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Instructions for Authors
Al-Mustansiriyah Journal of Science (MJS)

Manuscript text (first submission) should be double spaced on one side of high
quality white ,A.4 sheets (21.6x27.9 cm) with margins of one inch all around the
page using Microsoft Word 2007 or 2010 using (doc.) type. The typing in Arabic
or English must use (Times New Roman, font size of 14 pt). The sections should
be arranged in the following order: Title Page, Abstract in English, Abstract in
Arabic, Introduction, Materials and Methods @xperimental), Results and
Discussion, Conclusion, Acknowledgment (if any), Abbreviations (if any) and list
ofReferences. The head ofthe sections should be capitalized, bolded and centered
and font size of 16pt. (e.g. ABSTRACT, INTRODUCTION, MATERIALS and
METHODS (EXPERIMENTAL), RESULTS and DISCUSSION,
CONCLUSION, ACKNOWLEDGMENTS, REBERENCES), and the others
(sub-sections) should be in sentence case and bolded as well.
Title Page: Includes the title of the article, author's names with full names and
affrliations. The affiliation should comprise the department, college, institution
(University or Company), and should be typed as a footnote to the author's name.
The e-mail address of the author responsible for correspondence (who is
designated with an asterisk *) must be given at the first page under the name and
affrliation of authors.
References: All references should be cited in using the appropriate Arabic
numerals, which are enclosed in parenthesis (e.g. Pollurethane rigid foams are
largely used as insulating materials for their combination of low density, low
thermal conductivity and good mechanical properties [1-3].)
A list of references should be given in the end of the manuscript. References
should be typed single-spaced and numbered sequentially in the order in which
they are cited in the text. The number of the reference should be given between
two brackets [ ].
* Journal's paper
[]. Metalo S. J., Kane R. S., Holmlin R. E., Whitesides G. M., Journal of

American chemical Society. 125, 5, 453 4 -4 5 40, 2003.
.i. Books:
[2]. Edward M. Handbook of Adhesives and Sealants; McGraw-Hill: New york,
2000.
Tables: Tables should be created using the Table tool in MS Word using font size
9 point. Tables should be numbered with Arabic numerals and referred to by
number in the Text (e.g., Table 1,2,3... etc.). Each Table should be typed with the
legend above the Table.

Figures, Schemes and Diagrams should be numbered in a consecutive series of
Arabic numerals in the order in which they are cited in the text (e.g., Figure I or
Scheme l).一^
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ABSTRACT
This study was designed to investigate the hypoglycemic effect of

ethanolic extract of fenugreek seed (Trigone\o-joe"im graecum) in
normal and streptozotocin-induced diabetic rats. Seeds extract was oially
administered with 350 mglkg for 2l days. Body weights and serum
glucose levels were weekly checked in all treated and uitreated groups.
Administrations of the extract alleviated body weight lols and
significantly decreased serum glucose levels in diabetic rits, whereas it
increased serum insulin in diabetic rats but not in normal rats (p < 0.05).
A comparison was made between the action of fenugreek seed extract ani
glibenclamide (600 pgkg),the known antidiabetic drug. The antidiabetic
effect of the extract was similar to that observed for giibenclamide. It is
concluded that the plant should be considered as an excellent candidate
for future studies on diabetes mellitus.

INTRODUCTION
Diabetes mellitus is one of the main threats to human health in the

21't century because changes in human behavior and rifestyre. Hence, the
elg!.al number of people with diabetes is estimated to iise up to 366
millions in 2030 ll ,21.

Management of diabetes is being a tough task with the organic
medicines as they have many side effects. The interest has been incrJased

-on 
the medicinal plants used for remedy or reducing the risk of diseases.

More than 400 medicinal plants are present worldwide for the treatment
of diabetes mellitus, while only few of them have been subjected to
scientific authentication as anti-diabetic agents t3]. Flnugreek
(Trigonella foenum-gracecum) is an old medicinal plant and hasieen
commonly used as a traditional food and medicine. The seeds are reported
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to have restorative and nutritive properties [4] and its nutrient
composition is moisture, protein, fat, saponins, and dietary fibers [5]. In
addition, wide range of its medicinal applications were identified and its
medical use for the treatment of inflammation, tumors, cardiovascular
diseases, renal insufficiency, infections, and metabolic disorders has been
clear in several studies 16,7 , 8,9, 10, I 1,12).lt has been also shown that
at the stated dose, it increases the bone marrow cell counts indicating its
stimulatory effect on blood cells especially macrophages [13].
Furthermore, one ofthe nutritional profiles ofFenugreek seed is iron and

may influence the iron absorption [4].
However, the present study has been aimed to investigate the

hypoglycemic effect of ethanolic extract of Fenugreek seeds in
streptozotocin (STZ) induced diabetic rats.

MATERIALS AND METHODS
Plant material:

The Fenugreek seeds (Trigonella foenum-gracecum) were
purchased from local seed dealers in Baghdad, Iraq and identified by
experts in College of Science, University of Baghdad, Iraq.
Plants extract preparation:

The healthy Fenugreek seeds were selected and kept in spirit for I
minute. They were dried on the filter paper and powdered in a electrical
grinder and stored at 5"C until further use. 50 g of seed powder with 150

ml ethanol were used for extraction by soxhlet extraction method for six
hours. The extract was filtered. The residue was re-extracted twice under
the same condition to ensure complete extraction. The extract was filtered
and evaporated to dryness under reduced pressure at 60oC by a rotary
evaporator. Extract was placed in dark bottle, and stored at -8 oC until
further analysis [5].

Animals:
Thirty adult male Wistar rats weighing around 170-200 g were

purchased from College of Veterinary Medicine, University of Baghdad,
Abu Ghraib, Baghdad, Iraq. The animals were kept in polypropylene
cages (three in each cage) at an ambient temperature of 25+4 "C and 55-

65%:o relative humidity l2+l hr light and dark schedule was maintained
in the animal house till the animals were acclimatized to the laboratory
conditions. They were fed commercially available rat chow and had a free

access to water. The experiments were designed and conducted in
accordance with the institutional guidelines.

Experimental induction of diabetes:
Streptozotocin (Sigma,USA) was freshly dissolved in citrate buffer

(0.01M, pH 4.5) and maintained on ice prior to use. The ovemight fasted
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rats were made type 2 diabetes with a single intraperitoneal injection of
STZ (50 mg/ke) [6]. Rats with plasma glucose levels above 250 m{dL
were considered as severe diabetic and were used in the experiment.
Experimental design:

'The rats were divided into 5 groups comprising of 6 animals in each
group as follows:

Group I : Normal rats (Controls).
Group II : Untreated diabetic rats.
Group III : Normal + Plant extract treated rats.
Group IV : Diabetic+ Plant extract treated rats.
Group V : Diabetic+ Glibenclamide treated rats.
Normal rats (Controls) receiving 0.0IM citrate buffer (pH 4.5). All

treatments were orally given seed extract (350 mg/kg body weighVday)
in aqueous solution once daily for2l days.

Measurement of blood glucose levels:
At every interval of the experiment (lst, 7th, l4th,2ls days), The

blood was drawn from the tail and measured the blood glucose [vels by
using Accuchek glucometer. The body weights of the rats were alsl
recorded.
Statistical analysis:

Statistical analysis was carried out by using one way ANOVA as in
standard statistical software package ofsocial science (spss). All values
are presented as the means for six records. p values below 0.05 were
considered statistically signifi cant.

RESULTS AND DISCUSSION
The body weights and the blood glucose levels ofall the groups are

expressed and showed in Table I and Table 2 respectively. Untieated
9i"b-.!i: rats (Group II) showed a significant decriase in 6ody weight
b<0.05) when compared to the control rats (Group I). In Group III, ihe
normal animals given seed extract showed slight changes in body weights
compared to the control rats (Group I). The administration'of se-eds
extact in GroLrp IV significantly increased body weights compared to the
diabetic group (Group II). However, there wereno significanidifferences
in body weight between Group IV and Group v which administered a
standard drug Glibenclamide.

The levels of blood glucose were significantly higher (p<0.05) in
diabetic rats as compared to the control rats (Group D. Afte; 7,14,21
days of administration of seeds extract to diabetic rats, the blood glucose
levels significantly decreased as compared to the untreated diabetic rats
(Group II). However, the hypoglycemic effect of seeds extract was
slightly less than that in animals treated with Glibenclamide.
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Table 1: Effect of ethanolic extract of fenugreek seed on animal body weights of
SIZ rats rats.

Groups Day 1 Day 7 Day 14 Dav 2l
I (lllormal) 185.67 18923 19143 19859

II (Diabetic) 19191 187.54 18005a 166.88a

III (Normal + FSE) 188.25 19077 194.82 197.70

IV (Diabetic + FSE) 192.17 18881 185.71b 189.93b

V (Diabetic + Gli) 19033 18856 18165 189.54b

V are calculated as mean for six rats in each S with to

(P<0.05); (b) Significant with respect to Group II (P<0.05).

The hypoglycemic effect ofFenugreek (Trigonellafoenun-gracecum) sead exfract in experimentally
diabetic rats

Yasir

induced diabetic rats and normal

group; (") ignificant

Values are calculated as group; (") Significant respect to Group
(P<0.05); (b) Significant with respect to Group ll (P<0.05).

Administration of Streptozotocin (50 mg/kg, i.p.) led to about 3-fold
elevation of fasting blood glucose levels, which was maintained over a
period of 3 weeks (Table 2). In diabetes the increased blood sugar levels

might be due to either insulin resistance of the body cells or decreased

secretion of insulin from beta cells manifest in the decreased serum

insulin levels [17]. The reduction in the serum insulin levels in the STZ

treated rats mighi be attributed to the reduced secretion of the hormone

which might be due to the damage of the beta cells of endocrine pancreas.

The STZ selectively destroys the pancreatic cells and induce

hyperglycemia [8, 19, 20].
The present results indicate significant decrease in body weight and

raise in blood glucose levels in diabetic rats and they became normal
when treated with the seed extract (Table 1,2). This suggests that

fenugreek seeds have a protective role in reducing glucose levels as well
as in increasing body weight.

Three weeks of daily treatment of ethanolic extract of fenugreek

seed led to a time-dependent fall in blood sugar levels, the highest effect
was after 3 weeks of extract administration. The hypoglycemic effect of
plants may be due to the presence of insulin-like substances in plants [22],
stimulation of B cells to produce more insulin [23], high level of fiber

‘
″　　　）η　・

Table 2: Effect ofethanolic exhact of seed on blood levels(mノdL

Groups Day 1 Day 7 Day 14 Day 2l
I (Normal) 8657 8839 8936 89.9

II (Diabetic) 252.6a 28002a 31139a 317.12a

III (Normal +
FSE)

9074 9333 92.11 90.51

IV @iabetic +
FSE)

25177 228.76b 19298。 16637b

V (Diabetic +
Gli)

25012 220.38b 182.82b 161.92b

mean for six rats in each with tO

4



Al- Mustansiriyah J. Sci. Vol. 25, No 4, 2014

which interferes with carbohydrate absorption [24] or the regenerative
effect ofplants on pancreatic tissue 125,26,27).

Renuka and his colleagues [28] reported that the hypoglycemic
action of the extract of herbal plants in diabetic rats may be possible
through the insulinomimictic action or by other mechanism such as

stimulation of glucose uptake by peripheral tissue, inhibition of
endogenous glucose production of activation of glcuoneogenesis in liver
and muscle.

It may be concluded that fenugreek seed extract possess antidiabetic
activities and the seeds extract may be used as an antidiabetic agent. The
plant should be considered as an excellent candidate for future studies on
diabetes mellitus. In addition, further comprehensive pharmacologic
investigations, including experimental chronic studies should be carried
out.
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ABSTRACT
In the last ten years, salinity of drinking water increased step by step until it

became-serious issues in Iraqi southern cities specially in Al-Basra. people in this city
are suffering from increasing salinity in the drinking water and in rivers. Howevei,
modem news showed that marine creatures were found in rivers of Iraqi middle cities
such as in Babylon city which is a good indication for increasing salinity in these
axeas.

Salinity depends on concentration ofchloride ions in the water, this fact is according
to correlation 'Salinity=1.8 * [Cfj' [1].
Iraqi water purification stations are using chlorine gas in two stages of water
purification processes and are using neuhal salts of aluminum sulfate (Alu(SOa):)
instead of alum salt or potassium aluminum sulfate (KAl(SOn)z). In addition, haqi
population is increasing too and they use ofdifferent detergents containing ofchloridi
ions. These factors increased salinity in Iraqi rivers and effecting different
environments.
This research explained why water purification stations use chlorine gas in two stages.
Furthermore, in this research, concentration of chloride ion was calculated using
Mohrs method while aluminum ion concentration was calculated by flammabli
atomic absorption technique.
There is one solution for the increasing salinity which is "carbon filter" and should
be used in water purification stations to decrease concentration ofchloride ion, which
leads to decrease salinity in Iraqi drinking water and Iraqi rivers.

Al- Mustansiriyah J. Sci.
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Explanation and Solution oflncreasing Salinity in Iraqi Drinking Water and Rivers.

INTRODUCTION
There is 3oZ freshwater available on earth, 68.7%o is frozen in the form of

icecaps and glaciers, 30.1% is river water, 0.3% is surface water and 0.9%o is

unaccounted for. It is clear that we use the 0.3% watqr by purifying it over and over

again. The surface water includes 87% for lakes, 1l% for swamps and remaining 2%o

for rivers. With so much of waste being dumped into them every minute, water
pollution iq inevitable, and surely the purity cannot be guaranteed. Hence, none of
these sources provide us with clean and pure drinking water' In order to make this

water consumable, it is processed in many ways.

The water from rivers and lakes is treated in large water treatment plants. These

methods givethebasic treatment to the polluted water [2]'
However, Over the world, There are another different steps but this depends on the

source of water and the country type.
In fact, there are many chemical compounds are used in water treatment techniques.

However, there are two main compounds are used in most countries of the world,
these compounds are potassium alum (or fenic alum) and chlorine gas. Hydrated
potassium aluminum sulfate (potassium alum) which is the - formula
KAI(SO+)z.I2H2O, more widely, alums are double Sulphate salts, with the formula

AM(SOq)z'12HzO. There are five known alums as follow [3- 4]:
1. Potassium alum (KzSOr.Alz(SO+):.24HzO).
2. Ferric alum (11r5Qa.Fe2(SOc)z.24HzO).

3. Soda alum (l'JazSOa.Alz(SOq)t. 24HzO)
4. Chrome alum (KzSO+.Crz(SOr)t.24 HzO).

5. Ammonium alum (NHdl(SO +)z.l2HzO).
Potassium alum (I(AI(SO+) llZHzO) is well known compound since very long time.
unfortunately, Iraq uses aluminum sulfate salt (AldSOa):) instead of it. and uses

chlorine gas two times in water treatrnent process. This study illustrates effects of
above changing in Iraq water purification stations.

MATERIALS AND METHODS
In this study, Iraqi water purification stations were studied for more than eight years

2004-2012. Many stations were visited in Missan city and according this study lasted

eight years (2004-2012), all Iraqi water stations follow the same principles in water

treatrnent processes.

On the other hand, many samples of tap water (in Missan city) were collected to
determine concentrations of aluminum ion and chloride ion. Aluminum ions

concentrations were calculated by flammable atomic absorption technique while
chloride ions concentrations were calculated using Mohr's method as follow:
L Preparation of (50lo) (K2CrO+) (indicator): 1.0 g of (KzCrOz) was dissolved in 20

mL of distilled water.
2. Preparation of standard (AgNO:) solution: 9.0 g of (AgNO:) was weighed out,

transfened to a 500 mL volumetric flask and made up to volume with distilled
water.

3. The resulting solution was approximately 0.1 M. This solution was standardized

against NaCl.
4. Pipette aliquot of Chlorides solutions into 250 mL Erlenmeyer flask.
5. Dilute with dist
illed water to about 100 mL. In order to adjust the pH of the solution, small

quantities ofNaHCOr were added until effervescence ceased.

10

Alaa



Al- Mustans iriyah J. Sci. Vol. 25, No 4, 2014

6. Add I mL of 5%o Potassium Chromate solution (I(zCrO+).
7. Titrate with Silver Nitrate solution (AgNO3) till the first color change (red color of

(AgzCrzOr)).

RESULTS AND DISCUSSION
Figure (1) illustrates how Iraqi water stations work and what they have. In fact, all

these stations have same principles.
Missan tap water contains about (360-396 mg/L) of chloride ions and about (2.1-3..1

mg/L) of aluminum ions [3- 4] however, they depending on the employees ofstations.
Tanks order and other instruments in water purification stations was studies as

following figure which illustrate this [3]:

Figure 1: illustrated anangement of Iraqi water treatment stations.

Each tank and addition shown in figure (l) have a purpose so this study
will show the purpose of each tank and each addition alone as follow:
L Tank (A): according to results of this study, aluminum sulfate is

relatively insoluble salt comparing with potassium alum therefore Iraqi
water stations are solving this issue by putting this salt in tank (A) show
in figure (1). In fact, the workers oflraqi water stations leave aluminum
sutfate salt in tark (A) over night for about 24 hours and stirring it
twice for about two hours, one hour in the first time and one hour in
the last time. The time of stirring and amounts of aluminum sulfate that
added to tank (A) are changing depending on workers ofwater stations.
Therefore, this step of tank (A) is for producing large amounts of
aluminum ions because aluminum sulfate salt is neutral salt as same as

sodium chloride salt (NaCl), these salts dissociated in water molecules
to form their ions, for this the equation of aluminum sulfate in water
molecules will be as follows:

Alz(SOa): +HzO 

-=nrnr5tlvltaiehr-;> 
2 Al*3 +3SO+'2

2. Sub+ank of Tank (B); This step is so important step, it contains both stirring and
addition of chlorine gas, however, this because:

Auother
stirrilg

machine
.{nother L.rgc

aoooot of
chlorinc gas



Explanation and Solution of Increasing Salinity in Iraqi Drinking Water and Rivers.
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It is the first place where products of Tank (A) (aluminum and sulfate ions)
meet raw water. In fact, Iraqi raw water contains particles of clay which have
different ions, atoms and molecules such as Si, Al, Mg, Cq Fe, AlzSizO5(OH)2,
KAlzAlSilOro(OH)2, ...etc [4]. These minerals should contain reducing agents
so it will react with aluminum ions by oxidation-reduction reaction so it will
give their electrons to aluminum ion leading to convert it from soluble ions to
solid metal. Therefore, to prevent this, Iraqi water stations add chlorine gas in
this step which is a good oxidation agent that will react with any reducing
agents of raw water instead of aluminum ions therefore aluminum will be saved
as soluble ions in drinking water.
The above point explained how aluminum ions are saved from reducing agents
of raw water (clay particles); but what happens if some aluminum ions are
already taking electrons from reducing agent of raw water? Once again
chlorine gas will prevent this by reacting with aluminum because aluminum
ions when take three electrons will be good reducing agent so it will react with
chlorine gas (good oxidizing agent) by oxidation-reduction reaction.
Therefore, chlorine gas of sub-tank of Tank (B) will return aluminum.atoms to
be ions soluble in drinking water.
Aluminum ions have a good affinity toward oxygen atoms so when aluminum
sulfate dissociated in Tank (A), it should associatbd in sub-tank of Tank (B).
Therefore, Iraqi water stations contain stining in sub-tank of Tank (B), which
will relatively prevent aluminum ions from bonding with oxygen atoms of
sulfate ions. Tank (B) is to precipitate unwanted materials in raw water so
stirring contradicts with precipitate process. There is one explanation for
stirring in sub-tank of Tank (B) which is to prevent aluminum ions from
bonding with oxygen ions of sulfate ions.
Chlorine gas in water molecules will form strong oxidant agent hypochlorus
acid (HOCI), this agent will react with sulfate ions (SOa-2) to produce hydrogen
sulfide (HzS) according to the following equations:
Clz + HzO =# HOCI+HCI
HOCI + HCI + SO+_2 ___) HzS + 2O2 + 2Cl_
Hydrogen sulfide (HzS) has bad smell similar to known smell (dirtiness) so
people in Iraq thought that some interactions has occurred between tubes of
drink water with tubes of dirtiness. For this many tubes were removed and
millions dinars were spend. While the reason is simple as showed in above
equations. However, it should notice that smell of (HzS) was increased and
noticed very well in summer season rather than other seasons. This may
because that above reaction needs special conditions and these conditions in
summer are better than other sersons. Therefore, for understanding above
reactions following equations will explain this:
Clz + 2e' <+ 2Cl'
2HzO <-+ g.r+ 4e- + 4H*
By summing above equations:
Clz + ZHzO <----) 2Cl' +O2 +2c +4H+
Therefore, above products with (SOa'2) will give:
SOa-2 +8H+ *8e- <.+ 4HzS +2Oz
Clz + 2HzO <+ 2Cl- + 02 + 2e' + 4H*
By summing these equations:
SO+-2 +Clz + 2HzO +4H+ +6e- <-+ 4HzS + 3O2+2Cl-

A.

B.

C.

D。

洛
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Then, conditions of above reaction in addition to (SO+-2 ) and (Clz) are thafi
(4H*) and (6e-). Therefore, in summer season above conditions should be more
than other seasons.

E. All water stations produce sulfate ions (SOl-2) so tleir concentration will be
high in raw water. This will increase formation of aluminum sulfate salt which
will increase backward reaction rather than forward reaction, according to the
following reaction equation:
Alz(SOr): +HrO <-t 2Al+3 +3SOa-2
Certainty, addition of chlorine gas and stirring in subtank of Tank (B) will
prevent formation of aluminum sulfate as has been indicated.

3. There is another large amount of chlorine gas added to Tank (C). This amount is

to complete chlorine gas addition in sub-tank of Tank (B). This means addition of
chlorine gas in Tank (C) is to finish the above paragraphs (A-D). So we can

conclude that chlorine gas ofTank (C) is to insure that aluminum ions stay as same

without any changes.

Hence, addition of chlorine gas should be in balancing with contamination of Iraqi
rivers [3]. On the other hand, Iraqi rivers are flowing rivers so they are less

contaminating rivers [3]. Therefore, addition of chlorine gas in Iraqi water stations
does not in balancing with contamination levels. Scientific results of this research
indicated that addition of chlorine gas in Iraqi water stations is to protect aluminum
ions that are produce from addition of neutral salt instead of addition ofalum salt or
potassium aluminum sulfate in water purification processes.

However, the addition of aluminum sulfate instead of potassium alum and the
addition of chlorine gas are too much in water purification stations which increase
concentrations of aluminum ions, sulfate ions and chloride ions. Chloride ions come
from the addition of chlorine gas in water stations according to the following
equations:
Clz + HzO -------------> HOCI+HCI
HOCI+HCI 2H* +2Cl' + O

This indicates that each chorine molecule give two chloride ions or each one mole of
chlorine gas will produce two moles of chloride ions so this would increase chloride
ions in drinking water lead to more salinity water.
All water stations have same principles and use same materials in water purification
process so they should produce same high levels results of aluminum, sulfate and

chloride ions.
Aluminum ions concentration in drinking water depends on the amounts of aluminum
sulfate salt that workers of water stations add into Tank (A). the results of this study
indicated that aluminum ion concentration is higher than what is allowed (0. 15 mg/L).
In fact, aluminum ion is dangerous poison for human, animals and plants, it caused
more than fifty different diseases [3-11] table (l).
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Table l: Diseases caused by Aluminum.
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In fact, effects of aluminum in drinking water is very obvious on Iraqi people but
it is out of this research scope.
In addition, sulfate ion concentration is too higher, so in sunmer with high
temperature it will convert to (HzS) with malodor that well known. However, this is
out ofthis research scope too.
This research is deals with increasing of salinity of Iraqi rivers in the last ten years
And it indicated that this increase comes from too much addition of chlorine gas in
water purification stations. This addition will increase chloride ions in the water of
Iraqi rivers and relating water. There is a relation between salinity and chloride ion
(Salinity:l.3 't 1Cl-1) [1]. Therefore, increasing chloride ions leads to increase salinity
of the water.

CONCLUSIONS
Iraq is using wrong technique in water purification process so it must use

potassium alum instead of aluminum sulfate salt to stop many diseases, also, it must
use carbon filter to remove chloride ions from drinking water and from Iraqi rivers.
Carbon filter will remove salinity from Iraqi rivers and fulfill this, water stations
should use it.
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ABSTRACT
Starting with 2‐ aminO‐ 5‐mercaptO_1,3,4‐ thiadiazole a senes of cyclic imides linked

to l,3,4‐ thiadiazoL mOiety(1‐3)wee synthesレ ed宙athe reacing minO gOup with
dittbrent cyclic anhyd五 des using nucrOwave rnethod.The products werc reactedヽvlth

chloro acetic acid to yeild{[5‐ substitutedimide‐ 1,3,4‐thiadiazol-2-yl]thiO)aCetic

acid(4‐ 6),whiCh COnverted later to thc acid chloHdes(7‐9)by uSing thionyl chioride.

The rcaction of glycine宙 th the last compounds(7‐ 9)waS perfo.1..ed tO fo..11[([(5-

substitutedimide‐ 1,3,4‐thiadiazol‐2‐yl)thiOl aCetyl)aminO]acctiC acid(10‐ 12),whiCh
are the basic compounds to give the followlng hctcrocycles derivatives:4-arylidcne‐

1,3‐ oxazol‐ 5“H)‐one(13-15),3‐alnino‐ 5‐arylidene‐ 3,5‐dihydro‐4H‐imidazol-4-one

(16‐ 18), and ethy1 6‐ hydroxy‐ 5,6,7,7a‐tetrahydro‐ 1,3‐benzoxazole‐ 5‐carboxylate

(19‐21).The present work involved also synthesis of three different hctcrocycles

derivatives,oxadiazole(25-27),1‐ alninO triazole‐ 5‐thiaol(28‐ 30),and l―phenyl

tiazole‐ 5‐thiaol(31‐33)using COmpOunds(22‐ 24)as starting material Thc
synthesized compounds were screened for their antimicЮ bial act市ity and exhibitcd

goOd tO moderatc antimicrobial act市 lty agalnst the tested organisms.The structure

of all the compounds was conf1111led by elemental analysis and spcctral analysis

(HlNMR,FT― IR and UV.visible).

INTRODUCTION
F市e memberedheterocyclic compounds showvarioustypes ofbiological

acti宙ty such as 2,5-disubstituted l,3,4‐ thiadiazoles wich associated with
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diverse biological activity involving antimicrobial, anticonvulsant, and
antinflamatory,[1]. Therapeutic importance of these rings prompted us to
develop selective molecules in which substituent could be arranged in a
pharmacophoric pattern to display higher pharmacological activities. On
the other hand,, 1,2,4-triazole-3-thiones attracts considerable attention
because ofvarious biological properties such as: pesticides, antifungal,
anti-tubercular, antiviral, antioxidant, antitumoral, anti-inflammatory,
anticonvulsant, etc,f2,3,4). Approach to practice of medicinal chemistry
has been developed from an empirical one involving synthesis of new
organic compounds based on modification of chemical compounds of
known biological activities could be better explored. It is well established
that slight alteration in the structure of certain compounds are able to
bring drastic changes to yield better drug with less toxicity to the host, it
is observed that chemical modification does not only alter
physiochemical properties but it also alters pharmacological properties.
In view of these facts and as a continuation of our research on the
biological properties of 1,3,4-thiadiazole, 1,2,4-triazole and their
derivatives, we have designed and synthesized thiadiazole and triazole
systems, as antibacterial agents.

MATERIALS AND METHODS
All melting points were uncorrected and determined by open end
capillary tube method in Gallen Kamp MFB-600-Melting point
apparatus. The reactions were made using Microwave Oven Russell
hobbs 850watt.TheFTIR spectra were recorded on a ShimadzuFT-
IR 8400s spectrophotometer using KBr discs. tH-NlvR. spectra were
recorded on BurkerDMX- 500 NMR SPECTROPHOTOMETER on a
300 MHz, with TMS as intemal standard and DMSO as solvent (Al
albayt University-Jordan). IJV-Vis. Spectra were made using UV-
1650PC spectrophotometer and chloroform as a solvent. The physical
data of the synthesized compounds are presented in Table L

Synthesis of 2- substitutedimide-5-mercapto-1,3,4-thiadiazol (l-3;tst t
Anhydride compound (phthalic anhydridem, malic anhydride, and

1,S-naphthalic anhydride) (0.005 mole) was reacted with (0.679, 0.005
mole) of 5-Amino-1,3,4-thiadiazole-2-thiol in microwave synthesizer.
The mixture was irradiated in microwave oven for (2-9.55 mins.) at 800
W, 2450WI2. The crude product was recrystallised from petroleum
ether. The physical properties were listed in table l.

Synthesis of {[5- substitutedimide-13,4-thiadiazol-2-yl]thio] acetic
acid (4-6):

A mixture of compounds (1-3) (0.01 mole) was reacted with an
equimolar amount of chloro acetic acid in microwave synthesizer. The
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15) with ethylacetoacetate led to the formation of l,3-benzoxazole
derivatives (19-21). The last compounds were used as a starting material
for another scheme, the reaction of compounds (19-21) with hydrazine
led to form 2-({[5-substitutedimide-1,3,4-thiadi-azol-2-yl]thio]methyl)-
6-hydroxy-4-aryl-4,5-dihydro-1,3-beraoxazole-5-carbohydrazide (22-
24). These compounds (22-24) were cyclized in three different manners.
The first one is, the reaction of Q2-24) with carbon disulfide to form
1,3,4-oxadiazole derivatives (25-27). The second is, the reaction of(22-
24) with carbon disulfide and hydrazine to form 1,2,4-tiazole derivatives
(28-30). The third is, the reaction of(22-24) with phenyl isothiocyanate
led to 4-phenyl-|,2,4-triazole derivatives (3 I -33).
Structures of all products were confirmed by analytical and spectral
methods. The FT-IR spectra ofcompounds (l-3) showed disappearing of
(N-H) band for ( -NHz) group and appearance of (C-O) symmetric and
asymmetric stretching band at (1790-7772 cm-t asy.) and (1739-l73lcm-
t sy.). UV-Vis. spectra of compounds (l-3) showed intense maxima at
(231 nm) and (385 nm) refering to r--r* and n---+n* electronic transition
respectively. While the compounds (4-6) showed disappearance of (N-
H) band for (>NH) group in the ring structure and appearance of (G-H)
stretching band at (3431-3420 cm'r) and the (C-O) stretching band for
carboxylic group at (1700-1720 cm't). UV-Vis. spectra of compounds (4-
6) mostly showed intense maxima at (205 nm) and (2858 nm) refering to
z---zr* and n---+n* electronic transition respectively.

The FT-IR spectra ofthe compounds (7-9) showed disappearance
of (G-H) band for carboxylic group and shifting of (C=O) stretching band
into a higher wavenumber in a bout (1799-1796 cm-r;. UV-Vis. spectra
of these compounds showed intense maxima at (251 nm) and (351 nm)
due to zr---+n* and n--*n* electronic transitions.
Also the compounds (10-12) were showed (O-H) stretching band at
(3502-3410 cm-r) and (N-H) stretching bands at (3296-3141 cm'r), in
addition to four (C=O) stretching band at (1779-1672 cm-r;. The rH-

NMR of compound (10) showed 6 3.02 (s, 2H, HN-CI{2-COOH), 6 3.69
(s, 2H, N-CH2-S), 5 4.50 (s, lH, N-H), 67.82-7.89 (m, 4H, Ar-H), and 6
13.42 (s, lH, O-fD. UV-Vis. spectra of these derivatives showed intense
maxima at (208 nm) and (273 nm), which belong to n---+r* and n--rn*
transitions. The FT-IR spectra of compounds (13-15) showed
disappearance of (N-H) band and one of the (C:O) stretching. The'H-
NMR of compound (13) showed 6 2.50 (s, 2H, CH2),6 4.25 (s, lH,
:CH),6 7.06-7.17 (m, 4H, Ar-H), 6 7.34-7.66 (d-d, 4H, Ar-H) and
612.73 (s, lH, OlD. Also the rH-NIv,IR. of compound (14) showed 6 2.50
(s, 2H, ClIu), 6 6.78-6.99 (d, 2H,CH -CFI), 6 7.45-7 .79 (d-4 4H, Ar-H)
,6 7.86 (s, lH, :CFI) and 610.34 (s, lH, OH).I-ry-Vis. spectra of
compounds (13-15) showed intense maxima at (259 nm) and (373 nm)
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refeHng to π―→π* and n―→πキ electronic transition respectively. The

compounds(16-18)showed O― H)StretChing band at(3240-3173 cm‐ 1)

and reducing ofthe(C=0)StretChing band for lactam at(1697-1668 cm‐
1).The lH_31MR ofcompound(17)showed δ 4.21(s,2H,CH2),δ 4.78

(S,lH,=Cり,δ 7.04(d,2H,CH CD,δ 7.34-7.55(d‐ d,4H,Ar H),δ
7.84(s,2H,N―H),and δ H.61(s,lH,0-D.Ftther more the lH-31MR
of compound(18)showed δ 2.94(s,2H,CH2),δ 4.74(s,lH,=C⊃ ,δ

7.10-7.67(m,10H,Ar H),δ 8.34(s,2H,NH),and δ 10.44(s,lH,0-
H).UV―ViS.spectra of compounds(16-18)mostly showed intense
maxima at(221 nm)and(336 nm)r,fering to π→π*and n→π*electЮnic

transition respect市ely.The FT―IR spectra of the compOunds(19-21)

showed of(O HD band at(3416-3325 cm‐ 1)and threc(C=0)Stretching

band at(1779-1722 cm‐ l).The lH‐llMR of compound(21)shoWed δ
l.81(t,3H,CH3),δ 2.20(s,2H,SCH2),δ 2.44(d,lH,CH Ar),δ 2.68

(d,lH,CH―C00Eo,δ 2.93(q,2H,CH2~CH3),δ 3.83(s,lH,主 CD,δ
4.19(s,lH,0,Iう ,δ 7.79-8.72(m,10H,Ar Hl and δ 10.14(s,lH,0-
H).UV‐ ViS.spectra ofthese compounds showed intense maxima at(225

nln)and(340 nln)due tO π―→π*and n―→π*clectronic transitions.

AlSO,00mpounds(22-24)showed Oこ■ID StretChing band at(3327-3138
Cm‐

1)in additiOn to decrease of(C=0)StretChing band to the(1680‐
1676

Cm‐1).The lH―NNR ofcompound(22)showed δ 2.49(s,2H,CH2),δ
2.53(d,lH,CH=Ar),δ 3.07(d,lH,CHCO),δ 3.85(s,lH,=CD,δ 4.12

(s,2H,N―H),δ 4.42(s,lH,OH),δ 7.34‐7.98(m,8H,Ar―HD,δ 8.41(s,
lH,N―H)and δ 10.51(s,lH,0-Iぅ.I」√―ViS.spectra ofthese deHvat市 es

showed intense ma対 ma at(205 nln)and(348 nm)whiCh be10nged tO
π―→π*and n―→π*transitions.

The FT― IR spectra ofthe compOunds(25-27)indiCated the absence of

absorption bands to■ lH2 grOup and the presence of a S― H absOrption
band at(2569-2541 cm‐ 1).The Structure ofcompound o6)was cOnill.led

by lH―blMR which showed δ 2.50(s,2H,CH2),δ 2.68(d,lH,CH Ar),
δ3.04(d,lH,CH C=N),δ 3.17(s,lH,=CH),δ 3.39(s,lH,0-D,δ
6.59(d,2H,CH=CH),δ 7.70-7.87(d―d,4H,Ar―D,δ 9。93(s,lH,S■ H)
and δ 10.91(S,lH,0-D.And the lH_llMR spectra of compound(27)
showed δ 2.51(s,2H,CH2),δ 3.44(d,lH,CH=Aう ,δ 3.57(d,lH,CH―
C→9,δ 3.73(s,lH,=CD,δ 4.23(s,lЦ O■H),δ 7.19‐ 8.63(m,10H,
Ar H),δ ll.54(s,lH,SH)and δ 13.46(s,lH,∝ D.UV―ViS.spectta
of thesc der市 at市cs showed intense ma対 ma at(233 nm)and(318 nm)
which belonged to π―→π*and n―→π*transitions.In the FT―IR spectra of
compounds(28-30)the presence of STH absorption band at(2542‐ 2500
Cm‐

1)indicate tO the cyclization.■
le lH―llMR spectnlm of compound

(29)shoWed δ 2.50(s,2H,CH2),δ 3.67(d,lH,CH=Aぅ ,δ 3.82(d,lH,
CH―C=゛ぅ,δ 4.06(s,lH,=CD,δ 4.69(s,lH,いり ,δ 6.81(d,2H,
CH=CIり ,δ 8.14-8.43(d― d,4H,Ar―Hl,δ 8.96(s,2H,N■ ED,δ 10.23(s,
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lH,SttID and δ 12.34(s,lH,OH).In addition the lH-31MR spectrum
ofcompound(30)shoWed δ 2.28(s,2H,CH2),δ 2.89(d,lH,CH Ary,δ
3.12(d,lH,CH N),δ 3.93(s,lH,=CH),δ 4.10(s,lH,←D,δ 6.95-

7.91(m,10H,Ar n,δ 8.25(s,2H,N■ ID,δ 12.38(s,lH,S■ED and δ

12.97(s,lH,OH).■ttr_Vis.spectra ofthese de五vat市es showed intcnse

maxima at(235 nln)and(331 nln),WhiCh bel“ g to π→π*and n→π*

transitions.The structures of compounds(31-33)were indicated by the

absence ofthe characteristic NH2 Stretching band.ThelH― ■lMR spectrum
ofcompound(32)showed δ 3.01(s,2H,CH2),δ 3.21(d,lH,CHTAぅ ,δ

3.44(d,lH,CHJC N),δ 3.64(s,lH,=CID,δ 4.44(s,lH,0■D,δ 6.83

(d,2H,CH=CD,δ 7.26‐ 7.83(m,9H,Ar Hy,δ lo.97(s,lH,SH)and
δ 12.45(s,lH,OH)・ UV‐Vis.spcctra of these der市at市es showed
intense maxima at(206 nln)and(325 nln),WhiCh belong to π→π*and

n―→π*transitions.Spectral data were liζ ted in table 2 and the elemental

analysis results are presented in table 3.

Biological Screening:Antimicrobial Activity Tests
The antibacte五 al acti宙 ties of compounds(10-33)were tested

againstthe rnicro― organisms.After incubation,the diameters ofinhibition

zones around the wens were measured, to the nearest mm, in three

difFerent directions using a ruler and the average dialneter was recorded

and compared to that ofthe contЮl.From the data presented in Table[4]

itis clear that compounds(11)has g00d act市ity against all species,whilc

(10)Was fOund to be unact市 e against all microorganisms.The other

compolmds showed moderate to low act市 ity against all species.
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Table I : Physical Properties ofCompounds (l- 33)

Comp. No
Time of Irr.

(Min.) M.P (C') Yield% Colour Purification solvent

1 2 213‐215 98 Gold Petroleum ether
う
ｚ 5 234‐236 89 Brown Petroleum ether
3 9.55 227‐229 97 Peach Petroleum ether
4 10 239‐ 241 つ

つ
て
υ Ycllow MeOH:HzO (3:7)

5
う
‘ 251-253 67 01市e MCOH:H20(3:7)

6 15 244-246 62 Gold MCOH:H20(3:7)
7 5 225‐ 227 80 Coffcc

8 7.5 248‐250 く
υ

ウ
′ Dark gray

9 10 231‐233 ξ
υ

０
０ Brown

10 5 301‐ 303 64 Peach Ethanol

10 298-300 63 Yellow Ethanol

12
ξ
υ 310-312 60 Yellow Ethanol

13 166-168 61 Brown EIOH:HzO (3:7)
14 131‐ 133 61 Brown EIOH:HzO (3:7)

ξ
υ 185-187 65 Orange EIOH: HuO (3:7)

16 171‐ 173 66 Olive EtOH
17 197‐ 199 69 Orange EtOH
18 214‐ 216 66 Orange EtOH
19 143‐ 145 56 Olive EIOH:HzO (3:7)
20 133‐ 135 つ

Ｄ
く
υ Gold EtOH:H20(3:7)

21 148-150 ξ
υ

ξ
υ ｅｎ．　

呻

Ｇｒｅ

ｙｃ‐‐
EIOH: HzO (3:7)

22 204-206 62 Gold Ethanol

23 197‐ 199 61 01市e Ethanol

24 211-213 62 Yellow Etllanol

25 234‐236 68 Peach Ethanol

26 214‐216 66 Brown Ethanol

27 245-247 66 Peach Ethanol
Ｏ
Ｏ

つ
４ 258‐260 61 Peach EIOH:HzO (1:1)
29 239‐241 64 Yellow EIOH:HzO (l:1)
30 266-268 59 Ycllow EIOH: HzO (1:l)
31 218-220 62 Orange EIOH:HzO (3:n
32 199-201 63 Brown EIOH:HzO (3:7)

つ
Ｊ

●
Ｊ 221‐ 223 つ

Ｄ
′
υ Orange-red EIOH: HrO (3:7)
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Vo1 25,No4,2014

1-33

δ302(s,2H,
C00H),δ 369(s,2H,
CH2~S),δ 450(s,lH,

H),δ 782-789(m,
Ar H),and δ 13 42(s,1

250(s,2H,CH2),δ 425

m,4H,Ar H),δ 734-
66(d‐ d,4H,Ar H)and

250(s,2H,CH),δ 6

99(d,2H,CH=CH),δ
45-779(d― d,4H,Ar D

s, lfl3QS. and
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Table 3: Result of Antimicrobial Activity Tests (Agar Diffusion Method) of
0- 3

Conlp

No.

Susceptible microorganisms
Gram posillve species Gram negative species

S.aureu B sub E coli Pseudomonas
500 250 125 75 500 250 125 75 500 250 125 75 500 250 125 75
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ABSTRACT
ln this paper, we propose the robust color image watermarking technique based on
wavelet domain and properties of human visual system for the copyright protection.
Watermark embedding process is carried out by transforming the color image into
wavelet domain and then edge detection process is used to determihe the suitable
locations to hide the watermark in the image coelficients. The watermark is embedded
in the coefficients of low frequency subband after detect the structural edges in order
to achieve the optimal tradeoff between watermark robustness and invisibility.
Experimental results show that the proposed technique improves the robustness and
invisibility which are known to be conflict to each other. The invisibility performance
of proposed technique was evaluated by three image quality metrics are PSNR, UQI
and SSIM. The evaluation results exhibit the high robustness of the proposed
technique against the common image processing operations.
Keywords:- Digital watermarking; wavelet transformation; copynght protection;
edge detection.

INTRODUCTION
Information hiding became a vital field as the use of the Intemet became
popular. Information hiding is a young field and it is developing in an
exponential rate ll, 2]. In digital images the information hiding
applications could be divided into two groups is steganography and
digital watermarking. As a branch of information hiding, digital
watermarking provides an effective method for copyright protection,
authentication, security and integrity of digital media data.
The basic way for digital image watermarking is to insert some hidden
information into image data, while the quality of the watermarked image
is retained, and the watermark can still be detected under different types
of intentional and unintentional attacks, i.e., watermarking should be
robust, but the ways ofpursuing invisibility and robustness are conflict.
It is a key issue to find a optimal balance between invisibility and
robushess. The robustness is the ability to resist certain malicious
attacks, such as the common operations of image processing (clipping,
filtering, enhancement, compression, etc.) which is important issue in
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digital watermarking. The invisibility is original image should not be
visibly degraded by the watermark. In other words, unauthorized user do
not perceive the existence of the watermark. invisibility ensures the
excellent perceptual quality of the protected image [3].
watermarking techniques can be generalry categorized into two
categories spatial domain methods and Frequency (tiansform) domain
methods [4]. Spatial domain methods are based on direct alteration of the
values of the host image pixels, so the watermark has to be embedded in
this way. Such methods are simple and computationally efficient, because
they modify the color, luminance or brightness values of a digital image
pixels, therefore their application is done very easily, an-d requirls
minimal computational power. The most commonly used method in the
spatial domain technique is the least significant bit (LSB).
Frequency (transform) domain methods are based on the using of some
invertible transformations like discrete cosine transform (DCTI aliscrete
Fourier transform (DFT), discrete wavelet transform (Dwr) etc. to the
host image. Embedding of a watermark is made by modifications of the
transform coefficients, accordingly to the watermark. Finally, the inverse
transform is applied to obtain the watermarked image. Tiris approach
distributes irregularly the watermark over the imagi pixels afler the
inverse transform, thus making detection of the watermark more difficult.
These methods are more difficult and require more computational power
t5l.
In recent years, a number of robust watermarking methods for digital
image have been proposed. Especially, the i-mage watermar[in!
!91hnique for incorporating the features of the human visual systeri
(HVS) model can provide an excellent solution [6]. In literatu.", 

-rnuny

robust algorithms are introduced into digital watermarking technique ani
can simultaneously improve robustness and visual quality Lr tn.
watermarked image. Barni et al. l7l proposed a wavelet domain based
method which exploits the characteristics of FIVS. Based on the texture
and the luminance content of all image subbands, a mask is accomplished
pixel by pixel. Kundur et al. [B] proposed the use ofgray scale logos as
watermark. They addressed a multiresolution fusion based watermarking
method for embedding gray scale logos into wavelet transformed imagesl
The logo undergoes l-level decomposition for watermarking. E-ach
subband of the host image is divided into block of size equal toihe size
of subband of the logo. Four sub-bands of the logo corresponding to
diflerent orientations are added to the blocks ofthe same orientation. For
fusion, the watermark is scaled by salience factor computed on a block
by block basis. Dawei et al. l9l proposed a new type of technique in
which the authors used the wavelet transform applied locally, based on
the chaotic logistic map. This technique shows very good robustness to
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geometric attacks but it is sensitive to common attacks like filtering and
sharpening.
In this paper, we propose a robust image watermarking technique based
on DW'T. The HVS is employed to determine appropriate locations to
hiding watermark.
This paper is organized in the following manner. The watermark inserting
and detecting method is proposed in the Section 2. Experimental results'
are showr in the Section 3. Section 4 concludes this paper.

PROPOSED ROBUST WATERMARKING TECHNIQUE

In this section, robust image watermarking technique based on DWT and
HVS is presented. The DWT is used to decompose the input image into
regions to help us in selecting the appropriate coefficients to hide the
watermark in the image coefficients. The basic block diagram for the
proposed wavelet based image watermarking algorithm is shown in
Figure 1.

Colored Watermarked Image

Figure I : Block diagram of the proposed robust image watermarking technique
based on wavelet transform.

Grouping of 3 Bands (&G,B)
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As explained in Fig.l the proposed watermarking technique consists of
six steps. At first step the colors of image are separate into main three

bands (RGB). The second step involves applying two levels of discrete

wavelet decomposition on the each band of color. In third step, the edge

detection process is applied for the lower frequencies. The fourth step

determines hiding coefficients. During fifth step, we embed the

watermark data in the selected coefficients and in the last step performs

the inverse wavelet transform to construct the colored watermarked
image. In this Section, we explained each step in details:

Split of Colors

In this step, the colored image will spilt to three bands. Each band of color
image is referred to as monochrome image. It contains brightness

information only, no color information. Each pixel of the colored image

is represented by RGB bands; therefore it is important to use these three

bands in the embedding of watermark data in order to provide enough

locations to store *re watermark bits.

Wavelet Decomposition

The proposed technique performs watermark embedding in the DWT
domain. After split of image colors into three bands (RGB), we apply the

wavelet decomposition for each color band in separately. The first level

of wavelet decomposition produces four subbands, termed LL, LH, HL
and HH. LL is a low resolution version of the original image and LH, HL
and tIH are the detail sub-images in horizontal, vertical and diagonal
directions. The LL band is iteratively decomposed to obtain second level
wavelet transform as shown in Figure 2.

Figure 2: DWT Decomposition with Two Levels.

LL2 HL2
LHl

LH2 HH2

HLl HHl
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Edge Detection Process
After transforming the colors bands into wavelet domain through two-
level DWT, the edge detection process is applied for the LL sub-band in
each color. In this case, the edge detection process used for determine the
edges region in the LLn, LLc and LLe sub-bands while the remaining
sub-bands are not used in the embedding watermarking.
As described iir literature a number of different gradient filters to edge

detection are available. Since, the Sobel operator is the most popular one
used for edge detection purposes and it yields the best results and very
quick to computer and rather simple to implement, it will be used in the
proposed technique to detected edges in LLn, LLc and LLe sub-bands.

Determine Hiding Coeffi cients
After detect the edges in LLn, LLc and LLe sub-bands, then we need to
decide what the sub-bands are to use for hiding the watermark. Inserting
watermark data in the middle and high resolution levels (LH, HL and
HII) gives a higher fidelity for color image but lowers the robustness to
common image processing operations. On the contrary, embedding in the
low resolution level (LL) will improve the watermark robustness while it
is highly perceptible by human eye. Therefore, we used LLn, LLc and
LLs sub-bands to embed the watermark in color image to obtain high
robustness.
For LLz, since the human visual system (fWS) is not sensitive to the
small changes in edges and textures regions, it is very sensitive to the
small changes in smooth parts of an image. The edges detection process

is applied to Llzcoefficients in order to determine coefficients which
belong to edges and textures regions and then these coefficients are used
to store watermark data. In this case, the proposed technique provide the
characteristic of robustness and imperceptibility.

lYatermark Hiding Process
In this step, the watermark data insert into the DWT coefficients. Before
the hiding process, we encrypt the watermark data through a encryption
method to provide an extra level of security. The Vigendre cipher method
is applied to encrypt the watermark data.
Edges play an important role in the perception of images, since the HVS
cannot distinguish the changes in edge regions. We therefore embed
watermark in regions that are "Edges "according to the edges map which
resulted from apply edge detection process as describe in above.
The edges regions will be used to determine the places in which the
watermark bits will be stored in the LL coefficients. This is done by
checking coefficient values of the LLp, LLc and LLe if coefficient is
belong to the edges regions then store the watermark bit in this
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coefficient. This operation continues until the end of the watermark bits.

To the selected coefficients, the encrypted watermark is inserted into the

edge coefficients which is early determined using the edge detection
method in an additive way. Consequently, adding the watermark into
these coefficients makes the insertion imperceptible to the FryS.

Inverse Wavelet Decomposition
Finally, the watermarked color image is obtained by performing the

inverse wavelet transformation and the regroup of color image

components.

Watermark Extracting
The first step of the extraction process consists also of colors split step

followed by the decomposition of the watermarked image with the same

wavelet levels used in the hiding process. Additional to that, the edge

detection process play main role in determine the wavelet coefficients
which are storing the watermark data in hiding process. The encrypted
watermark is extracted from DWT coefficients which are selected

according to the same method with embedding watermark for LLp, LLc,
and LLs sabbands. Another necessary procedure is to acquire plain
watermark from extracted encrypted watermark.
You can see the results of this technique in next Section, where we will
provide examples of original images and corresponding watermarked
images with different levels of capacity produced by the proposed
technique.
EXPERIMENTAL RESULTS

In order to evaluate the proposed robust watermarking technique, several

color images from the TID image database [0] are used. Figure 3. shows
the original image with their three bands.

Figure 3: Original image with their three bands.

This technique embeds the watermark data based on DWT. As shown
previously, the watermark bits are embedded in the coefficients of the
LLn, LLc and LLs sub-bands. This experiment has been implemented
using three color images of size 512x512. Figure 4. shows the color
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two level decompositions for eachcorresponding

Figure 4: Color images with their corresponding 2-level decompositions.

In order to testing the perfofinance and effectiveness of the proposed
technique we will embed a watermark data to color images with various
amounts of the capacity of the watennark. At start, we embed the
watermark data with 200 bytes into color images these watermark data
distributed into three bands LLn, LLc, and LLs. Also, we repeat this
operation using 400 bytes and 600 bytes. In this woy, we can study the
relationship between the capacity of the watermark and the amount of the
resulting distortion due to embed a watermark into color images. Figure
shows the original color images and their watermarked versions with
different capacity amounts of watermark data.
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(b2)

(c3)

Figure 5: Results of watermarking technique based on DWT, a-c) original images,

al-cl) watermarked images with 200 bytes, a2-c2) watermarked images with 400
bytes, a3-c3) watermarked images with 600 bytes.

(C)

凸
油∵

(a3)
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We evaluate the proposed watermark technique in terms of invisibility
and robustness. About invisibility evaluation, we use three image quality
metrics are peak signal-to-noise ratio (PSNR) [ l], universal image
quality (UIQ) index [2] and structural similarity (SSIM) index [3]. The
optimal results for these metrics are more than 37 dB for PSNR, 0.8 for
UIQ and SSIM. The results of invisibility evaluation are shown in Table
l.

Table l: evaluation for the pro

Watermarked
Image

PSNR UIQ SSIM

Imagel 200 49.22 0.982 0947

Imagel_400 4773 0.973 0.935

Imagel_600 44.67 0.958 0.928

Image2-00 48.93 0.974 0928

Image2 400 45.96 0.966 0.915

Image2_600 43.87 0.947 0.902

Image3 200 51.44 0.995 0964

Image3_400 48.96 0.983 0.952

Image3_600 46.38 0.974 0.933

watermarking technique

The robustness evaluation of the proposed technique is performed with
some attacks from Stirmark and Checkmark benchmarks. Figure 6
display the example of watermarked image with 400 bytes of capacity
and the seven attacked images using the following attacks: JPEG
compression, JPEG compression2OOO, Gaussian noise, blurring, winner
filter, median filter, sharpening.
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(b) JPEG conrpression (c) JPEG 2000

(O Blul■11導 (f) winner filter (g) median filter (h) slurpening
Figure 6: Resulted images using seven types of attacks on watermarked image with
400 bytes

We try to apply different kinds of operation to the watermarked image
and extract the watermark data. After extracting watermark, we use
similar measurement of the extracted and the referenced watermarks as

validation; it can be defined by the Normalized Correlation (NC). The
formula which calculates correlation is defined as:

ⅣC=平 r%・ イノ平rイリ2,た=ノ ,…Z, (1)

where 7o and wi are referenced and extracted watermarks and I is

length of watermark bits. The robustness evaluation is reported in Table 2.

Table 2: Robustness evaluation by NC values.
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Imagel′ ∞ 0.944 0972 0.929

lmagcl」 oo 0934 0934

Imagel_600 0988 0.939

Image2 200 0.873 0.801 0921 0908 0.943 0895

Image2_400 0896 0.823 0938 0932 0.956 0.910

Image2 600 0.933

Image3 200 0832 0935 0.951 0.913 0.929

llnagej二 40υ 0.844 0.950 0.933 0963 0931

irnagcJ_ouυ 0.915 0.969 0969 0.952

(a) Watemrarlied inrage (d) Gaussian noise
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As is obvious in Tables (1) and (2),the proposed technique achieve the
ideal trade-off between the invisibility and robustness. Also, the
distortion amount in watermarked image is increased when the capaclty
of watermark data increase. For the robustness level is increase when the
capacity of watermark data increase. And accordingly, the robustness in
reverse proportional to the invisibility.

CONCLUSIONS
In this paper, we have proposed a watermarking technique based on
wavelet domain and edge detection process which can be used for image
copyright. Experimental results show that the degradation by embedding
the watermark is too small to be visualized. Therefore, the proposed
watermarking scheme can achieve a better tradeoff between the
robushess and the invisibility. In addition, the robustness of this
technique is strong enough to some attack like Gaussian noise,
compression and blurring. Future work will focus on making the
watermarks robust to more attacks and optimizing the technique to
provide higher capacity and robustness.
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ABSTRACT

In the present work, we use the Adomian Decomposition method to find the
approximate solution for some cases of the Newell whitehead-segel nonlinear
differential equation which was solved previously with exact solution by the
Homotopy perturbation and the Iteration methods, then we compared the results.
Key words: Adomian decomposition method, Newell- Whitehead- Segel equation,
Homotopy Perturbation method,Iteration method.

INTRODUCTION
The topic of the Adomian decomposition method has been rapidly
growing in recent years. The concept of this method was first introduced
by G. Adomian at the beginning of 1980's [,2]. An advantage of the
decomposition method is that it can provide analytical approximation to
a rather wide class nonlinear and Stochastic equations without
linearization, Perturbation, closure approximations or
discretization methods which can result in massive numerical
computation, [3]. Some of researchers modified Adomian decomposition
method to solve generalize fifth order Kdv equations, [4]. This paper
presents the use of the Adomian decomposition method for solving
nonlinear partial differential equations analytically with initial conditions
and compare the result with other method. We solved the Fisher equation
and Newell- whitehead -segel equation by using Adomian
decomposition method and compare it with the exact solution of the
Iteration and the Homotopy Perturbation methods, [5, 6]. Some examples
are prepared to illustrate these considerations.
2. Adomian decomposition method,[3].

We are with an equation F u(t):g(t), where F represents a general
nonlinear ordinary differential operator involving both linear and
nonlinear terms.
The linear terms is decomposed into L+R, where L is an easily
invertible and R is the remainder of a linear operator.
For convenience, L may be taken as the highest order derivative. Thus,
the equation could be written as:
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Lu+Ru+Nu=g,          ….(1)

Where Nu represents the nonlinear telllls・ S01Ving for Lu,

Lu=g―Ru Nu.              ….(2)

Because L is invertible,an equivalent expression is

L lLu=L~lθ ―L~lR■ ~■~lⅣ
u.    ……(3)

Ifthis corresponds to an initial ttvalue problenl,the mtegral operator L~1

may be regarded as deflnite integrals■ om ιO to t lfL is a second― order

operator,1~l is twofold integration operator and

L ll■ =2-■ (ιO)― (ι ―ιO)■ (ι O).

For boundary value problems indeflnite integrations are used and the

constants are evaluated■ o血 the given conditions.

Sol宙ng(3)for u yields

u=4+Bι +L~lθ -1~lR2~L~lⅣ■.  ...(4)

The nonlinear tell.l Nu will be equated to Σ羅=。
4.,Where the■.are

special polynomials deflned as:

40=f(2。 )

И l=ul(覆
:τ)/(40)

42=22(zil『
)F(20)+ (呼)(zil:,)/(ttO)

43 =u3(zilT)√ (ttO)+tt122(zi::ラ
)√

(・0)

+ (平
)(鼎)/(20)

Altemative deflnitions and fo..1.ulas have been discussed in[7],and

elsewhere one follll ofAn is
■

4・l= (1)Σ C(υ,・)等

ν=1
ゃしrhere the second index in the coefflcient is the order of the de五vative

and the flrstindex progresses from l to n along with order ofde五 vative.

Nowu will be decomposedinto Σ准。2.With u。 ldentiied as■ +B=+
Ll」 :

∞                    ∞            ∞

Σ27t=20~ι-lRΣ
att― L~・

:Σ]4・
l・

●=0             ■=0        ■=0
Consequently,we can write:

21=―L~lR■0-1~140
■2=~二

~lR■
1-1~14.  (5)
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un+t = L-'Run - L-7An
The polynomials .4, are generated for nonlinearty so that /6 depends
only on uo , AL depends only on us and ut , A2 calcuable, and u =
Xff=0u,,..

. 3.Newell-Whitehead- Segel equation
The Newell-Whitehead-ssegel equation is written as:

where a, b 
".0 

o *li.i fffiol,.I; ;';:r, *f)o * a positive inteser.
To illustrate the Adomian method on this equation, three cases of

. nonlinear diffusion equation are presented
Case l.The X'ishers equation (a=1, b=1, k=l and q=2)

The Fishers equation is
'ttt=uxx*u(7-u), ...(7)

With a constant initial condition
u(x,0) = d, = tto ...(8)

then ut - uxx - u(L - u) = 0, we obtain
@co@

I r, - uo - L-7R) ", - ,rZo,
n=O ?r=0 n=O
where r4o - f(u) - -uo(1-uo)

- and from (5)
ur= -L-7Ruo- Il'Ao

rt
- Jo Ruo di - !: Aodt = - [i -ur** rtt + lj uoe - u)dt

=o*uo(1 -us)t-a(l*a)t
At = ut(f) ra,l

= a(l - a)t(-l * Zra) = -a(L - a)(t - Za)t

rfuz=-JRWdt-JAtdt
,o o,

--t 
I n--\r-,r , -./< ,.\/a - .t2

J -ur,,dt + 
J 

a(t- a)(1 - Za)t = 0 + a(7 - a)(t - za)V
00

e,_u,fir@,r.(*)fin",,

- -a(7 - d)(-1+ zd't +Y$:g!
-2

a(t - q)l-(r - Zq)z + Za(t - d ;.
s2

= -a(r - a)[1- 6a + 6a2J i
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tt
'r3= - [ nurrrat- [ ora,

0               0
1                    t

=~∫ ~22xχ
 dι

~∫ ―α(1-― α)[1--6α 46α 2]

=α古
_α)(1¨

_6∫ |卜 6α
2)手

A3=u3z属
万:fKtt°

)■u122zttI:'f(2°)十
 (七;)」::5fCuO)

=―α(1-α)(1‐-6α ■ 6α
2):i(1‐-2α)―卜2α (1-α )ια(1-α )(1

-2α)7

=―α(1-‐ α)(1‐-2α)(1‐-6α ―卜6α
2):i46α2(1_α

)2(1__2α)1び

=―α(1-― ″)(1‐-2α )[1‐-12α +12α2] 
手

tt4二 ~∫ Ru3″と ~∫ 43 dt

0               0
0

=0-∫ ―α(1-α)(1-2α)[1■ 12α +12α 2] :iat

=α (1-α)(1-2α)(1-12α +12α2)11

Since,u(x,0=Σ昇=。
tt.l=20+ul+tt2+¨・

Then tt(χ,0)=α (1-― α)t■ α(1‐
―α)(1-2α )ちi■

α(1-― α)(1--6α 十
6α

2)::+¨ .

Case 2:In equatio■

“

)fOr a=1,b=1,kl,q=2.The Newell‐ whitehead

segel eqサ

iIPllS革1111'S:

ι
2

2!dι

…(10)

With the initial condition

屯の=南判0却り
■

Cn u・ ~ttχ
χ― (2=22)=0,  ∞

Σ2・ =ttO― L~lR12]tt71~L~1121・・

48



Vo1 25,No4,2014AI- Mustans iriyah J. Sci.

ι

　

　

　

　

　

　

　

　

　

　

　

　

　

　

　

　

　

　

ι

5e'/Vτ

ヽ

ｌ

ｌ

ノ

２
ヽ
１

，
ノ

稔ｅ
／

１

ヽ
＋稔ｅ２＋１

一

／

ｆ

ｌ

ヽ

６＋
ヽ
―
‥
ノ

‰ｅ
／

１

ヽ

４＋粍ｅ７

一
１

／

１

１

ヽ
端ｅ５

ι                      `

22=~L lR2.-1~141=―
∫

―■lχχ αι+∫ 4・ dt

/ X, \5
18(1+e/.'/e)

ｔ

ｒ

ｌ

ｌ

′

ｏ

十

′

一２

マτ
)2

)5

ra (r + 
"Yva)'

49



The Approximate Solution of Newell-Whitehead-Segel and Fisher Equations Using The Adomian

Asmaa and Aqeel

zse'/^t6 (-t + z"*/a) 2,
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25e:/Vτ
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"Yva)'
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u(x,t) - 
fi-,"s. frfq** ffi r. (,2)

Case 3: In this case we will examine the Newell- whitehead segel equation

for a=3, b=4, k=1, q:3
ut = uxx * 3u - 4u3 ...(13)
With the initial condition

uo = u(x,o) -- fr #g ...(14)

ut-uxx-3u* 4u3 =0
Fromr4o = f (u) = -3uo* 4uo3

| z^ld,

l1B Ze '-,0,=Jn 
C;q

u°″==肩

Wc obtain
t                    t

al=―‐
∫

―‐2。 xx at_― J(-320+4tt。
3)at

O            .  O            t

=―
∫

-20,x αι+∫ (3tt。 -42。 3)dt

6√  
θttχ

(_θ
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By the same way we have
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κ
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uα′ι)=20+ul+22+23+¨ ・...

Then 2(χ,ι)=J:Iifi戸 +:、「

…   …(15)

Now,おm cOmparing our rcsuks and the rcsults obtaincd in[5],[6]whcrc

the exact solution for Fishcr・s equation in[5],is

2(χ′t)=α +α (1‐
¨α)ι +α(1-α)(1-2α)手

+α (1-α)(1-6α 16α2)1二 十・̈
that implics

uO′ ι)=1_α
+α Oε

that equal

uO′ ι)=
1

(1+eギ

:‐:3)2

…(16)

And for Newell- Whitehead-Segel (case 2) in [6] is

＋

′

一
２

ヽ
、
―
＝
―
′
／

… (17)

For Newell-Whiteheat- Segel (case 3) in [6] is
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li "r'i- ...(18)u(x,t.1 =./; ***e-+t)

we note that the Adomian decomposition method gives an approximate

solution which is very close to the exact solution'

CONCLUSION
In the present work an approximate solution for Fishers and Newell-

Whitehead- Segel equations are obtained by Adomian decomposition

method where the exact solution is known by variational Iteration and

the Homotopy perturbation methods, we concluded that the Adomian

decomposition method one of the best methods to find the approximate

solution because it gives a better results and closer to the exact solution

as well as it's a simPle method.
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ABSTRACT
This paper is concemed with introducing Hermite spectral approximation as a new

technique to solve two point boundary value problems. The principle idea of
obtaining the numerical solutions for these equations are essentially developed from
reducing the differential equations with their initial and/or boundary conditions to a
system of integral equations in the equivalent unknown frrnctions. Some sufficient
illustrative examples are considered to demonstrate the validity and the applicability
of the method
Keyword: Boundary Value Problem, Two Point, Spectral Method, and Hermit

INTRODUCTION
Two point boundary value problems (TPBVP) are the result of

ordinary differential equations when it requires to satisff boundary
conditions at more than one value ofthe independent variable. These
problems arise in a number of different applications, which include for
example deformation of beams, the study of viscoelastic and inelastic
flows also in plate deflection theory [-4]. Several numerical and
analyic techniques are being developed to solve these problems such as
Shelly [5] who has proposed collocation with finite element method,
also Jang [6], who used extended adomain decomposition method to
solve (TPBVP) numerically, Youssri [7] who employed collocation
method with wavelets Chebyshev polynomials to solve second order
multipoint boundary value problems. Motivated and inspired by the
ongoing research in this field, we use the Hermite orthogonal
polynomials with aid of spectral method to find the approximate
solution of (TPBVP) of nft order. This method is better than [7], who
that deals with fourth order special type of (BVP) and I l] that solved
second order (TPBVP), it's valid to solve any type or any order of
(TPBVP).
The basic equation of two point boundary value problems that we will
deal with is considered as.

n-l
y@) (x) *22,y (',(, 

) --f (x ) o<x <D ...(l)
i:o
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SubieCt tO● VO pOint boundary conditionsッ
(た )(0)=α

た

ノ
°)0)=鳥    …(2)

forた =1,2,… ,″ -1

where ftx)ヽ a SOurce trln hndlon,%,鳥 and tt are red idte

constants.

ⅡERMITE POLYNOMIALS18‐ 101

The general foll..offamous Hellllite polynonlials ofnth degrec is

deflned by

〃
"←
)=0ヴ多0メ)F叩 ,… …o

The Hel.1.1"polynOmials〃 ″←)are the unique o山ogonal

polynomials in(zt(R)the Hilbert space of orthogonal real hnctions)

with Wは )=`・

2,1.e                    ‐

1.∫ 〃″←)″″←ン'2凌 =。  ぉr″ ≠″

z.llr,ll' - I tt',1xY-" 66 -.ti2n n! m eNo

The explicilexpression of Hermite polynomials can be given as

H,(,)=2ffi(2*)'-'r ...(4)

Furthermore, the following properties are recognized for Hermite

polynomials.
Hermite polynomials can be found indirectly by the following

recurence relation holds with llo = l, H r =?sc

H,*,(*) :2xH,(x) -ZnH,-t(x) n :L,2,"' -(5)

The derivative and integral of Hermite polynomials in terms of
Hermite polynomials themselves and n eN are respectively:

dHr(x) _2nH,_r(x) ...(6)dx

lu.o*=Hfi H# (7)

The orthonormal Hermite polynomiats can be constructed using the

following formula:
r -l/ 7

q,(x)-(2'nttts) tzs- H ,(x) -oo 
(x ( o z :o,1,2,... ...(8)
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any piecewise smooth function 71:; in every finite interval can be
written as a series of Hermite polynomials as follows:

/← )=Σθノ″。)→ ≦χ≦∞
″=0

1      7ε″=2"″
!√上

θ'ア。)〃″0ン
『

0,1,…,…⑩=り
"И l_′

=∫

θ Xi

*n".. i e-"'-f (x)H,(x)dx <a

A New Technique To Solve Tpbvp Using Hermite Spectral
Approximation

Our new technique to solve TPBVP can be summarized according
to the following steps:-
Step (1):
Consider the TPBVP

n-l
v<')(x)-rz4v t')(.) --f (x)

j=O

first we consider the unknown function # ,"the following form:-

div
,3:!,t(x) i =o,1,2,...,, ...(ll)clx'

Step (2):
By integrating each i in equation.(l1) and using the boundary

conditions to reduce TPBVP into a system of integral equations of
volterra type as:

ッ1← )=%十∫ッ2ぐンル
0

χ

ツ2(ア )=αl+∫ン30)`カ
0

ッ″(χ )=α″_1+iびぐ)十

'二

′′(′ )ッ ,c)光彦
0         '‐ 1

χ∈[0,1] ...(12)

Step● ):

.¨(9)
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A function y, (r ) with index I can be expanded in terms of Hermite

polynomials as follows:

y,(x):ic'rrur@) i :o,1,2,.--,n "'(13)
j=o

i
where cj are the approximation coefficients with index i.

Step (4):
Substituting equation.(13) into equation.(12) also rewriting the other

terms of the integral equation as a series of Hermite polynomials by

employing equations.(9, l0) we will get the following equivalent

system

'Lθ

;」
げノ。)=DEgノ」げブ。)+i'こθ∫」げノlrン

ブ=0

,Lθ∫」リプo)=DEαノニrノ。)十 1'iθ;五
「ノぐンカ

ブ=0

ブ=0 ノ=0

0ノ =0

oノ =0

,む
θ∫」げプo)='iαノ」げプ。)十 1(1:bノ

」げノC)+']ん
,]θ

;」
Vブぐ)ン″

ノ=0           ノ=0           0 ノ

…(14)

Step(つ :

Appro対mating the integration te.11l in system(14)h te.l・ lS OfHellllite

polynomials using equation.(8)we get

Ziσ
;″ノlX)=】Eら Iノα)+Zlο;(:t註::―酬 )

']ε

;〃ノ●)=2]9′″ノα)+】Eο;(需―
::豊∫;)

'1イ

〃ノ←)='] (1ノ五rノ←)+らブ(需
―
::デ∫》))+4魯

ε;(需―
::|:;)

…(15)

′=1,2,… .,″ -l the index ofthe approximate coefEcients ε:

Step(`):
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Applying spectral technique on″ ブ←),we can wnte equation(15)

as follows:

′勢ε:童ノ←)~DEθ ;+1(:[テ11;一 :lテ」1:)=,i%」げプ。) ・̈(16)

This equation achieved for ′=1,2,… ,″ -1

together with the equation at′ =4

)]ι∫ヽ 、。)― ノリ)]ε;(器 ―
:i;]昔キ)=,: (α

′″ブ。)+bプ

(器
―
:i,111))

…(17)
Rewriting equations(16,17)in matrix fo.11l We get

ci_C2(1~″
ノJ(0))ン r=6Иr   

…。8)
Z

for ′=1,2,… ,″ ,and  ノ=9,1,2,¨ .,″,

wheК И7=[〃。←)〃1← )…∬″←)∫

σl=ヒ;],C2=ヒ;+1]

and     G=レリ+2KJi+1)~生ぢ:|ギ|;与

Step(7):

Solving Jhe system in (18)for C; an d substitute the obtained

approximation coefflcients into equation。 (13),the S01ution for

equation.(1)Will be detell.lined

ILLUSTRATIVE EXAMPLES
In this section,we demonstrate the efflciency for the proposed

He..1lite spectral technique with two illustrative examples.

Example(1):
Consider the two points boundary value problem

グ
2ッ

渉
+ッ =χ

2+2

will two point boundary conditions

ッ(0=0,ン (0)=0,ッ (1)=1

the exactsolution is χ 2
3

Assumeぬ江 ツル)≡Σθ;〃ル) J=1,2
ブ=0
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t

using the technique described by seven steps before the approximate

coefficients for this problem are ci = 0 ,c,' = 0, c) -1, gl -S
and consequently

,n

l r@)=lf)n 1(x)=x 
2 

which is identical to the exact solution.j=0

Example (2):
Consider the two points boundary value problem

d3v*-/; 
-! =-x3 +5

dx'
with two point boundary conditions

/(0)=1, 1l'(0)=0, ./"(0)=0 and !(l)=2
Exact solution :.tr 3 + 1

3

Assume that Y,(x)=\c;U,(x) i :t,2,3
using the technique described in the above mentioned steps the
approximation coefficients for this problem are
cto =l / z,cl =0, ": -0, c) =l / 2 mdconsequently

y,(x)= iflu,(x)=1+x' which is identical to the exacr
,l=0

solution.
Example (3):
Consider the following two points boundary value problems

dev'/ -v(x)-9e*dxe r
with t'wo points boundary conditions:

-y(t)(o)-(l-f) ,qtd y(t)(1):-kel
where t -0, 1,2,...,8

exact solution - (l - x)e'

Assumethat vt@)=f"la,@) i=1,2,3,...,9
j=0

Table (l) shows the comparison between the approximated results
obtained by our technique and the exact solution using absolute error.
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ablel: Solution Bv He.11.ite Mcthod
X Exact

Approximate / 1(r )
Absolute error

レ″―ッ1● 】
0 1000 1000 0

01 099465 099465 17582e-012

02 097712 097712 455991e-010
03 0944901 0.944901 1 183966●-008

04 089509 089509 1.19828c‐ K107

05 082436 082436 723778e‐ 007
06 072885 072885 315413e-006
07 060414 0.60414 109733e-005
08 044514 044514 323756e‐ 005
09 024604 024604 842253e‐005

1 0 1.9841e‐ 004 198413e-004

The comparison shows high accuracy and the efficiency of our method
for the problem in example (3)

CONCLUSION
In this work, two point boundary value problems have been solved

using Hermite spectral approximation. Comparison of the approximate
solutions and the exact solutions shows that the proposed technique is
an efficient tool.
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ABSTRACT
The purpose of the present paper is to extend the nstion of compact functions using
m-stucture spaces, we introduce further types ofthis concept namely m-s, m-s* anl
m-s**-compact functions. Also we study the relationship ietween'these concepts.
Furthermore, theorems, facts, and several examples have Leen given to illustrate our
results.
Keywords: m-Structure, mx-Semi Open Sets, and Compact Functions.

INTRODUCTION
In 1996 [l] introduced a new concept namely minimal structure defined
on a nonempty set. Also he introduced the notion of mx-open set and mx-
closed set and characterized those sets using m*-cl and m*-int operators
respectively. In 2000 [2] introducedthe notion of m-continuous functions
and studied some of its basic properties. In 2010 the authors introduce the
concept m,,-s-closed sets [3] using minimal structure spaces which
analogs to s-closed sets in topological spaces that introduced by [a]
1963.

PRELIMINARIES
Definitions (1) [l]:

1. A subfamily m* of the power set p(X) of a nonempty set X is called
a minimal structure space on X (briefly m-structure space) if @ e
m* and X€m*. Each member of m" is said to be mx-open set and

. the complement of m*-open set is said to be m*-closed set. If X is
a nonempty set and m* is a minimal structure on X, then the pair
(X, m*) is called m-structure space or m-topological space.

2. Let (X, m") be an m-structure space, for a subset A olx, the m*_
interior of A and the m*-closure of A are defined as follows:
a) m^-cl(A) = O {F: AcF, X-F E mx}.
b) m.in(A) = U {U: USA, U e m*}.

Note that m*-cl(A) is not necessarily m*-closed, and m*-int(A) is not
necessarily mx-open.
Example (1):
Let X= {1,2,3,4}, m*= {0, X, {1}, {2}, {3}} be m-structure on X, and
let A={ 1, 2},8={21 are subset of X, then
mx-int(A)-U {{1},{2} }={ 1 ,2}em*,thus m*-int (A) is not m*-open.

¨
・ｍ
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Also m*-cl(B):n{x, {1, 2,4}, {2,3,4}\--{2,4}, such that{2' 4}is not

m*-closed. ilhere m*-closed sets areX,@, {2,3,4\, {1,3,4}, {1,2,4\'
Lemma (1) [r]:
Let (X, rn-) U. * m-structure space, for a subset A of X, the following

hold:
i- m*-cl(X\A):K m,-int(A) and m*-int (x\A) = )(\ mrcl(A)'
ii- If )(\A € m*, then m*-cl(A) =A and Ae m*, then m*-int(A):A'
iii-If A c B, then mrcl(A)c mrcl(B) and m*-int(A)c m*-int(B)'

iv-Acm*-ci(A) andm*-int(A)GA. '/
v- m*-cl(m*-cl(A)): m--cl(A) and m*-int( m--int (A))= m*-int(A).
Definition (2) [rl:
An m- structure mx on a nonempty set X is said to have the properfy (B)

if the union of any family of sub sets belonging to m* belongs to m*.

Delinition (3) [1]:
An m-structure mx on a nonempty set X is said to have the property (y)

if the union of any family of sub sets belonging to m* belongs to m,.

Definition (a) [2]:
A functionl X -+ Y is said to be m-continuous mapping ifl't(F) is m*-

open (m,,-closed) subset of X whenever F is m*-open (m*-closed) subset

of Y.
Definition (s) [3]:
Let (X, m") be an m-structure space, A c X we say that A is m*-semi

open if there is m*-open U such that U c A c m*-cl(tD.
A subset A of X is m*-semi closed if Ac is m*-semi open.

Remark (1):
i- Every mx-open set is m*-semi open set.

ii- Every m"-closed set is m*-semi closed set.

The converse of(i) and (ii) is not true in general.

Example (2):
Let @, Tu) be an m-topological space and let A:[a, b), then A is m*-semi
open and m*-semi closed, but A is not mx-open and m*-closed sets.

CERTAIN TYPES OF m-COMPACT FUNCTIONS
In 1957 [5] introduced the concept of compact mappings, which also

study by [6] in 2000. In this section we extend the notion of compact

function by using m-structure spaces. First we recall the following
definitions:
Definition (6) [7]:
Let (X, m*) be an m-structure space, and let A E X, then A is m-compact
set ifevery mx-open cover ofA has finite sub cover.
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Definition (7):
Let (X, m*) be an m-structure space and let A c X, then A is m-s-compact
set ifevery mx-s-open cover ofA has finite sub cover.
Lemma (2):
Every m-semi compact space is m-compact space,
Proof:
Let X be m-s-compact space, to prove X is m-compact space. Let {G1:
iel) be m*-open cover of X and since every mx-open set is m*-s-open (by
remark (l)) thus {Gi: i € I} be m*-s-open cover of X and since X is m-s-
compact space thus there is finite sub cover of X, that is; X:UiLr Gi. Thus,
X is m-compact space.
* The converse of lemma (2) may be not true in general.
Example (3):
Let R be the real line, N be the subset ofR and 1: {ucR: u=R or
uflN=O). It is clear that @, T) is an m-topological space.
Put Ui= Nc u {i} : {R-N} U {i}, i: 1,2,...
U1 is not m*-open subset of R, where i e N. Since U' O N: {i}, i=I, 2, ....
Now to show that Ui is m*-semi open subset of R" to show that Ur: {R-
Nlu{l}is m*-semi open, since there is ulCT (s.t urON:@), u1c{R-
Nlu{l}and since cl (ur) - n{R}: R, thus u1c{R- N}u{l}cR" this
implies to Uris m*-semi open.
Also all U; is m*-semi open for each i:1,2 ... . Hence the family {Ui}
forms a m*-semi open cover to R; that is Up1 Ur: UEr( [n - Ni U {i} -
& but this cover cannot reducible into finite sub cover. Therefore R is not
m-semi compact space. To show that R is m-compact space. Since the
families {ui} U R and {R} forms mx-open cover to ft that
is Uf ,{u1} U R : R, and R is a cover of itself, such that each cover has
finite sub cover{R}. Therefore, R is m-compact space.
Definition (8) [3]:
Let (X, m*) be an m-structure space, then we say that (X, m*) is m,,-
Hausdorff space if whenever x and y are distinct points of X, there are
disjoint m*-open sets U and V in X containing x and y respectively.
Theorcm (1):
Let (X, m*) be m^-T2-space with properties (f) and (y) and let F be m-
compact subset of X. Such that for any p € X, P E F there is m,-open sets

U, V € m,,such that p € U, F€ V and U O V : 0.
Proof:
Let x€ F such that p G F then x I p but X is m*-Tz space so there is U*,
V* € m, such that x €U*, p € V* and U* O V* = 0. So FcUxiep U*,, i€I
which m*-open cover, but F is m-compact set then every mx-open cover
of F has finite sub cover that is; F E UxlUUxz U...UUX,, : U and by
property (F )U is mx-open.
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Now, putV:V*, O Vx, n ...nvxn,then p €Vx; F E U; U andV € mx(by

property (p) und UnV= (UxlUUx2 U...UUx,) n (Vx, n Vx, n "'nvxn)
: 1U*, nV*,; u...u (Ux, n V*.) : 0 u O u...u @ : 6, thenunv:O
Corollary (l):
nvery m-tompact subset of m*-Tz space with properties (f) and (y)

is m"-closed set.

Proof:
Let (X, mx) be mx-T2 space with properties (B) and (f) a"d let A be m-

compact subset of m-structure space X, now 
-to 

prove A is m*-closed set

that is to prove Ac is m*-open set. Let x e Ac thus x € A, then by above

theorem we have IJ*, V,, € m* such that x € U, A cV and U n V : 0 thus

U n A: O, then x € U c Ac thus Ac is m*--open set, tJren A is m*-closed

set.

Definition (9):
Let X and Y are m-structure sPaces, then the functionf X '-* Y is said

to be m-compact firnction if"f't@) is m-compact subset of X, whenever

F is m-compact subset of Y.
Defrnition (10):
Let X and Y are m-structure spaces, then the functionf X ---+ Y is said to

be m-s (m-s*, m-s**) compact function iff the inverse image of every m-

compact (m-s-compact, m-s-compact) set in Y is m-s-compact (m-

compact, m-s-compact) set in X.
Example (4):
Let X={x, y, z, w\, m,,:{0, X, {x}, {y, zl, {x, y, zl, {y, z, w} } be m-

structure space on X, and let Y:{a, b, c}, my - {0,Y, {b}, {a, b}, {b,
c) ) be m-structure on Y and letl X --* Y be a function defined by

f (x): a,f (y)=b,f (z)=f (w)=c. Then/is m-s-compact, m-s*-compact
and m-s..-compact function.
Proposition (1):

1) Every m-s-compact function is m-compact function.

2) Every m-compact function is m-s.-compact function.

3) Every m-s-compact function is m-s**-compact firnction.

4) every m-s**-compact function is m-s*-compact function.

5) Every m-s-compact function is m-s.-compact function.
Proof (1):
Letfbe m-s-compact function, to prove/is m-compact function.
Let K be m-compact subset of Y, since/is m-s-comPact function thus/'
r(K) is m-s-compact subset of X, thus/-'(K) is m-compact set, then f is
m-compact function. By the same way to prove others.

The following diagram shows the relationship between the different types

of m-compact functions.
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m‐s**‐compact

function

Remark (2):
The converse of proposition (1) is not true in general because the m*-s-
open set is not mx-open.
Example (5):
Let R be the real line, N be the subset of R and T: {ucR: u:R or
uON:O). It is clear that (R, T) is an m-topological space. And let f: (R,
T)+(R, T) be a function defined by/(x)=x, V x€X, such that/is m-
compact function but is not m-s-compact. Since R is m-compact subset
of R and/-'(R) :R, thus

"f''(R) 
is m-compact set. Then/is m-compact function. Now to show that

/is not m-s-compact function. Let R be m-compact subset of R, and since

"f-'(R):R, thus R is not m-semi compact (by example (3)). Therefore,/
is m-compact function but is not m-semi compact.
Definition (11) [9]:
Let X and Y are m-structure spaces then the functionl X -+ Y is called
point inversely compact function(p-i-compact function) if ,f -t (y) is
compact
foreachy€Y.
We introduce the following concept:

Definition (12):
Let X and Y are m-structure spaces then the functionl X --+ Y is called
point inversely m-compact function (briefly m-p-i-compact function) if
f'(v)
is m-compact for each y E Y.

Remark (3):
Every m-compact function is m-p-i-compact function but the converse is
not true in general.
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Example (6):
Let (R" Ta) and (& T,) are m-structure spaces and let

I (R, Ta) --- (R, T') be a tunction defined by"f(x): x, V x € R.
Then/is m-p-i-compact function but is not m-compact function.
Theorem (2):
1) Every m^-closed subset of m-compact space is m-compact set.

2) The m-continuous image of m-compact set is m-compact set
Proof (1):
Let (X, mr) be an m - structure space, A is m*- closed sub set of X to
prove A is m-compact set. Let W= {Gi: ie I} be m*-open cover of A (that
is; A c Uier Gi). Since X is m-compact thus X -AcU (Ui.r Gi), thus X=
Acu (UlLr G;) thus A: (UiLr Gi) so A is m-compact set.

Proof (2):
Let f, X --- Y be m-continuous and let K be m-compact subset of X, to
prove

"fG) is m-compact subset of Y. Let W= {Gi: ie I} be m*- open cover of
/(K), since/is m-continuous function thuS,f''(W): {.f-t(O)' ie I} be m,,-
open cover of K and since K is m-compact set thus there is finite sub

cover (i) of K, s.t
K c uier,f-'(G) thus/(K) 

=f 
(ui4f't(G1). Thus/(K) s/(ui.1/-'(Gi))G

ui.tf (f't (Gi)) =Uiet Gi. Thus/(K) =Uiet Gi so/(K) is m-compact set.
Definition (13):
Let X and Y are m-structure spaces, then the functionl X --- Y is called
m-closed function ifl(G) is mv-closed sub set of Y, whenever G is m"-
closed
subset of X.

Theorem (3):
Let X is m-compact space and let Y is m-T2-space with properties (B)
and
(7), then the functionf X ---+ Y is m-compact m-continuous function iff/
is m-closed and is m-p-i-compact m-continuous function.
Prooft
Let the function/is m-compact m-continuous function, to prove/is m-
closed and m-p-i-compact m-continuous function. Firstly to prove/is m-
closed function, let F c X is m*-closed set, to prove jf (K) c Y is mv-
closed set. Since K is m*- closed subset of X and since X is m-compact
space thus K is m-compact subset ofX (by theorem (2) (l) and since/
m-continuous function thus / (K) is m-compact subset of Y(by
theorem((2)(2)), and since Y is m*-T2-space with properties (B) and ( y),
thus/(K) is mr-closed subset of Y (by corollary ((t)). So we havelis m-
closed function. And second to prove/is m-p-i-compact function. Let y
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e Y, thus {y} is finite set of each yE Y, thus {y} is m-compact subset of
Y and since/is m-compact function thus

,f 
-'({V}) is m-compact subset of X. Then/is m-p-i-compact function.

Conversely; Let / is m-closed and is m-p-i-compact m-continuous
function, to prove/is m-compact m-continlous function. Let F E Y is
m-compact set, to prove f-'(F) c X is m-compact set. Since Y is m*-
T2-space with properties (p) and (y). Then Fc Y is my- closed set (by
corollary ((l)), and since/is m-continuous function thus /-1(F)c 11 1s

m*- closed set thus f -'(F) c X is m-compact set ((by theorem (2) (1).
Then/is m-compact m-continuous function.
Theorem (4):
Let (X, m') be an m-structure space, if F is m*-closed subset of X and
A is m-compact subset of X, then A n F is m-compact subset of X.
Proof:
LetW={Gi: i € I } bem*-opencoverof A n F,thatisA n F C UierGi,
thus A c Uie r Gi U Fc, and since A is m-compact subset of X, then there
is GyG2,.......,GnSuch that A g(UiLrGi)u F'. Thus A nF
(UiLr Gi ), Thus W has finite sub cover of A n F. Then A n F is m-
compact subset of X.
Theorem (5):
Let X and Y are m-structure spaces and let fi X---+Y is m-compact
function, A c X is m*-closed set, then/la is m-compact function.

Proof:

Let K c Y is m-compact set, to prove (f L)-t(t) c A is m-compact set.

since f is m-compact function, thus (/)-1(k) ( k ) c X is m-compact set

and since A is m*-closed subset of X, thus A fiCD-l(I() is m-compact

subset of X (by theorem(4).nut (/lr)-t(t) = A nff)-t(k),then
(f lr)-'Ctl is m-compact subset of X. Therefore, /1, i. m-compact
function.
Theorem (6):
Let X and Y are m-structure space and letl X---Y be m-compact m-
continuous function and let T c Y is m*-closed set, Thenft:/'t (q --- t
is also m-compact m-continuous function.
Proof:
Let K c T is m-compact set, to prove/rr (K) q/-t(T) is m-compact set.

Since K c T is m-compact set thus Kc Y is m-compact set and since/is
m-compact function thus/'t(K) c X is m-compact set. Since/is m-
continuous function, thus/-r(T) g X is m*-closed set and since/-t(K) c
X is m-compact set, thus/'r (T) n"f-t (K) is m-compact set. Butft (K)
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=,f-'(T) n,f-'6).Then6't(K) is m-compact subset ofl'r(T). Sofi is an
m-compact m-continuous function.
Now we will study the composition of m-compact function.
Theorem (7):
Let X, Y and,Zbe m-structure spaces and letfiX --- Y andg:: Y -+ Zbe
functions then:
l) lff ar,d g are m-compact functions, then g/is m-bompact function.
2) If g'fbe m-compact m-continuous function and/is onto, then g is

m-compact m-continuous function.
3) lf g"f be m-compact m-continuous function and g is one to one,

then/is m-compact m-continuous function.
4) If/is m-compact function and g is m-s-compact function, then g"f

is m-compact function.
5) If/is m-compact function and g is m-s*-compact function, then g,f

is m-s*-compact function.
6) If/is m-compact function and g is m-s**-compact function, then

g/is m-s'-compact function.
7) If/is m-s'-compact function and g is m-s*'-compact function, then

g gf is m-s*-compact function.
8) If/is m-s-compact function and g is m-compact function, then g"f

is m-s-compact function.
9) If/is m-s-compact function and g is m-s'-compact function, then

g gf is m-s**-compact function.
l0) If/is m-s-compact function and g is m-s-compact function, then

g/is m-s-compact function.
I I ) If/is m-s-*-compact function and g is m-s*'-compact function, then

g/is m-s'*-compact function.
Proof (1):
Let/and g are m-compact mapping, to prove g/is m-compact function.
I.et K be m-compact setinZ and since g is m-compact function, thus g -

l(K) is m-compact set in Y, also since/is m-compact function, ttur"f-G
-t( K) g X is m-compact set. Such thatf 't(g -'(K) = (g, -' (K). ih;
g/is m-compact function.
In t}te same way we can prove the others.
Theorem (8):
Let X be an m-structure space and let A E X is m*-closed set, then the
inclusion function i: A --r X is m-compact function.
Proof:
Let K be m-compact set in X, to prove , -t(K) is m-compact set in A.
Since A c X is mx-closed set and K S X is m-compact set, thus A n K
is m-compact set. But r't(K):A o K, thus i -t(K) is m-compact set.
Then the inclusion function i is m-compact function.
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Definition (14):
Let X be m-structure space and let W c X, then W is m-compactly
closed set iffW n K is m-compact set for every m-compact set K in X.
Remark (4):
Every m*-closed set in m-structure space X is m-compactly closed set
(by theorem (a)). But the converse is not true in general.

Example (7):
Let (N, T1n6) be m-topological space and let { I } is subset of N, then { I }
is m-compactly closed set but is not mx-closed set. It is clear that { 1 } is
not m*-closed set (since 0 and N are only m*-closed set). Now to show
that { I } is m-compactly closed set. Let K be m-compact subset of N,
thus { I } OK is m-compact set, then { I } is m-compactly closed set.
Definition (15):
An m,5-T2-space is m-K-space if every m-compactly closed set is m*-
closed set.
Example (8):
Let N be natural number and let Tabe m-space on X, then (X, T6) is m-
K-space. Since if we take any m-compactly closed set in T6 it is m*-
closed.
Theorem (9):
Let X be an m-structure space and Ac X, then A is m-compactly closed
set in X if the inclusion function i: A ---+ X is m-compact function.
Proof:
Let A is m-compactly closed set, to prove f: A + X is m-compact
function. Let K be an m-compact set in X, to show that i -t(K) is m-
compact set in A. Since A is m-compactly closed set thus A n K is m-
compact set, but i -'(K1 -4 fl K thus ,'t(K) is m-compact set. Then i: A
--* X is m-compact function. Conversely; Let i: A ---+ X is m-compact
function, to prove A is m-compactly closed set. Let K be an m-compact
set in X. Since i is m-compact function thus l -t(K) is m-compact set, but
, -t(K) - A n K thus A n K is m-compact set. Then A is m-compactly
closed set.
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ABSTRACT
In this work we introduce O-proper mappings also we investigate the relationship of
O-proper with other types of proper mappings; finally we study some O- proper

INTRODT]CTION
One of the very important concepts in topology is the concept of
mappings; there are several types of mappings. In this work we study an
important class of mappings namely O- proper mappings.
The class of proper mapping was flrst introduced by valnsteln in 11947)
and it's introduced and studied by Leray in [1950]. And the class of O-
closed sets was first introduced by Velicko [968]

PRELIMINARIES
In this section we state definitions and facts that needed in this work.
l. Definition
Let (X, r) be a topological space, if A is any subset of X, and x e X, then
x is called O - adherent point of A. If cl(G)OA I a, for each open set G
containingxinX[1].
The set of all O- adherent points is called O- closure set and we denoted
by
cls (A). If cls (A) : A, then is O- closed set. Every O- closed set is closed,
but the converse is not true in general for Example. R with cofinite
topolbgy is a space in which the closeness does not implies O- closeness.
2. Definition
A function fi X -- Y is said to be O - closed if f (F) is O - closed in Y,
whenever F is closed in X [2].
3. Definition
A function f: X --- Y is said to be O* - closed if f (F) is closed in Y,
whenever F is O - closed in X [2].
4. Definition
A function f: X --- Y is said to be O** - closed if f (F) is O - closed in Y,
whenever F is O - closed in X [2].
5. Remark
The product of two O - closed functions is not O - closed in general [2].
6. Example
If fr: Q -r Q such that f (q): o for each q e Q.
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And fz: Q- Q suchthatf(q)=q foreachqeQ.
Are two O - closed functions. To show that f1 x fz is not O-closed, since
the set

C = {(x, y) e Q2: y: : ,x I 0} is closed in Q2.

But (f1 x f, (C) : Q - {0} is not closed, since 0 E Q - {0} and 0 e cl (Q-
t0)) : a. So Q - {0} is not closed, that is, is not O - closed.
7. Theorem
Iffi x f2:X1 xa, ---Yr xYzisO-closed,thenfr and0are
O - Closed functions.
Proof
Let W be closed subset of X1, then tg,rxX2 is closed in X1x &, since Xz is
closed in itself. So frx fz (WxXz) is O - closed in Y1x yr. But (fi x f2)

1W*&):fr(W)rfr(Xr.
So f (W) is O - closed in Yr. Therefore fr is O - closed see [].
The proof of f2 is similarly.
8. Theorem
Let fi X --- Y is a O - closed function, then for each subset T of a space
Y. A function fr: ft(T) --- T is also O - closed, where f1(x): f (x), for
each x e fr(T).
Proof
Let A be closed subset of ft(T), then there exists a closed subset F of X
such that
A:F n f'G). So fr (A) :f(F n f-r(T)= f(F) O T,
But f (F) is O - closed in Y, then f (F) n T is O - closed inT. Which
implies that
fr(A) is O - closed in T, Therefore fr is O - closed function.

9. Definition
A function f: X ---+ Y is said to be O - continuous if f -t(U) is O - closed
(O-open) in X whenever U is closed (open) in Y [2].
10. Definition
A function f: X ---+ Y is said to be O'- continuous if f-' (U) is closed (open)
in X whenever U is O - closed (O- open) in Y [2].
11. Definition
A function f: X --- Y is said to be O" - continuous if f''GD is O - closed
(O - open) in X whenever U is O - closed (O - open) in Y [2].
I7,.O- PROPERMAPPINGS
In this section we introduce O- proper mappings and its equivalent
definition.
Also we study several operations of O- proper mappings and composition
with other types of O- proper mappings
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13. Definition.
A function f: X ---+ Y is said proper if and only if f x I7 is closed for any
space z l3l.
14. Definition
If f is any mapping, then f is called O -proper if and only if
f x Iz : X x Z ---+ Y xZ is O - closed for each space Z
14. Remark
(i) If f: X ---+ Y is O- proper function and continuous then f is called
O - Proper mapping.
(ii) Every O- proper mapping is proper mapping.
15. Lemma
Every O - proper mapping is O - closed mapping.
Proof
Let f: X -+Y be O - proper mapping, then f xI2: X xZ ---+ Y x Z
is O - closed for each space Z.
LetZ- {t},thenXx Z:X, {t} = XandYx Z:Y x {t} = Y.
And we can replaced f x lzby f, thus f is O - closed mapping.
16. Remark
The converse of Lemma (15) is not true.
17. Example
Let fi Q--- Q defined as

f (d:0 for each q e Q.
Then fis O - closed but
f x Iq : Q x Q - Q x Q is not O-closed, so f is not O-proper function.
18. Definition
A mapping f: X ---+ Y is said to be O - homeomorphism if and only if
1. f is bijective
2. fis O - open ( O - closed)

19. Theorem
Let f: X - Y be a continuous and injection, then the following are
equivalents.

a- fisO-proper
b- fisO-closed
c- f is O-homeomorphismof Xonto aO -closedsubsetof Y.

Proof
(a)---+ (b) by Lemma (15)
(b) ---+ (c) since f is continuous and I - I and O - closed, then (C) is
hold.
(c)'--+(a) letZbe any space, clear that f xlz:X x Z---+Y x Zis O -
homeomorphism of XxZ onto O - closed subset of Xx Z,thatis fx Iz is
O - closed then f O - Proper mapping.
20. Corollary
Every O - homeomorphism is O - proper mapping.
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Proof: By theorem (19) (c)

21. Corollary
An inclusion map i: A --- B is O - proper if and only if A is O - closed in
B.
Proof
Let i be O - proper mapping, i is O - closed mapping by theorem (19 (b).
And set A is closed in A, i (A) is O - closed in B (i is O - closed).
But i (A) = A which implies that A is O - closed in B. Conversely,
let A be O - closed subset of B. A is closed in A, and i{A) = A, then i (A)
is O - closed in B.
Then i is O - closed mapping, i is O - homeomorphism from A onto O -
closed subset in B. So by theorem (19) i is O - proper mapping.
22.Theorem
Let f: X --* Y be a mapping if f1: f -t(T) -* T
defined as fr(x): (x) for each x € f -r(T), where T subset of Y.
Then if f is O - proper so is fr.
Proof
LetZbe a topological space to prove f1 is O - proper mapping.
We must prove fr x lz is O - closed for each space Z.
We have ft x lz: (f x I2) r*2, arrd since f is O - proper, then

1f x Iz) r, z is O - closed, thus
frxlz isO-closed
f1 is O - proper mapping.

23. Proposition
Let f and g are two O - closed functions then g o f is also O - closed
function.24. Theorem
If f: X -* Y and g: Y --- Z are O - proper mappings,
then g o f is also O - proper mapping.

Proof
LetZbe any topological space, so we can write
(g o 0 " lz: (B x 17) o (f x 17)

Since f and g are O- proper, so f x Iz and g x lz are O - closed mappings.
But by proposition (23), (e " lz) o (f x I2) is O - closed
That is (g o 0' Izis O - closed
Henceg o f is O-propermapping.
25. Theorem
Let X, Y are two topological spaces.

Then f: X -+ Y is O- closed mapping if and only if for each K c Y and
each open set V c X such that f't(k) c V there exist O - open set W c
Y such that
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f‐
1(恥

り⊆V and K⊆ W
Proof
Let fbe O― closed mapping.

And let K⊆ Y and V open setin X such that f‐
1(K)⊆ V

Let W=Y― (f(X‐ V))

Since V is open set in X,Then X― V is closed in X,and since fis O―

closed,then

f(X― V)iS O― C10Sed setin Y,Therefor

Y‐ f(Z― V)iS O-Open in Y
W is O― open in Y.

Now to prove K⊆ W.
Let y¢ W implies y c f(X― V),then there e対 st x∈ (X¨ V),Such that

【⇒=y,then x¢ V implies x“ f‐
1(19 implies  f(x)∈ K,then y“ K,

then K⊆ W.Now to prove f‐ 1(W)⊆ V
f・ (ヽり=f~1(Y― f(X― V))

=f‐ !(Y)―
f‐

I(f(X一 V))⊂ X― (X― V)=V,thus f‐ 1(ヽ
の ⊆V.

Conversely,to prove fis O― closed.                       …

Let B is closed in X,then X‐ B is openin X

Let V=X‐ B
Lct K=Y― f(B)iS any subsetin Y

f‐
10こ

)=f‐
1(Y― fB))

=f‐
1(Y)―

f‐
1(f(B))

⊆ X― B=V,then f‐ 1(K)⊆
V thuS therc exist O― open subset W

in Y such that

f・ (D⊂ V and K⊂ W
f・ (D⊂ X― B,Y― f(B)⊂ W
W⊂ f(X― B),Y― f(B)⊂ W
W⊂ Y― f(B),Y‐ f(B)⊂ W,then
W=Y― f(B)
And since W is O― open in Y,then

Y‐ f(B)iS O― Opcn in Y,thus f(B)iS O‐ Closed in Y,then

fis O¨ closed hnction.

2`.Theorem
lfthe constant mapping K:X→ Pisa O― proper,then X is compact.

Proof
Since K is O― proper mapping,then K× IY:X× Y→ P× Y is O― closed

mapping and since every O― closed inapping is closed lnapping,thenK×

IY iS

closed for each space,sincc P× Y tt Y then we can wite

K× IY:X× Y→ Y
which is proiectiOn map such that(x,ガ →y

And since K× IY iS C10sed,then by oこ uratOWSki theorem)[4]
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That X is compact.
27. Delinition
Let (X, t) be a topological space, if A is any subset of X, a point s € X
is called O - interior point of A if s e cl (U) c A, for some U€ t
containing s.

The set of all O - interior points of A is called O - interior of A and we
' denoted by Ints (A).

28. Remark
Let (X, r) be a topological space, and A, B are two subsets of X then

l) A is O - open subset if and only if Ints (A): A.
2) A is O- closed if and only ifA'is O - open.

3) If A and B are two O - open subsets then A x B is O - open subset.

29. Theorem
If f: X +Y is a mapping, then f is O - proper if and only if
f is O - closed and f-t (y) is compact for each y € Y.
Proof
Let f is O - closed and f -r(y) is compact for each y € Y
And to prove fis O - proper that is to prove

f x I,: XxZ-+Y xZis O-closed.
Let C is a closed subset in X x Z
And to prove (f x I,) (C) : h(C) is O - closed

Let h(C) : D, and to prove D is O - closed that is to prove D" is O -
open.
Let (y, s) € D", then h rtl, O 

= r$;<;?, ,r, ,: f''(Y) x {s} c C" [C'is.oPen], then

there exist
U, V are two open subset in Y by [3], such that
f''(y)x{s} c UxVcC"
f-'(y) . Uand {s} c V implies s € V andbytheorem (25)

[f: X --r Y is O - closed if and only if for each f -'(y) c U, such that

U is open then there exist U* is O - open, such that
y€u-,f-t(u-) c ul

' Now
s c V, s : I, 1 (s), then there exist V* is O - open such that s E V*
Ir-t (V') c V again by theorem (25), then U' and V' are O - open, and

IJ' ,. Vt is O - open, and
(y, s) E [J' x V*, thus
(y, s) is 

_O 
- interior point, thus there exist open subset G, such that

(y,s)E Gc D"
D" is O - open implies D is O - closed, thus
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h : f x I, is O - closed map, and then f is O- proper mapping.
Conversely
Suppose fis O - proper, to prove fis O - closed map and ft (y) is
compact for each y e Y, since f is O - proper then f is O - closed map,
and let
T = {y} in Y. Since f: f-t G) -r T is O - proper by theorem (Z2),then
f' f t (y) --+ {y} is O - proper. And by theorem (26), ft (y) is compact.
Now we state another types of proper mappings.
30. Definition
A mapping f: X -+ I/ is called O* - proper if and only if f x I, is O*-
closed mapping for each space Z.
31. Definition
A mapping f: X --+ Y is called O* * - proper mapping if and only if f x I,
is
O** - closed mapping for each space Z.
32. Remark
(a) Every O - proper mapping is proper.
(b) Every O - proper mapping is O* - proper.
(c) Every O - proper mapping is O** - proper.
(d) Every O** - proper is O* - proper.
33. Theorem

Let f: X-+ Y is O - proper mapping and g: Y -+ W is O* - proper
Mapping then g o / is proper mapping.
Proof
To prove go f :X -+ W is proper mapping, we must prove,
(g o,f) x I,: X x Z -+ W x Z is closed for any spaceZ
Let k be a closed subset in X x Z, hrrtt f is O - proper mapping, then
f x 1" is O - closed mapping, then (f x /, ) ( k) is O - closed inY x Z.
Since.g is O* - proper mapping, then g x /, is O*- closed mapping,
then
(gx I")((f x 1,)(k))isclosedinW xZ,then((gx /,)o(f x I)
(k)
Is closed in W x Z, thus ((eo f ) x 1,) (k)) is closed in W x Z,then
cof
is proper mapping.
34. Theorem
Let f: X-+ Y is O* - proper mapping and g: Y -+ W is a proper mapping,
then
go f is O* - proper mapping.
Proof
To prove go f :X -+ W is O* - proper mapping, we must prove

Go f)x I,: X x Z-+W x ZisO* -closedforeach spaceZ.

０
０
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Let A be a O― closed subsetin X× Z and since fis o*― proper
mapping,thcn

f× ′zis o*_closed,then(f× ′2)(A)is c10Sed in Y× Z.
But g is proper mapping,then g x rzis closed,then g× fz(f× ′z(→)
lS

closed in W× z,thus((gx IDο (f× rD)(ム)is c10Sed,then
((gο r)× ′D(A)is c10Sed,then
gο fiSO*― proper mapping.

35.Theorem
Let tt X→ y and g:Y→ W istwo mapping such that

l)iffiS O**_proper mapping and g is O■ ―proper mapping,then
gο FiSO*― prOper mapping。

2)iffiS O― proper mapping and g is o**‐ prOper mapping,then
g ο fis o_proper mapping

3)iffiS O*― proper mapping and g is o_proper mapping,theh

gο FiS O**‐ proper mapping.
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ABSTRACT
The serial test is one of the standard statistical randomness tests. It is found to test

the approximation of binary pairs (2-tuple) of bits for the binary sequences generated
from binary stream cipher generators, which depend on shift registers. In this paper,
first we attempt to extend the 2-tuple to d-tuple (d>3) to apply binary serial test for
binary sequences. Second, we will generalize the 2-tuple binary serial test to 2-tuple
digital serial test for digital (m-) sequences (m>3) generated from digital generators.
Lastly, we will extend the 2-tuple to d-tuple digital serial test for digital sequences.

The results of randomness of applying the binary and digital serial tests in the
binary and digital (m-) sequences were introduced in special tables using hypothesis
test with Chi-square test.
Keywords: Randomness Tests, Stream Cipher, Shift Registers, Serial Test, Digital Sequences,
Hypothesis Test, Chi-Square Test.

INTRODUCTION
The underlying distribution theories of the serial test and the runs test
were analyzed in 1940 [1] and in 1953 [2], respectively.
The serial test [3] found in 1957 as one of the important randomness
statistical tests for binary sequences.
In 1967 an excellent introduction to the theory of both linear and
nonlinear shift registers, were found bV [4].
There are numerous other statistical tests of local randomness. Many of
these tests, including the gap test, coupon collector's test, permutation
test, run test, maximum-of-t test, collision test, serial test, correlation test,
and spectral test were described in 1981 [5].
In 1982, the five statistical tests for local randomness were introduced
t6l.

In 1994, introduced a new package of randomness instead of the
mentioned five tests. CRYPT-X is a microcomputer package that is
intended to be used to test either large binary strings that are used as
keystream in stream ciphers or block cipher algorithms [7].

In 2009, three of the standard statistical basic randomness tests are
generalized, these tests are frequency, Run and Autocorrelation tests [8].

All the five statistical tests are commonly used to determine whether
the binary sequence possesses some truly random sequence specific
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characteristics would be likely to exhibit. It is emphasized again that the

outcome ofeach test is not definite, but rather probabilistic. Ifa sequence

passes all five tests, there is no guarantee that it was indeed produced by

a random bit generator [9].
In this paper we will extend the 2-tuple binary serial test which applied

in binary sequences to d-tuple binary serial test. Then we will generalize

the 2-tuple binary serial test which applied in binary sequences to 2-tuple

(m>3) digital serial test to be suitable to be applied in digital sequences.

Lastly, we will extend the 2-tuple digital serial test which applied on

digital sequences to d-tuple digital serial test. In this work we will
introduce the results of randomness test for 2 ard d-tuple binary and 2

and digital (z-) serial test for random and non-random sequences.

This work binary and digital randomness results are obtained by
program using version 10.0 of Delphi Language and it is important to

mention that no time mentioned to obtain the randomness results;

HYPOTHESIS TEST FOR RANDOMNESS USING CHI-
SQUARE TEST

Suppose we consider an experiment wi+hn> 2 possible outcomes, with
unknown probabilities pr,Pz,...,Pn, and we want to decide between two

hypotheses lls: pi: poifor all i=|,2,...,n and He:P* Poi for some i:|,2,.-.,n,
where por,Po2,...,Pon arc given.

We consider r independent repetitions of the experiment with the random

variables N; denoting the number of times the ls outcome occurs, for

i:l,Z,...,nwhere L*, =, .We use the test statistic [1 0]:
,=l

22=DEC生
己キ
hl

...(l)
we obtain the P-value of the test approximately for large Z, using the chi-

square table for P-P(7'z> fi'1,wherc f is the observed value of 72. In

particular, a small value of 2'<2:, where ff was obtained from Chi-

square table at freedom degree (u: z-1) and significant value (410.05)

that leads to a large P-value is strong evidence in favor ofllo (provided

that the data are really generated from a random sample).

BINARY SERIAL TEST (TWO-BIT TEST)
The purpose of this test is to determine whether the number of

occurrences of00, 01, 10, and 1l as subsequences of.S are approximately
the same, as would be expected for a random sequence. y'{oo, Not, Nlo, Nrr
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denotё the observed number of Occurrences of 00,01,10,1l in &
respect市elyo Note that ⅣbOべ、lIN101N11〒Z-l since the subsequences are

a1lowed to ovenap.The expe∝ ed value is E戸 弓 =c-lb/22=0。 25o-1).

From equation(1),the statistic used is[9]:

″2=喜
,こ

」空
|チ名デ¥年二==基葛

… (2)

which approximately follows a χ
2 distribution with υ=3 degrees of

icedom.

If,22≦ χ:then accept HO(the sequencepasses serialteso andrdectHA,
else reJect HO(the Sequence fails to pass the se五 al test)and accept HA・

For example for 2-tuple and 2-sequence we have the following

samples:

(0,0),(0,1),(0,1),(0,0),

This means we have Ⅳ:=4=22 salrlpL
In igure(1)We describe the shape for nodes of2-tuple and(binary)2-

sequence.

Figure l:nodes of2-tuple and(binary)2‐ sequence。

Remark(1):
●The binary serial test can be called the binary pair(2‐ tuple)serial

test with″ =2.

●Lers denote to the expected valuc(EF)Of the ObSelved number of

occurrences of subsequenceグ Of2-tuple for 2-sequence byE:.

Example(1)

Table(1)shOWS thettvduesぉ r2-tuple bhaw sequence br differed

lengths.
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Measures
Z

1000 2000 3000 4000 5000

珂 250 500 750 1000 1250

Serial Test Extension and Generalization to Test the Digital Sequences

Sudad

Tめに1:弓 Vduesおr2‐tupL seHdお r dffere■ Lngthゝ

Table(2)showS the hypothesis test results for serial test ofthe random    ・

and non‐ randonl sequences for different 2■ uple for 2-sequence、 vhere υ

=3 andズ =781お r dffere■ にngths

Table 2: Serial test results for random and nonrandom

2-Sequences
Serial Test

Values
Z

1000 5000 10000

Sequence (1)

＾
χ 1936 0621 3566

Decision Accept H6 Accept Ho Accept Hs

Sequence (2)
″^ 257328 1458.278 2879403

Decision Reiect Ho Reiect Ho Reiect Ho

EXTENSION OF BINARY 2-TI]PLE SERIAL TEST
Let S be the (binary) 2-sequence generated from binary generator with

Iength Z, whose elements siefi and 03;< l, i:0,1,2,...,L-L For the binary
sequence we already have the binary serial test or what we called 2-tuple
binary serial test, now we want to extend the 2-tuple for d-tuple binary
serial subsequence.
For example for d=3 we have the following samples:
(0,0,0),(0,0,1),(0,1,0),(1,0,0),(0,1,1),(1,1,0),(1,0,1),(1,1,1),
This means we have 8=23 samples.

In hgure (2) we describe the shape for nodes of 3-tuple and (binary) 2-
sequence.
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Figure 2: Nodes of 3-tuple and (binary) 2-sequence.

Proposition (1):
For d-tuple binary 2-sequences, then for the serial postulate, the

expected number (Eb of occurrence of the samples of length d-bit is:

,a - L-(d -l)
t:12_.__

And equation (1) will be:

,, = i i ...f (N,,,,...,,.- (L - d +t) I 2' )2

^1f,^ f* (L-d+r)t2d
...(3)

Proof
The number of samples can be calculated as follows:

N!:4&:2d
...(4)

d-times
since we use the classical probability, then the probability of occurring d-
tuple of binary serial are equals and:

ndr. r I Ifz \ltrl2r...rla ) = 
Ni = T

Since the choice is overlap, then Z will be reducedto L-(d-l), s.t.:

No,o,...,o,o *N0,0,...,0,, +"'+N,,,,...,,,, = ii "i4o u = L-d +l
rl=Q jr=Q ia=O

Where the number of sample (i1,i2,...,L) isN,,,,...,.

While the expected value (Eb of occurrence of d-tuple binary serial test
is:
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ol = $ 1ipir,...,io)x(L - d +t) =t-i*'
Where 0<i*<1, Icl,2,... d.
Then chi-square law will be:

I L; (N,,,,"," - (L - d +1) l 2o )'z2'=zz")
\ai2a qi Q-d+l)l2d

■

In Figure (3), we show the extension of binary serial test from 2-tuple
and 2-sequence to d-tuple and fixing 2-sequence.

Remark (2):
We called this extension the horizontal extension.

Example (2)

Table (3) shows theNf andEf values for d-tuple binary serial

different d for frxed rn=2.

Table 3: Nf and E! values for dtuple serial for differenl d for mZ.

Measures
グ

3 4 ξ
Ｊ

珂 8 16 32

可 0.125L 00625L 0.03125L

Table (4) shows the hypothesis test results ofserial test ofthe random
and non-random sequences for different d and fixed m:2 for sequence of
length L=5000.

Table 4: Serial test results for random and nonrandom sequences for different d, and
m=2

2-Sequence

Serial Test
Values

D

3-tuple 4-tuple 5-tuple

t) 7 15
つ
つ

（
χ 13.784 24.712 44.701

Sequence (1)
（χ 7612 7.356 15.689

Decision Accept Ho Accept Ho Accept Ho

Sequence (2)
＾
χ 5029.24 591401 62.839

Decision Reiect Ho Reiect Ho Reject Ho

Of

Figure 3 :Extension of binary serial test.
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GENERALIZE THE BINARY 2… TUPLE SERIAL TEST
Let S be the digital,η―sequence generated from digital generator with

lengthZ,where s′ ∈こand O壺バ″̈1,卜0,1,2,… ,二
-1.Letttbethe number

ofoccllrrence ofthe 2-tuple oaio Ofthe subsequencc(′め,0≦げ≦
“
‐

1・ For
example for“ =3,we have the f0110wing samples:

(0,0),(0,1),(0,2),(1,0),(1,1),(1,2),(2,0),(2,1),(2,2)i

This means■ c have 9=32 samples。

In igure(4)we deSCribe the shape for nodes of2-tuple and(digital)3¨

sequence.

Figure 4: Nodes of 2-tuple and (digital) 3-sequence.

Proposition (2): Let ,S be the digital z-sequence, then for the serial
postulate, the expected numb er @]) of occurrence of sample of length
2-digits (or 2-tuple) is:

12 L-lo, = -rr;

And equation (1) will be

,, = SS (N, -(L-r)/m2)2
t-^2,-- 1l$-

...(s)
Proof:

Since we have the pair subsequence (ij), then we have the following
pairs:

(0,1) ・… (0,ノ) 。… (0,″ -1)

・(1,1) ・̈  (1,ブ) 。・。 (1,″ -1)

・… (′,ノ) 。… (′,″ -1)

(″ -1,0)(“ -1,1)… 。
(“ -1,プ)¨。

(″ -1,″ -1)

So,we have a matr破 elements with dimension(″x″),then the llllmber
ofthese elements are“ ×″=“2,so we have″ 2 different samples,sot。

ω
側
‥・
，

０

‥

・
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N3=*'
...(6)

since the probability is classical

equal probabilitY s.t.

then each event (i7) is occurred

Sudad

in

PC,プ)=十 .

Since the choice is overlap,thenん will be reduced to Z-1,S.t.:
″-ln-1

馬0+鳩 1+…
・+鴫 .,″コ=ΣΣ巧=Z-1

'=0ノ
=U

¬here the number ofsample(′ ,プ)iStt When O≦ち声≦″-1・

∴瑚=尉,D<Z―D=7
Then Chi― Square law will be:

夕
2=嘗

ΣΨ

In Figure (5), we show the generalization of binary serial test from2'

tuple and 2-sequence to 2-tuple and m-sequence'

Figure 5: Generalization of binary serial test'

Remark (2):

T. 
""ll"a 

this generalization the vertical generalizing of digital 2-

tuple serial test.

Example (3):

lable (5) shows the Ni afi E) values for fixe'd b2, for different

values of rn.

■

Serial Test
for 2tuple

and 2-sequences

Serial Test
for 2+uple

and zrsequences
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Table 5: The Nj and Ej values for fixed F2, for different values of m.

Measures
″

3 4 5

N,^ 9 16 25

瑚 0.H HZ 0.0625Z 0.04Z

Table (6) shows the hypothesis test results for digital serial test of the
random and nonrandom sequences for fixed d:2 for different m, and for
rn-sequences with length Z:5000.

Table 6: Serial test results for random and nonrandom sequences for F2 for
different m.

Sequence
With 2-tuple

Serial Test
Values

″

3 4 5

υ 8 15 24

瀦 15。224 24.712 36。 131

Sequence (1)
^1r 10。 795 20。855 17.348

Decision Accept Ho Accept Ho Accept Ho

Sequence (2)
^)t- 3906。466 4364.207 3324.295

Decision Reiect Ho Reiect Ho Reiect Ho

GENERALIZING THE BINARY d-TUPLE SERIAL TEST
In this section we will generalize (extend) the extended (generalized)

binary d-tuple (2-tuple for digital) sequences to calculate the digital serial
test for digital (z-) sequences.

Let S be the digital m-sequence generated from digital generator with
length I, where si€S, and 0<s;<m-1, i:0,1,2,...,L-L For subsequence we
already have the digital serial test or what we call 2-tuple serial test, now
we want to extend the 2-tuple for d-tuple digital serial subsequence, for
example, for m:3 and d:3, have the following samples:
(0,0,0),(0,0,1),(0,0,2),(0,1,0),(0,1,1),(0,1,2),(0,2,0),(0,2,1),(0,2,2),
(1,0,0),(1,0,1),(l ,0,2),(L,1,0),(1,1,1),(1,1,2),(1,2,0),(L,2,1),(1,2,2),
(2,0,0),(2,0,1),(2,0,2),(2,1,0),(2,1 ,l),(2,L,2),(2,2,0),(2,2,1),(2,2,2),
This means we have 27:33 samples.

In figure (6) we describe the shape for nodes of 3-tuple and (binary) 3-
sequence.
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Figure 6: Nodes of3-tuple and 3-sequence.

Proposition (3):
Let S be the digital m-sequence, then for the serial postulate, the
expected number ( Ej ; of occurrence of sample of length d-digits (or d-
tuple) is:

nd L-(d _t)
mlt

m
And equation (l) will be:

ノ=ΣΣ…Σ
...(7)

Proof:

from equations (4) for 2-tuple m-sequence and equation (6) for d-tuple
(binary) 2-sequence the number of samples can be calculated as follows:

Nd^1mxmx...xm 
=md.. (8i-------.,,-

d-times

since we use is classical probability, then the probability ofoccurring d-
tuple of digital different samples are equals s.t.:

p:(it,i,,...,i)=+ =+lY^ m
Since the choice is overlap, then Z will be reduced to l-(d-l), s.t.:
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馬,Q…pp+嶋 ,いpJ+… +こ剌,″+、″ョ=ΣΣ…Σ札lら….=Z―′+1
11=0'2‐ °  ウ =°

Where the number ofsample(1,ら ,・
"ら

)iS鶏
1ら …Ⅲ′・

While the expected valuc(El)of occurrence of d― tuple digital serial

test is:

こ=耳じ め くZ―′→=宇
Where OくJ〆″-1,ル=1,2,¨ .,α .

Ъ en chi― square law win be:

ノ=ΣΣ…Σ
■

In Figure (7), we show the extension of digital serial
binary serial test) from 2-tuple and m-sequence to
sequence.

teSt(generaHzed

d‐tuple and m¨

Remark (3)

This extension is called the vertical
sequence serial test or the horizontal
sequence of serial test.

Example (4)

Table (7) shows the N,l and Ej values

of different z.

generalizing of d-tuple and 2-
extension of 2-tuple and m-

Serial Test
for 2-tuple

and 2-sequences

Serial Test
for dtuple

and 2-sequences

Serial Test
for 2-tuple

and rrrsequences

Serial Test
for dtuple

and zrsequences

Figure 7: Extension of2-tuple digital serial test.

つ
Ｄ

ｎ
ン

ofd-tuple serial for different d
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TabL(7)■eギfand E`valuesお r′tupL se五dおr dffe“ntグ and″ .

Measures
m

3 4 5

d-tuple

つ
Ｄ

弓 27 64 125

Ed 0037Z 0.015625ι 0008Z

4
珂 81 256 625

瑚 001235ι 0004Z 0.0016Z

く
υ

Ni 243 1024 3125

Ed 0004Z 0001Z 0.00032Z

Table 8 shows the hypothesis test results for serial test for random and
nonrandom sequences with len6h Z:5000 for different d and m.

Table 8: Serial test results for random and nonrandom sequences for differeht d and
m.

Serial Test
Values

rrt

3 4 5

d-tuple

3

l) 26 63 124

ぷ 38601 82245 150706

^)x-0) 14.384 70.574 135.503

Decision Accept H6 Accept H6 Accept Ho

2'e) 4523.827 6014.991 4237272

Decision Reiect Ho Reiect Ho Reiect Ho

4

υ 80 255 624

痛 101596 292.966 682943

2'o) 80129 220.595 594.980

Decision Accept Hp Accept Hs Accept Hs

2'e) 5894.188 9781 114 5131226

Decision Reiect Ho Reiect Ho Reiect Ho

5

υ
つ
４

４う
乙 1023 3124

2i 279006 1098243 3254870

2'0) 260796 1088.970 3106.732

Decision Accept H6 Accept H6 Accept Ho

r'e) 7164672 12016.024 7517005

Decision Reiect Ho Re.iect Ho Reiect Ho
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CONCLUSIONS
1. Note that the extension of 2-tuple digital serial test is equivalent to

generalization ofd-tuple binary serial test.

2. Since the binary serial test can be applied with or without overlap,

then the digital serial can be applied in the same way, for overlap we

take L-d+l instead of Z in computing the expected value.

3.For L<250 bits, for binary sequence, for F2,, we obtain pass value

612<753, while for d=5, we obtain fail value 47.72>44.7, this

means that if the sequence passes serial test in some dnot necessary

passes the same test in another d.

4. Since the proof of sequence randomness is probabilistic it is

preferable to choose Z as big as possible and choose many samples

ofsequences to be tested by serial test to obtain accurate decision.

5. As suggestion for future work, others binary randomness tests can

be generalized suitable to be applied on digital sequences like Poker

test.
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.力幌δ〉,¨

ABSTRACT
The aim of this paper is to study the approximation of unbounded functions by
Trigonometric polynomials in locally-global weighted-spaces / (X) where

1< P < o using the weighted Ditzian-Totik modulus of Smoothness.
Keywords: D.T. Modulus of smoothness, Trigonometric polynomial, Best
Aprroximation.

INTRODUCTION
Many researchers have studied the theory of approximation of function,
for instance:
In (1987), [1] introduced a way of measuring smoothness of function,
where the needing for these concepts arises from the failure of the
classical moduli of smoothness to solve some basic problems [].
In (1999), [2] obtained some results about the convergence ofperiodic
functions in the space tr,(O<r<t), in terms of averaged modulus of
smoothness [2].
In (2000), [3] estimated new theorems concerning the convergence of
periodic functions in the space zn.,(o<r<t)(s>0), in terms of some

modulus of functions.
Also,'in (2000), [4] obtained some results about approximation of entire
functions by some discrete operators in the space zr."(o < r < t)(s > o) in
terms of averaged modulus of smoothness.
Now let the functions/and g be defined in the interval y -- f-r,r)let

LP(x) -[',,r,," : 
[1,ro,,,*]*. 

-]*n*" 1 < P < o

And

l) Since [* lf @)l' dx > O for every tunction/defined on X

tiren [], lf @)lPar]; > o
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hencell/llp>O 
1

2) tf llf llp = 0 (+ u* lro>r dx\F - 0 <+ f(x) = s
.t1

3) llaf ll, -l[r lof til' d*f' -11* o',11{*)lP dx)F -
1

"U* lf @)l' dxfF - a1111,
11

4) llf + sllc =l[* lf + s@)lP d*fF -ur vt*> + g(x)lP dxlF
11

s [[ t/(r)lP a*fi*l[rts@)]',axfF - ll/llp + ll,ellp

[Minkowsk's Inequality]
Then Ip(X) is the space of all bounded functions, which are equipped

with the above norm.
Therefore, before proceeding with the study of approximation of
unbounded function by Trigonometric polynomials, it is necessary to
know some definitions.
Delinition (1)

Let X=l-o,ol and, 1@) be the space of all unbounded tunctions
P,V

f ,(l <P a -) which is equipped with the following norm.

ll/11,,., - [l frXrl'*]* *n*" w(x) isapositive weighted tunction

andびW)∈ ιPα)

Deranition(2)「 51

For α 2π ―penodic(bOunded,integrable)inCtiOn/1ct

S_(′′χ)=::―卜Σl=.(ακ COSたχ tt bた sinたχ)where

αた=li■πノ(ι)cosたιdt and bた =ll■_r(ι)sinたι dt is the partial

sullns ofFourier se五 es oV
DerlnitiOn(3)

For   2π―   periodic   hnction   /∈ ZP,v(χ)  Let

島 1/,χ)=:争 +2:●たCOS繊 +螺 SЙ臓) Where .=券
10%Xrx】

。Slr″  ,

4=:ilW/Xrドヌjれた′α′be the THgonometric polynomial ol■
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Remark(1)
Fora 2π ―periodic unbounded ttnctionノ we have

tけ ,χ)=券
ilw/》

+′》
"〔
ldr=;1:プ。ノン"0-ガ)      where

20=:+基鰯ルmdガ =券ノ=鍼ム2″

Proof

Since SLケ ,χ)=:%十
,:cCaSた

χ+4Si・臓 where

,r = )iArnlcoskt dt, ur = ) lyfft)sinkt 
47 6,"n

ら=÷
ilW/Xr)CoS10ン

=ウ
ilW/Xrlar we get

St(′,⇒ =」
:」

1(NS)(t)dι

+'ill=1(Wf)(t)COS ttCos tχ dt=1(wノD(`)Sinた tsinたχdll

=li(Иrxrンヶ
[:+Σ:∞

S trcos臓 +sinたrsinた

|]

=:1(プ Xrン′
[:+喜

COStlr_xll

Then S"び ,X)=夕
ilw/XrI:+,lCOSた

lr_χll″

=lilW/XX+′
I:+基

cOSたrl″

=り
:ilW/X'+′

)D“ lrン

Hence,見 1/,χ)=上 ∫(“→け+う%←ン
ーπ

Derlnition(4)

Let/cち
,ッに )fOr″ ∈Ⅳ we deine the followhg operator which

depends On I)irchlet kemel such that

G2"lr)=井
DE12“ +′ lr)then

C2詢 1/'χ)=3″2+2Σ /けL″ 0-ガ )bethe Q43● Operator.

Remark r2b
For rCZP,vlxl We have
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Q″ルげ,→ =券 ilW/》L″←―“レ
Proof

Since Q"ル し,χ)=3″2+2Σノ°し
"←
―χブ)and by ushg he Lct■ 江

[if/お bOunded then

l■./(χ )αχ=Σ l=。
11√

(χ:)],χj∈
[―アτ′π]

we have

Qι“け,χ)=寡≒葛券争ノけL″←―ガ)

=3″2+2573覇キ券告掌
Q″ lX―ガ)

ShCeし
造)=″

→∞
“

(″》)→ 0″
`励`

G“け'→ =342+2夢葛りいp海
"←
―→

=2二暮多ぃ》L″・
―→

=6″2+4:iいX7獅2"←
~″

)″

and since理■6″
2+4=l We have

C″,3■ (ノ'χ)=券
10静

X″)。2● 0~“レ′″

Derlnition(5)

Fora 2π―periodic unbounded function/

お■e LocJサ 」Oba norln of/wheК  Ⅳ←,→ =レ∈χ十一J≦δ)δ∈R+
And we denote LP,δ ,wα)=『 :||√ |IP,δ,w<∞〕
DerlnitiOn f6ヽ 161

For/cら,vlXI  Let

パκノ,χ)={喜
(|)(-1ソ

'ノ(χ―讐+rib),χ平11∈χ
}

be the difference ofhigher order of/,then
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a*(J;6)p,,,--s"pllNr(fw,x)1".. is cdtea the usual weighted modulus of

smootlmess ofl and

ao(f;5),.0,. = s"pll$,(7*,x)1",,,. tt the locallv weighted modulus of

smoothness off
Definition (7)

l-et f eLr,*(X) then

Lo(f;a),,* - supllfrr(\w,r11"., i, the Ditzian- Totik weighted

modulus of smoothness oflwhere o@=+,x el tr'trl and

Lu(y;a)r,,* = 5-pllgr,(t*,r)lr,r,, is the locally Ditzian-Totik

weighted modulus of smoothness off

Definition (8)

yet f eLr,*(X) *en

力″ル;のP〃 =勒
|ク

。Кφい,χ‖′ンヽcalled■ e卜■wdghted Dtti狙―
Totik modulus of smoothness of/where k and r non negative integer and

&+r >0, and

L,.,9,5),.0.,, :*rllb!W,,(/,'41".,,, is the r-th locallv weighted

Ditzian-Totik modulus of smoothness off
Definition (9)

Let f eLo.u*(X)tten

E,(f)r.6.* = #f,,llf -T,llr.u, be the degree of best approximation ofl
with Trigonometric polynomial 4 e fI" , where II, be the set of all

Trigonometric polynomials.
Remark (3) [71

For / e Ip(X), then ll/llp < ll/llp,a
Remark (4)

Forf e Lp,*(X), 1 < P < oowehave

!,(tra)r.,.-* Rrr,r,o(f ;6)p,a,* where R1r,r,q is the weighted Ditzian-

Totik fr - functional, which is defined by:
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R*,,,0(f ;d)p,a,* - infpn nn{tto'crlrr - P,ll",a,. *

a* 
llOur,(u) ll ,,r,,] 

*h".. P, is a polvnomial of degree n, P,. € [In

Proof
For / e z,(x) we have

b,V, a1, = ri.rtJ, 
d), av $l

then

*ollbato,,rr, ,ll, - .'tllrr,xr - e 
Nl" 

. 
i|i 

glll,)

And since (fw) e Lp(X) by definition (l) we get

Sη
琳
ク。パリφO勒 ,χ

llPNinfllク
。光

"―
鳥″

||′

十ふ

|ク

に ″j

ｌ

´
ｊ

′

″

thus

Ⅲx/"―ク‖P´ +琳

'CW'°
‖,1

勒れ。Кφけ,χ‖Rav～ hfヤ。X/~鳥‖Rav+‖ク月Lソ}

Hence

i,(.f , 
a1,,r.- = ri.r(.f ; d) r,0,,

ATXILIARY RESULTS
Here we prove some results, which will be useful to prove the main

results.
Lemma (l)
Let f,g.Lr.*G),wehave
(^) G r,,r,U + g) = G r,r,U) + G r,r,(g)

(b) Gr,.r,(d)= ffir,r,U) where o is a constant.

Proof

(a) Since G,.,.,,(.f ,*)-- #e}rrxi)G,,(x-xi)
Then

G,,,,(f + c, *) = #ii$ * gX'F,,(x - xi)
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= # **V(x,) + g(,;)P,.(r - x;)

= #-Z, QiP,.(x - x;) + Snl ra,P,.(x - xi)

- Gr,,r,(f ,x)+ Gr,.r,(g,*)

Therefore, 
G-r,.r,,(.f * g) - Gr,.r,(f)+ Gr,,t,(g)

(b) G,..u(af , xl = $;1tol,xip,.(x - xi)

= ffi\rt P,.(x - xi) - ac,,,.,.(.f ,,)

Thus Gr,,r,(d) - er,,r,(.f)
Hence Gr,.r, be a linear operator,

Remark (5) [Minkowsk's Inequalityl[9]
For f,getr(X)wehave

[lrrr,l."r,)'*] =[{rror'*1* .[i,ro,'*1'

Where P> I
Lemma (2)

For f ,g e l4*(x) we have

[l 
rrr,i. 

"r,)),,(,)' 
*] =lytnx.l' *l* . [g',*o)' 

*]
Where P> I
Proof
Since (,fv) e tr(X) by definition (t) then by remark (5) we get

[lrrx,r.,*,r,) 
" *] =l,*o{ *]- . [g',*o)' 

*]
This means that

t.- t+
I I ltrro + g1x1)w1x1lP axlL*l

１

一ＰＩ
引
「
Ｊ

αＰヽ
１
′

χ
′
‥
ヽ

ヽ
―
′Ｗθ

′
‥
ヽ

ｌ
ｒ

Ｈ

Ｈ

＋

ｌ

一Ｐ■
１
‥
‥
‥
‥
‥
‥
‥
Ｊ

χｄＰヽ
―
ノ

χ
′
―
ヽ

ヽ
―
ノＷσ

ｆ
ｒ＝

じ

く
一
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Lemma (3)

For f,geLp,6,*(X), l(p<o wehave
d6d
at r.,U;6)r,u.* < ot r.,(f - s;6)r.r,* + b,.,(s;6)r,0.*

Proof
by using definition (8), definition (6) and by lemma (2) we have
o6
a r., (;[ ; 6),.5.* = r,, (,f - s + s; 6) r,r," = supll4' trn(U - s * d*\l 

".r._≦Sり
{∫ |あ

lX)2J(|)(-1)1~'《ノーg+g>Xx-11埜 +Йφ
l′

教
|ナ

where x,x―
等

+J力 CプV(″ ,δ):″ C′r

≦Sり
|∫ |力

←)基
(|)←

1ソ
~′

((アーg>)(χ―等+ルの
IP教|;

+Sψ

l!|力

←EE(:)(-1)1・ tνXχ―ツ
+Йφ

l′

教
|:

= *o{il;ow',,(t - r\*,,\' *}' . *r{yl tio,,,,{*,,\' *lr

= *olliulo,,w- 
"),,, 

,11 

,,,,_ 
. 

lpoul, 
tt", ,),, ,11 

" 
, .

- lu ..U - sra),,'' + lo ,.(g;a),.,,

th", L,.,(.f ;6)r.r,* =L,,,(.f - erl)r.r.* *L,.,(e;6),.0.,
Lemma (4)

Let -f ,geL..(X), wehave

(a) s,(1[ + g,x) - q(1,x)+q(g,r)
(b) S,(6,x)-^5,(f,*) where S,,(/,r) is the trigonometric
polynomial of/(defrnition 3) and o is a constant.
Proof
(a) Since S.(f ,x) - | !* @n6+i D,(t)dt by remark (l) then

7f
S"(.f * 9,x) = - J 

(wU * g))r,+o Dnf)dt
X
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Lf
=- )(wf *wg)@+t)DnG)dt

x

7 f -=; ) [t*n6+4 * (ws).,* rtlo*(iat
x

1( 1.t
- ; J 

(wf)e+o Dn(t)dt + - J @d<.+tt Dn(t)dt
XX

= SnU,x) + S"(g,x)
(b) sn@f ,x) -)lr t*{"f))r,*oD,(t)d.t

lf
=;J "(*f)6+t1Dn(t)dt= 

aSn(f ,x)
x

Lemma (5)

Let f eLr.,,(X), l.p.-,d, o 
^ 

a O@=G7
4

For x € l- o,rTrwe have

61 L,,(y;a)r.r.. < c6l,),-,."(-f ';6),,u,-

⑩)あ 1′げ;δ)P,δ,v≦ CJI/1P,δ
,v

Proof
t

(a) Since a,.,V;6) r.0.*

= s *llbl) N ;; o, 
(o,, tr,,)]1,,,

= 
*r{llit,wa,b*@,i), *}r,r*" x e N(u,6) :u e x

≦Sψ

{!|力

lXン蜂燕)((ノ(χ―

`チ

+力φ)一 /(χ―些∠))の(χ
―些2,)P凌

|;

neК x,x_等∈Ⅳ(″ ,の :″ Cχ

= *ollb L 1,1 r,,u 0,,11,,,
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≦Sψ
{||力

lX)蟹tsO・メlrンノ
IJrl:{li主

みφ
歳

|

≦勒
|あ

←〉雪″0(。メ,X琲′aw[χ―等+力φ―χ+等
]

≦ム1.′ ぼちδ)P,δ,w力φ≦Cδあ1.′ 0ちδ
)P,δ ,″

_Thenあ 1「 1/;δ )P,δ ,w≦
CδあHr1/1δ )P,δ ,ソ

b) 1,. V ; d),, 
" = 4lAO^, f ,,11".,,_

恥re x9χ +等
`+等

+みφCЩめ,“ Cχ

≦&″
{|10"メ

lJン′
|′
Iξ

+力φあ。レ
|:

≦Sψ
II109メ

lrlPα′
|:{虜

+″φあlXレ
}

≦‖ノ‖P,δ ,vο 1/ンφ≦οδl/1P,δ,w

Hence,あ l′び;δ)P,δ,v≦
οalノ‖′,δ ,ソ
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Lemma r6)

Ldノ∈ら,δ ,ソレ),1≦ P<∞ we have

と,1/;δ )P,:,ソ
≦ιδた

1/1・

llP,δ、ソ
Proof
Using Lenlma(5)(→ we have

Vol.25,No3,2014

L,., (.f t o) r.u., < c u,6 L r -,., (f ' ; 6) r.0., 3 c r-16' L,-,., 11f ' ; a) r.0,.

3 c r-16' L, -,., 
(1 or, a) r,u,n... I c t6 

k-' L r., (7 v'1, a) r.0.*

Then by using Lemma (5) (b) we have

L ,.,gt;5),,0,,, I c,6r-' L,.,(1a"t ra),.r,- a ca*ll,r(*)11r,,,,

H"n"" L,., (.f ; 6),.0.* < c a 
r 
llf 

e)11,,,.*

Lemma r7)
ForF∈ LP,δ,w(χ )′

χ=[―■π]Where l≦ P<∞
Wehave lG2″ ,3"(/洲 P,δ ,ソ

≦CI/IP,δ
,ソ

Proof

shce Q″βル)=⊥ ∫(ルンに″0-γレ
ー π

≦
{∫

K/"X'十“】P凌券lG2″0レ
|タ

≦
{IK/"llX+2)′

a,}サ

1券 iC2″
("ンιι

l:≦
|メ IP,δ ,″

C

Hence  lG2″
,3″ 1/洲

P,δ ,ソ

≦qレ
IP,δ ,ソ

Lemma (8)
For/ e Lp6,*(X), X - l-r,n] where 1 < P < mwehave

∴(/,)≦ ;喜
ιしには,十型,,0≦ P<∞
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Proof

Since  
l々ζφび

,;)′ ≦
;書

εlPLげ》轟   by [10] and cFW)∈ LP(χ)

deflnition(1)

Then  
鳥

(ル,)P≦
;葛

ο●Lい 〉,青 =;葛εeLケ 〉,青 ,7

Hence  ∴(/,ウ)Pル≦;葛σ
")aげ

)P,告ン
Lemma (9)
For n eN we have

lr-!- lG,^Qpt _t

Proof

since A-Q)--)1Lo,.,Q)

where 4(r)= j+icosLr we have

)io,"av, = *!n*".,Q)dt = **!P.d)+ o.^Q)+ ..o,.Q

井レif乙
←ン十分レJ←ン上̈ウifら″セン]

Since      ttiD.lrμt=1   ∀″cノv we have

÷iC2″
lrン′=覇

:耳 ['11カ,」

1]

=浩レ+1]=1

Then     易「i(ち
″lr〉ヵ=1

摯 ザ 讐::,w(χ), X= [―π′π]Where l≦ P<α),δ >0,た ≧ l  we
have

aげ )P,δ ,ソ
≦C力

=′
1/;δ)P,δ ,w

》             ″
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Proof

By using definition (9), remark (4) and ,tr." llfll ) 0 where Tn is the
ll-11".,

best approximation of / we have

E,(.f),.,.*= ir,f ll/ - 4 ll 

", 
0,," =llf - r,,.1,,,,+ t 

ll8llr, ,,

≦∴にδ)′詢≦σみk■ ;δ )′ル
Then  a1/)′ J型 ≦σ力

=′
1/;δ )′ル

MAIN RESULTS
Theorem(1)
Forr∈ IP,w(χ ),χ 〓[-7r,π]Where l≦ P<∞

‖/TC2",3″ 1/淵 P,δ ,′

≦C力 ′々1/;δ)′ ,δ .ッ

Proof
By using Lenllna(7),deflnition(9),Lenlma(10)we have

1/~C2″,3"げ洲P,δ ,ソ

=1/― ■ +η ―G2″
,3″ げ 洲P,′ .ッ

≦
|ノ

ーλ ‖′.′ ,ソ ‖ |■
― C2",3″ 1/洲 P,δ,い

|ノ
ーλ lP,δ,v+IC243″ に )~Q43″ 1/洲 P,,,w≦ 1/― ■ |′,δ ,ソ

+‖G2",3"1/~■
洲′,δ,w

≦
|ノ

ーZI′
,δ,v+Cllノ

ーZIP,`,ソ

=几び)P,δ ,ソ
+C2E″げ)′,δ ,″

≦Cあた′げ;δ )P,,,ソ

Where l,is the best approximation of/and For 62■
,3■ (■)=Ъ

Then  l/― Q″β″1/洲 Pノン≦Cι
「々1/;δ)Pガ,v

Theorem(2)
Forf∈ ιP,w00,X=[―π′π]Where l≦ Pく ∞

レー硼′詢≦等ん々′仏→P詢

Proof

We assume that 62■
,3● (F,χ)are Trigonometric polynomials and f∈

LP,wα
)′

(1≦ P<∞ )

Then by using deflnition(5),Lenlna(2)and Since

a←―ガ)≦ 2″ +1,∀J=1,2.¨ 2″  we have
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■

∈Ⅳ(2,δ):ucχ
1

l                                           l

≦|IF~62■ ,3■σ)|IP,δ,w                
‐

1

1

到f―‰∽膨ル+竿 i
t

Then

レー荘,瑚′ン≦レーQ…釧Pン+7ン0-Qゎ釧′ン
=写ン0-Q…釧Pル

レー乳回′
"≦等ン.↓→Pが等ι″′の′ル

thuS Ilf― 鈴σ′χ)|IP,δ,w≦ 篭lω:rσ;δ)P,δ,w

Theorem(3)
Forノ ∈LP,w(χ ),χ =[―π,π]Where l≦ Pく ∞wc havc

ι
l′σ;δ)Pガ ,ソ

≦C力
|プ
ーG2″ p″ 1/洲′,告 ,ソ

′=0

Proof

Lct g be any pdynomiJ,|≦ ′<∞)δ >O and by using Lnlma(3),

deflnition(8),Lenllna(6),Lenlma(8)and deflnition(9)WC haVe
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ム′1/;δ)P,δ,w≦あけ

/        ≦lψ

′
4φげ一gttP,δ

,v

Vo1 25,No3,2014

ツδＰ
δし

φ

ω
　
　
　
　
　
ツ

＋
　
　
　
　
　
ａ

罰
巫

行
Ｖ
　
　
＋

り
，

4.

5.

6.

7.

０
０

≦c← )lψ
′ぼ―g洲′́ン+δ鼎″gr‖≦C←)鳥

7;δ
)Pル

< c (,, p)\ n. g),,^._ = c Q, dflV - c,^,.V\1,.^.*

0.nThen r^,U;d)r,.*<clllf-e,,u7\l.=,.
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ABSTRACT
In this paper we obtained〕 Basyian estimatOrs ofthe reliability価 ctiOn Ofthe ParetO

欄榊磯踊稲灘
represented by Exponential distribution`

誡 tion Of thc ParetO type l distribution under Squared‐ Log errOr loss inctiOn is
compared with SOme classical estimatOrs such as, the Maxilnllm Likelih00d

EstimatOr(MLE),tlle Uniformly Minimum Variance Unbiased EstimatOr(UMVUE),

留 1肥柵 胤 1崎 宅 鰤 肌

鮮

翼 t棚 窯 :盤 :龍皿

譜 認 護 蹴 態■:躙 tlrm[賓り
“

釧 m江∝ハ u¨ιLog e“∝ bs
hnCl19n2 JgffeFy priOr and Exponential p五 〇1

1NTRODUCTION
The Pareto distribution is named atter the econOnlist VilfredO Pareto

(1848‐ 1923),thiS distributiOn is irst used as a model for distributing

incomes of mOdel for city population within a g市en area,failllre mOdel
in reliability theory[2],and a queuing modelin operation research[6].

A random variable X,is said tO fO110w the twO parameters of Pareto

distribution ifits pdfis given by:

θαθ

ノ(χ;α′θ)= θ+1        ′ X≧ α′α>0′ θ>0 (1)
x

where q and 0 are the scale and shape parameters respectively. The
corresponding cumulative distribution function (CDF) is given by
F(x;a,g) :1 - fg)' y )(;/ ' xla; a,o)o (2)
So, the reliability function is:

R(o=(1)0

SOME CLASSICAL ESTIMATION
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lnthis section,we obtain some classical estimators ofhe shape paralneter

for the Pareto distribution represented by Maximum likelihood estilnator,

Unifo.1.1ly Minimum Variancc Uhbiased Estimator and Minimum mean

square error estimator.

G市en χLχら̈ ,為 a random sample ofsize n■ om Pareto distribution,we

consider estimation using method OfMaximum likelihood as follows:
71

L(χ,…′χ.lθ)=Π√(χがθ)
L(χ.,..・ ′χ.[θ)=θ・ α・ θθ―(θ +1)Σ L・ 1・χ:

The Log-1lkelihood inction is gⅣ en by
tt

hL(χ,…′為lθ)=nhθ +■θhα―(θ +1)Σれ綺
:=1

Differentiating the log likelihood with respect to θ:

n

∂[ι
れL(χl,・・・′χ711θ )]

=:・ nlnα _)]17t Xi

ト

∂θ

Setting this expression to zero and solving the

Maximum likelihood estimator of 9:
^nA_
" - XL, lnxi-nlna
^no--UML - T-nlnq

n

, wれθrθ T=Σ ι7■ Xi    (4)

i=1

equation yields the

Using the invariance property, the MLE for R(t) denoted by

Rrr(-t) may be obtained by repiacing 0 by its MLE 6ML in (3) [7]

,d.,CutR,,(r): (;) -- (s)

Here, we oU[in the Uniformly Minimum Variance Unbiased Estimator

(UMVUE) of 0. Since the family of density (1) belongs to the

irporr.ntial family, therefore, statistic T is a complete sufficient statistic

for 0.
We have:

rn (!) -rrponenti.q)(e) I
density:

s(t) - fir"-'r-"
Thus,

E[err] = "u (+)

T=Σ:Ll:れ (:)～
Ganlma(η′θ),With the

′ι≧ 0,θ >0

ー
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(11)

Recall that, T is a complete sufficient statistics for g . Thus, irrru, is a
Uniformly minimum variance unbiased estimator (UMVUE) of 0.[19]
^ n-1-o_
V UMVT] E (8)

(9)

∞

F(:)=∫
写

αι

0
∞

=∴∫岬
E(:)=万皇可      (6)

E[OML] =轟

Is the Minimum lnean square error estimator fbr θ.

“

SE(∂MLE)=EI(争 ―θ)21=υαr(争
)―

卜
I『 (争)一

θ
]2     (10)

υαr(争
)=η

2υ
αr(:)

υαr(:)=EI(:)21__IE(:)12

FI(:)21= (._1)(._2)IFfII:[:l:li;1生 dι

0

θ2

We can find the Minimum Mean Squared Error (MinMSE) estimator in
the class of estimators of the form 9 . Therefore

MSE.Q= 
'[(; -')']-- ," () -ZcoE (i) * r'

Taking the derivative with respect to c on the both sides leads to
0 c z1t z1r

ac 
MSEaer) = zct \V) - zeE G)

Let $lrasaaQ=o,so
^- r1r e2

" =o'V) - n-=a - .., -.)- -r1r- ez,v-2) @44
Therefore, we get c = n-2 and hence

られMSE= T

dι

ヽ

ノ
７ｒ

ヽ

γ
~

ゝ
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υ″0=西轟巧―[∴12

υαr(:)=で丁I「I;」:T・「豆,
Hence, フαr(手

)=石丁|:]II=万

[2](争)‐
―θ

12=[E(争)]2.2θ
E(争

)‐「
θ2

=[≠rT12_2θ I善 l十
θ2

.2θ
2_2ηθ2(._1)+θ2(._1)2

=
(._1)2

1E(争)一
θ]2=7デビ:戸

Substituting(13)and(14)into(10)

MSE(a‐MLE)=                十
 (._1)2=

MSE(為LE)=
02(n * 2)

(13)

(14)

θ2(71+2)(■ -1)

(71-1)2(η …2)

(n-t)(n-2) (15)

ルrSE(∂υMソυE)=EI(宇 ―θ
)21

MSE(a~」 MrυE)=υ αr(宇
)+IE(I:;11)一

θ

12

υαr(宇
)= (・

-1)2ν αr(:)

Substituting(13)into(17),、 ve get

υαγ(宇)=石ギ:li;::::iラ下 =
We have,

E(■
子
1)=θ

Substituting(18)and(19)intO(16)

νSE(∂υM1/」F)= (η _2)

MSE(a‐ Mi71MSE)=EI(翌 |;ll― θ

)21

MSE(OMinMsE)=υ αγ
(里IFヱ)―

卜
IE(翌IFヱ)一

θ
12

(■ -2)

(16)

(17)

(18)

(20)

θ
2

(19)
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υαr(宇
)= (η

-2)2υαr(:)

Substituting(13)into(22)

υar(7)=1)Fli:;i

Em=雅挙
Substituting(23)alld(24)into(21)

MSE(θMJη″s」)=1:F≡1;Ii+てπfi:戸
=凸

From(15),(20)and(25),we indth試 :

M S E (6 yiny 5s) < M S E (0 u Mvu s) 3 M S E (0 ML)
New, the MinMSE estimator of the Reliability function, denoted by
R(t)n rnrru approximately, will be:

^ /qraurnuse
R(t)r'ainrursr = (T,) Q6)
BAYES ESTIMATOR UNDR SQUARED-LOG ERROR LOSS
FI]NCTION

Bayes estimators for the shape parameter 0 and Reliabilify function were
considered under squared-log error loss function with non-Informative
prior which is represented by Jeffrey prior and informative loss function is
represented by Exponential prior where the squared-log error loss function
is ofthe form: [4] . / 4.),4(d,4)=(r"4 -ha)'=l rn

'. e)
Which is balanced with liml"(0 d,)-+coasd, r0orco. A balanced loss

function takes both error of estimation and goodness of fit into account but
the unbalanced loss function considers only error of estimation. This loss

function is convex for {<rand concave otherwise, but its risk function
0

has a unique minimum with respect to d,.[a]

According to the above mentioned loss functions, we drive the

corresponding Bayes estimators for 0 using Risk function R(0 - 9), which
minimizes the posterior risk

R(e- a) - r V(0,r)l - /*0,6 - t.,e)'r,101x,...........x,,)do

a(0 - e) - 1rn0)2 -z(tn') E(ln0lr) + E((ln0),lr)
aRsik ^- 1 2

- 
= 2(ln 0); - ;E((ln e)lx)a0 ' 'e 0
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(22)

(23)

(24)

(25)

117



Bayes Eslmators fOr the Reliability Function ofPareto Type l Dismbution Under Squぼ ed‐ Log ErFOr
Loss Fullction

Huda and Nttaln

By letting 
∂R2(∂ ~~θ)=0

The Bayes estimatOr for the paralneter O of Pareto distribution undcr the

squarcd-10g errOr 10ss function is:

∂=Exp[E(lnOIX)]
According to the Squared-Log error loss function, the corresponding
Bayes estimator for the reliability function will be:

Fir; = ExplE(tnR(t)lt)l (28)
o
r

E (lnR(t)lt) - | tnR(t) h(?lxr, ..., x )d0
J
0

We have R(ι)= (:)θ

Hence,

E[ιれR(ι)]=ln(子)F[θ ]

Substituting(29)intO(28),we get:

ρ(=)=2]χρ
lln(:)F[θ

]]

(31)

(27)

(29)

(30)

PRIOR AND POSTERIOR DISTRIBUTIONS
In this paper we consider informative as well as non-informative prior
density for gin order to get better understanding ofour Bayesian analysis
as follows:

(i)Bayes Estimator Using Jeffery Prior Information:
Let us assume that 0 has non-informative prior density defined by using
Jeffrey prior information g(0) which given by:

s,@) x JI@)
l{here I(0) represents Fisher information which defined as follows [l]:
r(o)--"r(#)
Hence,

θl(θ)=CNI―れF(f:芸響り  ,wllere c is a cOnstant

r7tr(χ ;θ)=ιれθ+れθlπα―(θ +1)ιれχ

等 =:+れιηん―Inχ

∂21nf  l

―

= ―
一

∂θ2    θ2

E(`甕
年)=―多

Atter substitutiOn intO(lo),We flnd that:
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θ.(θ )

れ1(θ lχ l′
...′ χη)=

L(χ
l′

.¨ ′χ7tlθ )θl(θ )

[f L1*r, ..., x*lo) sr(o) do
Where L(χ ;α,θ)=θ・ α・ θθ

~(θ +1)Σ [■χ
=θ

■θ■θ:●αθ
~(θ +1)Σ I露

ん1(θ lχl,...,χ_)

壁fη

θhαθ~いつΣ hχ
:√ where,a is q. constant

J∫

°θ71θ 7tθ
:・αθ~(θ +1)Σ ιllχ

;マ
年:dθ

g fi gL lnx g n- 1 e- 0 (1, tr.x -ntna)

`v7θ
Σ 17tχ り電ドθη

-lθ―θσ[ηχ―■1■α)αθ
θ・

~lθ ~θ
(Σ ιηχ-211■α)

ボ θれ-lθ―θ(Σ 172χ―P21●α)αθ

θユ
~lθ ~θ

(7-721■α)~鵡
i■

1二二
千(:ちF三

二:θ 72-lθ―θ(T―・llttα)dθ

[7-ηιれα]れθ・
~lθ ~θ (7-■ 1■α)

r(n)
This posterior density is recognized as the density of the Gamma
distribution:
0 - Gamma(n, (T - nlna)), with:

, ver(0)
(7-■ :ηα)2

-0〔T―■1■α〕d0

√
ε

一
Ｏ
υ

〓

E(0\ - 
n

T - nlna

E(lnOI)0=Ψ
l∞

In 0 0n~le

Let ‐
ソ〓θ(7-■ιれα)

⇒ θ=又 ′

“

=鳥
Hence,

“
n釧⇒=器

1∞
h(鑑)(F蹴)Hァ端 ゥ

=鱚跡ポllny―lnCw宕
=.1∞ 1堕2:ギ

l;L三
二αノー1111長デ

E(lnOI→ =9(■)-ln[T― nlnα]

Where,ψ (■)=器 ぬヽe dgalnma h“ On同
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Loss Function

Now, using (9) to estimate Reliability function we reach to:

R(OBI=Exllttln(:)] (14)

We can notice that R(t)sy is equivalent to the Maximum Likelihood

Estimator for R(t).
(1y' Posterior Distribution Using Exponential Prior Distribution.
Assuming that 0 has informative prior as Exponential prior, which takes

the following form:
70

Substituting(32)into(27),we get

θl=Exp[9(・ )一 ι
・ (7-■ :ηα)]

θ2(θ)=テθ
~万

So, the posterior

(χl,χ2′・・・XPl)iS:

722(θ lχl,χ2′ ・̈X71)

Huda and Najam

(33)

′        θ,λ >0

distribution for the pararneter θ given the data

π鷹.roilθ )g2(θ)

Ii ri=rf @ile)sz@)de
Then the posterior distribution became as follows:

hr(?lxr,xr,...xn)

「 (■ +1)
This posterior density is recognized as the

distribution、 vhere:

θ～6αmmα
(■

+1′
ittΣ LlJ・ -7LIηα

),With:

η+1
E(θ)=

;十 ΣLl:7t Xi― れιれα

η+1

ver(0)

12(i + XiL, lnxi- nlna)

The Bayes estimator under Squared-Log error loss function will be:

(15)

density of the Galnma

■
―
‥
１
‥
１
‥
コ

θｄヽ

ノ
ιθ′

‥
ヽつ

‘

れθη

∞
ｆ

ｌ

Ｊ

ｏ

ｒ
ｌ
‥
１
１
１
１
Ｌ

ｎ
ｒ

ＸＥ
〓２

＾

θ

「 (■ 十
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(16)

)・

tθ ~yα
ソ

(18)

αθ

∞
ｒ
ｌ
プ
ｏ
　

枕

一一　
　
　
膨

I「
―ηJれα+夕

1・

l+lθ
■θ

~θ
[T-711■

α+月

ι7Lθ

「 (η +1)

ソ=θ
17-―
ηιηα■り:l

⇒ θ=T_湖
れα_卜 鼻   '  dθ

=

Substituting into(16),we haVe:

E(Iηθlχ)

αソ

T―η:ηα+莞

=  ∫Цホ Xホ(T―
ηιηα

・ ;;)・ F

「(12+1)  」
‐~｀

7-・ :れα■タr-7LInα ■尭
″ Sノ″ゲ

“
あろ″ι″″

1
E(I■θlχ)=ψ (■

‐卜1)十 1n(7-― ■Iηα+ノ

Hence,

3=EχP19(._卜 1)+In(7-― ■ιttα +1)l          (17)

Now,the corresponding Bayes esimator for R(3)with posterior
distribution(15)come Out as:

SIBIULAT10N RESULTS
In our simulation study, we generated I = 2500 samples of size n : 20,

50, andlOO from Pareto distribution to represent small, moderate and

large sample size with the several values of shape parameter, e :0.5, 1.5

and2.5, the scale parameter q, = 1, 1.4 and taking t: 1.5, 3. We chose

two values of2 for the Exponential prior (r.:0.5, 3).

In this section, Monte-Carlo simulation study is performed to compare

the methods of estimation using mean square Errors (MSE's) and integral

mean squares error (IMSE), where

MSE(0)==甲

121



Bayes Estimators for the Reliability Function ofPareto Type I Distribution Under Squared-Log Enor
Loss Function

Huda and Najam

The integrated mean squared error (IMSE) is an important global measure

and it more accurate than MSE which is defined as distance between the

estimate value of the reliability fonction and actual value of reliability
fonction given by 6quation

IMSE(R(o)=:Σ]|=1[::Σ世1(Ri(ti)― R(t,))2]

nt

rMSE(R(t)) = *I MSE(Ri(t ))
' j=r

Where i = L,2, ...,L,n6the random limits of ti .

In this paper, we use t = 1.5, L.8,2.7,2.4,2.7,3
The results were summarized and tabulated in the following tables for each

estimator and for all sample sizes.

Table I : IMSE's of the Different Estimators for Pareto Distribution
WЪcrc θ=0.5,R(t)α =1=0.57745967, R(3)″=14=0・68313

n

Estimator
20 50 100

α =1 α=14 α =1 α=14 α =1 α=14
MlnMSE 00037297 00018656 00014338 00007181 00007068 00003543

BJ(Sq. Loe) 00040447 00021093 00014703 00007484 00007168 00003487

BE
(Sq L● gD

,=05 00036041 00018706 00014089 00007166 00007021 00003547

,=3 00044940 00023735 00015395 00007883 00007346 00003723

Best Estimator 町
υ

幅

】̈
Ｌ。　ト

MinMSE

鴫嘲ユ〓０・５

町
Ｄ

幅

】喩ｂ
一

町

０

０
・
５

】̈
ｂ　ト

勁
り

Table 2:IMSEゝ ofthe Different Estimators fOr Pareto DistribuiOn

Where θ三 1.5,R(ι )α=1=0.57745967, R(ι )″=14=0・68313
n

Estimator
20 100

α =1 α =14 α =1 α =14 α =1 α=14
MinMSE 00069365 00054207 00025560 00002048 00012402 0.0010033

BJ(Sq Log) 00060542 00052179 00024023 00002003 00012040 00009937

BE

(Sq Log)

ユ=05 00052546 00040936 00022760 00001823 00011691 00009456

ユ=3 00058954 00051766 00023749 00001998 0.0011977 00009932

Best Estimator BЦSq
Log)

,=05
嚇切螂

噛り螂
嚇励螂

嚇嘲螂
鴫吻螂

う
４

う
ι
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Definition 7: Let (X, r) be a topological space, we say that (X, r) is a
K(sc)-space if every compact subset of X was a semi closed.

Example 4: The space (R, ru) is a KC-space, also it is K(sc)-space, where

7u is the usual topology on R.

Definition 8: Let (X, r) be a topological space, we say that (X, r) is semi

K2 (briefly SK2), if Cls(A) is compact whenever A is compact.

Example 5: The space (R, ?o) is SKz-space, where 7o is the discrete
topology on R. Since if we take K a compact subset of R, then K is closed

a subset of R(since (R, zo) a Hausdorff space and each compact in

Hausdorff is closed). But every closed is semi closed, then K= Cls(K)

[4], therefore Ch(K) is a compact subset of R which implies that (R, ro)
is a SK2-space.

Remarks and Examples 1:

(l) Every a Hausdorff space X is a KC-space.

(2) Every KC- space is a K(sc)-space but the converse may be not true.

(3) Every Hausdorff is a K(sc)-space but the converse may be not true
as in example (6).

(4) Every K(sc)-space X is a STr- space, since {x} is a compact subset
of X, which is a K(sc)-space, so {x} is a semi closed, therefore X is a
ST1- space [6].

(s)The converse of remark (4) is not true in general, for example:

(& ,cor) where T"os is the co-finite topology R is a ST1-space which is

not a K(sc)-space. Since (R, z""r) is a Tl-space and every Tr is STr-

space, but it is not a K(sc) since (R, f,"o1) is a compact, also (Q, Gor)
is a compact but it is not a semi closed because the only closed subset

which contain Q is just R but R' G Q . R, so (Q, r*s) is not a K(sc)-
space.

Example 6: The space (R, f,coc) where 6coc is the co-countable topology
on R is a K(sc)-space but not a Hausdorffspace.
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Theorem 1: Let (X, r) and (Y, r) be two topological spaces and tet I X
---+ Y is a homeomorphism function from a space X into a space Y, then
if M is a compact subset of Y this implies/'(M) is a compact subset of
x.

Proof:

Let {ttalaeabe an open cover toft(M) i.e. 11(M) = lJ tta
deA

.f (.f'(M))s/( U ls) (since f is an onto),
deA

so M c/( 1) ua)- U f (ud.
deA derf

ButM is a compact subset of Y, thenthere exists or,oz,...,on€ o such that

,= !1 (uo),sofa(M)s.f -'(k @",))
i:l 

n

l'(M) e bt'V (zzoi)), since f is a one to one, then l'(M) c l)u"i ,

i=l i=l

therefore l/ (M) is a compact subset ofX.

Lemma 2: Let (X, r) and (Y, r) be two topological spaces and let f, X
--* Y is a homeomorphism function from a space X into a space Y, if F
was a semi closed set in X, then/(F) is also a semi closed.

Proof:
Let/(F) cY, since/is a one to one, so F:f'(f (F)) where F is a

semi closed in X, i.e. F" is a semi open subset of X, so there exists U an
open subset ofX such that
UCF"C CI(U),

f (U)e1$")Ef(Cl(U). But/ is a continuous, then /(Cl(U)) c Cl(/(tD),
so/(U) c{Fc)cCl(/(U)), thenl@") is a semi open subset of Y, hence/
(F) is a semi closed subset of Y.

Proposition 1: Let (X, r) and (Y, r) be two topological spaces and let

f'. X ---+ Y is a homeomorphism function from a K(sc)-space X into a
space Y, then Y is also K(sc)-space.
Proof:

Let M be any compact subset of Y, then by theorem (17)/, (M) is a
compact subset of X, which is a K(sc)-space, then l/ (M) is a semi closed
subset of X, also by lemma (2), f (f'' (W) is a semi closed subset of Y,
alsoM:f (f-t (M)) since f is an on to. Therefore, Y is a K(sc)-space.
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Lemma 3: Let (X, r) and (Y, r) be two topological spaces and let f: X
--+ Y is a homeomorphism function from a space X into a space Y, if F
was a semi closed subset of Y, then // (F) is also semi closed subset of
Y.

Proof:
Let F be a semi closed set in Y, so there exists a G closed subset of

Y such that G' c F c G,l/ (G) qll(F) ef 
' 
(G). But/is a homeomorphism,

then l/(G') :"f'(G)" lTl,soft(G)"efl(F) sl'(c), thereforel/(F) is a semi
closed subset of X.

Proposition 2: Let (X, z) and (Y, r) be fil/o topological spaces and let

f.X - Y is a homeomorphism function from a space X into a K(sc)-
space Y, then X is a K(sc)-space, too.

Prooft
Let W be any compact subset of X, since f is a continuous, then f

(W) is a compact subset of Y, which is a K(sc)-space, so f (W) is a semi
closed, so by lemma (3) l'(/OV)) is semi closed inX.Butft(f(W):W
(since/is a one to one), so W is a semi closed subset of X, thus X is a
K(sc)-space.

Corollary 1: The property of being a K(sc)-space is a topological
property.

Lemma 4: If W is a semi closed subset of X, and Y is a subspace of X,
then WOY is a semi closed subset of Y.
Proof:

Since W is a semi closed subset of X, then there exists a closed
subset F ofX such that
F'in x G WG F1n a

, so F';ny : F'inx nY c WnY e Finx 0Y = Finy

F'in y 
-c WOY g F1n y, therefore Wfly is a semi closed subset of Y.

Proposition 3: Every subspace of a K(sc)-space is a K(sc)-space.

Proof:
Let Y be a subspace ofa K(sc)-space X and A be any
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compact subset of Y, then A is a compact subset of X, which is a K(sc),

then A is a semi closed subset of X. But AflY:A, then A is a semi closed

subset of Y. Therefore Y is also a K(sc)-space.

On L(sc)-SPACES
[8] introduced an LC-spaces, here by the same context we introduce

an L(sc)-spaces.

Definition 9: A space X is called LC-space if every lindelof subset of X
is closed [8].
Notice that LC-space is also known under the name L-closed space [9]'

Example 7: If X was a non-empty set and D is the dismete topolory on

X, then every lindelof subset of X is closed, i.e. X is an LC-space.

Definition 10: A space X is called L(sc)-space ifevery lindelofsubset of
X was semi closed, notice that every LC-space is L(sc)-space.

Remarks 2:
i) Example (7) is an L(sc)-space.

ii) Every L(sc)-space is a K(sc)-space, ifA is any

compact subset of a space X, then A is a lindelof (every compact is a
lindelof) subset of X, which is an L(sc)-space, so A is a semi closed subset

of X, then X a K(sc)-space, but the converse may be not true as example
(8)'

Example 8: The space (R, zg) is a Hausdorff space, so it is a K(sc)-space,

but it is not L(sc)-space since if we take the natural number N which is
countable, then it is a lindelofbut not semi closed because the only closed

subset which contain N is just R but R'G N c R, so (N, zr) is not L(sc)-
space.
Theorem 2: Every T2 and P-space is L(sc)-space.

Proof:
Let L be a lindelof subset of X and x E L, so for each L e L, ?. +

x butXisaTz-space,i.e.su&v E ?* suchthat t€U,x€V and

uflv=Q.
Now let {u"}"rn be an open cover to L, which is lindelof,

co@

that is, L : l)uo,, ,o[J'zo' is a cover to L.
j=l i=l
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Put 6 : fl, ,, , then ri is Gd -open set but X is P-space, so ri is open in
i=l

. X, then x e ti € L", that is x is an interior point to L", this implies L" is
open subset ofX, so L is a closed subset ofX, but every closed subset is
a semi closed, so X is L(sc)-space.

Remark 3: From some remarks and definitions previously stated, we
obtain the following diagram.

Tz * P-space --) LC-space---+ KC-spac'e

JJ
L(sc)- space --+ K(sc)- space+ ST1- space.

Proposition 4: Suppose that X:XrUX2 where Xr is a closed L(sc)-space
and X2 is a closed LC-space in X, then X is L(sc)-space.
Proof:

Let W be a lindelof subset of X, then WflXr is closed subset of W,
which is lindelof in X, and so Wl-'lXr is lindelof of X, but WOXIEXr,
which is L(sc)-space, then WfiXr is a semi closed subset of X1 and
Wfl&is closed subset of W, which is lindelof then WOXz is lindelof of
X, but WflXzcXz, which is LC-space, then WflXzis closed subset of Xz.
ButW=(Wnxr) u (wnxr).
And so W is a semi closed in X tl0l.

Proposition 5: Every L(sc)-space is ST1-space.
Prooft

IfX is an L(sc)-space, then it is clearthatthe set {x} is a
lindelof subset of X, which is L(sc)-space, then {x} is a semi closed
subset of X for all x E X, so X is ST1 [6].

Theorem 3: The property ofspace being L(sc) is a topological property.
Proof:

Let M be a lindelof subset of y, but/-/ is a continuous, then/-/ (M)
is lindelof of X, which is an L(sc)-sp ace, then f-t (M) is a semi ctosed
subset of X. But/is an onto, thenM=-f (f t(M)) and by lemma (3), M is
a semi closed subset of Y. Therefore, M is a semi closed subset of y,
hence, Y is an L(sc)-space.

Theorem 4: The property ofa space being L(sc) is a hereditary property.
Proof:

-Ie! Y be a subspace of L(sc)-space X andM be any lindelofsubset
of Y, then M is a lindelof in X, which is L(sc)-space, tien M is a semi
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closed subset of X. But M: MnY, then M is a semi closed subset of Y,
Therefore Y is also L(sc)
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ABSTRACT

An efficient method for hiding speech signal is introduced in this paper.
The features of secret speech extracted with Linear predictive Coding
LPC, which converted to Line Spectral Frequency LSF. The parameters
embedded in cover speech after transforming it. The cover speech is
converted by Discrete Wavelet Transform (DWT) (intermediate domain),
which splits the signal in high frequency and low frequency. The Fast
Fourier Transform (FFT) applied on high frequency to produce phases
and magnitudes (frequency domain). The Chaotic Key Generation (CKG)
is considered stego-key of frame selection. The Inverse Fast Fourier
Transform (IFFT) and Inverse Wavelet Transform (ID\\/I) are applied
respectively to return to time domain and obtained the stego speech. The
stego speech is perceptually indistinguishable from the equivalent cover
speech, allowing to hide a spacious amount of secret information, and
rendering the steganalysis more complex.
Keyword: Linear Predictive Coding (LPC), Line Spechal Frequency (LSF), Chaotic
Key Generation (CKG) Wavelet Transform, Fourier Transform, Steganography, and
Steganalysis

INTRODUCTION
The digitization ofinformation has produced enonnous and revolutionary
impaction both on our society and on our daily life. The rapid
development of the digital multimedia technology and the widespread
popularity of the Intemet have brought about convenience to our life.
Such questions include how to achieve effective intellectual protection to
the digital multimedia arts and how to accomplish secure secret
communication. Due to the various shortcomings and application
constraints of conventional cryptography method, information hiding, as
a new technology and method in information security domain, has drawn
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more and more attention from both research communities and application
groups. Information hiding technology includes digital watermarking and
steganography, applied to the copyright protection of the digital
multimedia arts and the covert communication for the secret message.
Several steganography techniques were used to send message secretly.
Many techniques have been developed to hide secret sigrrals into other
cover signals [1-3]. The popularity and the abundance of speech files
make them qualified to convey secret information. As a result, many
researchers started to investigate how speech signals and speech
properties can be used in the domain of information hiding [a].
1. Problem Statement

The problem statement of the research is the ability to hide important

information in trivial medium without giving suspicion. The amount of
information hiding should be increase as much as possible. The challenge

is to hide in speech signals which are dynamic range. The human auditory

system is sensitive to degradation in speech signal. Dealing with human

auditory system should keep the signal with little distortion.

2. Objective of Research

The Objective ofthis research is to hide secret speech in another speech

called cover speech. Speech is a common and wide facility of data

communication or information sharing. The characteristic of speech

steganography is to hide the features of the secret speech. The proposed

approach is intended to perform the embedding in magnitude of the cover

speech signal (frequency domain).

2. Limitation of Research
The capacity requirements of information hiding are mutually
competitive and cannot be clearly optimized. If a large message is
required to be hidden inside a cover, it is not possible, at the same

time, to reach absolute undetectability and large robustness. Thus, there
must be a trade-off between undetectability and robustness. On the other
hand, ifrobustness to large distortion is an issue, the message that can be
reliably hidden cannot be too long.
Linear Predictive Coding
Linear Predictive Coding (LPC) is one of the most powerful speech
analysis techniques, and one of the most useful methods for encoding
good quality speech at a low bit rate. It provides accurate estimates of
speech parameters, and is relatively efficient for computation [5]. The
LPC starts with the assumption that a dynamic speech signal can be
viewed as a stationary waveform for short periods of time. LPC analyzes
the speech signal by estimating the formants, removing their effectsfrom
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the speech signal, and estimating the intensity and frequency of the
remaining btzz. The process of removing the formants is called inverse
filtering, and the remaining signal is called the residue. The numbers that
describe the formants and the residue can be stored or transmitted
somewhere else. LPC synthesizes the speech signal by reversing the
process: using the residue to create a source signal, using the formants to
create an all-pole filter, and running the source through the filter, result
in speech [6].
Line Spectral tr'requencies
Line Spectral Frequencies (LSF) or Line Spectral pairs (LSp) are used
to represent LPC. The motivation behind LSF transformation is greater
interpolation properties and robustness to quantization. These benefits are
achieved at the cost ofhigher complexity ofthe overall system [7]. IfLSp
is expressed in terms of the angular frequency, the solutions are named
line spectrum frequencies, LSF. The LSFs coefficients are commonly the
preferred feature vectors used in vector quantization and are represented
with a number between [0...r].
Signal Transform

The transform of a signal is just another form of representing the signal.
It does not change the information content pr"r.rt in the-signal.-The
concept of a transform is familiar to mathematicians [g]. It is a standard
mathematical tool used to solve problems in many areas. The idea is to
cfalee a mathematical quantity (number, vector, function, or anything
else) to another form, where it may look unfamiliar but may exhibit usefi
features. The transformed quantity is used to solve a problem or to
perform a calculation, and the result is then transformed back to the
original form.
1. Discrete Fourier Transform
The Discrete Fourier Transform (DFT) is a familiar transform which
applied in different applications. Since speech is processed on a time
frame basis, the speech spectrum is evaluated using the DFT [9]. The
DFT of a signal s(n) defined for 0 < n SM- I is given by equation 1t;

i2ftkn
s(k) - EX:t s(n)e-'i-

where 0 < k < M - 1, In general, S(k) is acomplex functionof
the variable k and can be expressed in polar coordinates as:

s(k) = lS(k)leia (D................ 2
The sequence S(k) has the same number of elements as s(n).

2. Discrete Wavelet Transform
The wavelet Transform provides a time-frequency representation of the
signal. It was developed to overcome the shortcoming of the Short Time
Fourier Transform (STFT), which can also be us"d to analyze non_
stationary signals [10]. while srFT gives a constant resolution at all
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frequencies, the Wavelet Transform uses multi-resolution technique by
which different frequencies are analyzed with different resolutions. In
Wavelet Transform, the width of the wavelet function changes with each

spectral component. The Wavelet Transform, at high frequencies, gives
good time resolution and poor frequency resolution, while at low
frequencies; the Wavelet Transform gives good frequency resolution and
poor time resolution. The general form of an LJevel DWT is written in
terms ofL detail sequences [11]

d (k) j for j-- 1,2, ....,L, and the l-the level approximation sequence,

c (k) L as follows :

f (t) - lp c1 (k)@1 (r) + L, =Lzk dj (lr)v; (r)..................3
where:@1(t) is the L-th level scaling function and t/i(t) where

j:\,2,...,L are wavelet function sequences for L different levels. In order

to work directly with the wavelet transform coefficients, the relationship
between the detailed coefficients at a given level in terms of those at

previous level is used. In general, the discrete signal assumes the highest

achievable approximation sequence, referred to as 0-th level scaling

coefficients. The approximation and detailed sequences at level j are

given by the following equations

ら+1(た)=Σmれ。(m-2た)9(7→

And
d1 *{k) : L^ht(m - zk)c; (m)......................'..' 5

Equations (5) and (6) state that approximation sequence at higher

scale (lower level index), with the wavelet and scaling filtets, ho(t) and

hl(t) respectively, can be used to calculate the detail and approximation
sequences (or discrete wavelet transform coefficients) at lower scales.

The Chaotic Key Generation

A remarkable characteristic of chaotic systems is their capability of
producing quite complex pattems of behavior [12]. One of the simplest

chaotic functions that have been used recently for cryptography

applications is the logistic map as shown in Figure (l)' The logistic map

function is expressed as follow [13]:
xn+t = r'xn'(7 - xrr) " """ ".'"''""""""" 6

where x, takes values in the interval (0, 1), and the parameter r is a

positive constant and takes values up to four. The value determines and

explores the behavior of the logistic map. The system has different
characteristics with different values of r, which is called bifurcation
parameter. The x-value, r-value and the length of key should be known
on each side. Chaotic Numbers Generator (CNG) generates a series of
random number. The index of these numbers will be a key after being

sorted.
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The Proposed System
The general look of proposed system is depicted in Figure (2). The Figure
illustrates two phases: embedding and extraction.

1. Embedding Phase

Figure (3) represents the diagram of embedding phase of two inputs and

one output. Each rectangle represents a step of processing. The following
paragraphs present these steps in more details.

igure 1: The principle of chaotic system

Figure 2:The block diagram of general structure of proposed system

Figure 3: The block diagram of embedding phase
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2. The Secret Speech File Pre-processing

The pre-processing consists of framing, overlapping and

windowing Figure (a). The number of sample (No,S) is calculated by

equation (7)

NoS= Frarnettme* 10-3 *Frequency. ........-7
where FrequencY is in Hz.

The frames are overlapped with each 15 ms and windowing with

Hamming window.

3. The Features Extractions of Secret Speech

The secret speech frame is processed to extract features, with least

possible parameters that are embedded in cover speech file as shown in

Figure (5). The Li LPC is applied to each frame to obtain the LPC's

parameters (P:12), error signal, gain, pitch and voicedl unvoiced bit.

These parameters (P+3) representthe feature extraction of secret speech.

The LPC's parameters converted to LSF parameters. The LSF are all

itive values and scalar between (zero to zu

Figure 5: The secret speech coding

4. Cover Speech File Transforming
The Cover speech file frame is transformed with discreet wavelet

transform (DWT) to get wavelet domain. The wavelet domain is

intermediate domain between time and frequency. DWT is used in one

Figure 4:The secret speech flle pre‐ processing
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level to separate high frequency from low frequency. The high and low
frequency component are half (NoS:120) of frame (NoS:240). The Fast
Fourier Transform (FFT) is applied to each high frequency component to
transform it to frequency domain Figure (6).

5. The Embedding of Secret Speech
The embedding step is achieved by replacing the specific location of
magnitudes (result in from transformation step) of cover speech frame
with vector of secret speech parameters which were extracted before (in
coding step) to produce new magnitudes. The hiding process consists of
representing the last elements of the first half of lsl(k)l by the LSF
parameters Vsec(l:p + 3) of the secret speech The resulting
magnitude spectrum, denoted by ls"(k)1, is defined by the following
equations:

′た<サ ーP-3

卜3)′
サ

ーρ-3<た <サ

+3)′
サ

>た >サ +ρ +2

,た >サ +ρ +2

8

where ls"(l()lis the new speech magnitudes, lso(lc)l is the original
magnitudes,p is prediction order, Vsec(L:p + 3) is the LSFs parameters'
with pitch, gain and Voiced I Unvoiced, and V\sec(L:p * 3) of the
VLsec in reverse order. The proposed system intends to keep the speech
signal undistorted.
6. The Inverse Transforms of Cover File
The inverse transforms, Inverse Fast Fourier Transform (IFFT) and
Inverse Discrete Wavelet Transform (DWT) are applied to cover speech
frame to produce stego speech frame. IFFT applied to produce the high
frequency component of intermediate domain (wavelet domain). Inverse
Discrete Wavelet Transform (IDWT) is applied to low frequency

Figure T:The speech signal transforms
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component (not changed) and the new high frequency component
embedded secret parameter to produce stego speech frame (in time
domain). The Fourier transform is a complex function and can be
represented in polar coordinates as:

.S,r(k):lSr, (k)leon(r<) .. .....9
where; S"(k) is the signal in frequency domain, l.S"(k)lrs the
magnitudes and ph(k) is the original phases. Time domain is returned to
form the wavelet domain by applying Inverse Discrete Wavelet
Transform. The produced frames are concatenated to construct stego
speech file.
7. The Extraction Phase

The main goal of exhaction phase is to extract the hidden speech
embedded in stego file. A vector of hidden parameters for each frame is
extracted from extraction step using equation (8) that is in embedding
step. Each vector is converted to LPC parameters to be ent6red to
synthesis which is the last and the crucial one. First stego file is
partitioned into frames that have same length of the cover speech and use
the same previous stego key (CKG) then submitted for transforming
using Dwr and DFT to produce magnitudes and phases. Figure (7)
shows disciplined extraction of hidden speech.

ｔ

＼

　

Ｌ

8. The Hidden Speech Synthesis
The most interested thing in this step is to generate the original speech
from a set of vectors. Each vector composed of LPC parameters and three
values (voiced lunvoiced bit, pitch period and gain). The classification of
frames is important for synthesizing. The voiced or unvoiced parameter
controls the generation of signal that replaces the excitation signal (error
signal). The reconstruction of voiced frame needs Imptilse Train
Generator (ITG), while Random Noise Generator (RNG) is needed to
unvoice frame. Figure (8) shows the principle of hidden speech synthesis.

Figure 7: The block diagram of extraction phase
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Evaluations
Speech quality assessment falls into one of two quality measures
categories: sjective and subjective. Objective measures do not require
human listeners, and so is less expensive and less time-consuming than
subjective measures. However, there are examples where the quality
estimations from objective measures and subjective measures do not
match. The objective measures are good estimators of subjective quality.
In the proposed system, the selected language is Arabic. Males and
females speech are selected to embed (secret) in cover speech, while the
cover file are males and females speech or audio file. The objective
measures applied to perform speech quality test: signal to noise ratio
(SNR), signal to noise ratio segmental (SNRseg) base time domain,
Segmental Spectral SNR based frequency domain, Log Likelihood Ratio
(LLR) and Correlation (RxV) base LPC domain. Table(l) shows the
quality measures ofthe stego speech with respect to original cover speech
signal, It is clear to notice the big similarity between them.

Table

Figure 8: The principle of hidden speech synthesis

able 1: The obiective measurements
Secret

Speech

'Cover

Speech SNR SNRseg SSNRseg LLR R(x,y)

Female Female 22.3001 23.0010 39。2822 0.0643 0。9836

Female Male 24。 6705 23.5378 59.8554 0。 1020 0。9777

Male3 Female 27.8966 26。 9571 68.6933 0。 1176 0。9988

Male Malc 26.5754 21.3723 37.9744 0.2611 0。9462

Female Audio 28.8863 28.1619 70.0949 0.0978 0。9992

Male Audio 29。 1019 28.4071 70。4977 0.0917 0。9992

Average 26.5718 25。2393 57.7329 0.1224 0。9841
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1. The Embedding CaPacitY
The capacity requirements are mutually competitive and cannot be

clearly optimized. If we want to hide a large message inside a cover, it is

not possible, at the same time, to reach absolute undetectability and large

robustness. Thus, there must be a trade-offbetween undetectability and

robustness. The hiding rate (HR) is used to assess the capability of hiding

secret message. Mathematically, Hiding Ratio (HR) is defined by the

following equations:

″R=:i;× 100%

where, Sec is size of secret speech inserted in the cover speech in bytes,

Cov is the size of cover speech in bytes.

The amount ofsecret speech embedded in cover speech depends on the

coding (compression ratio) of secret speech. The LPC coding represents

each frame (240 samples) with (p+3) samples. The HR is (6.25%) and

(5.4|%),where (p=10&12) respectively. The hiding rate is represented

in number of byes embedded in cover speech file, while the duration of
secret speech is equal to cover speech without overlapping (100%). The

duration ofsecret speech is equal to halfifthe overlapping is (50%).

Conclusion
In this paper a speech hiding method is investigated in order to provide

better performance in the hiding capacity, the using of DWT is useful to

increase the SNR segmental of stego speech so it can increase the amount

of secret information, while decomposition of speech signal into low and

high frequencies leads to suitable position of hiding information. Using

CKG as stego key increases the complexity of steganography and

steganalysis by randomizing the hiding information on cover speech (The

hiding is not in sequential order). Hiding in voiced block sample is

suitable to avoid noise occurrence, which is more probabl to happen when

unvoiced blocks are used as host area. The LSF representation of speech

is less sensitive to error, and this characteristic is useful in the extraction

of secret speech features and then the reconstruction of secret speech. It
is recommended that future work should be developed to use other audio

file formats like (MP3, 3Ga, AMR...etc). Try other cryptography

methods mixed with steganography techniques. Combine the criteria of
proposed system with other criteria of image steganography to be used

with video files.
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ABSTRACT
In this paper, a steganography inethod based on slantlet transform is proposed. The
proposed algorithm can hide three gray images as secret in one color image as cover.
The cover image is decomposed using the slantlet transform then hide the first secret
image in the red plane, the second secret image in the green plane, and the third secret
image in blue plane. Secret image is encrypted using RSA public key crypto system.
Simulation results verify that the proposed method is high capacity with good quality
image.
Keywords: steganography, slantlet hansform, RSA.

INTRODUCTION
Communication skills have always been the hallmark of human
interactivity. The primitive techniques that include cave drawings, smoke
signal, drums etc. ascertain that over the years has been the modus operandi
(mode of operation) of social & commercial intercourse[1]. The
technological proliferation in this electronic epoch has expanded horizons
and has empowered organizations, nations or corporations to share
intellectual information and be mutually benefitted by it. But with the rats
race to acquire power, morals have devolved and has made electronic
eavesdiopping a prime problem. Any popular system of govemance
ranging from the banking sector to the administrative sector of a country
must be behind the barrages of efficacious security systems to protect it
from apathetic and amoral people who accomplice to pull out any valuable
information they can grab. Data encryption and Data hiding techniques are
potential tools for securing sensitive information and hence is widely used
to protect the data over an overt channel from malicious attackers[2,3].
In data encryption the sender encodes the data using a key K. Only the
legitimate receiver will have the key K to decrypt or decipher the code to
get back the original message. But as the encoded data is in the form ofa
string of abstract codes, it will intrigue hackers. Steganography is a

discipline of data encryption and has over the years sunnounted the
problem.
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In today's info-driven world, with accruement of confidential information,
there has been a corresponding increase in the attempts to sabotage the

security guards of such information. This has led to an avalanche ofpro
and anti security innovations. Steganography [2] is one such pro-security

innovation in which secret data is embedded in a cover. In the field of
computers, steganography has evolved as the promising option of hiding a
message in a cover, whose presence cannot be discemed by any third party

without the knowledge of the key. The cover in which the message is

hidden can either be a text, image, audio or video file. Even after hiding
the data, the stego image should be imperceptible i.e., the cover image and

the stego image should be inert and impregnable.

THEORETICAL BACKGROTJND OF SLANTLET FILTERBANK
It is useful to consider first the usual iterated Discrete Wavelet Transform
(DWT) filter bank and an equivalent form, which is shown in Figure (l).
The "slantlet" filter bank described here is based on the second structure.

With the extra degrees of freedom obtained by giving up the product form,
it is possible to design filters of shorter length while satisffing
orthogonality and zero moment conditions. For the two-channel case, the
shortest filters for which the filter bank is orthogonal and has k zero
moments are the well known filters described by Daubechies . For k:2 zero
moments, those filters H(z)and F(z) are of length 4. For this system, which
is designated D2 , the iterated filters in Figure (2) left hand side are of length
10 and 4. Without the constraint that the filters are products, an orthogonal
filter bank with k--2 zero moments can be obtained where the filter lengths
are8and4[5,6].

Figure 1: (a) Two-scale Iterated Filter Bank DWT,
(b) Equivalent from Using the DWT
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As shown in figure (2) right hand side, side by side with the iterated Dz
system. That is a reduction by two samples, which is a difference that
grows with the number of stages.

薄

1171,ハ _電宣t

Figure 2: Comparison of Two-Scale Iterated D2 Filterbank (Left-Hand Side) and
Two-Scale Slantlet Filterbank (Right-Hand Side).

ENCRYPTION ALGORITHM
The data to be hidden is first encrypted using the RSA public key
algorithm. Encrypting the data before hiding it provides defense in depth,
and makes the job of the attacker more difficult if their goal is to recover
the secret datalTl.
The application uses the RSA algorithm for two reasons; first, by using a
public key algorithm in which the need for a private shared key between
the sender and recipient of the data is eliminated. Shared keys are
impractical because they require a secure way of distributing the key to
every person who need to communicate with. A public key for a person
can be distributed fairly easily by publishing it on a website, or by emailing
it to people who is expected to need to send secret information. Second,
the RSA algorithm is also widely known and demonstrably secure if large
enough prime numbers are used to generate the keys. Using an algorithm
such as RSA which is public knowledge is in keeping with the principle of
open design of secure software systems. Adhering to this principle was also

き  ら
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the reason why not to use own encryption algorithm[8,9].

Dhia and Saad

SLANTLET DECOMPOSITION OF IMAGE
Slantlet transform image can be decomposed into four different frequency

bands (LL, LH, HL, and HH) where'the most energy of the image in the
low frequency component. The cover image in this method is transformed
to maximum level decomposition using Slantlet transform.
Figure (3) shows the maximum level decomposition of Slantlet transform for cover
image of size (512*512) pixels.

Figure 3: a) Cover Image, b) Slantlet for Cover Image.

THE PROPOSED ALGORITHM
As mentioned in the introduction, it is essential that a data bearing an
image be statistically and visuatly identical to the original image in order
to avoid detection by an attacker. This was the goal that kept in mind
while designing this data hiding application.
The proposed scheme contains two phases: images embedding and secret
images extraction. tn the embedding phase, three gray scale image
embedded in one color image where the first secret image embedded in
Red plane, the second secret image embedded in Green plane, and the third
secret image embedded in the Blue plane. The steps of embedding phase
described as follow:
Stepl: to load color cover.
Step2: to load three gray secret images.
Step3: to encryption process by RSA encryption of secret images.
Step4: to split the cover image into three planes (Red, Green, and Blue).
Step5: to perform Slantlet Decomposition for each image (red, green and
blue) planes of cover image.
Step6: to convert the encrypted secret image to binary stream.
StepT: Embedding process in the coefficients of cover image based on
LSB method, where the first secret image in the red plane, the second
secret image in green plane and the third secret image in blue plane. The
formula of embedding is as follows:

x':x-xmod 2k+b ..... (l)
Where k is the number of LSBs to be substituted.
Step8: Slantlet reconstruction to reconstruct the stego image.
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The steps of extracting the secret image are the same for embedding

except in reverse order.

trXPERIMENTAL RESULTS
For system tested, three color images with the size of 512 x 5l2,Lena,
Baboon, and fruit are used as cover images; three gfay images with size

of 128 x 128 are used as secret images. The proposed method is

implemented by using matlab 7.0 software.
Figure-4 (a-f) shows group of images used as the original cover (canier)

images and the secret images.

Figure 4: (a-c) The Group of Original Cover Images and (d-f) Secret Images.

Peak Signal to Noise Ratio (PSNR) used to measure the performance of
embedding and extraction algorithms. PSNR is the ratio between the

maximum possible power of a signal and the power of comrpting noise that
affects the fidelity of its representation. PSNR is usually expressed in terms

of the logarithmic decibel. PSNR is given by:

Psivft -Iolosr.l#lr" ...(2)

where Ir* is the intensity value of each pixel which equals 255 for 8 bit
gray scale images. As higher the value of PSNR is better the image quality.
The Mean Square Error (MSE) is calculated by using the equation:

置=濃暮暮れty (3)

Where Xi.; denote the original pixel values, Yi; denote the modified pixel
values, and N, M is the modified dimensions of image. Figure (5) shows
the encryption of secret images by RSA.
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RSA

Figure 5: Three Secret Image with RSA Encryption of them
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Table 1 : Shows the Stego-Images with PSNR

Corcriruage 優遮薫gttinttge

PSR→ 5.04鵡

P飩 =43.12お

IP鋼闘R率 4■76 dB

The proposed systeln obtained that the three secret images are recovered
t00%.

CONCLUSION
1. Cryptography is the art of securing information by applying encryption and
decryption on transmissed data, which ensure that the secret can be understood
only by the right person. Steganography is the process of sharing information
in an undetectable way by making sure that nobody else can even detect the
presence of a secret. In this system, these two methods combined to provide a
fool-proof security of information being communicated over a network. Even
if the attacker knows the embedded image, it is difficult for him to know the
original one, since it is scrambled before embedded.
2. According to Table (1), the ernbedding distortion is very small, and it can't
be seen by human eyes.
3. According to Table (1) the obtained results from the PSNR tests prove that
the system is secure due to the high PSNR value (PSNR equals up to 47.76
dB).
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ABSTRACT
In this paper,we use the correlation be● ″een the wind spced average and arnbient

tcmpcrature to develop models for predicting wind potentials for in three from flve

locations in northerll area of lraq(Tikrit,Bji,and NIIousl).Assuming that the

troposphere is a typical heterogcncous lnixtllre ofideal gases,we flnd that wind spccd

have clcarly good correlation with ambient temperature in two locations,which are

Tikrit and Bji by simple polynomial of 3rd degree but this equation is not exactly

considered in NIIosul stationo The coefflcient of deterllnination and root-lnean… square

cHor ofthe models are(0.92;0.20),(0.821ρ .37),and(0.573ρ .28),for Tikrit,Btti

and Ⅳlosul respectively.These results suggest that the temperature― based model can
be used, with acceptable accuracy, in prcdicting potential wind needed for

prcliminary design assessment of wind energy conversion de宙 ces in Tikrit and Btti

and other locations with siinilar rneteorological conditions.

Keywords:Renewable Energy,Potential Wind,and Polynonlial Fitting。

INTRODUCTION
Wind transports particulates,heat and rnoisture between the earth surface

and the atmosphere[1],itS affects engineering design and constluction

and is a source ofenergy generation[2].Reductions in wind speed would

lead to less effectively ventilate pollutants in urban areas, and would

decrease available wind energy.Fewer days with high wind speeds would

be particularly problematic for wind energy generation because wind

power varies as the cube of the speed.Lower wind speeds reduce the

efflciency of heat and moisture transfers between the earth surface and

the atmosphere, which could enhance any increases in near― surface

temperatures[3].The atmOspheric pressure at any point is due to the

weight ofairpressing down from the above due to gravity,the differential

heating ofthe earth surface causes imbalances in air pressure.In any gas

such as air,Inolecules are moving around in all directions at very high

speed,the speed actua■y depends on the temperature of the gaso when
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air is warned, the molecules speed rp, and air pressure increases. As air
cools, the molecules slow down, and air pressure decreases. Overall,the
movement of wind tends to move from areas of high to low pressure [4].
Complex changes in surface wind speeds could be expected as a result of
greenhouse effects that effect on general atmospheric circulations, and
also the quality of the observed records of near-surface wind run [5].
However, numerous studies have documented systematic changes in
wind speed on the basis of station observations in Australia, Europe, and
North America [6]. Number of methods have been developed for wind
speed forecasting. Generally, those methods can be classified into three
categories, namely, physical models, conventional statistical models, and
non-conventional time series models. Physical models are often referred
to as meteorological prediction of wind speed, which involves the
numerical approximation of the models that describe the state of
atmospherel7l. Conventional statistical models include the general group
of MA (moving average), AR (autoregressive), ARMA (autoregressive
moving average), and AzuMA (autoregressive integrated moving
average) models, and they have been extensively applied to wind speed
forecasting [8]. Where as, non-conventional time series models such as
NN (neural networks), SVM (support vector machines), and furry logic
for wind speed forecasting due to their capability of implicitly
establishing the complex non-linear relationship between variables [9].
Empirical studies of the wind speed values probability distribution have
a long history but relatively little work has been done to explore the
physical mechanisms that determine the character of these distributions.
For better understanding of the physical controls of the probability
distribution of surface wind speed, we can improve the estimation of
surface fluxes in observations and Global Climate Models (GCMs) that
can used to predict the wind speed resource and extreme surface winds in
present and future climates depending on this fluxf10]tl1l.
Unfortunately, in Iraq, the measuring devices of data collection are not
yet installed in many rural and remote locations. Information on wind
data of these rural sites is only can be obtained by extrapolating cities
with similar meteorological conditions. Available wind data in
Tikrit,Tuz,Biji,Kirkuk and Mosul, in Iraq were modeled in terms of
Weibull distribution and utility generation [12]. Little or no particular
attention had been paid to develop models of estimating wind potentials
in these areas where the measured data is not available. In this paper,
method is proposed for prediction of wind speed, which is required for
preliminary design assessment of wind devices for wind sites where
reliable data is not readily available, using linear least square (LLS)
regression technique. Results from this study will, no doubt, be useful to
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local designers and manufacturers of wind farm for the studied locations
in north area of Iraq.

MATERIALS AND METHODS
Within troposphere (&S10km) where density of air varies very little for
any location, this air can be considered to be a mixture ofideal gases, the
principle of equipartition of energy suggests that, at any absolute
temperature (Q, the translational kinetic energy (@ of a mole of the gas

is given by [13]:
3N=,RT (1)

Where R is the universal gas constant whose taken value about
8.3143J/K.mol. In thermal equilibrium, the ambient temperature of the
air at any location is a measure of the average kinetic energy of the
constituent air masses. Thus, ifthe speed of an air mass (m) arises entirely
from the combined effects of the thermal motion of the various
components, we can write [14]l31

lRr -1mUz (2)

Equation (2) can put in the:

u - (1t\"' 7,,,\m/
The last equation suggests a relationship between the wind speed and the
absolute temperature of an atmospheric air mass in the formula:

IJ* ETF (3)

Wh".. (11)'/'and ) are constants can be referred to as E and F
respectively, which describe the velocity-temperature ( U-7) dependence
and are expected to be location specific. For simplicity, equation (3) can
be written on logarithmic scales to yield:

LoG (U) - LoG(E) + F LoG(r) (4)

Equation (4) actually suggests a correlation between the wind speed and
ambient temperature (expressed in thermodynamic scale), which could
be used to model the wind speed data in order to accurately predict the
wind potential of any location. The data provides time series information
on daily average of wind speed and ambient temperature, at lOm
meteorological height, from where the monthly and yearly mean values
were calculated. Time series analysis was applied to study the
climatology of wind and ambient temperature in order to develop
temperature-based models for predicting wind speed in five locations in
the area ofstudy.
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SITE MEASUREMENTS AND DATA PREPARATION
The northem area of Iraq (the area selected in this study) is considered
transitional zone because it located between mountain in the extreme
north east and the opening plains in the south, this may be considered as

the most promising locations where wind machines can be installed. For
the present analyses, data from this region, were gathered at five sites,
namely; Tikrit (period (1989-2010), have latitude, longitude and height
above sea level (34.34N-43.428, h=l07m), Tuz (1991-2010) (34.53N-
44.398, h:220m), Biji(1981-2010) (34.56N-43.29E, h=150m),
Kirkuk(1980-2011) (35.28N-44.24E, h:33) and Mosul (1980- 20ll)
(36.19N- 43.098 , F223m) respectively; by the Iraqi Meteorological
Organization and Seismology, The corresponding locations of the sites
investigated are shown on the map, Figure l. The wind data are made up
as time series and frequency statistics based on observations of wind
speed and wind direction that are recorded every hour. Approximately
thirty years or less ofdata is available for each selected site (1980-201l),
In this type of study Long period measurements are needed for a good
wind speed assessment. The longer the period of collected data, the more
reliable are the estimated wind potentials forecast. However, one year
data is sufficient to predict the trend of seasonal mean wind speed within
an accuracy of l0 %o and a confidence level of 90 %o I 15] [ 6]. Hence, the
data collected could be used for a preliminary analysis of a certain wind
speed as well as the monthly and annual mean wind speed, to bring out
useful conclusions on the wind regime characteristics of this region.

RESULTS AND DISCUSSION
Time series analysis of meteorological data is not only useful in
understanding the pattem ofvariation, but also to place some constraints
on the climatology of any location. The time series distributions of the
monthly average wind speed for the three locations are shown in Figure
2. The distributions give annual mean values of 3.2+0.5323,1.9+0.6620
and 1.3 * 0.346 m/s, for Tikrit, Biji and Mosul respectively. It could be
observed in Figure 2 that maximum wind speed of 4.1 m/s
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occured in Tikrit during July, while minimum speed of 2.4mls was
observed in December. Similarly, maximum speed of 3m/s was
observed in July, with a minimum speed of 1 m/s observed in November
for Biji. Similarly, Figure 3 shows the time series distributions of the
ambient temperature for the three locations. The distributions give mean
values of 23.1 + 10.1'C, 22.72 +.9.71'C and 20.42+9.86'C , for Tikrit,
Btji and Mosul respectively. Maximum ambient temperature was
36.32"C in Tilait during July but was 35.55 'C,34.13"C in Biji and Mosul
also in July, see fi gure 3. The minimum temperatures were 9 .1, 9 .4, 7 .5" C

in January, for Tikrit, Biji and Mosul respectively. It could easily be

observed from the distributions that both wind speed and ambient
temperature appear to be higher for Tilait than for Biji and Mosul,
specifically, at warrn months. Thus, it could be interpreted the
proportionality of wind speed with ambient temperature as visualized
from equation (4). However, the climatology ofthe three locations in both
wind and ambient temperature appears to be fairly similar, perhaps, due

to their proximity in geographical extent. The plots of the observed wind
speed as a function of ambient temperature of Tikrit, Biji and Mosul are

respectively shown in Figures 4,5, and 6. To determine the exact form of
the relationship between wind speed and ambient temperature Q-f
relation), equations (5-7) is fitted to each ofthe plots by simple regression
analysis, The given results of Tikrit, Biji, and Mosul Respectively were :

Ln(U) = 2.034 +0.198 + 0.0488
+ 0.00789 lnf) (s)

Ln (U) = 0.593 + 0.341 + 0.0559
+ 0.0138 lnf) (6)

Ln (U) - 0.8953 + 0.22 + 0.02092
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Figure l: Map showing the location of the sites utilized for this study

+ 0.0096 lnf) (7)
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Furthermore, corelation statistics were applied to the data in order to
determine the degree of association between the two parameters. The
correlation coefficient is a non-parametric statistic which determines the
degree of association between two data sets and is defined as [17].

*=[,_Lffi=;'/' (B)

Where N is the number of observations in each data set and U is the
average wind speed value. This statistic varies from 0 (for a null
association) to'+1 (for a perfect association). The corresponding
correlation coefficients are R: 8.89, 0.79, and 0.6 for Tikrit, Biji and
Mosul. The correlations are statistically significant at 95yo confidence.
However, the correlation results seem to suggest that equation (9) may
not be very unique in expressing the form of the U-T relation, which
could accurately predict U from T, for Mosul location. In particular, the
results seem to suggest that while the model may be fairly good for
predicting wind speed for Tikrit and Biji stations, it may be less iirportant
forMosul station. Thus, several other functional forms ofthe U-T relation
were tested on the observed data, see figures 4, 5, and 6.

Al- Mustansiriyah J. Sci. Vol. 25, No 4, 2014

510 15 20 25 30 35 40

T(C)

Figure 4: Linear and Polynomial Fitting of Average wind Speed as a Function of
Ambient Temperature of Tikrit Station

It was found that for each of the plots in these figures, the observed data
is best fitted by a simple polynomial of 3rd degree. For comparison, the
polynomial functions are also shown on the same scales, with dotted lines
in Figures 4, 5, and 6 of Tikrit, Biji and Mosul, respectively. Simple one_
dimensional regression analyses ofthe plots give equationi:

u = 0.7558 + 0.2872T _ 0.01289 ?2 + 0.0002055 13 (9)
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υ=-0.5266+0.28677-0.013S T2
1/= 0.896+ 0.02617-5.524■ 10~4T2
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Figure 5: Linear and Polynomial Fitting of Average Wind Speed as a Function of
Ambient Temperature of Biji Station

With corresponding correlation coefficients of 0.92, 0'821, and 0.573

respectively, of Tikrit, Biji and Mosul. It could be observed from the

correlation results that the polynomial model appears to be better by some

order of magnitude in predicting wind speed from the ambient

temperature data of the studied locations of Tikrit and Biji but not of
Mosul. These first two is in good agreement with a work that done, in

other works in the world, which used simple polynomial functions to

study the meteorological parameters[l 8].

For assessment of the polynomial functions, both the observed and

predicted (by simple extrapolation) time series distributions of the wind
speed for these stations are plotted and shown in Figures 7, 8, and 9.

Obviously, there is a clear correlation between the observed and predicted

values of the wind speed for each of the plots. For Tikrit, the correlation
coefficient is 0.93, while it is 0.82 for Biji, but it's 0.57 for Mosul station,

Both correlations are statistically significant at95oh confidence level.
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Figure 6: Linear and Polynomial Fitting of Average Wind Speed as a Function of
Ambient Temperature for Mosul Station

However, the suitability results of any model could be assessed using a
goodness of fit test. Thus, we assessed the suitability of the polynomial
models using root mean square error (RMSE) statistic, which is a statistic
that determines the degree of departure of two data sets from a supposed
association and is defined by[17]:

RMSE - [r1 Irr, , -uoo.)'l'''
The given results were 0.20, 0.37, and 0.28 for Tikrit, Brji and Mosul
respectively.
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The results are close and within the limits of statistical errors, we see that
there are good values of correlation between the predicted and the
observed wind speed according to 3 degree ofpolynomial equation fiuing
of Tikrit and Biji stations but it's rather poor than of Mosul station
although the RMSE value between the predicted and observed is less
than Biji station, thus to obtain good predicted equation for Mosul we
need to search and export other degrees of polynomial equation to obtain
good value of correlation between temperature and wind speed. Overall
the temperature-based polynomial models can be used with acceptable
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accuracy of wind potentials prediction in rural areas where measured
wind data are not readily available, especially those with similar
meteorological conditions to the studied locations.

CONCLUSION
In this study, more than two decades meteorological data of three out of
five northem locations in Iraq were exbmined in order to understand the
climatology of wind, in relation to ambient temperature. Time series
analyses show that wind speed scales with ambient temperature in the
studied locations and the climatology of wind in the locations are
essentially similar. Wind speed-temperature (U-I) relations Ere

developed to predict wind potentials. For the studied locations, the
observed U- T data are best fitted with simple polynomials of the 3rd
degree, with significant correlations (r>0.5) and very low prediction
errors (RMSE < 0.3). These results strongly suggest that the models can
be used, specifically at Tikrit location with acceptable accuracy of wind
speed prediction needed for preliminary design assessment of wind
potentials for these locations. The models may also be applicable to other
locations with similar meteorological conditions, spatially in the rural
areas in remote positions were we can estimate potentials wind speed
power and estimate wind by measuring ambient air temperature only that
is simply measured at 2m height. But this does not mean that the wind
speed predicted at this study results at 2m, because, first, we taken the
observed wind speed that was recorded at 10m in model, second,
temperature recorded at the area near the surface 2m, which is index of
heat or cold air, surface is responsible ofair heating or cooling and ifwe
used temperature at 10m it will decrease but this decrease is very small
according to rnoist adiabatic lapse rate, consequently, we stay see there is
strong relation between wind and temperature, this leads to real fact that
wind 

'is 
created by temperature, specially different temperatures of earth

surface.
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ABSTRACT
This study scarches the role of dust storms particles that take place in lraq as a

condensation cloud nuclei CCN depcnding on the Kelvin equation,where reducing

srace tension(σ )by these nuclei leads to rcduce the vapor pressllre and makes the
cloud droplets grovら an expeHment carried to FneaSure c,ofthe drop solution consists

of lliter distilled water additive to it with average O。 lg a direrent concentrations of

dust particles O‐ 10g with v01umes approaching to volumes of giant nuclei,which

collected from dust stolllls that hit lraq in 2011. Results showed that the soluble

compounds ofdust particles which is dollninated by gypsllm CaS04。 2H2()controlling
the σ of the drop that dropped by 48.48421dyne/cm as a result of increasing the

concentration of dust particles, 0-2.6g,and the amount of solute,which solvent

samated in it,where there was a strong linear relationship with correlation coefflcient

O。998 connects bctween σ and ittcreasing the concentration ofdust particles access to

the saturation point ofsolution.Decreasing σ dOes notlead to a signiflcant change in

the valuc of vapor pressure,which dropped by O.0178dyne/cm2。 nly,so it can be
COnSi些三r the pa.icles Of10cal dust storms a giant CCN with limited efflciency.

INTRODUCTION
Dust stollllS are One of the rnajOr natural sources of aerosols in

atmosphere,in addition to volcanoes and forest flres particles.The desert

dust contrlbutes approxirrlately to half of the tOtal atmospheric aerosols

[1,2].HoweVer,the role of dust particles in the process of droplets
fo11.lation in tlle cloud is still not deflned accurately. 

′
rhis has been

reflected clearly in the results OfIIlany researches,where some emphasize

and others reduce the impOrtance of these particles as a C)loud

Condensation Nucleus(CCN):The large size of dust particles may

enhance precipitation in some cOntinental environlnents by providing

giant CCN that follll large droplets with high collection efflciencies[3].

Dust particles、vlth sOurces from the Saharan region have been identifled
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as emcient ice nuclei in laboratory and field studies 14, 5f. Several
laboratory studies suggest that the freshly emitted dust particles can
serye as CCN under some conditiow [6, 7]. Dust particles can act as giant
CCN that can form efficient collector drops and initiate the onset of
drizzle and precipitation [8]. Saharan dust particles do commonly act as
CCN in the eastem North Atlantic [9]. This importance of dust particles
as CCN minimized and denied, at the same time, from some researchers.
Sometimes the cloud droplets cannot nucleate on dust particles in
modeling studies [10]. Using satellite and aircraft observations showed
that cloudsforming within desert dust produce liftle precipitation [11].
Most small size aerosols types such as desert dust reduce the size of cloud
droplets [12]. If dust acts as a CCN, it may decrease mean droplet size
and diminish precipitation [3]. Dust particles are promoting the
formation of small cloud droplets that do not ordinarily reach the size of
rain droplets [1a], The particles of dust and sand, which raised by wind
and remain stuck in the atmosphere is not the most important sources of
CCN, but salt and acids molecules and volatile organic [15]. This
difference in the interpretation ofthe role ofdust particles as CCN is due
mainly to the nature of their soluble and insoluble components, which in
tum a point of controversy among researchers. Some studies confirm that
the dust particles are effective as CCN depending on its soluble
components and others comfier that it take a role as CCN depending on
the insoluble compounds. In insoluble dust particles a multilayer of water
coverage take place at relative humidity less than 100% [16]. Trace
amounts of soluble material in dust particles can drastically reduce the
saturation required for activation [17]. The CCN activity ofdust particles
depends strongly on the minor components, and small amounts of highly
soluble components greatly enhance the ability of fine dust particles to
serve as CCN [8].
The size and concentration of dust particles also have a common
influential role on the process of configuring rain droplets in the cloud.
High concentrations of small atmospheric aerosols reduce the size of
cloud droplets, and suppress precipitation formation [19]. The relative
impact of giant CCN increases with increasing it concentration [20].
From these foundations and from the principle that the rate ofthe droplets
in the cloud is determined by the number of nuclei particles, it can be
regarded that the Iraqi atmosphere is rich with CCN especially the giant
ones, since that the particles of dust storms remain stuck in the
atmosphere for long periods up to several days and heights up to hundreds
of meters, and because the total numbers of days witnessing dust storms
in Iraq are equivalent to approximately 5l days of the year [21]. This was
confirmed when it found that the dust storms particles for various storms
from different regions in Iraq in 2009 consists generally from three types
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of minutes different in physical and chemical properties and different in
the percentage of concentrations in time and space: clay, mud and sand
with gradient Volumetric particles (3-190) microns [22].
Kdhler theory used to describe droplet formation in atmospheric models,
assumes that the CCN activity of aerosols depends solely on their
curvature (Kelvin effect) and the fraction of soluble material (Raoult's
effect). Kelvin effect, which depends on the surface tension ofthe droplet,
describes the change in saturation vapor pressure due to a curved surface
and thus, the stronger solutes are more capable to reduce the surface
tension of water, which in turn helps to reduce the supersaturation to
became easier for the CCN to activate, so an experiment was carried out
to measure the surface tension ofwater drop depending on the different
concentrations of different size of dust storms particles added to pure
distilled water to find the fact about the role of local dust storm particles
as a CCN.

MATERIALS AND METHODS
Heterogeneous nucleation, which depends on the presence of CCN is
more important than homogeneous nucleation in form and growth of
cloud droplets, such dust particles especially the giant ones that ranges
between l-10 microns in diameter. To get this size distribution of dust
minutes, the dust was collected from some storms that hit three Iraqi
regions in 201 I : Baghdad, Basra, and Mosul, and mixed with each other
in equal weight proportions, then the big minutes was isolated using
sieves gradations different size down to less possible size which is lesi
than 38 microns, as shown in table (1). From tables (l) and (2), which
shows a volumetric analysis of dust samples collected from dust storms
hit almost the same areas of study in2OOg,the volumetric gradient of the
research sample ranging between 3-38 microns with final mass 1509.

Table 1: Volumetric Isolate to Dust Minutes
Base 7" ToRest on each sieve micron / sieve
9942 058 125

9776 166 63

9064 7.12 45
800 1064 38
00 800 base
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Table 2: Volumetric Gradient of Dust Minutes Collected from Different Dust
Storms Hit some raql К glon LZZJ

sample area collection Date sample volumetric gradient (micron)

1 Kirkuk 14/3/2009 6‐ 120
う
ｚ Baghdad 9/3/2009 3‐ 170
つ
つ Diwaniya 16/4/2009 12‐ 180

4 Nasiriyah 16/4/2009 12-190

The condensation nuclei in heterogeneous nucleation reduce the high rate
ofsupersaturated, and therefore the droplet can grow by less amount of
vapor pressure, i.e., less amount of surface tension. This happened by
bringing some of solute molecules to replace some of the solvent
molecules at the surface ofthe solute dissolved, and this causes a decrease
in drop vapor pressure depending on the amount of existing dissolved,
therefore surface tension of distilled water added to it a different
concentrations from sample dust particles starting from 0.1g to 10 g was
measured an experiment Method of drop weight at room temperature
25oC using a clean burette with radius r of the inner orifice 0.5mm. This
experiment was repeated three times to estimate the error committed in
the appointment surface tension by calculates the difference between the
average value of surface tension and the other values in the three
experiments from equation (1) in units dynes.cm-r[23].

W
σ =面 (1)

Where: o Surface tension of one drop, w Wight of one drop,
Accordingly, saturation vapor pressure or vapor pressure of water over
an aqueous solution droplet can be calculated depending on the value of
the surface tension by using equation (2), which is called Kelvin equation
1241.

/20\
e,(r) = e"(a)exp\"**rr) ......(2)

Where: er(r) the equilibrium vapor pressure of droplet water, er(m) the
saturation water vapor pressure over a flat surface, o the droplet surface
tension, r4 the radius ofthe drop, R, gas constant ofwater vapor pressure,
p., the density of water drop, Ttemperature.

RESULTS AND DISCUSSION
From Figure (l), which shows the relation between surface tension of
distilled water drop and different concentrations of dust particles added
to lliter of this water, it can be noted that the surface tension decrease
from 287.294735 dynelcm to 238.810525dyne/cm by adding a dust
particles unto 2.69, after this point, increase the concentration of dust
particles leads to increase the value of surface tension from
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238.810525dyne/cm to 311.02105dyne/cm till point

surface tension reminds stable at 3 H.02105dyne/cm

concentration ofdust particles。
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Figure l: The Relationship Between Surface Tension of Water Drop and Different
Concentrations of Dust particles

This behavior of the surface tension goes back to the components of the
sample and it is chemical composition, where laboratory analysis showed
that the clay and salt constitute the highest percentag. of .ornponents and
lowest rate was for sand, as shown in table (f ).

Table 3: Mass Ratios of Dust Sam

The chemical analyze tumed out that the sample composed from a group
of oxides and ion with soluble and insoluble components in different
proportions. The proportion of oxide calcium CaO 14.93Yo isthe highest
percentage of oxide sample components that soluble in water compared
with the other soluble oxide components: sodium oxide Na2o l.lsyo,
Potassium oxide r<2o r.loA, as shown in Table (4). So, the influence of

250

y=・ .ヽ
olYx_Υ 〔.Aヽ ヽ

R2=。 .● r、 T

0 and nents

station
No.of
stolllls

l storlln

Sample
mass

(g)

total mass
of samples

(g)

mass ratio
ofsand
minutes

(%)

mass ratio

ofsilt

nlinutes

(%)

mass ratio of
clay minutes

(%)

旦aghdad 2 25

150 3.74 45。 88 50。 38
Basra 2 25

Mosul 2 25
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:
the last two soluble components neglected because of the smallness

proportions compared with CaO, and it was considered that the dust

particles of the research sample composed from a single component,

which is CaO. The source of CaO come from buming Calcium Sulphate

(Gypsum) CaSO4.ZH2O in the sample which dissolves in water by

2.6glliter at temperature 25oC.

able 4: Chemical Analyze of Dust

Oxides & ions percentage in sample Solubility in water

Silicon dioxide Si02 4002 insoluble

Aluminutn O対de A1203 10.01 insoluble in water

Iron Oxide Fe203 4.89 insoluble in water

Calcium Oxide Ca0 14.93 soluble in wat6r

Magnesium Oxide MgO 5.09 insoluble in water

Sodium Oxide Na20 1.15 soluble in water

Potassiuln Oxide K20 soluble in water

Titaniurn Oxide T102 068 insoluble in water

Sulfate ion S04 156 soluble in water

Loss by burning L.O.I 2057

summation 100%

This assumption corresponds substantially to the results of the study

where dust particles behave as if they were composed of Gypsum only as

shown in figure (1), where the surface tension decreases gradually when

increases the amount of the sample dissolved in l liter of distilled water

down to 2.69, a saturation point of the solution. After this point surface

tension starts increasing with increase of the amount of dust particles

sample, which mean that there is a linear relationship between surface

tension and dust particles depends on the degree of water sahration
(solvent) by dust particles (dissolved), and as shown, in Figures (l) and

(2) that there is a medium linear relationship between the amount of dust

particles added to the water 0.1-109 and between the values of drop

surface tension with correlation coefflcient 0.536, while there is a very

strong linear relationship between the amount of dust particles added to

the water 0.1-2.69 and the surface tension with correlation coefficient

0.998.
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Figure 2: The Relationship Between Surface Tension of Water Drop and Dust
Particles Concentrations 0. 1 -2.6 g

So, the effect of dust particles concentrations above saturation point (2.6
g) have been neglected in the study of their role as a condensation nuclei.
After these assumptions and by application of Kelvin equation, it can be
noted from Figure (3) that the dust particles of local dust storms can be

a weak giant CCN, although it works to reduce the value of drop surface
tension by 48.48 42ldynelcm, but this did not lead to a significant
reduction in saturation vapor pressure, which is necessary to the cloud
droplet growth to rain droplet, where it is declined by 0.017g dyne/cm2
only.
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ABSTRACT
h the present study the physico― chemical conditions of ive fresh water ponds in

south― eastern Yemen were seasonally investigated duHng the year2010.Generally,

the flve ponds showed slight differences betweett each other,wlth no rnarked seasonal

changes in their chenlical conditionso Therefore,Inost of results were presented for

one seasono Water temperature followcd that of air.The PH values of pond waters

lies between 7。 15 and 7。 56,and 7.50- 8.20 for pond sedilnents with no apparent

seasonal changeso The waters of the ponds were considered to be fresh, slightly

alkaline and hard.DO in allthe ponds generally showed a high values in winter and

low values in sll― er.Total alkalinity ofthe waters in the ponds ranged between l10

and 1000 mg/1,the alkalinity in all the ponds was follnd to be due to carbonates and

bicarbonates.Electrlc conductivity appeared to associate with calcillm concentration。

Calciurn and magnesium among the cations, sulphates and chlorides alnong the

anions were doFninated in all the ponds.Generally,there were no apparent seasonal

varlations of signiflcant value recorded particularly in the cheFniCal condition ofthe

flve investigated ponds。

INTRODUCTION
Ponds may be natural or man_made,pellllenant or temporary and

may vary in size from square meter to tow hectares,[1].Limnological

knowledge is ofgreat iinportance in flsh culture,flsh rnanagement and in

successil rearing offlsh in fresh― water habitats,[2],[3]。 So,the physico―

chenlical parameters of water play a signiflcant role in biology of fresh

water organisms,[4].Factors like water temperature,hydrogen ion

concentration, dissolved oxygen, hardness and others have direct

inauence on producti宙 ty of such habitats,[2],[5],[6]。 WithOut

Knowledge ofwater chenlistry9it is difflcult to llnderstand the biological
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phenomenon fully, [7]. Further, the study of the physico-chemical
parameters is an important criterion for evaluating the suitability of water
for irrigation and drinking purposes, t8l, t9l. In this direction JtOl nua
stated that, all the developmental activities have immediate eff""ts on
various water quality parameters.
Such studies are very rare particularly in this study region, the available
papers, however, deal only briefly on some aspects like [ll] that studied
the effect of salinity of some spring waters on the soil , and [12] had
studied water chemistry and algal distribution of Al Rodha spring. Some
other studies in the adjacent area like, [13] concerning an elementary
comparative analysis of water sources of Al-sheher City, also [la] had
studied the ecology and hydro biodiversity of Wadi Hajor basin a little
distal area. In addition and in a more distal area in yemen [15] had
studied the possible impact of waste water into the ground and surface
waters of IBB City .Also and in the same region, an ecological study on
ground water pollution near IBB City was studied by [16]. Therefore, the
present paper should be regarded as a preliminary account to study such
habitat in this study region, more work in this direction should yield
additional evident as to the correlation between environmental factors
and inhabitants of such fresh- water ponds. So, a series of limnological
studies will performed.
The aim ofthis work is to characterize the pond ecosystem ofthe study
region, and to evaluate their water quality.
Materials & Methods
Description of the study region & Historical Background:
The study region (Hadhramout-Al-Hami) lies between the two latitudinal
14-15 N and the two longitudinal 49-50 E.This region houses many
springs distributed in different areas,
each spring fills a particular shallow old artificial pond, these ponds used
by local population for irrigation of farms since times immemorial.
The five study ponds, pond I ( Al -Rodha ), pond II ( Hassen ), pond
rII ( Al Hammra), pond IV (Al-Maean ), pond V ( Bin-Gumry ).Fig (l),
these ponds lie about one Kilometer north of the coast of the Arabian Sea.
Each of them receives its water directly from its spring. However, even
at prolonged intervals of inigation some water remains in the ponds to a
depth not less thanl0 cm.
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Fig l: Location of the study area Site ofthe ponds I

The fresh water ponds were studied from January to December during the

year 2010 in a seasonal basis. Water samples from each pond were

collected in a clean, dry polyethylene bottles washed several times by the

pond water before taking the sample. Three replicates were taken for each

pond. Chemical analysis of pond waters was calried out at General
Laboratory of the National water and Sanitation Authority in Mukalla-
Hadhramout. All methods of analysis were based on [17] . Air and water
temperature was measured with an ordinary mercuric thermometer
graduated from 0-100 Co . Hydrogen ion concentration of both water and

sediments was measured using portable digital PH meter model 207

HA.Dissolved oxygen in pond waters was measured with DO sensor.

Global positioning system (GPS) was used for determining location and

elevation. Dimentions,water depths in all the ponds were also recorded.

Statistics:
In some cases results were expressed in means + S.D. And as the analysis

of the means by one way analysis of variance (ANOVA) of chemical
condition revealed no seasonal significant differences even among the

replicates, therefore, the given results were of one season.

Results & Discussion
The description and variations of physical factors in the study ponds

were presented in tables (1 and 2).It was found that, water temperature

followed that of air, they were correlated in nearly all the ponds, and this

is due to the shallow and exposed nature ofthe ponds. Color and turbidity
of water in the ponds slightly varied in most of them, but the high values

of both color and turbidity were found in pond V, this is due to the high

turbid water of this pond, (9.49 n.t.u)
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Tablc う
乙 characteristics of the

Pond name Tcmperature

C°

Color (units) Turbidity

ln.t.u)
Winter

6/1/2010

Sulnmer

2/7/2010

Water  Air Water  Air
Al‐Rodha 27 ０

０
つ
ろ 30 31 5 0.6

Hassen 27 29 う
‘

つ
つ 30 2 048

Al‐Hallunra 31 32 30 34 1 027
Al‐Macan 26 25 う

０
つ
′ 36 2 0,59

ph‐Gunlry 29 29 30 う
‘

つ
′ 202 9.49

The differences in chemical factors were given in tables (3 and 4). The
PH of pond waters varied between 7.15 and 7.56, with no seasonal
significant differences observed. while sediment pH slightly exceeded
that of water which ranged between 7.5- g.2, the water in ali the ponds
were

ofthe
Pond name Dimension (m) Water-depth(cm) ElcvatiOn(Ft)

gth Max Mintr. average

Al―Rodha 5 180    40    70 75

8 8 90      20    40 67

Al-Hammra 10 4 60       1o    25 82

Al-Maean つ
‘ 4 22       8      15 64

Bin-Gumry 10 130     60   30 81

０
０

７
′
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regarded as slightly alkaline and hard, this is in agreement with [18] that
stated that, the seasonal variation in the PH ofwater is only slight in hard
waters. [7] Has observed that, alkalinity and hardness provided a good
buflering effects, this is the same in the investigated ponds. Chemicals in
the water of the ponds provide a buffer system, so the seasonal variation
in the PH was only slight, and this is also in agreement with [1g], [19],
[20]. In addition, [21] had stated that, the localities which have high
concentration of calcium may expect to have stable pH and high total
alkalinity. DO concentrations vary slightly between the ponds, but
generally the

Table 3:Chemical

Table 4: Cations & anions concentrations

high values were recorded in summer and low values in winter. This is
related to the temperature as when it increase hence in summer the DO
increase, l22l had stated that, the seasonal variation in DO content is
related to temperature and biological activities. The values of total
alkalinity ranged between I l0 - 1000 mg/I, it vary among the ponds but
the pond V showed the highest value, this is related to the chemical
contents of this pond, and in general there were no seasonal differences
ofsignificant value observed in all the ponds. This is related to the kind
of salt contents of the investigated pond waters as this alkalinity is due to
the carbonate and bicarbonate ions. [22] had stated that, total alkalinity
of water is due to presence of mineral salts present in it, it is primarily
caused by carbonate and bicarbonate ions. The pattern of ionic

characteristics ofthe
Pond
name

PH Ｅｃ姉
ｕ 枷̈

Ｕ
Ｈ

Total

akalhlty

mg/1

ｃ‐ｕｍ

ｕ

Ｃ ‐      DO
conccntration

mg/1 , wintcr
6/1/2010

DO
Conccntation

mg/1 Summcr
2/772010

Mcan  SD Mcan SD
Ａ‐．
伽お

715 4850 1525 110 1000 663   ■040 387   ■047

Hassen 740 1700 515 150 471   ■042 178 ■l137

Ａｌ^一̈Ｈ
756 4500 2100 350 1220 934 ■046 404 ■040

Ａ‐
．　
ｍＭ

7.34 5000 1750 く
′

う
ι

り
， 1240 1070 ■045 563 ■042

Bin-Cumry 725 5500 1625 1000 900 479   Ю 38 262 ■040

Pond
name

Ca‐ Mg‐ Mh‐ N03‐ Cl‐ S04‐ HCO‐

Al― Rodha 400 126 01 54 825 2300 1342
Hassen 410 202 01 4.6 265 650 Ｏ

Ｊ
０
０

Al―Hamra 488 211 03 29 800 2200 427
A卜Maean 500 120 02 4.4 830 2200 396.5
Bin-Gumry 360 174 2.5 54 50 1000 1220
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dominance recorded was remarkably constant, it was Ca > Mg> Me in all
the ponds and SO>CI >HCO in the first four ponds. But for pond V the
case was different, it was HCO>SO>CI.The concentration of calcium was
generally high in all the ponds when comparing with other localities, [2],
[ 19], but there were different levels ofcalcium among the ponds, because
each pond receives water from different spring. [20] had stated that,
calcium concentration vary from place to place and related to the geology
ofthe region.
The EC was high in most of the ponds, its values ranged from 1700 to
5500 us/cm, and the highest value was that of pond V ( Bin-Gumry). In
general this is related to the dissolved salts that characteize this region,
this high value of EC reflects the high concentration of dissolved
substances, this is in agreement with studies made for analysis of rocks
of Hadhramout coastal region which has shown that, these rocks contain
highly dissolved salts in high concentrations [23].Furthermore, l24l(
Public water corporation) has stated that,sulphates and chlorides are the
dominant salts that related to the nature of marine carbonated rocks. This
is also in agreement wittr [25]. Comparation Of EC values in the same

and adjacent areas with other studies were given in table ( 5 ) .

CONCLUSIONS
Each pond of the investigated ponds in the study region has its characteristic features
that distinguish it from the other. But these ponds share some common

characteristics as their waters contain highly dissolved salts in high
concentrations, which reflect the geological nature of this region. This
makes the water unsuitable for dirking purposes, but it can be used for
irrigation of crops and plants that withstand high salinity, and for
household purposes. And also such quality of water in these ponds may
limit the flora and fauna of such pond type of ecosystem.

Table 5: ofEC. Values in different areas

Location EC.values us/cm Reference
A卜Halni(sallne area) 5200 「111

Al-Sheher ( adjacent
area)

4520 [13]

IBB City (Between Sana
&Tuz)

264656 tl sl

IBB 3256.7 l16l
Al‐Hatni 5500 This study
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ABSTRACT
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PCV.
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ABSTRACT
Exopolysaccharides produced by t、vo specics(Lactobacillus acidophilus and

L.fellllcntum isolated from vaginal swabs of healthy women)werc CXtracted and

partially purifled, and then weight ofthe dried polysaccharides and total carbohydrate

content were recorded.Antibiofllln activity ofpartial purifled exopolysaccharides were

studied against  some pathogenic bacteria including  Staphylococcus aureus,

Acinetobacter baumann五,Escherichia coli,Pseudomonas aeruginosa and Klebsiella
pneumonia by using h″ o lnethods Congo Red agar and lVIicrotitration plates.

Results showed that the quantity of exopolysaccharide produced by L.fellllentum

was 258。4 mg/L which is higherthan quantity thatis produced by L.acidophilus(130.5

mg/L).The tOtal carbohydrate content was(90,60)%of L.fcrmentum and L.
acidophilus rcspcctively.Exopolysaccharides(1 lng/1nl)produced by two isolates had

antibiofilnl activity against alltestcd pathogenic bactcria aftcr using two rncthods which

were tested. Highly antibiofllm of exopolysaccharidc produced by L. acidophilus

recorded against S. aureus followed by K. pneumoniac with reduction of bioflllln

fomation ratio(30,52.8)%respect市 ely comparcd with(100)%OfCOntrol,while highly

antibiof11ln of exopolysaccharide produced by L. fermentum against A. baumann五

followed by S.aureus with bio■ lm fomation ratio(31.9 and 42.1)%cOmpared with

(100)%Of COntrol.
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ABSTRUCT
The results of the prelinlinary survey sho、 ved that had becn done by collecting salnples

OfZZ″力おψα′″αοみ″お′′leaves infccted by blacuies/た ″οあらな″α′′α″′(Quaint)
which included all lraqi governorates du五 ng Autumn 2012 showed the prevalence of

species of blackflics И々 ″οあb溶 ″α″′α″′It affects Zlzタカンsッα″αιみ′お″trees with

dittrent ratios and intensity depending on the govcmorate i e,according to the nature

of the location of lraq and its gcographical varlant environtnental conditions of the

whole country that samples were brought from leaf the iniury Of И
“
arra″,(Quaint.)

focused on he upper surface of Z′ z´みお ψα
'″

αιみ″おrJ varying ratios of initt and

severity depend On the nature of lraq geographca1 location and di■ brent

environtnental conditions of pro宙 nces(nOrth,central,west,and southn Resu■ s

showcd that Al― QadiSiyah has the highest population density ofblack■yИ ″α′″″

(Quaint.)and recorded 1098 pupa/100 Nabk leaves as、 vell as its supe」 ority in

incidence was 89%,among superiority Central Euphrates provinces and all lraq

govemorates Al‐ Naiaf haS lCSs infcction rate which was 51%and the severity of

i可町 253 pupa/100 Nabk leaves,Al― Basra was at the forettont of the southem

govemorates by iniuring 87%and the severity of ini町 875 pupa/100 Nabk lcavcs,

wllile Wasit has less severity whch was 432 pupa/100 Nabk lcaves and by iniury

750/O■vlthin thc southcm govcmorates Trccs Nabk in Saladin govemorate was most

arectdbythis insect by tturyrati0 79%and iniury 564 pupa/100 Nabk leaves,hence,

■overtake Baghdad recorded infection rate of 77%and density 484 pupa/100 Nabk

leaves of■e central and no■ hcm lraq,and Kurdistan Region,Erbil Govemorate has

the low infection rate whi10h is 39%and population density 44 pupa/100 Nabk leavcs.

Finally,thc westem rcgion represented by Al‐ Anbar province has lowcr rate and

seve五ty ofi可町 in all govemorates of lraq,where the rate Of infection is 36%and

population density is 13 pupa/100 Nabk leaves.
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ABSTRACT

In this paper, we have studied the relationship between the proportion rate of image
edge in the RGB color components and Luminal (L) of different values of sob'ie
operator thresholds under different lightness conditions using different camera
apertures. The results show that when the threshold value (th) is increased tre amount
of th€ proportion ofedges will reduce, because when increasing threshold value many..
original edge points in the picture will be lost andjust the strong edges will be kept ani
the proportion of edges to the threshold increase for each coloi components, but note
that the threshold values ofthe dim lighting extend to higher values in comparison to
high-lighting. Image clarity considered the most important factor that determines the
automatic image analysis in robotic systems. The quality of captured images is
determined by measuring the statistical image properties (homogeneitv and sharoness).
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ABSTRACT
This research aims to design,implement and test muli‐ stages inertial impactOr tO sort

aerosol particles depending on the inertiaOf■ ese particles ne inertialimpactOrworks

in now rate 28.3(I』Mi→ and inCludes three stages equipped with acceleration nozzles

in order to generate a fast now,the macion platc which is dircctly locatcd beneath

accelcration nozzle,and the distancc beneen the end ofthc acceleration nozzle oHflce
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appЮ対mately(18.5%)using a s。 lo acceleration nozzle with the diamcter of(W=0.7

Cnう ,and the cut ratio ofptticle sizc(マ CD50=2.5μm)whiCh the impactor designed

depending on it is appro対mately(50%)used a mu■ i acceleration nozzles with the

dialnder(W=0・ 3 Cml.
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げ 邸 16。厖

～

J(2)JJコ I L41出刈 |´ ^ヽ出 ょ |ン 早― 」(FO.7Cm)。 _■
´

｀^川 JJⅥ 社 メ |い
け ■ 3,厖 渉 |【

´
`1'J`か ^出 ょ |ン」申 IⅢ

・
411… Ⅲヽ

G■ J● 1^Ⅲ Ⅲヽ‖eJ→ 。」 出

“

げ 出 ち (25μm)。メ コ I GIム 画 ^、 “ヽ‖
(97.1%)

.(0.5μ lnD e♪」|`|ム 出^、 、ヽ‖(4.1%)

ユ IE堅 出 |ふ」1静メ 口 ^… 1ご_6,K2
Particles sizes

(μm)

Collection
efficiency

stage 1

Collection
efficiency

stage2

Collection
efficiency

stage 3
≧25 97.1% 100% 100%
≧10 96.3% 9830/0 99.3%
≧5 915% 96.10/O 98%
＞

一
18.50/O 22.9% 28.2%

≧0.5 41% 5.8% 67%
≧03 X 0.030/0 X

1♪ユl(7)′ K」|いけ邸16・K`い メ
6当うど こ妻」16.厖 ♂二十菫晏 出発

オ雷惣ま買キ:島」酬いご脚ひJ♂ボ‐ぃ」
(ξ蠍 圭黒葛鷺趣躍F性3‐飾堂電郵樫讐風古批1

.(WO.7Cm)、卜 Jい」
e」占メ

メメ■」綱 dⅢコ|メリ J一 :1

Particles
Sizes(pm)

Direct Const.of
Particles/CM

Impactor
Stage lconst.of

Particles /CM

Impactor
Stage2 Const. of

Particles /CM

Impactor
stage 3 Const.of

Particles/CM
５う

ｚ
＞

一
415 う

ん 0 0
≧10 11595 434 194 81
一郷 48477 4143 1877 958
＞

一
1888651 1539992 1455341 1355473

≧0.5 8569075 8214209 8075403 7994197
≧03 38669757 38800018 38656266 38733294

50



LIり」l rl｀ ^^6・喝  (W O.7 Cnぅ o r井メ

[5]“口|

2014`4コ」1`25｀ 1ヽ ^]

(W=0.7Cm)」り」l

●
０

お
こ
■
■
と
０

●

●

●

”

●

●

●

●

1013● 3

性 Ⅲ 向

lr.J"-n-Jl rJic i.!,.

♂ 中
`●

Kdtt^:7c螂

●1^Ⅲ・ヽ‖げ■ 3・厖亀υL:8」盤

許 理  (ふ口 |｀■ ヨ
)る

。` 1^み■ 斗 |メ よ」 」L山♪ 1♂111^‐1っ 、コ IJ

I―州占Ⅵ私脚 (50%)♂IⅢこ■
|｀ 一 ‖JJり 14り 川

ひ
」

ぃ →
～
■ (50%)こ 押 い =5J T=0.5CmJ S=1.5Cmリ

醐聯舗墨  館が継蹴簿盤
‖コこメ1。■″s(50%)●1出」(18.5%)

Jl(4)JJコ |り典
J｀く。(9)dに」Jひ ιtt tASJく野 剥 16・厖 ひ 島 渉 け ■ 6●厖

p (25μm)3,Sl画 ^Ⅲ Ⅲヽ‖いP(98%)」りIJ(5μm)け」1立 ♂ Ⅲ 許 1

中 工 Glメリ |… けメ
““

1よ 1ヽ1ゝ」(5μm)諄 1♂Ⅲ Ⅲ 準 口 』出|

亀Lュ l ψlよ 藝 e25μm)|メ 1ふ メ メ Jい りJJL^ゝ 甲メ リlひ 口呼 撃 1ひ

脚 |● |ム

=メ
」ll♪」IⅢ Ⅲ口l許 ご口|び 力 Ч上|ヽ も｀ヽ̂ 出

`●
loみ

.もユ メ `い

～

ycぃ ツヽ11｀ 出 ル |ト メ |

●

０

●

●

●

●

●

●

―

ι^

む

５

■
１

８

８

１

８

II'5“ ● ●

51

ヽ



- f ,+ll et{*.ll drr ;...? I s-+- jt.ri-S qtrt-./l :.u5- 15 JJ-ilt rlr-ll e*:n.l e..-.et*.lli,..Ii-:

dg-,il i.s;i,-.

dg+*lll Lr,i,- L-.p:l oL";.-,.I| 」

`.厖
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d-lJ.r 6J3Sil1 aiJl A:-+Jl cii':ll ,,.."- d,L+,+lt e^+j 6eliS cj"nsj. (9) d$ll dr-,
* uil,, il ' JI A)l e!!l e,"ir 6"lis .,j-i drl !=\.f ,,er.r.-Ar ,fJi
tfl .Cd (n:S, S:l.5Cmr T=0.5Cm: W:0.3Cm) 

"+*uyrr' 
..r*r

*+.:]lrtlla*,lJJl CJ-+ill 6eus sjsj. Jl r#_rir +rLi. gjg ({COSO:Z.Sgrn)

i:Y]l,]U'-i-il d^-r !!i.. e.r3-1 eJl-, [a] (Marple and Willekey ,l:rl
I .Jt 

' 
qil-: i.rei; ,t,'. I e.^::ll.;,tX ;.:. .1S-,, et;Jl e;*il_ Ggt"i -l.,:J+ (50%) d)" JSYI c.,t-;",,;:l 4iltjL jrl{ rr$t:6e--iOOOj grq Ji_., .,-,1 ,rs"

r..- ii' (50%) 0. -F.-Yl €,1"J-,+! ar^..,tr, uti a.*i- J" Gj..*-axrr-,.-
o F* (h. (JJ,l drLr-,+lr cf: 6errreEi r; .LiiI ,rJr olr" ;il'uix aul+J'+lll eJ.L t l;lX (dj+-,ll L+,i-);:.:ri q[,j f:!l] d_,tu!,qf",ff +jf+ff
cr.r,l-,:f [5] anUl a*,lJJl eittj j .ry," j5.: e]Js dl..,j-,,I+ a_r-J ,r1fr'{;*11

.(50%) c.till.* t*

,J!i.iil メ■_戸 □摯゛|メ|メ 」‐ 3Jり■

Particles Sizes
(pm)

Direct Const.of
Particles /CM

Impactor Stage I
Const.of

Particles /CM

Impactor Stage 2
Const.of Particles

/CM
>25 1ls 8 3
>10 6801 185 44
≧5 71745 1432 382
＞
一

4025932 2395297 1717876
>0.5 14478097 12722926 11787832
>0.3 50721492 49674702 48671865

Particles Sizes (pm) Collection Effrciency
Stage I

Collection Efficiency
Stage 2

≧25 93% 97.4%

却
一５

97.3% 99.4%
98% 99.5%

＞
一

40.5% 57.3%
>0.5 12.1% 18.6%
>0.3 2.1% 4%
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