطأ عالية على النتائج،وبناء عليه توصي الدراسة جالثانية ووفي حالة استخدام الطريقة .تلك الانسجة

 . الانسجةرونات خلال مرورها فيالفقدان في طاقة الالكتالحالية بعدم اعتماد الطريقة الثانية في حساب 
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1. Introduction  
When charged particles pass through 

matter they interact with atomic electrons by 

several ways. The charge particles may 

interact with atoms through inelastic collision 

and resulting in excitation and ionization of 

atoms, this is known as collision loss. The 

charged particles may suffer another type of 

interaction which is known as elastic 

collision in which it doesn’t loss any energy. 

In addition, the particle can interact with 

atoms through bremsstrahlung production 

and it known as radiative loss. The current 

knowledge, both experiment and 

theoretical, is far from being 

complete, and is often inadequate 

for the determination of stopping 

power values of a variety of 

materials and fora wide range of 

particle energies. [1]. 

 Information about interaction of 

radiation with matter especially with the 

tissue of human body and water  is very 

important from the point of dosimetry and 

radiation protection, radiotherapy and 

calibration of computed tomography 

scanners. 

Since the human body contains mostly 

water, the knowledge of depth doseprofile of 

charged particles in this stopping medium is 

also of great importance for anaccurate 

treatment planning. 

Electron linear accelerator becomes one of 

the effective equipment in cancer 

radiotherapy and treatment of many tumors 

[2, 3], so that the radiation dose should be 

accurate to obtain therapeutic success, when 

a significant under dose can cause failure to 

control the disease and overdose increases the 

risk of damage to normal tissues. Therefore 

the knowledge of mean free path and 

continuous slowing down approximation 

range (CSDA) for biological materials are 

also  important, so that many authors made 

several studies on biological compounds [4-

9].  

Tissues and water equivalent materials 

(TEMs) can be used in quality assurance in 

radiotherapy[10], dosimetry measurements, 

CT-Scanner calibration[11], such materiel 

was consider to be equivalent to a tissue has 

the same radiation characteristics as the real 

human tissues ,accordingly many (TEMs) 

have been studied and developed [12-22].  

Phantoms are physical or virtual 

representations of the human body to be used 

for the determination of absorbed dose to 

radiosensitive organs and tissues. In radiation 

protection a widely used physical model is 

the ALDERSON-RANDO phantom 

(Alderson  [23], Fisher and Snyder  [24,25] 

introduced this type of phantom for an adult 

male which also contains ovaries and a uterus 

.the phantom has been further developed by 

Snyder et al [26,27]. Since then it is known 

as “MIRD-5 phantom” (Medical Internal 

Radiation Dose Committee (MIRD) Pamphlet 

No.5).and many other phantoms for children 

of various age [28], and a pregnant female 

adult phantom Stabin et al [29]. 

The International Commission on 

Radiological Protection (ICRP) has created a 

task group on dose calculations, which, 

among other objectives, should replace the 

currently used mathematical MIRD phantoms 

by voxel phantoms [30]. 

 

2-Mass Stopping Power of the 

Electrons   
The electron loses their energy by 

ionization and excitation of the orbital 

electrons in the medium.Mass stopping 

Power (dE/dX) can be defined as the rate of 

energy loss per unit path length of an electron 

or positron by excitation and ionization 

which was known as “collisional energy 

loss.”The mass collision stopping powers for 

electrons and positrons are given by [31]:  
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(
𝑑𝐸

𝜌𝑑𝑋
)
𝑐

= 𝐾

[
 
 
 

𝐿𝑛 

{
 

 𝜏2(𝜏 + 2)

2 (
𝐼

𝑚𝑜𝑐2
)
2

}
 

 

+ 𝐹∓(𝜏) − 𝛿(𝛽𝛾) −
2𝐶

𝑍

]
 
 
 

……… . . (1) 

 

Where, 

𝐶 = 𝜋 (
𝑁𝐴𝑍

𝐴
)(

𝑒2

𝑚𝑜𝑐2
)

2

 

 

𝐾 =
2𝐶𝑚𝑜𝑐

2

𝛽2
=
0.1535 𝑍

𝐴𝛽2
(𝑀𝑒𝑣. 𝑐𝑚2. 𝑔−1)     𝐼  𝑎𝑛𝑑  𝑚𝑜𝑐

2 𝑖𝑛 𝑒𝑉 

 

𝜏 =
𝑇

𝑚𝑜𝑐2
T is the kinetic energy of the electrons in unites of𝑚𝑜𝑐

2 

 

𝐹−(𝜏) = 1 − 𝛽2 +
1

(𝜏 + 1)2
[
𝜏2

8
− (2𝜏 + 1)𝐿𝑛2] is used for electrons… . (2) 

  and 

𝐹+ (𝜏) = 2𝐿𝑛2 −
𝛽2

12
[23 +

14

(𝜏 + 2)
+

10

(𝜏 + 2)2
+

4

(𝜏 + 2)3
] for positrons… (3) 

 

where 
𝐶

𝑍
  is for shell correctionaccounting for non-participation of K-shell electrons at low energies and; 

 is for the polarization or density effect correction in condensed media[31,32,33] 

 
4.6052X+ C                                                                                     X  ˃X1 

4.6052X + a(X1- X)
m

 + C                                                        X0< X < X l 

(X) = 

0                                 for non - conducting materials                       X < Xo 

(Xo)10
2(x-xo)

            for conducting materials                                X < Xo. 

 

The parameters Xo, Xi, a, m, and C Parameters for elements and many compounds and mixtures 

were published [34, 35]. 

In this equation,   X=  log10(𝜏(𝜏 + 2))
1

2 is the electron kinetic energy in units of the rest mass, 

and 

C = −2𝑙𝑛 (
𝐼

ħ𝜔0
) − 1 

Where, 

ħo    : is the Plasma energy   =  √4𝜋𝑁𝑒𝑟𝑒
3𝑚𝑜𝑐

2/    =  28.816√𝜌〈𝑍/𝐴〉𝑒𝑉 

Ne: is the electron density ( electron /cm
3
 )of the medium. 

: is the Fine structure constant  =  1/137 

       : is the density of the medium (g/cm
3
) 
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2.1 Stopping Power In Compound 

The mass stopping power can be well 

approximated for a mixture of elements or 

chemical compounds through the assumption 

of Bragg’s additive Rule [36, 37]. 

 It states “that atoms contribute nearly 

independently to the stopping power, and 

hence their effects are additive “in terms of 

the weight fractions wiof elements of atomic 

number Zi Present in a compound or mixture. 

The mass stopping power (
𝑑𝐸

𝜌𝑑𝑋
)
𝑚𝑖𝑥

can be 

written according to Bragg’s additive Rule 

as: 

(
𝑑𝐸

𝜌𝑑𝑋
)
𝑚𝑖𝑥

=∑𝑤𝑖 (
𝑑𝐸

𝜌𝑑𝑋
)
𝑍𝑖𝑖

………… . . (4) 

 

Where, wiis the fraction byweight of the ith element. 

The rule can also be applied for mass collision and radiative stopping power as well, and the   

mean excitation energy for compound or mixture can also be calculated using the same rule by the 

following relation [38]; 

 

ln 𝐼 =
∑ 𝑤𝑗(𝑍𝑗/𝐴𝑗) 𝑙𝑛𝐼𝑗𝑗

∑ 𝑤𝑗(𝑍𝑗/𝐴𝑗)𝑗

 

 

Where: Zjis the atomic weight of the jth element in the compound 

Aj is the atomic mass of the jth element in the compound 

Ij is the excitation energy of the jth element in the compound 

 

 

3. Calculation of Energy Loss of 

Electrons  
Following the ESTAR program [39] 

which is a PC package used for calculating 

stopping power and ranges of electrons in 

any element and the results of  about (180) 

compounds and mixture were published. In 

the present study we use two methods to 

calculate the energy loss of electronsin the 

energy range of electrons from 10 keV up to 

1000MeV for tissues and water. The first 

oneis by calculating the energy loss of 

electrons in the tissue as one compound using 

equation (1).The results are compared with 

published results and given in Table(1). 

The second method is by calculating 

the collision energy loss of electronsfor each 

element of the compositions of bone, soft-

tissue and water using Eq. (1), where the 

tissue was considered to be made up of thin 

layers of pure elements.The composition of 

tissue (soft), bone (compact) and water 

(liquid) are given in Table (2).Accordingly 

we calculate the stopping power in H, C, N, 

O, Na, Mg, P, S, Cl, K, Ca, Fe and Zn, which 

are the elemental compositions of the tissues 

and waterusing Eq.(1). The excitation energy 

and the density effect parameters used in this 

study were taken from NIST program 

.[39].The results are compared with the 

standard and presented in Table (3) and Table 

(4),and then using Eq. (4) to calculate the 

collision energy loss in the tissues and water. 

The present results of the mass 

stopping power (dE/dX) for bone, 

tissue(soft) and water which are calculated by 

this methodare compared with other 

published results and presented in Table (5). 
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3.1 calculation of  𝒁𝒆𝒇𝒇,𝑨𝒆𝒇𝒇 and (𝒁/𝑨)𝒆𝒇𝒇 

In the calculation of stopping power of electrons in the tissues, the values of   𝑍𝑒𝑓𝑓,𝐴𝑒𝑓𝑓 and 

(𝑍/𝐴)𝑒𝑓𝑓  have been used and can be calculated using the following formulas [40]: 

  

 

𝒁𝒆𝒇𝒇 =
∑(𝒘𝒊𝒁𝒊

𝟐/𝑨𝒊)

∑(𝒘𝒊𝒁𝒊/𝑨𝒊)
 ……….  (𝟓) 

 

𝑨𝒆𝒇𝒇 =
𝒁𝒆𝒇𝒇

(𝒁/𝑨)𝒆𝒇𝒇
 …………… . (𝟔) 

 
Where (𝑍/𝐴)𝑒𝑓𝑓  is given by: 

(𝒁/𝑨)𝒆𝒇𝒇 = ∑(𝒘𝒊𝒁𝒊/𝑨𝒊) …………(𝟕)  

 

4. Discussion and Conclusion 
 

The results of the present work of 

stopping power are in excellent agreement 

with the standard results published by 

reference [39], where the error on the present 

study doesn
’
t exceeds 0.3% as a maximum 

when the tissues and water was considered as 

one compound as shown in Table (1). The 

present study provides good information 

about the stopping power of electrons in 

some human substances when the electron 

accelerator is used in tumors and cancer 

therapy. The present study also provided 

excellent and accurate results about the 

stopping power of electron in 14 elements as 

showing in Table (3) and Table (4). 

 It can be noticed that from Table (5), 

when the second methodis used to calculate 

the collision energy loss of electrons in bone, 

soft-tissue and water in which the tissue was 

considered to be composed of a thin layer of 

pure elements of the tissues composition, the 

error on the results is high and reached to 

about 25% in some cases, so we 

recommended to use the first method and 

treating the tissue as one compound instead 

of composed of thin layers of pure elements. 
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Table (1):    Comparison of the mass collision stopping power of electrons with the standard results in  

                   Bone, Tissue (soft) and Water, where all tissues was considered to be as one compound 

dE/dX (MeV.cm
2
/g) 

ENERG

Y 

(MeV) 

BONE TISSUE (soft) WATER 

ESTA

R(std)[

39] 

present 

study 

ERROR% ESTAR 

(std)[39] 

present 

study 

ERROR

% 

ESTAR(

std)[39] 

present 

study 

ERROR% 

0.010 20.680 20.671 0.043 22.570 22.511 0.264 22.560 22.509 0.224 

0.020 12.130 12.134 -0.032 13.170 13.137 0.249 13.170 13.148 0.170 

0.040 7.191 7.192 -0.008 7.767 7.751 0.202 7.777 7.763 0.186 

0.060 5.370 5.371 -0.016 5.787 5.776 0.185 5.797 5.787 0.181 

0.080 4.412 4.413 -0.032 4.749 4.740 0.191 4.757 4.749 0.162 

0.100 3.820 3.821 -0.031 4.107 4.100 0.176 4.115 4.108 0.158 

0.200 2.599 2.600 -0.037 2.786 2.782 0.155 2.793 2.789 0.153 

0.400 1.996 1.997 -0.026 2.142 2.139 0.158 2.148 2.145 0.147 

0.600 1.815 1.816 -0.033 1.955 1.952 0.146 1.963 1.961 0.117 

0.800 1.740 1.741 -0.053 1.876 1.873 0.146 1.886 1.883 0.147 

1.000 1.705 1.706 -0.071 1.839 1.836 0.164 1.849 1.847 0.124 

2.000 1.684 1.685 -0.088 1.812 1.810 0.123 1.824 1.821 0.141 

4.000 1.735 1.736 -0.077 1.859 1.857 0.116 1.870 1.868 0.102 

6.000 1.778 1.779 -0.063 1.901 1.898 0.144 1.911 1.909 0.102 

8.000 1.810 1.811 -0.074 1.932 1.930 0.102 1.943 1.941 0.122 

10.000 1.835 1.836 -0.074 1.958 1.955 0.139 1.968 1.966 0.112 

20.000 1.909 1.911 -0.084 2.035 2.032 0.139 2.046 2.044 0.118 

40.000 1.976 1.977 -0.054 2.105 2.102 0.131 2.118 2.116 0.117 

60.000 2.012 2.013 -0.069 2.142 2.140 0.100 2.156 2.154 0.093 

80.000 2.037 2.038 -0.068 2.168 2.166 0.110 2.182 2.180 0.083 

100.000 2.056 2.058 -0.077 2.188 2.185 0.127 2.202 2.200 0.090 

200.000 2.114 2.116 -0.084 2.247 2.245 0.091 2.263 2.260 0.118 

400.000 2.171 2.173 -0.091 2.306 2.304 0.087 2.322 2.320 0.091 

600.000 2.204 2.206 -0.102 2.341 2.339 0.098 2.357 2.354 0.117 

800.000 2.228 2.230 -0.096 2.365 2.363 0.099 2.381 2.379 0.075 

1000.000 2.246 2.248 -0.090 2.384 2.382 0.082 2.400 2.398 0.088 
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Table (2): Composition of Tissues (Soft)ICRP [41] , Bone (Compact)ICRU[36] and Water (Liquid) [39] 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

composition of TISSUE, SOFT (ICRP): [41] 

Density (g/cm3)= 1.00000E+00 

Mean Excitation potential(eV)= 72.300000 

Composition of BONE, COMPACT (ICRU) 

[36] 

Density (g/cm3) =1.85000E+00 

Mean Excitation potential(eV) = 91.900000 

Composition of WATER, LIQUID [39]: 

Density (g/cm3) =1.00000E+00 

Mean Excitation potential(eV) =75.0000 

 

No. Element Density  

(gm/cm3) 

Fraction 

by weight 

 

Mean 

ionizati

on 

potentia

l  (I (eV) 

Element Density  

(gm/cm3) 

Fraction 

by weight 

 

Mean 

ionization 

potential  

(I (eV) 

Element Density  

(gm/cm3) 

Fraction 

by weight 

 

Mean 

ionization 

potential  

(I (eV) 

1 H 0.0899×10-3 0.104472 19.2 H 
0.0899×10

-3 
0.063984 19.2 H 0.0899×10-3 0.111894 19.2 

2 C 2.26 0.232190 81 C 2.26 0.278000 81 O 1.429×10-3 0.888106 95 

3 N 1.25×10-3 0.024880 82 N 1.25×10-3 0.027000 82     

4 O 1.429×10-3 0.630238 95 O 1.429×10-3 0.410016 95     

5 Na 0.97 0.001130 149 Mg 1.74 0.002000 156     

6 Mg 1.74 0.000130 156 P 1.82 0.070000 173     

7 P 1.82 0.001330 173 S 2.07 0.002000 180     

8 S 2.07 0.001990 180 Ca 1.55 0.147000 191     

9 Cl 3.21 0.001340 174         

10 K 1.78 0.001990 190         

11 Ca 1.55 0.000230 191         

12 Fe 7.87 0.000050 286         

13 Zn 7.13 0.000030 330         
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Table (3): Values of mass collision stopping power (MeV.cm
2
/g) for electrons in pure elements of 

the tissues composition 

 

Elements H C N O Na Mg  P 

Energy 

(MeV) 

dE/dX dE/dX dE/dX dE/dX dE/dX dE/dX dE/dX 

std. calc. std. calc. std. calc. std. calc. std. calc. std. calc. std. calc. 

0.010 51.24 51.22 19.99 19.93 19.95 19.90 19.37 19.33 16.79 16.77 17.15 17.12 16.41 16.39 

0.020 29.16 29.15 11.69 11.66 11.68 11.65 11.38 11.35 9.99 9.98 10.22 10.20 9.81 9.80 

0.040 16.87 16.86 6.91 6.89 6.90 6.89 6.75 6.73 5.98 5.97 6.12 6.11 5.89 5.89 

0.060 12.45 12.44 5.15 5.14 5.15 5.14 5.04 5.03 4.49 4.48 4.60 4.59 4.43 4.42 

0.080 10.15 10.14 4.23 4.22 4.23 4.22 4.14 4.13 3.70 3.70 3.79 3.78 3.65 3.65 

0.100 8.74 8.73 3.65 3.65 3.66 3.65 3.59 3.58 3.21 3.21 3.29 3.28 3.17 3.17 

0.200 5.85 5.85 2.47 2.47 2.49 2.48 2.44 2.44 2.20 2.19 2.25 2.25 2.17 2.17 

0.400 4.45 4.44 1.89 1.88 1.91 1.91 1.88 1.88 1.70 1.70 1.74 1.74 1.68 1.68 

0.600 4.04 4.04 1.71 1.71 1.75 1.75 1.73 1.72 1.56 1.56 1.60 1.59 1.54 1.54 

0.800 3.88 3.88 1.64 1.64 1.69 1.69 1.67 1.67 1.51 1.51 1.54 1.54 1.48 1.48 

1.000 3.82 3.81 1.61 1.61 1.67 1.67 1.65 1.64 1.49 1.49 1.52 1.52 1.46 1.46 

2.000 3.82 3.82 1.59 1.59 1.69 1.69 1.67 1.67 1.51 1.51 1.53 1.53 1.47 1.47 

4.000 4.02 4.02 1.64 1.64 1.80 1.80 1.78 1.78 1.58 1.58 1.60 1.60 1.54 1.54 

6.000 4.18 4.17 1.68 1.68 1.88 1.88 1.86 1.86 1.63 1.63 1.65 1.65 1.59 1.59 

8.000 4.30 4.29 1.71 1.71 1.94 1.94 1.92 1.92 1.66 1.66 1.68 1.68 1.63 1.62 

9.000 4.35 4.34 1.72 1.72 1.97 1.96 1.94 1.94 1.67 1.67 1.69 1.69 1.64 1.64 

10.000 4.39 4.39 1.74 1.73 1.99 1.99 1.97 1.96 1.68 1.68 1.70 1.70 1.65 1.65 

20.000 4.70 4.70 1.80 1.80 2.14 2.14 2.12 2.12 1.76 1.75 1.77 1.77 1.72 1.72 

40.000 5.01 5.01 1.87 1.86 2.29 2.29 2.27 2.27 1.82 1.82 1.84 1.84 1.79 1.79 

60.000 5.14 5.14 1.90 1.90 2.36 2.35 2.34 2.34 1.86 1.86 1.88 1.88 1.83 1.82 

80.000 5.21 5.21 1.92 1.92 2.40 2.39 2.38 2.38 1.89 1.89 1.90 1.90 1.85 1.85 

100.000 5.26 5.26 1.94 1.94 2.42 2.42 2.41 2.41 1.91 1.91 1.92 1.92 1.87 1.87 

200.000 5.38 5.38 1.99 1.99 2.51 2.51 2.49 2.49 1.96 1.96 1.98 1.98 1.92 1.92 

400.000 5.49 5.49 2.05 2.04 2.59 2.59 2.57 2.57 2.01 2.01 2.03 2.03 1.98 1.98 

600.000 5.55 5.55 2.08 2.07 2.63 2.63 2.62 2.61 2.04 2.04 2.06 2.06 2.01 2.01 

800.000 5.60 5.60 2.10 2.10 2.66 2.66 2.65 2.64 2.07 2.06 2.09 2.08 2.03 2.03 

1000.000 5.63 5.63 2.12 2.11 2.68 2.68 2.67 2.67 2.08 2.08 2.10 2.10 2.05 2.04 
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Table (4): Values of mass collision stopping power (MeV.cm
2
/g) for electrons 

in pure elements of the tissues composition 
 

Elements P S Cl K Ca Fe Zn 

Energy 

(MeV) 
dE/dX dE/dX dE/dX dE/dX dE/dX dE/dX dE/dX 

Std. cal. Std. cal. Std. cal. Std. cal. Std. cal. Std. cal. Std. cal. 

0.010 16.41 16.389 16.75 16.73 16.23 16.21 16.10 16.08 16.51 16.50 13.88 13.87 13.15 13.14 

0.020 9.81 9.798 10.03 10.01 9.70 9.69 9.66 9.65 9.91 9.89 8.46 8.45 8.06 8.06 

0.040 5.894 5.887 6.029 6.02 5.83 5.83 5.82 5.81 5.97 5.96 5.15 5.14 4.93 4.93 

0.060 4.429 4.425 4.533 4.53 4.39 4.38 4.38 4.37 4.49 4.49 3.89 3.89 3.74 3.74 

0.080 3.654 3.650 3.741 3.74 3.62 3.62 3.61 3.61 3.71 3.70 3.22 3.22 3.10 3.10 

0.100 3.172 3.169 3.248 3.24 3.14 3.14 3.14 3.14 3.22 3.22 2.80 2.80 2.70 2.70 

0.200 2.171 2.169 2.224 2.22 2.16 2.15 2.16 2.15 2.21 2.21 1.93 1.93 1.87 1.87 

0.400 1.677 1.676 1.719 1.72 1.68 1.67 1.67 1.67 1.71 1.71 1.50 1.50 1.45 1.45 

0.600 1.537 1.535 1.574 1.57 1.54 1.54 1.54 1.54 1.58 1.57 1.37 1.37 1.33 1.33 

0.800 1.483 1.481 1.519 1.52 1.49 1.49 1.49 1.49 1.52 1.52 1.33 1.33 1.29 1.29 

1.000 1.461 1.460 1.496 1.49 1.48 1.48 1.47 1.47 1.50 1.50 1.31 1.31 1.27 1.27 

2.000 1.47 1.469 1.505 1.50 1.51 1.51 1.49 1.49 1.51 1.51 1.32 1.32 1.28 1.28 

4.000 1.541 1.540 1.579 1.58 1.61 1.61 1.56 1.56 1.59 1.58 1.38 1.38 1.35 1.34 

6.000 1.591 1.590 1.633 1.63 1.69 1.69 1.62 1.61 1.64 1.64 1.42 1.42 1.39 1.39 

8.000 1.625 1.624 1.67 1.67 1.75 1.75 1.66 1.65 1.68 1.67 1.46 1.46 1.42 1.42 

10.000 1.651 1.649 1.698 1.70 1.80 1.80 1.69 1.69 1.71 1.70 1.48 1.48 1.45 1.45 

20.000 1.723 1.722 1.776 1.77 1.95 1.94 1.78 1.78 1.79 1.79 1.56 1.56 1.53 1.53 

40.000 1.789 1.788 1.846 1.84 2.08 2.08 1.85 1.85 1.86 1.86 1.63 1.63 1.60 1.60 

60.000 1.826 1.825 1.884 1.88 2.14 2.15 1.89 1.89 1.90 1.90 1.66 1.66 1.64 1.64 

80.000 1.851 1.850 1.91 1.91 2.19 2.20 1.92 1.92 1.93 1.93 1.69 1.69 1.67 1.66 

100.000 1.869 1.868 1.93 1.93 2.23 2.23 1.94 1.94 1.95 1.95 1.71 1.70 1.68 1.68 

200.000 1.924 1.923 1.987 1.99 2.33 2.34 2.00 2.00 2.01 2.00 1.76 1.76 1.74 1.74 

400.000 1.977 1.976 2.042 2.04 2.41 2.42 2.05 2.05 2.06 2.06 1.81 1.81 1.79 1.79 

600.000 2.008 2.006 2.073 2.07 2.45 2.46 2.08 2.08 2.09 2.09 1.84 1.84 1.82 1.82 

800.000 2.029 2.028 2.096 2.09 2.47 2.49 2.11 2.10 2.12 2.11 1.86 1.86 1.84 1.84 

1000.000 2.046 2.044 2.113 2.11 2.50 2.51 2.12 2.12 2.13 2.13 1.88 1.88 1.86 1.86 
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Table (5): Comparison of the mass stopping power of electrons in bone, tissue (soft) and water, 

where the  

                  tissue was considered to be made up of thin layers of pure elements with the standard 

results    

 
dE/dX (MeV.cm

2
/g) 

ENERGY 

(MeV) 
BONE TISSUE (soft) WATER 

ESTAR(

std)[39] 

present 

study 

ERROR% ESTAR

(std)[39

] 

present 

study 

ERROR

% 

ESTA

R(std)[

39] 

present 

study 

ERROR

% 

0.010 20.680 20.943 -1.273 22.570 22.790 -0.974 22.560 22.895 -1.485 

0.020 12.130 12.273 -1.181 13.170 13.280 -0.837 13.170 13.346 -1.336 

0.040 7.191 7.264 -1.016 7.767 7.826 -0.760 7.777 7.867 -1.161 

0.060 5.370 5.421 -0.945 5.787 5.828 -0.709 5.797 5.860 -1.088 

0.080 4.412 4.452 -0.901 4.749 4.780 -0.654 4.757 4.807 -1.058 

0.100 3.820 3.852 -0.849 4.107 4.133 -0.630 4.115 4.157 -1.026 

0.200 2.599 2.616 -0.642 2.786 2.800 -0.495 2.793 2.819 -0.932 

0.400 1.996 2.009 -0.636 2.142 2.147 -0.244 2.148 2.166 -0.848 

0.600 1.815 1.835 -1.124 1.955 1.961 -0.332 1.963 1.982 -0.991 

0.800 1.740 1.768 -1.621 1.876 1.890 -0.740 1.886 1.913 -1.443 

1.000 1.705 1.741 -2.086 1.839 1.861 -1.188 1.849 1.887 -2.033 

2.000 1.684 1.749 -3.851 1.812 1.874 -3.400 1.824 1.910 -4.701 

4.000 1.735 1.838 -5.915 1.859 1.976 -6.289 1.870 2.026 -8.353 

6.000 1.778 1.906 -7.190 1.901 2.055 -8.088 1.911 2.115 -10.660 

8.000 1.810 1.957 -8.133 1.932 2.115 -9.455 1.943 2.182 -12.306 

10.000 1.835 1.998 -8.865 1.958 2.162 -10.439 1.968 2.236 -13.618 

20.000 1.909 2.123 -11.197 2.035 2.313 -13.671 2.046 2.408 -17.712 

40.000 1.976 2.240 -13.384 2.105 2.458 -16.787 2.118 2.576 -21.630 

60.000 2.012 2.296 -14.104 2.142 2.524 -17.833 2.156 2.650 -22.930 

80.000 2.037 2.330 -14.397 2.168 2.564 -18.249 2.182 2.695 -23.492 

100.000 2.056 2.355 -14.559 2.188 2.592 -18.466 2.202 2.726 -23.797 

200.000 2.114 2.428 -14.858 2.247 2.673 -18.975 2.263 2.815 -24.390 

400.000 2.171 2.497 -15.006 2.306 2.750 -19.236 2.322 2.898 -24.785 

600.000 2.204 2.535 -15.039 2.341 2.792 -19.274 2.357 2.943 -24.875 

800.000 2.228 2.562 -14.989 2.365 2.821 -19.288 2.381 2.974 -24.915 

1000.000 2.246 2.582 -14.972 2.384 2.843 -19.257 2.400 2.997 -24.884 

 

 

 
 


