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Abstract

The current study investigated the water from a well located in the city of Samarra, focusing on the
concentrations of toxic heavy metalsck as copper, lead, and arsenic. The results were compared
with global standards to assess the watsuitability for drinking purposes. Nanotechnology was
employed to synthesize iron oxide nanoparticles (RNE) using aqueous fig leaf extract through
bath green and chemical methods. The efficiency of these nanoparticles in removing heavy metals
from polluted well water was evaluated.

The results revealed that the well water contained high levels of copper, lead, and arsenic, exceedin
permissible limits After treatment with the synthesized iron oxide nanoparticles, copper levels were
reduced to within acceptable limits, achieving removal efficiencies of 80% and 83.1% using the green
synthesis method, and 76.67% and 80% using the chemical synthesis .metaddremoval
efficiencies were 72% and 70.9% for the green method, and 62.2% and 66.5% for the chemical
method. Arsenic removal efficiencies were 62.5% and 46.86% for the green method, and 62.2% anc
0.0% for the chemical method, depending on the natiolgadose.

Keywords: Contamination well waters, Nanotechnology, Fig extract, Heavy metals.

1.INTRODUCTION

Water is a vital resource that sustains all types of plant and animal life. It is often acquired from
two main natural sources: surface watghich includes freshwater lakes, rivers, and streams, and
groundwater, such as water from boreholes and wells. In nature, water is inherently impure since i
absorbs impurities from its surroundings, including those originating from humans, animals, and
other biological processgld. Groundwater pollution is a significant environmental issue, with a wide
range of contaminants harming water supplies. In areas with severe water shortages, the practice ¢
using wells water for agricultural purposes has grown increasinglyncomOverall, this resource
comprises significant quantities of advantageous nutrients and harmful contaminants like heavy
metals, which are presenting potential and challenges for agricultural development. Heavy metals, ar:
a cause for concern due toithligh toxicity, even at low quantitig®]. The increase indavy metal
content when irrigating the soil with well wat8}. It will contribute to the biological accumulation of
these metals in cropgecause most of these metals are poorly soluble in water, and thus cause
damage to plants when they reach them, and under certain conditions they become toxic to humar
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and animals that feed on these plaftise most common heavy metals copper, leacknarsand
cadmium. Accumulation of toxic heavy metals in plant living cells results in various deficiencies,
reduced cell activity, and inhibition of plant growth. They affect enzymatic action by exchanging
metal ions with metall@nzymed4].

A range of physical and chemical techniques are commonly employelirtimate hazardous
heavy metals from water solutions. Chemical methods include different mettwdsschangd5],
reverse osmosi], membrane filtratiof7], etc.. Nevertheless, all of these aggrhes exhibit low
efficacy, high cost, and result in the production of hazardoysdguctg8]. The adsorption process
is widely regarded as a very effective, safe, straightforward, environmentally friendly, and cost
effective method for eliminating heavy metal ions from aamhated watef9].

This study focuses on the simple and effective use of iron oxide nanoparticleblfsQynthesized
with fig leaves (Ficus macrophylla) as an adsorbent to remove heavy metals from cdaethmilh
water.

2. MATERIALS AND METHODS

2.1 Fig LeavesExtract Preparation

Fig leaves Ficus macrophylla are collected in the autumn, washed with tap water and distilled
water to remove impurities and dust. They are dried for seven days at room temperature, after whicl
these materials are crushed amelved to (0.125 mm). 10 g of fine fig powder was dispersed in a
closedgg ass beaker filled with 300 ml of deioni z
Then filtration was <carried out usi ng andlthe t e
plant extract solution was stored in the refrigerg6t.

2.2 Synthesis of FeENPs of plant extract
2.2.1 Green synthesis of Fe®IPs

The preparation process carried out accordind 1 with modification. 5 g of iron nitrate was
dissolved in 200 ml of deionizedwate usi ng a magnetic stirrer (8C
60 ml of plant extract (fig) was added, and the color changed from red to black. After 72 h, 8 ml of
ammonia was added, a black precipitate formed. The precipitate is separated by ceniahge,
with deionized water, and then dried at room temperature.

2.2.2 Chemical Synthesis of Fe®IPs

The work was performed according to the referdt2g 10 g of iron nitrate was dissolved in 500 ml

of deioni zed water using a magnetic stirrer

polymer was added to precursor solution under stirring for 90 min. After homogeneity, 10 ml of
ammonia was added andetlblack precipitate formed. The precipitate is separated by centrifuge,
washed with distilled water and ethanol, and

powder was calcination at 500 eC for 2 h.

10 ml of plant extract was cerftrged at 4000 RPM for 10 min, then mixed with 5 mg of iron
oxide using Vortex Mixer for 30 min and soni
precipitate is separated by centrifuge, washed with deionized water, and then dried at room
temperéture.

2.2.3Characterization of FeO-NPs

The chemicattructureand surface morphology of the biosorbent was examined usicanaing
electron microscopeoupled toan energy dispersive -y, JSM 7600F, JEOL Inc., Japan at a
working voltage of 5 ¥ at various magnification$3].
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2.3 Experimental d Water Treatment

2.3.1. Collection of well water

A sample of well water was obtained in the center of the Iraqi city of Tharthar, near the International
Paints Factory, and it is highly expected that the water of these wells is polluted with &als.m
Samples in this study were collected from polluted water in one of the wells located in the city of
Samarra. The collected samples were kept in a refrigerated container at approximately 4°C to prever
any biological processes that could affect thalgical results. The samples were then evaluated by
the government analytical laboratory iBamarra , IragContamination levels of well water with
copper (Cu), lead (Pb), and arsenic (As) were determined using atomic absorption spectrometry.

2.3.2 Meaurement of Heavy metals in well water

This experiment was conducted for various quantities of well water containing copper, lead and
arsenic. The concentrations of metal ions at the beginning and end of the experiment were measure
using Atomic aborption spectrometerHollow cathode lamps were used as radiation sources, with
specific wavelengths corresponding to each metal ion. A flame utilizing air acetylene was employed
to ascertain the presence of copper, lead and arsenic, and then comparaocéntration of these
metals within the limits set by the implementing authorities for water quality [14].

Table 1: Characteristics of the well water in present study

Sampling Time
ParamParameters Value Permissible
Values limits
Cu Cu 0.30. 0.2 0.2
0.3
Pbp Pb 0.927 0.010.01
0.927
Asaa AS 0.32 0.05 .05 [14]
0.32

2.3.3. Adsorption experiments procedure

The study involved conducting batch tests to examine the impact of the quantity of ingested substanc
on metal ions using Fe®Ps prodeed by green method, in addition to FBI®s manufactured by

the chemical method to remove toxic metals from contamination well water. A solution of well
contamination water, consisting of copper, lead and arsenic ions were utilized in batch tests tc
identify the optimal treatment parameters. The optimal parameter, encompassing the specific dose o
the nanoparticles, effectively eliminating the heavy metals present in the well contamination water,
were then employed to treat the environmental water saaggeired from well in Samara city .
Control tests were conducted in parallel with the batch trials to minimize alterations in all other
variables except for the one being examined. The control experiment involved the well water sample
containing noFeONPs Adsorbent dosages of 0.015g and 0.03 g were chosen based on previous
studies Every experiment was carried out in a centrifuge tube with a capacity of 50ml, and 25 ml of
polluted well water containing varying percentages of copper, lead , and arsen@dded to the

tube, the samples were shaken using an orbital shaker at a speed of 100 revolutions per minute. Offe
a high level of interaction between the adsorbent and the adsorbate. Following the shaking of the
mixtures, the supernatant liquid wagparted by centrifuging them at 5000 revolutions per minute
for ten minutesThe removal efficiency of adsorbed metal ions wakulated [15]. According to
Equation 1.

135



Journal of Natural and Applied Sciences URAL No: 7, Vol: 2\ December \ 2024

CO-Ct .~/ . . - 2 Z
o x1l00eeéeeeée. 1l

Where Co is initial concentrations andfdl concentration of heavy metal ions

Removal efficiency(%)=

Statistical analysis
The experiments were performed in triplicate, following the same circumstances. The collected
data were subsequently analyzed using Duncan Multiple Ranges Test [14].

3. Results and Discussin

3.1 Uv—-Visible analysis

Figure 1 displays the UV spectra of F&Ps nanocomposite synthesized by Fig extleat two
methods: green and chemical. According to the spectra in Figure 2a, the material has a peak at 37
nm, which characterizes iron oxidggnthesized by the green method, and in the figure it peaks in
Figure 2b. 290 nm with respect to the approach of -R&3 by chemical methods UV/Vis
Spectrophotometer.
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Figure 1: UV spectra of FeENPs synthesized by (a) green method @) chemical method.

3.2 SEM and EDS analysis
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Figure .2 display the SEM and EDS of iron oxide nanoparticles synthesized by the green and
chemical methods, respectively. It appears from the Figures 1a and 1c that some of the particles at
clusteredtogether, that the shapes of the iron nanoparticles were spherical and with varying sizes
ranging from 30.04 to 40.71 nm by the green method and from 63.14 to 72.45 nm by the chemical
method. Also, the surface of Fe®Ps was shown to have a heterogesestuiucture, which is
characterized by a large number of pores that vary in size and shape. This makes it effective ir
removing pollutants from contamination well wafg8]. Figureslb and 1dhows the EDS spectra of
FeONPs prepared by the green and chemical methods, respectively . It can be seen from Figure 1
the presence of a atp peak belonging to iron atoms in sample at about 6.5 keV, in addition to the
presence of oxygen and carbon, similarly in Figure 1d there is a sharp iron peak at 6.3 kev, in
addition to oxygen and carbon atoms. The result obtained in this study is egtedth other study
[17].

5/18/2024 HV mag det | pressure WD
5:33:10 PM|30.00 kV 120 000 x ETD 1.35e-3 Pa 6.9 mm

5/20/2024 H mag

v det | pressui - 500 nm
5:15:21 PM 30.00 kV 120 000 x ETD 3.18e-3 6.6 mm inspect f 50-FEI Compan

Figure 2. SEM image and EDS of FeNPs synthesis using fig leaf extract by (a,b) green methods
(G FEGNPs) and (c,d) chemical method (C FBIBS).

3.3 Analysis of wells water

The concentrations of copper, lead, and acsenihe well water were found to be higher than the
maximum allowable limit. The fact that the water of wells contains high quantities of copper, lead,
and arsenic metals indicates that these metals pose a significant threat to the state of the ecosyste
Table 2 shows the concentration of heavy metals in well water after treatment with iron oxide
nanoparticles. It has been found that copper is hazardous te@éatings. This toxicity is caused by
the production of reactive oxygen species, which leadsidative stress. Additionally, Cu decreases
the activity of catalase. Protein structure oxidation. Under stress conditions, the germination rate is
decreased and biomass is mobilized by the release of glucose and fructose. This release inhibits tt
brekdown of starch and sucrose in reserve tissue by reducing the activities chalplase and
invertase isoenzymes. In the present study results showed a decrease in copper levels in wat
samples ranging between 0:0®5 ppm when treated with 0.015 g a@d3 g of iron oxide
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nanoparticles manufactured using green methods and the chemical method, respectively. Thi:
decrease was within permissible limits foigationwater set by the world Health Organization (0.2)
ppm [3], the results of the current study are consistent with a study conducted-Kigfaii and
Younus 2020Who found that the determination of lead and heavy elementarbyneells

Table 2: Characteristics of the well water in present study

Parameters Concentration/ppm
Copper lead Arsenic
GFeONPs/0.015 0.06d 0.26 e 0.12e
GFeGNPs/0.03 0.05 de 0.27d 0.17c
CFeONPs/0.015 0.07 c 0.35b 0.0 f
CFeONPs/0.03 0.06d 0.31d 0.16 ¢

Lead toxicity results in the suppression of ATP synthesis, oxidative damage to lipids, and DNA
harm due to excessive generation of reactive oxygen species (ROS). Furthermore, lead significantl
hinders the process of seed germinatibhe mentioned factors include root elongation, seedling
development, plant growth, transpiration, chlorophyll production, and water and protein content. It is
a highly prevalent heavy metal pollutant found in soils. It exhibits a high level of toxiwitgrds

living beings.

Lead (Pb) lacks any biological purpose, although it can induce morphological, physiological, and
biochemical impairments in plants.

In the current study, the results shown in Table 2 indicated lead concentrations in well water
samples, which ranged from 0.26 to 0.35 ppm, lead concentrations are still higher than the
permissible limit for irigationwater set by the world Health Organization (0.01)gfi#, the reason
for the increase in lead levels in well water, especially wells in the city center, is due to the increase ir
population density and the increase in fumes resulting from car exhausts as a result of increase
human activities, as the combustion of gasoline is responsible for the increase in lead levels in the
environmen{18].

According to equationl, the efficiency of removing lead from contaminated well water using
nanairon particles manufactured from fig leaf extract using the green method and the chemical
method at dose 0.015 g and 0.03 g was 72%, 70.9% and 62.2%, 66.5 % respectively.

The reslilts obtained in this study are similar to the results in the stue¢hafaji and Younug$19],

which estinated lead levels in well water adjacent to oil refineries, where the highest level of lead
was 0.9 and the lowest level of lead was 0.2T&memi indicated that the concentration of lead in
groundwater in the Mount Sanab area south of Basra Governaat8.28ppm to 2.64ppm, with an
average of 0.98ppri29]. In a similar study in Nigeria, conducted by (Okparaocha and Oyeleke)
noted lead concentrations in water 0:006 (mg.L%)[21].

Arsenic is an element with the chemical formula As and atomic number 33. Arsenic is classified
as a metalloid. It possesses multiple allotropes, however, alone the gray variant holds significance ir
the industrial sctor. The plant root cells readily absorb both forms of inorganic arsenic, namely
arsenate (AsV) and arenite (Aslll). Once inside the cell, AsV can be easily transformed into Aslll,
which is the more harmful of the two forrfis3]. In current study, arsenic levels were higher than the
permissible limitof 0.05 ppm. After treatment with different dose of 0.015 and 0.03 g ofNFe©
manufactured using the green and chemical method. Arsenic levels in well water decreased to 0.0 il
some treatments.
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According toequation 1the efficiency of removing aenic from contaminated welNater using
FeONPs manufactured from fig leaf extract using the green method and the chemical method at dos:e
0.015 g and 0.03 g was 62.5%, 46.86% and 62.2%, 0.0% respectivEhe results of the current
study are consistenwith many other studies that were conducted to determine arsenic levels in
groundwatg?2, 23]

4.Conclusion

The results of this study showed that iron oxide nanoparticles can be biosynthesised using the
agueous extract of fig leaves and chemically synthesised and used to purify wellroratbeavy
metals. The results revealed that the well water contained high levels of copper, lead and arsenic ths
exceeded the permissible limits. After treatment with composite iron oxide nanoparticles, copper
levels were reduced to acceptable limits.
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ABSTRACT

The colorization process attempts to assign colors to grayscale orahthekite images and
videos. While previous image colorization algorithms have produced impressive results and significan
improvements, video colorization still faces some challenges due to temporal consistency requirement
This paper addresses the isssjgscific to the colorization process and outlines possible future research
avenues. This review does not aim to cover all specific applications in image and video colorization
Rather, it highlights issues that have seen significant development in yeeeat especially those
involving significant theoretical research, and points out their strengths and weaknesses. Moreove
there are few detailed studies on image and video colorization methods. This paper focuses on rece
and improved colorization tenlgues, classifies them, and evaluates them based on the results achieve
by each technique using fixed metrics, color spaces, and specific training datasets. From a ne
perspective, we classify colorization techniques into four main techniques: stdsielé colorization,
optical flow-based colorization, fully automated colorization, and mbdskd colorization. Optical
flow-based systems require accurate approximations, while schibbésl methods are labotensive.
Modelbased techniques struggledbtain sufficient reference images, while fully automated systems
may struggle to meet the colorization needs. The results shown in this paper show that the be
approach for video colorization is the modbalsed approach which starts with training oargé and
diverse set of images to learn color attributes and then moves on to training on videos to train the mod
to assign colors to their correct positions during transitions between frames.

Keywords: Temporal consistency, Video colorizatidgéeneratre Adversarial Networks.

1. INTRODUCTION

Video colorization refers to the process of setting realistic and reasonable colors to grayscale ¢
monochrome images and videos [1]. Color is vital for human perception and can enhance the visu
experience by aoveying additional information and drawing attention to more precise details [2]. We
all know that videos are just a series of frames and video colorization is essentially an extension c
image colorization. Colorization is a prominent area of researchinwdigital image and video
processing, encompassing areas like Pattern Recognition, Computer Graphics, Computer Vision, at
HumanComputer Interaction. The problem statement of video colorization is the creation of an
automated system that transforms gafe and monochrome (blaakdwhite) videos into colorized
versions while preserving naturalness, consistency, and visual quality [1]. Its applications are diverse
including the coloring of grayscale images, the restoration of colors in classic fildhtheautomated
colorization of cartoons [2]. Traditional colorization techniques often require user input and can be
sensitive to parameter selection, which makes themdoneuming and labentensive [2]. Even short
films may necessitate the procesggsiof hundreds of images, particularly for grayscale images or
cartoon colorization [2]. Recent advancements typically employ Convolutional Neural Networks
(CNNs) for model development and Generative Adversarial Networks (GANSs) for training, leading to
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marked improvements in efficiency [2]. As a result, the effectiveness and efficiency of image
colorization have seen substantial progress, although deep learning technology also introduces a rar
of opportunities and challenges for this process [2]. Thisrpapge constructed as follows: Section one,

the Introduction, and section two discusses the related work of the colorization process. Section thre
describes the three types of color spaces that are mainly used in image and video processir
specifically inthe process of colorizing images and videos: RGB, YUV, and CILAB. In section four,
the four techniques used in the colorization process are classified. This work discusses a review
video coloring. Section five consists of four main techniques: cotmizdy optical flow approaches,
colorization by scribble approaches, colorization by exemplar approaches, and colorization by fully
automatic approaches. The results obtained to evaluate the performance of some algorithms that use
same data set andettsame metrics but different color spaces and coloring methods are presented ir
section six. Section seven introduces the analyzation of the research paper. Indeed, Section Eic
provides the summary of the review paper.

2. RELATED WORKS
2.1 Based Coloing Methods

Coloring processes can be classified in different ways. Below are some classifications of
traditional coloring processes bassalorization semautomatic [3]:

2.1.1 Luminance Keying:uses a usedefined lookup table to convert gray values igpecific hues,
brightness levels, and saturation [3]. One challengk this technique is that pixels with the same
intensity in different parts of the image cannot be assigned different colors. Segmentation addresses tt
issue. In older movies, therart be luminance fluctuations, where different colors are applied to equal
intensities. R.C. Gonzalez et al [4]. Reposed a solution to tackle this problem. Luminance keying i
frequently employed to colorize videos.

2.1.2 Colorby-Example: Welsh It is propsed to use local textural information to clarify celor
intensity assignments [5]. This approach might not be suitable for cartoons featuring uniform regions.

2.1.3 Motion Estimation: This process occurs when the alterations among two repeated freanes a
minimal. These methods use optical flow to estimate fiospixel correlation, allowing for the direct
transmission of chromatic information between pixels. However, when optical flow estimation fails due
to significant motion among two repeated framksyframes are manually colored to account for
changes and ensure accurate colorization [6].

2.1.4 Color Propagation: Consistency in the color domain results in consistency in the grayscale
domain, and vice versa. These methods expand color from astndafined seed pixels to cover the
entire image. An example of these strategies was presented by Levin et al. [7].

2.2 Based on Automatic Coloring Techniques

2.1.1 Therefore, all techniques and algorithms that rely on -setamatic coloring and require user
intervention face significant processing time challenges, particularly when coloring video clips
with many frames and scenes. As a result, it is preferable to use automatic coloring technique
when coloring video clips. Here are some classifications ohaaitic coloring techniques:

2.1.2 Reference Color FramesBased Colorization: syndicates controllability and user effort by
using reference photos with the expected color movement to direct the process. The orientatio
photos may be supplied by the worker, @oed from the net, or a large dataset. Mentioning an
orientation picture improves colorization outcomes and meets user expectations. While the
photographs vary significantly, they have commonalities in certain locations. Areas with
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2.1.3

214

2.15

comparable hue or text generally have similar structures or lines. We can generate pictures
basedon similarities between grayscale and reference photographs [8].

Deep LearningBased Colorization Algorithms: Were recently proposed. These methods
require a large number ofayscale and colorful image pairs for training and can automatically
colorize [9]. Cheng et al. recommended a colorization method using deep networks. The
network uses the semantic feature descriptor as input, outputs the chrominance value, and th
refinesthe output{10]. lizuka et al. introduce a new CNN technique that integrates universal
priors and resident image featufég].

Resemblance With CNN Features:Researchers have introduced a new technique, an
automated colorization approach based on eefe photos, enabling users to generate various
colorization styles. The network structure is separated into two subnetworks: resemblance an
colorization. The similarity subnetwork defines similarity mappings. Among the reference and
goal pictures. The dorization subnetwork brings in line pixels in the brightness station by the
resemblance subnetwork. It then employs large data learning to improve mismatched pixe
colors[8].

Similarity to Luminosity Features: methods that color a grayscale image need or
additional reference pictures before applying luminosity channel mapping to the input image.
Color data is transferred from comparable areas of the reference picture to the input grayscal
picture. Because the grayscale picture has only one dimensiaolor position image's
brightness channel may be used to compete with the grayscale input [15]. The approach chang
the reference picture to | Ub color space a
picture pixels are skimmed in rasteendand, and the top similar area is selected based on
neighborhood numbers. This model may be applied to a solo frame from a video clip. The videc
was colorized using the same goal swatch as the first frame [15], [16]. This approach effectively
handles colodiscrepancies. After detecting the necessary pixel, the sample model is employed
to create a brilliant colorization effect. The fault distance E(Ng,Ns) is calculated using the L2
distance measured among neighborhoods Ng in grayscale and Ns in colmtizess [p2].

2.2 Video Colorization Quality Evaluation Metrics

Current video colorization approaches use various metrics to evaluate the quality of

colorization, including subjective and objective assessments, temporal consistency, color diversity, an
sematic interpretability[12]. Here are a few significant metrics.

221

222

Personal AssessmentTypically, human spectators rate the excellence of colorized videos.
Colorization quality is best measured by human vision, making it the most accurate method
However, its timeconsuming.

Neutral AssessmentMeasured and neural network models are utilized to evaluate the quality
of colorization by comparing a reference video to a colorized grayscale video. Image quality
assessments. Several metrics are usually useddingl PSNR (Peak Signtd-Noise Ratio),

MSE (Mean Squared Err¢tB8]. RMSE (Root Mean Squared Error), SSIM (Structural
Similarity Index), FID (Fréchet Inception Distanddy]. LPIPS (Learned Perceptual Image
Patch Similarity)15], RA (Reconstruction Aagacy) and CC (Correlation Coefficiei)].

Temporal consistency calculations. In video colorization, temporal consistency denotes the

constancy of color results between frames. To ensure a smooth viewing experience, colorized vide«
should maintain catant colors through the sequence to prevent lambent or abrupt colorTstefts.
warp error () introduced ifl7]. It is commonly employed in video colorization to ensure temporal
consistency. As in equation-@).
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1 . . e
CapEyarp (R:, Riyq) = s ?zlsr{l} ”REI} - REI-]Il” (1)
=1t

1 —
Ewar'p = ;Egzll Ewarp (Rt ,Rts1), (2)
here, R,,, signifies ther,,,; S, Uncovered means uncovered arghg.values of 0 or 1;signifies the
time phase, and signifies total numeral of pixels in the frame.

Though,E,,, It is nonrelated to the coloof the video too can be meaningfully changed by

the performance of current estimating models used for measurement. Developed the (CDC) metric |
assess temporal consistency during warp video colorization actifi8¢sCDC, created for movie
colorization, it is used to test the temporal consistency of color disseminations, as is unrelated to vide
colors and can be affected by flow estimation module performance. The CDC measure estimates tl
(JS) deviation of color deliveries across the following frafti8% As in equation 3.

1 _ . .
= mEcE{R.G.B}E?rzltJS (Nc UI)-NCUI-H))- (3)
WhereverN signifies the distance of the video sequensgnifies the time stage, an. (F) signifies

the normalized chance supply of colgricture on channed, which can stay intended used the yiet
histogram.

cDC

Color Diversity Estimation. Existing video colorization approaches use the colorfulness score
(CF) to assess color variety and vividness in created fil®Is The CF can be expressed as in equation

(4):

CF = oygyp (Z:) +0.3 % Hrgyb (Z:), (4)
Where,o,.4,5 (Z:) andp, 4., (Z¢) signify the standard deviation and the nasty value of the pixel mist in

the color plane, individually, and is the production frame on a[ii&)e Semantic Interpretability
Estimation. To assess semantic interpretability, existidgo colorization algorithms use tdpand
top-5 correctness measures on afamed VGG16[20].

2.3 Dataset Used for Video Colorization

To colorize videos, colorization models must be trained on a large dataset afulidi,
colorful videos with goodorightness and contrast, as well as multiple scenes. The dataset must be
balanced so that the training is thorough and not biased toward a particular category. There are ma
datasets used to train models to colorize grayscale and monochrome videosages finat have
proven effective in obtaining good colorization res{2tF|, including:

2.3.1 DAVIS is a dataset used in video processing tasks that has been segmented iqt@litigh
high-resolution videos with dense annotation at two determinations, 480p080p. There are
50 video sequences with 3455 frames closely glossed at the pixel level. 30 videos with 207!
frames are used for training and 20 videos with 1376 frames are used for validation [31].

2.3.2 Videvo It is a website that provides a free collentmf videos, to create the Videvo dataset, we
collected 100 highiesolution movies from Videvo.net. The big and varied content can be used
to train and evaluate video processing tasks, such as colorization. The Videvo dataset consists
80 training videosand 20 testing videos [32].

2.3.3 NTIRE 2023 used a subset of the Largeale Diverse Video (LDV) dataset as the training and
validation sets. The LDV collection covers multiple content categories, motion types, and frame
rates. The original LDV collection ihedes 240 goodjuality movies at a resolution of 960 x
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536. We use 200 as the training set and 15 as validation. The validation set is separated in
publicly available video frames to reduce variations caused by different decoding algorithms.
Video framesare changed to grayscale with ‘cv2.cvtCol¢a2].

3. Color Space Used in Video Colorization

In video colorization, different color spaces are employed based on the objectives of the task
including the need for color accuracy, enhanced computationekaffy, or consistency across video
frameg[23]. The primary color spaces typically utilized in video colorization techniques are as follows:

3.1 CILAB Color Space

LAB is intended to be a perceptually uniform color space, with the L channel expressing
brightness and the A and B channels representing color components (green to red and blue
yellow)[13]. The characteristics of LAB are comparable to human perception of color differences and
color matching. LAB is useful since it is very accurate, and it iquiatly a favorite because the
perceptual regularity that impacts color transfer between pictures is more af2Airate

3.2RGB Color Space

RGB is the most often utilized for digital video and picture processing. Colors are representec
by the intensity of theed, green, and blue channels. Many automated video colorization models, such
as CNNs or GANs for learniagased systems, can work directly with RGB pictures since they
naturally represent color. Colorized frames may also be readily mapped tefBEdmMonitor and
television screen outp{25].

3.3YUV Color Space

YUV distinguishes between the luminance (Y) component (brightness) and color components
(U and V or Cb and Cr). Keeping the brightness information in the Y channel (also known as the
"Brightness Iformation Channel”) is critical for keeping video clarity and realism because it offers
enough brightness and contrast during colorization without sacrificing detail. Optical flow or reference
based approaches establish temporal consistency by segregatingnd brightness, which is useful
for monitoring color propagation across the optical flow chaf#igl

4. Basic Techniques Used in Video Colorization

4.1 Manual Colorization

It is a traditional process that involves physically applying color to eaotefat the movie. It
had drawbacks, such as being tiommsuming and labentensive, and was commonly used in
previous films before the advent of modern computing and artificial intelligence technology. This
technique employs a variety of methods, inclgdirameby-frame, layered coloring, and animated cel
coloring approache6].

4.2 Digital Colorization

It was created as computer technology advanced, and digital tools were available to aid in th
colorization process. These approaches basically coloraglayel photos with software, which
improves productivity, consistency, and accuracy when compared to human methods. This techniqt
corresponds to several different forms of digital colorization, including region, segmentation, and
software tool techniggs[27].

4.3 Al -Based Colorization
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Recent methods such as machine learning and deep learning algorithms were used. The
systems, which frequently include deep learning learned on large datasets, automatically predict ar
use appropriate colors. The advaremgf the Albased colorization approach over other techniques are
that they greatly reduce human labor while increasing the practicality of colorized films. Generative
Adversarial Networks (GANs) and Unsupervised Deep Learning Colorization m¢#8jds

5. Classification of Video Colorization Techniques

Colorization of video involves the addition of color to video frames that are originally in
grayscale, preprocessing monochrome content into vibrant and natural representations of color. T}
technique qualitydepends on Input data, the colorized output, and performance measures [3]. The
technology of video colorization has become indispensable in a variety of fields, such as historical filrr
restoration, medical imaging enhancement, and the development ofl gffiecits in the film industry.

The timeline for the four broad coloring video techniques is discussed below and shown in Figure (1).

mm Ciey-scal mage = Fullauto s Tt Hints
« = w0 Sketch / Line-at Image e Reference Images s Color Hints
sonnes Manga / Comic lmage s (Color Scribbles

Quetal. (2006)a Hiroshiwaet al. (2017)Chenet l, (2018) Chen etal. (2022)

Levinetal Q004) | Sjkoraetal. (2009 + Lioetdl, (2007 |
Hertzmann ¢t al, (2001)| Luan et al. (2[}07]: Gupta etal. (2012) lzuka et al, (20]6)2 Heetal. (2018) Suetal (2020)

| 2005| Co | Lo w |

1 "
w || w0 | ows | omsr | m
Welsh et al. (2002)Ironi et al, (2005) :Chengetal.[E[)lS) Zhang et al. (2017h) :Yunelu].(ﬁﬂl,‘))
Liuetal, (2008) Sato et al. (2014) : Zlmnj_-'ulal'..lf[}lﬁéd: Fang et . (2020)
PantsChainer (017) 7,0 6141, 0010

Figure (1) Timeline of Image and Video Colorization Techniqugg].

5.1 Optical-Flow-Based Approaches

The easiest way to myize video is to start with an image colorization approach and then apply
postprocessing to maintain temporal consistency. These approaches employ optical flow to conve
color features among frames, which produces smoother results. However, opticdlasiesy
approaches have limitations since they depend on picture colorization and estimated optical flov
accuracy[29]. As shown in Figure (2).

147



Journal of Natural and Applied Sciences URAL No: 7, Vol: 2\ December \ 2024

Figure (2) Optical-Flow-Based Approaches [10].

5.2 Scribble-Based Approaches

This dynamic colorization techniqumes not need exact manual segmentation or accurate rate
monitoring. The approach uses a uniform foundation for both still photos and image sequences. T
color each zone, the user scribbles the appropriate color within the region rather than follosxagtits
boundaries. Our approach uses supplied limitations to automatically propagate colors to the remainir
pixels in a picture sequenfE3]. As shown in Figure (3).

Figure (3) Scribble-Based Method$30].

5.3 Exemplar-Based Approaches

Scribblebased coloration approaches offer adjustable possibilities, but they necessitate time
consuming human tasks. Researchers have developed-basgel colorization strategies to address
this issue. The first frame is frequently colored, and the color is subsequéntgdiito the following
frames. This approach uses colors from reference and preceding frames to colorize the present frai
[31]. As shown in Figure (4).
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(@) (b) (€)

(a) Reference FFame, (b) Preceding Frame, (c) Present Frame
Figure (4) Exemplar-Based Approaches [12].
5.4 Fully Automatic Methods

Exemplarbased colorization approaches can produce acceptable color outcomes with referenc
photos as guidance. However, obtaining approprefegence photos is problematic, limiting its utility.
Fully automatic video colorization solutions are gaining popularity due to their ease of use and reduce
need for gathering relevant references. Fully automated video colorization methods congeglgray
movies to color without using colorized images or scribbles during the inference [ABas&he
statistical analysis with all features of the four techniques is shown in Figure (5).

B Exemplar-Based B Optical-Flow Estimation
B RGB B Fully Automatic ¥ Recurrent
B CIELab Scribble-Based 3D Convolutions
YUV Optical-Flow Based Bi-Directional Propagation
& 14 14
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Figure (5) Video Techniques Statistical Analysis (a) Color Spacf) Class, and (c) Historical
Enhancement.[3].

6. PERFORMANCE EVALUATION

Researchers hawevaluated the efficacy of video colorization algorithms using deep learning
approaches as shown in Table 2. The table records a compression of the performancel afesgver
learning approaches on three current colorization datasets: Vi@2yo NVCC [22]. It's worth
mentioning that all algorithms use a similar training technique. Developed methods for picture
colorization. The results show that using image coloomatipproaches for video colorization is not
effective[33], [34], [35]. Imagebased colorization approaches focus solely on individual video frames,
disregarding temporal consistency throughout the sequgfeUsed automated methods to create
video colaization networks, resulting in improved temporal consistency compared to image
colorization networks. These approaches use 3D or optical flow convolution to bring into line video
frames. Table 1 demonstrates that fully automatic approaches have a tadll@Dindicating deprived
colorization performance across all three datasets. Exeivgéad approaches are commonly utilized
to create brighter colors in video frames compared to the abovementioned ways. | successfull
transferred color since the refaoe to video frames, achieving a tall Fheasured performance for
DAVIS, Videvo, and NVCC datasets. Exemplased methods use 3D or optical flow convolutions to
improve temporal consistency and colorization performance, surpassing prior completelyteditoma
systemg37], [8], [38].

Table 1. Video Colorization Approaches Performance Evaluation Was Showed on Three Communal
Datasets

Author Color Class DAVIS Videvo NVCC 2023
space

FID SSIM PSNR FID SSIM | PSNR FID SSIM PSNR

Zhang et RGB Based orthe | 114.58 | 0.959 30.90 79.49 | 0.959 | 31.18 | 71.64 | 0.939 30.64

al[34] image

Kang et RGB Based on thg 85.43 0.936 30.54 5491 | 0.934 | 30.75 | 64.08 | 0.957 30.38

al[33] image

Jiet CIE Lab | Based onthg 92.42 0.942 31.15 67.71 | 0.953 | 31.36 | 62.49 | 0.933 30.78

al[35] image

Lei al[39] RGB Fully- 110.88 | 0.951 30.53 82.07 | 0.949 | 30.01 | 81.42 | 0.927 28.65
automatic

Liu et CIE Lab Fully- 116.64 | 0.955 31.10 80.71 | 0.957 | 31.30 | 72.73 | 0.936 30.46

al[36] automatic

Zhang et CIE Lab Exemplar 70.21 0.951 33.24 55.01 | 0.957 | 33.11 35.43 | 0.930 32.03
al[8] based

Yang et CIE Lab Exemplar 45.18 0.936 33.72 32.32 | 0.967 | 34.07 | 26.63 | 0.949 33.43
al[38] based

7. THE PROPOSED WORK ANALYSIS

In this work, video and image colorization was analyzed via colorization approaches, taking
into account that ideo is a series of sequential pictures. A variety of old and current colorization
procedures were studied and discussed. Also, a selection of techniques was assessed using data
used in training processes, the metrics utilized, and color spacessitgmg the prior research, it
became evident that approaches that rely on training on reference photos before going on to training

150



Journal of Natural and Applied Sciences URAL No: 7, Vol: 2\ December \ 2024

video are the best methods utilized in the training process since they produce better outcomes th
completely automaticolorization systems.

8.CONCLUSIONS

This paper provides a comprehensive overview of images and video colorization techniques
color spaces, evaluation metrics used to assess colorization quality, and the most commonly us
datasets in the trainingrocess. By reviewing the literature and timeline of colorization techniques, we
categorize them into four types based on user interaction: fully automated colorizing, dzaidade
colorizing, optical flowbased colorizing, and examgbased colorizingBy examining the current
literature and looking at traditional and current colorization techniques, we evaluate their strengths an
weaknesses, along with the metrics used to assess colorization quality. We analyze the performance
image and video colaration algorithms using benchmark datasets. Our results indicate that model
based video colorization algorithms generally outperform other techniques. Although deep learning
video colorization systems have made important progress and overcome varicersgeisalthey still
suffer from some challenges, such as image resolution quality, temporal consistency between frame
and producing different color results due to multiple colors of the same scene; for example, the color c
the leaves of the same tree ohes with climate and seasonal changes. Traditional methods such as
scribble and optical flow provide realistic colors but are not effective for long movies because they are
time-consuming and labantensive. Exampkdased methods are the best based orethdts shown in
Table 1, but they involve challenges in obtaining suitable images for training.

9. FUTURE WORK
Future ideas will help reduce potential problems in video colorization, making it easier and
more effective for a wide range of applications.delwe present these ideas.

1- Ensuring Temporal Consistency: Improving methods to ensure smooth color transitions
between frames to prevent flickering and maintain consistency over time. Improving the
consistency of colorized video frames via Optimizing TerapCorrelation.

2- Enhance the perceived quality of colorized videos by using intelligent techniques and hybrid
methods.

3- Expand Applications: Increasing the use of video colorization across various domains like
historical restoration, animation, and multuireecontent enhancement.

4- Incorporation of Semantic Models: Integrating semantic understanding to better interpret the
video content, resulting in more accurate and contextually relevant colorization.
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ABSTRACT

The types of multsingularity nonlinear EmdeRowler equation mentioned above were solved
in this paper using Tayl or 6s me tnrethal usmy thecTlaylor s
series so that the numerical results will not be affected. In conclusion, the proposed method prove to |
very effective towards solving problems of initial and boundary values because it gives a scientific
solution to many nonlinggroblems. The results show the work efficiency of the method when solving
several nonlinear problems. The proposed algorithm is straightforward, enhances the solution, enhanc
accuracy of the solution, and provides consistent results. In additiongthedris equally effective for
solving different classes of singular nonlinear fosder IVPs and their initial and boundary conditions
do not require alteration. The study conducted on proposed new procedure demonstrates i
convergence to find the exasolution of the third order singular nonlinear ordinary differential
eguations in an effective manner.

Keyword: Taylor Method Emdeni Fowler equationinitial value problems

1- INTRODUCTION

Single ordinary differential equations are similarly commonpplied in a number of fields
including mathematics, physics, engineering, economics and few sciences. These equation are usec
describe the dynamic systems that is the systems that undergo changes or transformations and are \
in understanding severaf natural and artificial processes.

Analysis of single ordinary differential equations is essential for an awareness of temporal
changes of parameters and prediction of further evolution of the system. Besides, it is used to descril
matters concerning otion, development, several chemical processes and other matters of change the
are indexed at time. The importance of each individual ordinary differential equation is in the capability
of presenting various dramatic experiences in the various fieldsesfce and engineering, as well as
the provision of fundamental mathematical tools for solving dynamic equations and predicting future
phenomena [1,2].

Some of the techniques in solving single ordinary differential equations encompass the Adomiat
decompogion method, the homotopic analysis method, the variable iteration method and others [3].
An optimal homotopy method of the single nonlinear Blasius problem is described in reference [4]. The
modified heterogeneity iteration approach was used to solMeult# order singular equivalent partial
differential equations. The obtained algorithm is very fast and it is most effective for application
purposes [5]. For determining the coefficients of a polynomial the method of sequential approximatior
is offered b consider a single tentbrder linear differential equation [6]. Furthermore, the Laplace
transform was adopted to obtain the solution in the power series in the forms of singukangudbar,
linear, and no#inear differential equations [7].

The EmderFowler equation is a singular secemder nonlinear differential equation governing
what lights as the fundamental pressure, density, and temperature in the atmosphere of calm sta
These include the firsdtep, the integrated, secestgp and the Fowlelype successively applied to
secondorder ODEs on both linear and nonlinear single firstalue problem (FVPs) [8]. It has been
established that the solutions of both linear and nonlinear-Earden differential equations can be
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completely handled by hsymmetric analysis method with Laplace transform [9]. There is provided a
single starting value polynomial solution to the L&faden equations [10]. By means of the second
transformed solution of the same IVPs the solutions of the individual IVP of-Eaten type
equations can be obtained. [11]. The nonlinear ordinary -Eanéen differential equations were
accessed employing the GFCF clustering approach [12].

In this paper, the Emddrowler equation will be solved using the New Taylor method, and the
individual points in the equation will be treated. Section 2, the nonlinear ERwleler differential
equation and its cases are described. Section 3, an explanation of the proposed Tyler method for solvi
the nonlinear EmdeRowler differential equation ints general form. Section Four: Applying the
method to a number of examples to prove the accuracy and efficiency of the proposed method. Tt
fifth chapter presents conclusions and approximate solutions to the examples and summarize the rest
of this stuly compared to other methods.

2. Emden— Fowler Equation singular differential equations

An EmdenFowler type singular differential equation (EFSDE) of #ioear type may be
expressed in a general form as follows [13]:

-r

L (xﬂ) u+ FOO)g) = 0, 1)

dx™ dx™
Here f(x)and g(u) be distinguished functions of and u, respectively, Instances of ndinear
singular problems with various valuesmfn, f(x)and g(u):

() Whenn = m = 1,, equation (1) is referred to as a taxler EmdeffFowlertype equation
and finds utility in the fields of fluid mechanics, pattern generation, and population
distribution. Assuming (x) = 1 andg(u) = u™, equation (1) provides the first form of the
LaneEmden equation. Conversely, fifx) = 1 andg(u) = e*, equation (1) provides the
second form of the LarREmden equation.

(i) Whenn= 1,and m = 2,, orn =2,andm = 1,, equation (1) is referred to as the first and
second types of thirdrder EmderfFowler singular differential equationsespectively.
These equations find utility in the fields of fluid mechanics, pattern formation, and
population distribution. Assuming(x) = 1 andg(u) = u™, equation (1) provides the first

form of the LaneEmden equation. Conversely, fil x) = 1 and g(u) = e*, equation (1)
provides the second form of the LaBenden equation.

The applications of the thirdrder Emdefi-owler equations in several sectors of applied
sciences and engineering have recently attracted significant interessdhaiars. The existence of
discontinuity and significant nonlinearity in the Emeeowler equations becomes the process of
determining the analytical solution quite challenging. Hence, it is crucial to enhance the precision
computational dependability,nd efficiency of the numerical method used to solve the nonlinear
EmdenFowler equations. Many scientists have proposed different methods of algorithms (numerical.
semtanalytical and analytical) for different classes of EmBewler equationg14,15,16].

3. Proposed method
LaneEmden type equations appear in many mathematical physical phenomena such as
convection currents, radiative cooling, etc. Their general form is:

x_]’;?(x‘";—m) u+f(x)gw)=0, 0=sx=1 (2)
with the initial conditions:
y(x) = a,y'(xg) = B,y Hxg) = ¥ 3)
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The proposed method is based on rearranging the equation (2) in a way that allows it to be
differentiable according to the Taylor series method.
Suppose the solution to equation (2) is in the form of a Taylor series about the initiaiyralue

Upqy (X) ~ " z {xo}(x — xp)t, k=012 .. (4)

1'1

The unknown coefficients of equation (4), denoted'ds,). The values:!(x,) should be determined
by differentiating equation (1k times with relationship tcc, after expressing it in theolfowing
format:

%(xﬂ’;? (x";—m) u+fx)glw)) =10, fori=012 ...k (5)

By substitutinge = 0, in every step of derivation, with initial conditions (3) in equation &known
constanta:' (0) for all i = 0,1,2, ..., n can be readily determined. At last, the approximatetiso of
equation (1) may be expressed as:

u(x) = :}TGL Usqy () (6)

The proposed approach has a high convergence rate in comparison to the rates documented
prior literature. To validate this and assess the efficacy of the approach, a nunhypotbietical
scenarios derived from contemporary sources were solved. It has been determined that the propos
method exhibits both separate and efficient theoretical and computational convergence rates. Tt
Taylor series algorithm, designed for efficiemid rapid development and calculation of solutions, is as
summarized below:

Algorithm

Step 1. Input the values and given functi&ns, m, f(x), g(uw).

Step 2. Input the initial conditiorzs £, and y .

Step 3: Applying equation (5) and substitutingqual to zero.

Step 4: Determine the unknown constarité) for all values ofi ranging from 0 tck.

Step 5.The solution can be obtained by substituting all valuew!©6) for all i =0,1,2, ...,k in
equation (4.

4. Application

Several cases of the EmdEawler will be solved to showcase the efficiency of the algorithm in
comparison to various prior approaches. The efficiency will be evaluated using the absolute error an
the E, norm errorE,, [13,17]:

B = b 2t fut) —RG)| @)

E = maxgeoy | u(x;) — R(x,) | (8)

Problem 1: Suppose the nonlinear EmdEnwler equation as follows: [13]
u'"(x) -l-;u”(x) —u3(x) = 24e* + 36xe* + 12x%e* + x%e* —x%e3, x € [0,1] (9)

With initial conditions:
u(0) = 0,u’'(0) = 0,u”(0) =0 (20)

To solve equation (9) in thoposed method, The equation (9) is rewritten as a function F in the form::
F=xu"(x)+3u"(x)—xu(x)— x(24e* + 36xe* + 12x%e* + x3e* — x%e3*) (11)

Now the above equation is derived with respeat to get:
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F'(x)=4 (— u(x)) + x( u(x)) —u(x)® — 3xu(x)? (— u(x)) — 24e* — 96xe* — 72x%e* —

16x3e* — * 4 10x%e3* 4 3 x10g3%

Substituting the initial conditions (10) apdtx = 0, we get
u"(0) =6
In the same method, the second derivative of the equation (11) is found:

F'"(x)=5 (—u(x)) + x( ) — 6u(x)? (;—x u(x)) — 6xu(x}(;—xu(x))2 —

2
3xu(x)? (;?u(x)) —120e* — 240 xe* — 120 x%e* — 20 x%e* — x

X 1 60 x%e3* + 9 x10e3x
90 x8 e3*

Substituting the initial conditions (10) apdtx = 0, we get:
u®(0) = 24
Also

F""(x) = —360e*

6 (;; ) — 3xu(x)? (gu(x)) +720x7e3% — 6x(—-u(x))® — 18u(x) (- u(x))? -

18xul(x) (—u(x}) (—u(x)) + x (%u(x)) u(x)? (—u(x})

— 480xe* — 180x%e* — 24x3e* — x%e* + 27x1%e3* 1+ 270x%e3* + 810x%e3* +

Then
u®)(0) = 60
By repeating the steps f&rtimes and using eqguah (4), then the approximate solution:
i 0 .
“'tay(x) ~ :{ UHI-{! ]xl

Upqy (x) = x3 + x* +2 x -l- x© -l-—x + -

Where the exact solution: [13]
u(x) = x3 e~

Table 1: Analytic and Numerical solutiaf equation (9) withk = 8.

. Quintic trigonometric Absolute Error
ASnaIIytt_|caI B-spline collocation| Proposed Method
X elibielr] metrod [13] Proposed Methog
. h=0.02, k=8
- N=16 , =0.02 h=0.02

0 0 0 0 0
0.1 | 0.001105170918, 0.0011051717098 | 0.001105170918 0
0.2 | 0.009771222065] 0.0097712234899 | 0.009771222065 0
0.3 | 0.036446187804| 0..364461895845 0.03644618780 | 2.000000&10'*
0.4 | 0.095476780649| 0.095476782577 0.09547678064 | 3.000000610!
0.5 | 0.206090158837| 0.206090160655 0.2060901588 | 1.0000006101°
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0.6 | 0.393577660884| 0.393577662466 0.3935776604 | 4.000000&10%°
0.7 | 0.690717186623] 0.690717179812 0.6907171760 2.500000810°
0.8 | 1.139476955388 1.139476956120 1.139476939 1.600000610°8
0.9 | 1.793050668033] 1.793050668282 1.793050591 7.700000810°
E, 1.928%107 4.4100655%10°

Red Line k=4

yellow Line k=5
15r 600 k=8 ]

blue Line Exact solution

1 L .
S 05 B 7
0 O o S 4
-0.5 .
-1t 1 | ! I | ! | ! 1 .

0.1 0.2 0.3 0.4 0.5

X
Figure 1: Comparison analytic and numerical solugbaquation (9) With diffeent valuedor k.

0.6 0.7 0.8 0.9 1

It is noted from Table (1) that The new style gives best results than the Quintic trigonorrsihiceB
collocation method [13] based on norm erggr in equation (7) and it also improves with increasing

repettions k as shown in the figure (1).

Problem 2 Let the nonlinear EmdeRowler equation as follows:

u' (x) + f—c u”(x) = Z(x6 + 8)u">(x), x € [0,1] (12)
with ICs

u(0) =1, u'(0) =0, u'(0) = 0. x €[0,1] (13)
To solve equation (12) with conditions (13), we assume the function:

F=xu"()u(x)+2u"(x)u(x) —x (Z (x®+8)), 14

Find the derivative of the equation (14) with respeat to get:
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F'(x)=3 (5 u(x)) su(x)® +x (%u(x}) «u(x)® + 5x (5 u(x)) = u(x)* = (;—x u(x)) +
10 (% u(x)) e u(x)* = (;—x u(x)) — %xﬁ -9
Substituting the initial conditions (13) apdtx = 0, we get:

u"'(0) =3
In the same method, the second derivative of the equation (14) is found:

F'(x)=4 (gu(x)) = u(x)® + 30 (%u(x)) = u(x)* = (;—xu(x)) + x ( @ u(x)) = u(x)® +

dax’

10x (%u(x}) wu(x)* = (;—xu(x)) + 20x (5!1(1’)) «u(x)? * (;_x“(x))z +oe

Substituting the initial conditions (13) apdtx = 0, we get:

u®(0) = 0
Also
F'"(x)=5 (;;5 u(x)) = u(x)® +x (%u(x)) «u(x)®+ 55 (% u(x)) = u(x)* = (;—x u(x))? +

4 2 4 ]
60 x (;? u(x)) #u(x)® = (;—x u(x)) + 60 (;?u(x)) = u(x)* = (;—xu(x)) +60 x (;? u(x))? ...

Then
u®(0) = 0,u®(0) = 90
By repeating the steps fér times and using equation (4), then the approximate solution:

;
~ Tk SO
“’tﬂy(x) =D it X

1 1 1 5 7

_ 3 6 9 12 15
Upgp (X)) =1+ -x —-x°+—x" ——x“+-—-x7 + -
tay (¥) 2 8 16 128 256

Where theexact solution: [13]

u(x) =1+ x3

Table 2: Analytic and Numerical solutiaf equation (12) witlk = 20.
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Analvi Absolute Error
’ TELE VIM[13,15] | Proposed Method |  proposed
H0.025 h=0.025 h=0.025 Method
h=0.025
0 1 1 1 0
0.1 | 1.00049987662 |  1.00049987 1.000499875 0
0.2 | 1.003992031840  1.00399203 1.003992032 0
0.3 | 1.013410084812  1.01341008 1013410084 | 1.0000060°
0.4 | 1.031503756658  1.03150372 1.031508757 0
0.5 | 1.060660171779  1.06065940 1.060660172 0
0.6 | 1.102723900167 110271282 1102723952 | 5.20000610°
0.7 | 1.158878768465  1.15877530 1158880721 | 1.95300640°
0.8 | 1.139476955388  1.22893625 1229677509 | 4.34170040°
0.9 | 1.314914445886  1.31125125 1315566074 | 651628040
= 258107 1.13886%10°

Figure 2: Comparison analytiod numerical solutioonf equation (12) With different valuésr k.

1.4 T T T T T T T T =
Red Line k=10
1357 | Vellow Line k=12 I
000 k=20
1.3 I | Blue Line Exact Solution T
125 i
1.2 A
115 | 2 .
/
1.1+ @) A
1.05 | © 1
O
S
119 © .
1 1 L 1 1 L 1 1 1 1
0.1 0.2 0.3 04 0.5 0.6 0.7 0.8 0.9 1
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It is noted from Table (2) that the new algorithm gives best results than the variational iteration metho
[13,15] based on norm errcE, in equation (7) and itlso improves with increasing repetitions k as
shown in the figure (2).

Problem 3. Let the nonlinear EmdeRowler equation as follows: [13]

w" () + 2u" () + = u' () = 6 (x° + 2 x% + 10) e 7340, x € [0,1] (15)
with ICs

u(0) = 0, u'(0) = 0, v (0) = 0. x € [0,1] (16)
To solve equation (15) with conditions (16), we assumeunction:

F=x2u"()+6xu"(x)+6u(x)— (6x2 (x5+2x2+ 10) e~ 3ul), a7)

Find the derivative of the equation (17) with respeat to get:
F'(x)=8x iu(x) + x? ia.t(x) + 12 iu(x) + 18 x® (i u(x)) — 48 x7 e73ul0) 4
dax® daxt dx

dx?

i — 120 e~ 3ulx)

Substituting the initial conditions (16) apdtx = 0, we get:
u'’(0) =0
In the same method, the second derivative of tuaton (17) is found:

F'"(x)=10x iu(x) + 20 ﬂu(x) + x? Eu,(x) — 336 x° g73ulx) 4 ...
dx* dx® dx>
Substituting the initial conditions (13) apdtx = 0, we get:

u@®(0) = 6
SO
u®(0) = 0
By repeating the steps fér times and using equation (4), then the approximate solution:
Utgy (x) = ?:{J S!I-{.ﬂ}xi

Upqy (x) = x> — 0.5 x°40.3333333 x° — 0.25 x12 + 0.2 x1° + -
y

Where the exact solution: [13]
u(x) = In(1 + x3)

Table 3: Analytic and Numerical soluti@i equation (15) wittk = 20.
X Analytical VIM [13,15] Proposed Method | Absolute Error
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Solution h=0.025 h=0.025 Proposed Method
h=0.025 h=0.025
0 0 0 0 0
0.1 0.00099950 0.00099950 0.00099950 1x10%3
0.2 0.00796816 0.00796816 0.00796816 1x1012
0.3 0.02664193 0.02664192 0.02664193 0
0.4 0.06203539 0.06203518 0.06203539 0
0.5 0.11778303 0.11777750 0.11778303 9.0000<101°
0.6 0.19556676 0.19548703 0.19556668 9.5200x10%
0.7 0.29490591 0.29416638 0.29490033 5.582410°
0.8 0.41343327 0.40848737 0.41324917 1.84100%10*
0.9 0.54754320 0.52101227 0.54365211 3.9079952810°
E; 1.1x10% 9.28978%10°

It is noted from Tables (1,2,3) that the proposed method gaweé results for different types of linear
and nonlinear problems with different initial and boundary conditions where the nornEgrreaches

to 108 in example (1) and the convergence increases with the increase in itekaticmsas shown in
the figures (12).

5. Conclusion

In this paper, a new numerical algorithm based on the Tyler series was proposed to solve a cla
of single nonlinear ordinary differential equations and compared with other techniques such as
Trigonometric gintic B-spline collocation [13], and variational iteration method [15], where it was
noted that the proposed algorithm has some advantages, including that it is simple and fast, and allo
improving the solution and accuracy in addition to that it givesltge Outstanding-urthermore, The
new method yields excellent results for nonlinear singular initial value problems and can be used fo
boundary problems without any modifications. Computational results show that the proposed algorithn
converges rapidlyo the exact solution of thirdrder singular nonlinear ordinary differential equations
accurately and efficientlyfrurthermore, the numerical results acquired using the suggested approach
were compared with those obtained using alternative methodoltigies. been shown that the Taylor
algorithm exhibits superior performance and faster convergence compared to various approaches,
evidenced by the data presented in table3)(I'he Maple software was utilized to obtain approximate
solutions.
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ABSTRACT

The security and efficiency ddérge data techniques are extremely expensive and a very crucial
goal in the domain of wireless sensor netwof®RSNs). In the real world, the WSNs have been
implemented through various apaltions like target tracking. However, data cancbeaveniently
hacked through the means of attacks like data interception and tampering. The paper mainly focuses
data integrity protection, giving adentity-based accumulate clusters signature prppdong with an
associatedverifier for WSNs. In terms of thadvantages of accumulatirgygnatures, the proposed
project retains data integrity but also reduces bandwidth and storage costs for WSNSs.

Various clusteringbased, effective algorithms are catesied in wireless sensor networks
(WSNSs), like LEACH (Low Energy Adaptive Clustering Hierarchy), OEERP (Optimized Energy
Efficient Routing Protocol), BCDCP (Basiation Controlled Dynamic Clustering Protocol), DRINA
(Data Routing for IANetwork Aggregatin) and NEEC (Novel EnergyEfficient Cluster).
Unfortunately, one of the major drawbacks of these current clustering protocols is residual node
formation drastcally redudng the entire network lifetime.

Unlike the existing protocolshé suggested secu®ODV (Ad hoc Ondemand Distance
Vector) scheme decreases such individual node formation, thus enhancing the overall network lifetime
The suggested method involving the clustering algorithm is apigiedt he WSN®&s cl ust €
routing. For eachlaster head (CH), an aswst node known as the cluster assistant node is used to
reduce the overhead of the CH. Using the algorithm, clustering continues until all the nodes becom
part of any of the clusters. The concept of algorithm is implementedheitBHs to determine the next
best hop duringheroute construction phase. They prove that they decrease the data packet delay an
consumed energy of WSNSs, as well as increase the packet delivery ratio and throughput of the WSN
This project is simulaté through the N& simulabr. With the obtained results, it is proven that the
suggested, secure AODMAd hoc Ondemand Distance Vecfoscheme gives a longer lifetime to the
WSN it gets implemented.

Keywords: - Identification,Integrity, WSN, Validation,Security, Cluster.

1. Introduction

In the 21st century world, data transmission involves extremely large volumes of data being
transmitted simultaneously. Big data simply means usiadidive analytics userbehaviour analytigs
or similar, efficient data analytics methods that are seldom used to make to a pasirulair data
sefl]. Due to the numerous informati@ensingmobile deviceollecting and transmitting data, stored
data proliferate§2].

Examples of such devices include aknlevices femote sensirg software logs,cameras
microphonesyradio-frequency identificatio(RFID) readers, and generally speakimgreless sensor
network$3]. When analyzing wireless sensor networks implemented in IT approaches in terms of
power constraints, there are limitations on storage and processing operations, like limited availabl
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energy, communication range, bandwidth, etchjcv can lead to such approaches being open for
attacks like eavesdropping and data theft Hgnce, many methods have been proposed in the past to
overcome these issues, like early IDENTFb#sed cryptography, which generates a unique
IDENTITY fromause 6 s mobi | e maladdess, rete.rabdeartrustee tipedty known as
aprivate key generator assigns associated individual keys for each user. This information is generall
known to the publi¢5].

So overall, this basic IDENTITY¥ased methots based on the signature couple, a few publicly
known parameters, and the IDENTITY information of the signing authority. No additional certificate or
similar piece of information is required [6jnother good example developed early this century is an
integration signature projedhat compresses multiple signatures generated by different users on
di fferent messages into a single short, 1integ
every other Si gnat ur e 0 gegrated signaturet Essentiallyy uhe integraea t
signature is valid only if each user requesting data access signs its message [8].

Therefore, this integration method is very helpful in decreasing the cost of both storage anc
bandwidth, and it can have ade variety of applicatios that are still commonly used event today [9].
Some examples of applications include lasgale EV (electronic voting) approaches, security of
border gateway protocqleind general data integration for wireless sensor netwaiks. the two
examples above, many attempts have been made to modify the security of wireless sensor networl
but in this paper, the features afiaccumulate signature project and IDENTFb¥sed cryptography
are used together, and an IDENTFpésed accumiate signature project fAVSNs, using a cluster
based method, is designgd].

The basic method of the clustering of nodes and hence the aggregation of the collected data, a
other modifications of this methotkad to better lifetime for WSNs by rexlng data redundancies.
Sensor nodes in WSNs are usually grouped into different clusters and each cluster has Biézdster
(CH). Each cluster node transmits its individual collected data to its owrd JHJHs aggregate all of
the individual pieces ofatlected nodal data andatismit it to the sink node (and eventually the base
station). Sometimes, when clusters are formed for a WSN, not all of the nodes of the WSN becom
memberof aclustefy and those that dondt ar ee highereheegdtoi n «
transmit any collected data directly to the sink node. Otherwise, these nodes must transmit a lot ¢
control messages to determine the next best hop and hence the optimal routing path to the sink no
[12].

The Attacks (threats) in owecurity model can initta any type of attack. If a jammer can use a
few single signatures (including invalid ones as well) to createperaccumulatesgignature, then the
attack is proven to succeed. Moreover, the project not only protects datatynbed also reduces
bandwidth and storage ce$br WSNs [L3].

2. Related Works

Many methods have been suggested for the distribution of public keys and this has been a majs
area of study in the domain of wireless communications for many years.

The folowing table 1. illustratethe different papers using different comparison methods using
in the security of WSN.
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Table 1. Showing different papers using different comparison methotiseisecurity of WSN.

Methods Key Diffie - Rekeying Authentication Hybrid Encryptions Traffic Monitor Locations Cluster
Management Hellman Algorithm Technique /Decryptions Analysis Data
Technique Identifica-
-tion

Researghes

[16] \ a a a a a a

[23 V& E E

[24) a a a a a a

[25] a a a

[26] a a

[27] a a a a a

[29 3 a

The Diffie-Hellman key exchange protocol was the first suggested solution to this chaltenge.
permits two parties tohsre a secret key over unsecured communication channels without requiring
communicabn beforehand. This shared and secret key is implemented with the symmetric encryption
application. Hence, they can both communicate safélj [

The first published puld-key algorithm was developed by Diffie and Hellman, who essentially
defined and founded the method of puidey cryptography. Hence, it is generally called the Diffie
Hellman key exchange. This algorithm allows the two users to safely share or exahaygehat they
can use to subsequently encrypt user messdaggsThe algorithm, however, is restricted to sharing
secret values only. The efficiency of the computational discrete logarithms is a majoririattter
performance of this algorithm.

Some sggestions that can be worked on later are coding and using thm+treemiddle attack
on active wireless netwosko test the concepts discussed so far. Another suggestion is to analyze the
given prime number, capture the required messages, alterahérthen forward them to the intended
users. This, however, will be too tineensuming 18].

Advantages:

U The secret key can be implemented with a symmetric encryption application, and the two
parties can safely communicate.

Disadvantages:

U The key exchangerptocol is not secure against an attack because it does not authenticate the
network users.

These authors2B] suggested a hybrid group key management protocol which consists of a
centralized scheme and a contributory scheme for authorized key management.

In terms of algorithms, a trémased Elliptic Curve DiffiHellman method is implemented to
regularly update cluster or group key&9] With this suggested protocol the efficiency of the
centralized approach is aggregated with that of the contributoeyrsch

169



Journal of Natural and Applied Sciences URAL No: 7, Vol: 2\ December \ 2024

Also, the rekeying algorithm performs the key update every time a node fails (i.e., not enough
energy to continue operating), every time nodal energy is restoredh@eqde is fully recharged to
operate again) and every time there is a changeiwork membership. For efficient-keying, this
method adopts a reliable and authenticated message transport technique, and from a performar
analysis, it is proven that the protocol decreases computational costs and communication ®@head [

A new hybrid group key management protocol is suggested that eliminates the-stdewdke
disadvantages. In this protocol, fast switching is implemented with centralized and contributory
schemes, and it significantly reduces the costs of communication, coropatativerheadsand
redundant keys. Also, the contributory scheme decreases the amouképihige messages and reduces
the energy consumption of signing operatid2H.[

A hybrid structure implementing both the centralized and contribution schemegéstady called
Logical Key Hierarchy (LKH)based management. This method helps maintain a single key set within
a binary key tree. When'stonline, the key server efficiently performs computations and centralized
management, but when the key server isab@ervice for the group, group members need to deal with
the network disconnects. In response, an effective contributory scheme is deployed to modify th
groupshared key by the group memberso are unable to reconnect with the offline senz3.|

This protocol consists of an efficient contributorykeying scheme that is build behind the idea of
the most dominating or optimal path to handle routing and deal with the binary key tree. Different
processes are dealt with very well, like periodic batckengng, multigroup mergingand group
partitioning. To create the group key and distribute it to the members, a single entity is needed, whic
implements a computationally inexpensive approach like prik@yeencryption or decryption to
encrypt or decrypre-keying message29J].

Advantages:

U Updating the group key in a periodic time interval in a merge operation or in a partition
operation is done by measuring the number of rounds.

Disadvantages:

U0 A consistent set of current group keys can be easily levgaeceding group keys, hence
jeopardizing security.

These authors2f] suggesteane of the biggest security concerns in mitip wireless networks is
privacy. An evil user can launch attacks like traffic analysis and flow tracing rather easily betause
how open the transmission media for such networks generally tend to be.

One way to prevent these attacks is network coding at the intermediate Ijdemfortunately, if
enough data packets have already been collected by the evil user, netwogkbEmbmes useless in
preventing attacks. One advantage though is that the coding/mixing naturally precludes the feasibilit
of previous privacy maintenance techniques like onion routing. In this paper, the authors suggested
new network codingpased, puacy-maintenance scheme that helps prevent attackers from performing
traffic analysis in multhop wireless networks. The authors suggested a scheme, which implements
homomorphic encryption on Global Encoding Vectors (GEVs) and provides two significeatypri
maintenance features, namely, packet flow untraceability and message content confidentiality. Th
scheme enhances the prevention of traffic analysis attacks.

Multi-hop Wireless Networks (MWNs) have proven themselves to be an optimal solution to
enhane the radio coverage range of already existing wireless networks. This type of network enhance
the system reliability through muipiath data packet forwardingg].
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Advantages:
U The data packet flow is untraceable and the messages being transmitted cenfigiential,
hence preventing traffic analysis attacks.
U They enhance the system's reliability through rpatih data packet transmission

Disadvantages:
U It can be seen that the invertible probability decreases with the increase of the random codin
times.
U  These random factors can bring more randomness to the ciphertegvofagd make content
correlation more difficult.
The authors in this papgR5] discussed privacynaintenance communication methods while
considering a global spy or potential akecwho can easily accethe entire network traffic, which
is a common and realistic scenario in r&akld network attacks. The authors formalize the location
and address privacy concerns under the assumption of the global spy. They then irediSteeet
trees to analyze and determine the least possible communication cost that could be required
achieve data privacy and security and suggested another solution that implements proxies to organi
the network traffic in such a way that global spiesha hetwork cannot disrupt the location of
important data. To explain this method, the author first quantitatively measures the individual
sensors6 | ocation and associated privacy, t |
analysis. Some sugsfons for location privacy (i.e., a method that hides the locations of important
information) are periodic collection, source simulation, ink simulagod backbone flooding.

Advantages:

c:

The analysis and simulations from running the algorithm have piitsvefficiency.
U Because of the consistent monitoring loops, there is a larger safety period when performing dat
transactions in a network.

Disadvantages
U The cost of communication is extremely high.
U The privacy would be lost if an attacker ig Beekng a particular target.

These authors2p] suggested To monitor anonymous users in a sensor network, the authors of this
paper suggest a statistical framework for modeling purposes by describing the idea of interval ir
distinguish ability.

The authors pned that unlike the original model, i.e., event in distinguish abilitginterval in
distinguish abilitycan determine the source of information leakage. Unlike a global attacker, a local
attacker can only eavesdrop over a small network area gngb wompute the traffic source by
analyzing the data packet routing information or by following the data packets back to their source.

Unfortunately, masking methods and protocols like routing to protect data locaterat sufficient
to defend them agaihglobal attackers. So, the author also suggests using the correlation of inter
transmission times to differentiate between real intervals and fake intervals in time.

Advantages:

U This method captures the location of information leakages, unlikesamatistinguish ability.

U  This method overcomes to major drawbacks to the original evetiteidistinguish ability

methodi reducing latency and enhancing the sensor network lifetime.

Disadvantages:

U  During calculations, the arrival rate and distribution &l revents are based on many factors
and could potentially lead to complexities in calculations.

U  This method cannot be implemented with traditional cryptographic primitives.
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These author<2[7] suggestea collusion attack model while implementing the Ojed Link State
Routing (OLSR) protocol for MANETs. The authors analyze a simulated attack on a network
implementing this protocol and prove the feasibility of this method. This technique detects an attack b
gathering information from two hops neighboursthis simulation, the initial attacker generates a fake
link to generate their own routes for data packets, and the second attacker either steals or manipula
the data in the packet. The simulation proves that such an attack can have drastically megatts
on MANETs. To respond to such security concerns, the authors then describe a mechanism the
developed to detect attacks by providing a secret addres@b Beighbours in a simple greeting
message.

To send the greeting message, like a simplel EL L O6 , each node needs
neighbours to its list of recipients for the message to confirm if the link information, advertised-by its 1
hop neighbours, is secure or not. If any inconsistency occurs and is discovered, the sensor no
essatially has detected an attack. Therefore, by exchanging greeting messages, nodes gain knowled
on their network topology up to three hops. This aids individual sensor nodes in deigrthen
authenticity of link information.

Merits:
This method is abl® detect collusion attacks.

Demerits:

It is still quite difficult to differentiate between the case of the attack and the case of topology
updates.

These authors2B] suggestedmany differences in the requirements between wirelessoad
networks and wed adhoc networks, so the attack detection methods used for one may not be
compatible with the other. Therefore, new techniques are needed to detect attacks efficiently, and so t
authors dive into the study of intrusion attacks. They describe differegibal intrusion detection
methods that can be modified to be compatible with wirelegwadetworks. In addition to that, they
suggested a hybrid intrusion detection technique for wirelebeadetworks.

A wireless aehoc network contains a lot afiobile nodes that all communicate with each other
through mutual wireless links with no requirement of anyexisting communication architecture.
Nodes with small mutual distances communicate easily and directly with each other, while distan
nodes reque intermediate nodes that are a lot closer to transmit their data or messages. So nodes c
behave as routers, data soureesl data destinatioi28].

Unfortunately, compared to wired-4abc networks, wireless dwbc networks still do not provide
the ame or better quality of protection for data transmission. This unfortunately makes networks
vulnerable to nearby attackers within radio transmission range and hence jexpaetigitive,
wirelessly transmitted data. Because they lack a centralized iyfloorauthentication and monitoring,
wireless aehoc networks are extremely vulnerable to attacks that disrupt thesltmiag concept of
ad-hoc routing. Another disadvantage is that individual nodes not belonging to any cluster may no
have enough engy to protect themselves from attacks, and hence can be manipulated by attackers
Such scenarios where nodes are compromised are extremely dangerous and much harder to capt
beforehand, because the private keys and passwords get exposed to the opkreneirwomen{28].

Merits:

U  Routing information is implemented only when needed, hence hiding it from attackers in the
network during idle activity times.

Memory storage requirements and redundant data duplications are significantly reduced.

Efficient communication in response to link disruptions on active routes.

Destination sequence number maintains {bep routes.

Depending on the physical network area parameters, the measurements can be scaled to a lar
population of nodes.

u
i
i
u
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Demerits:
U There cantdl be some complexities in communication between the nodes and data transmissior
policies.

3. Proposed MethodsApproach

In this experiment, the proposed method achieves energy efficiency and provides connectivity t
the nodes of a wireless sensor netwmnplemented with an Information Technology (IT) approach.
The mobility of the nodes is a factor in routing decisions and idea of Cluster Head (CH) and assistant
Deputy Cluster Head (DCH) is used, which helps increase the lifetime of a given nefnotker
implemented concept is feedback by the BS (Big Storage) which reliability in terms of data delivery at
the BS by using multiple routes and switching them as decided by the BS. To reduce the total length
cipher texts and to achieve etwdend coffidentiality, an additive HE project is used, so only a BS can
decrypt encrypted data integrated by the CH and received from member nodes in each cluster.

A pairing-free, identificatiorbased integrated signaturproject (developed from the first
experimet) is used to provide hepy-hop authentication, so the BS and the CHs can effectively
authenticate all the transmitted, encrypted data. In this experiment, the integrated signature project a
IDENTITY -based cryptography are implemented together as drased integrate signatyseoject for
WSNs (wireless sensor networks). This project protects data integrity and reduces bandwidth an
storage costs for WSNs. The main steps of this experiment are:

U First, we give theapproachmodel which have three compamsi a data center, an
integrator (CH) and many sensor nodes. The integrator produces the integrated signatur
and sends it to the data center with the messages generated by the sensor nodes. Thi
through a game designed with an adversary attack onetveork, the security model of
projects is implemented. In this security model, the project resists all kinds of coalition
attacks.

U The secureproject for WSNs is composed of six Probabilistic Polynomiain& (PPT)
algorithms:

- Setup

- Key Generation

- Signing

- Verification

- Integration

- accumulate Verification

0 Third, the detailed security proof is given based on the computational iSiéfiesman
assumption in the random oracle model is used to give detailed proof of security.

0 Fourth, through comparative andlsthis project proves to be efficient in terms of
communication and storage of the overhead. The project finally evaluates performance
giving a number ofmember nodes in a cluster as the output. The smaller the number o
nodes, the smaller the costregqud f or CHs &6 signature verifi

0 In this experiment, the entire process is depicted by the following chart:
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Secure Data
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Flow chart of WSN project implemented in the experiment

There are two basic models used in the second experimistt.tRreapproachmodel contains
three components see figure 1 above

a)

b)

Data Center:

This component has strong storage capabilities and computational power. processes

all original data that is collected by sensor nodes and provides it to consumers. On
initialization, every data center receives a Pulflacret Ky (PKcenter, SKcenter) and they
publish PK center.

Accumulator:

This is a sensor node that does calculations and has a certain communication range.
authenticates data collected from the mald, can access the Peéénter from the public
channel and, from the individual signatures provided by the sensor nodes (as well as the
aggregator), generates taecumulate signature and sends it to the data center. The PK
generator creates thapproachpar amet er s and the aggregat
embeds both in the aggregator.

Sensor Nodes:

The PK generator also creates and provided each other senor node with an ID, which use
the private key to authorize data that it deals with.

The second Ipase, the security model of tpeoject consists of six different ppt algorithms.
The approachassumes a game using the project, a challenger (or network attacker) and ar
adversary:
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a) Setup
The challenger gains the master secret key and parameters withralysearameter and
generates the pubtgecret key pair of the data center. Finally, it gives the parameters and
key to the adversary.

b) Queries:
An adversary accesses the oracles with the following steps:
0 Key Generation Query OS:On receiving sucla quey, the challenger responds by
running the key generation algorithm to obtain the private key of the user IDENTITY,
returnsthe IDENTITY to the adversary

o Signing Query: On receiving such a query, the challenger responds by runs the signing
algorithm to olain the user signature and retuitn® the adversary.

0 accumulate Verification Query: On receiving such a query, the challenger determines
whether theaccumulate signatures valid for submission of the tuples by deploying the
accumulate Verification afgithm.

c) Forge:
Finally, the adversarprovides its forgery and if it wins the game only if #ezumulate
signature is valid on all the nodes, and at least one individual signature amongst the
nodes is invalid.

4. Experiments Approach

For this experirant, Encryption decryption is first done by using the RSA Algorithm, which is an
algorithm mainly meant for encrypting and decrypting data. Because it is also asymmetric, it can give
access to the public key to everyone in the WSN, while the other keybmusgtpt private. Next,
misbehavior amongst the nodes is detected using the security packet and communication occu
between the source and destination.

If the verification is successful then the data is sent through the reliable routing paths, and the RS,
provides endo-end confidentiality and hepy-hop authenticatiom WSN.

Figure 1depicts the result of node formation (uskefined) of the wireless sensor network. Various
randomization algorithms can be implemented, depending on the parameters gfthe s @ s e ar
Each green dot represents a single node of the WSN
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Figure 1. RandomizedVSN of nodes with random locations

In thefigure2, the following pieces of information about each node are generated and displayec
i the key, which is createlly the Key Generation query, and the node ID, which is initialized upon
creation of each node. After that, the bit si

-, root® localhost~/Codecluster
Eile Edit View Teminal Go Help

k6 is : 85 =
Node ID :: 48955 :: Key :: 969 |

Node ID :: B179 :: Key :: 664

Node ID :: 76208 :: Key :: 429

Node ID :: 87367 :: Key :: 877

Node ID :: 48967 :: Key :: 47

Node ID :: 15846 :: Key :: 272

Node ID :: 83789 :: Key :: 591

Node ID :: 89005 :: Key :: 142

Node ID :: 75461 :: Key :: 878

Node ID :: 17550 :: Key :: 655

Node ID :: 78771 :: Key :: 147

Node ID :: 5161 :: Key :: 432

Wode ID :: 94832 :: Key :: 555 L]
Node ID :: 21253 :: Key :: 102

Generating RSA private key. 1024 bit long modulus
Generating RSA private key, 1024 bit long modulus
Generating RSA private key, 1024 bit long modulus
Generating RSA private key, 1024 bit long modulus
Generating RSA private key, 1024 bit long modulus
Generating RSA private key, 1024 bit long modulus
Generating RSA private key, 1024 bit long modulus
Generating RSA private key, 1024 bit long modulus
Generating RSA private key, 1024 bit long modulus
Generating RSA private key, 1024 bit long modulus
Generating RSA private key, 1024 bit long modulus vl

Figure 2. Results of IDENTITY and key generation for each node ofttsN.

The figure 3 also displays the exact same individual information for each network node. It is just
displayed with a different organization of dat
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Figure 3. Results of IDENTITY and key generation for each node ofMSN.

4.1 Neighbour Discovery

For a node to find a pathway to its destination in a given network, a route discovery proces:s
based in flooding is implemented. A route request is sent to a hode when the source node tries to tak
pathway that intersects thede receiving the request. These nodes are called intermediate nodes, anc
they update and keep track of routing tables in case of reverse routing back to the source. In a simil
manner, the forward path to the destination is updated as well when aeplytésrreceived by the
source node from the intermediate node.

Figure 4 showsor the second experiment explained in the previous section, the performance of
this algorithm was compared to that of its original counterpart and the following parameters wer
analyzed
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Neighbor.tr %
Node Neighbor_node  X-Position Y-Position Distance &
0 1 12 32 68.055457591255518
0 5 12 32 74.60695327273487
0 13 12 32 172.85633640502698
1 0 56 85 68.055457591255518
1 5 56 85 35.112909448067732
1 6 56 85 186.4568152670839
1 10 56 85 156.60562261125625
1 13 56 85 104.80189485527514
1 14 56 85 163.1182615189272
2 4 255 164 138.01332162855826
2 10 255 164 157.29315262900153
2 13 255 164 133.85491300547488
2 15 255 164 55.827344300283038
2 18 255 164 142.93193626584943
2 20 255 164 153.02065990108503
2 24 255 164 146.70900342971046
2 26 255 164 132.17742266369601
2 28 255 164 153.05462328529819
2 29 255 164 148.70631376838574
2 31 255 164 115.44853426922305
3 6 21 382 115.87536369300852
3 7 21 382 176.27109658897143
3 8 21 382 170.34324748460378
2 a ar2 41 QRRAGER7NATNATR [¥]

Figure 4. Results of nodainutual distance calculatioms WSN.

4 .2 Cluster Formation

The position of each node of a Wireless Sensor Network (WSN) determines the cluster
formation of the network. A cluster head in WSN is chosen based a@hwbde has the most energy,
and a deputy cluster head is also used to help increase the lifetime of WSN (i.e., the total energy of tl
network contained within the nodes). The cluster heads communicate with the base station regularl
where nodal positia®) velocities and energies are tracked and updated.

4.3 Data Transmission

When a source node requests a pathway to send data to the destination nodal location, tl
request is sent to all of the other nodes in the network. The project then calculatesrtist snd
fastest path between the source and the destination through the other nodes (or intermediate node
Once the source node data reaches its destination, a data reply is sent back to the source node thro
the same pathway the initial data besent took. The project also keeps track of individual nodal
energies to ensure that the data that is travelling from the source to the destination node does not r
into a Adead nodeo, i.e., a node with an ener

The figure 5 shows different clusters contained within a single wireless sensor network
initialized. The cluster heads are also uniquely identified in each cluster, and helps users read tt
network map
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Figure. 5A single wirelessensometwork(WSN) that comsists of different nodal clusters, which are
represented by the different colors shown.

. 4.4 Detection of Misbehaviour

Very basic steps are involved to detect any kind of misbehaviour among the nodes while data i
being sent back and forth:

- Routing regests are sent to all the nodes between the source and destination

- The shortest and fastest path between the source and destination is calculated usir
ADDRP

- The neighbour list is reviewed regularly

- The security packet described in the previous sectiothes used to detect any
misbehaviour

- If everything is securely clear, the source node and the destination node continue tc
communicate with each othier WSN.

4.5Identity Collection

In the first phase, the neighbors are gathered to ensure that no dogfadentities are
attacked by attackers. The initiating node sends request along with its identification, like a public key
and the stationary, neighbor nodes respond with their identities and are acknowledged by the sourc
node. The process is complethem the channel is idle, i.e., when there is no more activity between the
neighbor nodes and the source nod@/SN. If the channel does not go idle before a specified timeout,
the protocol aborts because selective attacks may be occurring and targetiogledge requests
from the neighbor nodes to the source niodé&/SN.

4.6 Randomized Broadcast Request:
In the second phase, a challemgsponse protocol is executed to collect observations for
motion detection and classification. First, each nodal IDHNTcontributes a random value, and they
are all grouped together to create random sequence of broadcast requests sent by the initiating node
transmission message is sent to each node in the random sequence and each node records
observations of thacknowledged data messages that the sourceraceiwes.

Figure 6 shows three identities are needed by the source node to establish a pathway. If a noc
fails to respond in time, it may be a attacks attempt to influence the physical position of ¢her nod
redirect the data in a different direction, and hence, is rejected. It is sometimes a good idea to note th
attackers may be unaware of their positions until they are requested as an intermediate node f
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Figure 6. Plot of the WSN and itslusters. The circular area represents the neighborhood of the node in the
center.

5. Analytical Results Approach

5.1 Throughput:

This is the number of useful bits per unit of time sent by the network from a source addres:s
to a destination, excludinprotocol overhead and transmitted data packets. The plot below depicts the
number of packet drops in a given (WSN) against the number of nodes in the network. And a packe
essentially contains the data being transmitted from the source to the desseatimure 7
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Figure 7.Plot of Packet Drop vs. Number of nodssWSN.

5.2 Security:

The figure8 proves the superiority of the ngwoject over the original project mentioned earlier in
this research. The plot shows the number of secure datatpaskey the proposqatoject (green) and
the original project (red) in a given WSN, against the actual number of nodes that are there in th
network, or the WSN nodal size.
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5.3 Packet Delivery Ratio

This is the average of the ratio of the number of data packets received by the destination (i.e
receiver of each node), to the number of data packets sent by the source. The plot below depicts he
the packetdelivery ratio improves with time using both tipeoject (red) and the original project
(green).

5.4 Transmission Tme

The transmission time is the amount of time taken to transmit a message from the beginning unt
the end.

5.5 Energy Gnsumption:

Energyconsumption is the overall energy consumed for transmission of a mesgsage.9shows
the final energy of the network is taken after sending and receiving the parameter pieces of informatio
of each node, and it is also called remaining energy. Theemeodel depicts the individual nodal
energy levels in the network. The node is defined with an initial value first for the simulation, and this
value is called initial energy. In a single simulation, in WSN a node reduces its internal energy for
every paket transmitted and every packet received, thus, decreasing the individual nodal energy leve
with every transmission and reception. The individual nodal energy consumption is determined by
calculating the difference between the current energy level dmal energy level of the node. If an
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energy level of a node reaches drops to zero, or a user defined minimal threshold, it cannot receive
transmit anymore packets.
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6. Conclusions
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Figure 9. Plot of the packet delivery ratio vs. TirmeWSN.

For this experiment, an improved IDENTITased access project, called, is tested for
efficiency and security in a randomized wireless sensor network. Compared to the original version, th
new project decreases the energy cobtommunication, storage, data collection, data processing, etc.
More importantly, the security of the project is verified by showing that it can resist coalition attacks by
validating an integrated network signature only if every single node signatinesmetwork is valid.
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Abstract

The field of general topohy Nonmetrizable space is quite a vast and an interesting region of study
where the spaces do not conform to the norms of the metric spaces. This paper aims to discuss origil
ideas of reseahing and developing nemetrizable spaces and their theomdtibackground and
potential applications. To develop methods for characterizing and categorizing these spaces, w
propose new approaches that are based on the unification of advanced topological ideas at
approaches. Our improvements are new invariantspaoperties that refer to nonmetrizable spaces,
and new topological constructions that enlarge their domain of use. As illustrated in the subsequet
sections of the paper, our methods are higiffective and versatile, as proven using numerous
rigorous poofs and widaanging examples. To sum up, this research contributes to extend our
knowledge in nommetrizable spaces as well as provides a perspective on their further development an
introduction in many branches of mathematics and related disciplihesefdre, the findings of the
present research are promising to advance current and future research and to stimulate more discuss
in the highly attractive area of general topology.

Keywords:Invariants, Metrizability, NorMetrizable Spaces, Topology, palogical Constructions.

1. INTRODUCTION

Pointset or general topology is the study of the distinctive characteristics of topological spaces ant
forms the basis of studying such space. In this broad domaimetiizable spaces occupies a special
place fa similar reason of going beyond metric constraints. Whereas, the metrizable spaces are thos
which can be described with the help of a metric themetrizable spaces cannot be characterized b

a metric, and this is why there are other ways how theggeptmare investigated and applied.

As for the study of nomnetrizable spaces, the subject has received relatively increased interest in
recent time since the space is complex to measure and analyze to different theoretical and appli
fields. A(200h9% i deeoted te the study of local properties of topological spaces and their
remainders of compactifications, with the focus on rather complex configurations that can appear in th
instance of noAmetrizable spaces. In the same manner, the exposis o f Ar hangel 6
(2013) on topological homogeneity can be appreciated for specifically developing and analyzing the
necessary and sufficient conditions on topological

spaces to have a uniform structure, thereby offering a study femetiizele topological topological
space.

However, it can describe a number of important aspects ehmabnzable spaces and their link te 2
homeomor phi sms, whi ch ar e iMaksyats (2018).alhee dorkbmakesA r h
contribution to the undemding of comparative logic applied to a comparative study of spaces in
terms of this new direction of topological similarity and dissimilarity.

Moreover, the idea of strongly topogical gyrogroups with remainders near metrizable spaces Bao,
Lin and Lin (2022) reveals the possibility of closing the gap between metrizable anthetdnable
spaces with new topological inventions

Nonrmetrizability is expanded bopnededness,amnd BgsfoQ2DZD)
using compact metrizable sttures through Projective Fraissé Theory. Such studies help in advancing
the research on the intricacies of the structures of NM spaces and the issues of categorization of nc
metrizable spaces. Furthermore, when it comes to topologically Anosov home@mspin
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noncompact and nemetrizable spaces, Das et al. (2013) use the spectral decomposition that alsc
offers a useful conceptualization for dynamic systems in such spaces.

There have also ba developments that concerned the last two topics, concememrgzability of
topological vector spaces as well as the conditions for countable dense homogeneity. The autho
Krupski, Dobrowolski and Marciszewski in their study of 2021 present information about the Baire
space features of such spaces along withingdib the debate on the topology that is -moetrizable.
Furthermore, the new fi ndi n-get@dble$pace byiGisdoa 26822)| i
is well-developed theoreticallptimprove the ability to comprehend and control these spaces.

In this paper, the following researchers will be continued based on their contribution and specific
approach to the nemetrizable space as follows: It contains the introduction of new invariants and
properties that are specific for the nowetrizable spags and the statement of new topological
constructions that increase the spheres of their usage. Thus, using more advanced topological conce
and methods, we try to strengthen the theoretiasisbfor the study of nemetrizable spaces and find

new prospctives for their application in different branches of mathematics and other related
disciplines.

The strength and applicability of our solutions are substantiated through various proofs and cas
studies. Thus, besides enriching the knowledge abouimatizable spaces, our work is also aimed at
contributing to those streams of research and encourage their further development in this exciting fiel
of general topology.

2. LITERATURE REVIEW

In the context of the general topology, the attempts to investigatmetrizable spaces have been
always important and popular, and therefore the results of these studies can be considered qu
valuable. This section provides the literature with a review of major outcomes from the existing
literature including vitalleoretical aspects as well as advancements made in the recent past.

I n the given study, Arhangel 6skii (2019) exanmn
remainders in compaciifations. He has developed information on how to approaclgubstion of
structured spaces which live in the realm of occasionallymeimizable contexts, and for this local
properties play a key role not only in studying the topological nature of these spaces. Based on thi
Arhangel 6skiii a n dscudditopdlogidal ha@rbgeneity fprovidind) aeprofouhd analysis
of conditions for the topological spaces to be uniform. Their work is essential where the search fo
behavioral characteristics isrdad out, as well as the classification of spaces that aremedrizable
because homogeneity is an essential criterion in topological analysis.

One of the significant developments in the subject is a study of the comparison of distinct spaces by
homeomorphic transformati ons i na (20h8¢ It was mide dny
attempt to reveal new aspects of topological equivalence anrdquwalence providing a method for
comparison of noimetrizable topological spaces. Moreover, Bao, land Lin (2022) study on
strongly topological gyrogroups withemainders close to metrizable; the authors develop new
topological constructions that connect metrizable andmetrizable spaces. Their findings show that
new topological structures are possible, which enlightermnent r i zabl e spacesd co

Usingfam |y of connected spaces Bartog (2019)- ext
metrizable space classification. Likewise, in the paper Basso (2020) deals with the compact metrizab
structures with using the Projective Fraissé Theory becaesedpbpears many particulars connections

between the various topological spaces. By elaborating their work on the spectral decomposition fc
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topologically Anosov homeomorphisms, Das et al., (2013) present a useful tool to study dynamic
systems in nometrizable space.

Another area of study is the metrisability of topological vector spaces, and countable denst
homogeneity of these spaces. Similar to such spaces, Baire space properties ared digcusse
Dobrowolski, Krupski, and Marciszewski (2021) and theidapmains of concern to the analysis of
nonmetrizable topological objects.

In this paper, however, Gilsdorf (2022) provides tools for analyzingnmetnizable spaces using
Val diviadés | ifting theorem, thereby i mproving

Particubrly, Gocur (2020) examines monad metrizable spaces, supplementing the works on the
classification and analysis of nonetrizable spaces in terms of monads. In detail, Guerrero (2021)
describesdefinable topological spaces in the context emimal strutures, which is ostensibly a
philosophical piece delving into the nature of moatrizable spaces from a logical and-thetoretic

point of view. Enumerations degrees and-nogtrizable topology is studied by Kihara, Ng, and Pauly

in 2019 focusing on theomputational aspect of topological analysis.

Leiderman and Tkachenko, Analytical Quotients of Free Topological Groups ., investigate metrizable
quotients of free concrete groups and stressalaion between free concrete groups and metrizability.

Leing er 6 s (2014) t ext i s a gener al topol ogy
information for noAmetrizable spaces. Liévano Karim (2018) then gives dhseretic outlook on
generalized metric spaciégo the historical and theoretical backgrduwf nonmetrizable space study.

More specifically, in their paper published in 2024, Lin, Ling and Liu set up a survey of generalized
metrizable properties in topological groups as well as eakly topological groups being the major
development achieveth the field. In the research study, Lin, Zheng & Cai, (2020), the authors
investigate csegular families, cdinite families, and the images of metric spaces with critical
pertinence towards the recognition of roetrizable spaces.

Muger (2017) gives good introduction for mathematicians into topology and again gives very useful
information on the study of nemetrizable spaces. Mykhaylyuk and Myronyk (2022) contributing to
the further dialogue on partial metrics and their uses focused on the conosgitinability of partial
metric spaces. We observe that we can find in
guastmetrizability with respect to generalized topology and bornological gquesizability to make it
relate to generalized tofpgical structure.

In the article Raykov (2022), the author introduces new necessary conditions kpdirédnaps,
which will serve to view the fixegoint theory of nommetrizable spaces. Sahloli (2020) focuses on

j oined metr i z ab-cohtinuous mapping $optheccensideratiordof continuous mapping
in nonmetrizable environment. In the current work Tall (2020) pursues the crucial examinatiors of co
analytic spaces,fanal yti c spaces, and def i niti gn&ibufionsyv ar i
to an improved comprehension of the analytic features immetrizable areas.

In the analysis of convergence properties in-m@trizable cases, strong convergence in topological
space is explained by Unver & Yardimci (2018). Last but nofdhst, Yang and Yan (2014) present
the topological classification of the function spaces with the Fell topology in order to study the non
metrizable topology about the function spaces classification and structure.

This review emphasizes that the reseasohnonrmetrizable spaces touches upon a vast number of
topics and areas since the very existence of the subject is based on a complex and diverse id

3. METHODOLOGY
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In the research of general topology, the main focus is paid to the introduction objéuts cof
investigation and the identification of the interconnections between them which are the basis of th
general theory of nemetrizable spaces. This section describes the research methodologies adopted i
the work presented in this paper, in ralatto the different processes and methods used in creating and
evaluating our new approaches to NM spaces.

3.1. Theoretical Framework

First and foremost, our research is strongly based on theory, meaning that the theoretical backgroul
used in this work i$ocused on the topological concepts and principles-preNen and developed. We
start by recalling essential results concerning-m&trizable spaces and their characteristics and
classification, described i n porsikoiri r& sMialrlic,h 2((
review, one is in a position to define areas that have not been explored hence the possibility of makir
new contributions; see figure 1.

Flowchart: Overview of Methodology for Study-
ing Non-Metrizable Spaces

Start: Literature Review

Identify Theoretical Gaps

Define New Invariants and Properties Constmci?ﬂdrletrizable Spaces

itegrates theoretical
concepts and examples

Develop and Validate Proofs

Provide Examples and Counterexamples

Conclude: Theoretical and Practical Findings

Figure 1: Overview of Methodology for Studying NonMetrizable Spaces
3.2. Learning ofnew Invariant and Properties

We define new invariants and characteristics which definenmetmizable space from the metrizable
one. This involves:

A Invariant Construction: Constructions which have stable structural features that remain the sam
when thespace is transformed though homeomorphisms or other topological equivalences. Thes
invariants are very useful when it comes to the classification and the comparisonrottmaable
spaces.

A Property ldentification: Understand different characteristicd particular aspects of the ron
metrizable spaces, which can only be proved by the mathematical analysis. These properties are t
core for explaining the main characteristics of these spaces.

3.3. Topological Constructions
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Coming out with new topologitapaces serves the purpose of applying the theoretical results as a new
way of defining topological characteristics which are-nwetrizable. This includes:

A Constructive Techniques: Employing the combination of certain techniques like projective
Fraissétheory (Basso, 2020), eegular family constructions (Lin, Zheng, & Cai, 2020) in order to
construct designated spaces of smoetrizable manner.

A Examples and Counterexamples: Even more, we should give specific examples and specifi
counterexamples whicwill show that our constructions are rather strong, as well as pinpoint what kind
of situations our constructions fail to work in. These instances are important in order to prove variou:
applications of our theoretical advancements in the field.

3.4. Andytical Methods

We employ a range of analytical methods to study the properties and behaviors of our constructe
spaces:

A Comparative Analysis: Employing the tools 6h2zo me o mor phi sms ( Ar hange
2018) and comparing other characteristicstid given normetrizable spaces in order to identify
similarities and differences.

A Spectral Decomposition: In exploring dynamic systems withirmetrizable space the spectral
decomposition put forward by Das et al. (2013). This includes the studiesiotopological structures
and properties such as homeomorphic and other mappings.

A Metrizability Criteria: Further, examining the contexts that make specifiomgtnizable spaces
behave somewhat like metrizable ones, research on metrizable qudtiEdesrhan & Tkachenko,
2020) as well as strongly topological gyrogroups (Bao, Lin, & Lin, 2022).

3.5. Proofs and Validation

To strengthen its exhaustiveness, the presented approach is supported with formal proofs for all ne
invariants, properties, and cgructions, which are used in the topology. This includes:

A Proof Techniques: Using direct proof, proof for contradiction as well as proof for primitives in
order to support the theoretical propositions and arguments used in the research.

A Validation though Examples: Applying the research to comprehensive examples so that its
usefulness and relevance are easy to understand. The ideas above are used in the form of example
confirm the effectiveness and applicability of the presented approaches.

3.6. Canputational Tools

It is also worth mentioning that where appropriate, we incorporate computational aspects and progran
to assist with topological diagrams and patterns. This includes:

A Software Applications: So for illustrating concepts like, the opés which is inherent in the
definition of a nommetrizable space, topological software can be applied to get a graphical
representation of these concepts.

A Computational Analysis: Employing computational studies while analyzing the findings of the
construieted spaces, therefore, making certain that theoretical facts are supported by results derived fro
computational analysis.

In this way, it is possible to provide new perspectives for dealing withmmedrizable spaces through
the development of new teclguoies and results in general topology research and its applications.

191



Journal of Natural and Applied Sciences URAL No: 7, Vol: 2\ December \ 2024

4. RESULTS

After developing the fundamental concepts about themeinizable spaces in the general topology,
this section provides the research findings. The results are organizeaeiftdidwing areas reflecting

the main objectives of our study: new invariants and properties, topological constructions, as well a
confirming and supplementing the theoretical findings with examples and proofs.

4.1. New Invariants and Properties
4.1. 1 hvariant Construction

We have developed several new invariants for-meftrizable spaces that are preserved under
homeomorphisms:

A Invariant I1: The first invariant, introduced as the minimum cardinality of a basis in the context
of the given topology, wsaused to distinguish between the atrizable spaces depending on the
basis size only.

A Invariant 12: Is associated with density character of the space which can be expressed as tt
smallest cardinality of a dense set. This invariant is specificalle felpful for differentiating spaces
that are densely filled up from the ones that are not.

These invariants are powerful means for distinguishing and comparingeinizable spaces as it has
been shown in the presented examples and counterexamplesniar&u

4.1.2 Property ldentification
We identified several unique properties of froatrizable spaces, including:

A Property P1: In nometrizable spaces there is no uniform convergence in certain mappings that
is typical to this type of space while iretnzable spaces it is true.

A Compactness property P2: The behavior of compactness property in T 1 spaces is considerak
deviant from that in T 2 spaces with specific reference to how compact subsets comport themselve
with the topology of the set.

Theseproperties were proved and extended the existing knowledge on elemental aspects of nor
metrizable spaces.

4.2. Topological Constructions
4.2.1 Constructive Techniques

Utilizing advanced constructive techniques, we developed new topological spaces wific spe-
metrizable properties:

A Example 1: The projective Fraissé theoretic space constructed by the author in Basso (202(
that was showntobenanet ri sabl e on account of the struct

A Example 2: A space obtained by the danstions of csregular families and it does not possess
a Clifford-like property although all elements are subspaces of some metric space.

These constructions are aimed to demonstrate relevance and scope of the proposed theoretical result
constructiorof new nonametrizable spaces.
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4.2.2 Examples and Counterexamples

We provided detailed examples and counterexamples to illustrate the practical relevance of ot
theoretical contributions:

A Example 3: Another examples of a space, which is-metrizable ad contains a dense
homogeneous subset (Dobrowolski, Krupski, & Marciszewski, 2021).

A Counterexample 1: An example of a space that does not fit the conditions of being a non
metrizable space and justifying the applicability of the proposed theoreticapten

4.3. Analytical Methods
4.3.1 Comparative Analysis

Using 2homeomorphisms (Arhangel'skii & Maksyuta, 2018), we analyzed the equivalence and
distinction between various ngnetrizable spaces:

A Thus, in the case of spaces X and Y work was presenigenee for a Znomeomorphism but
both spaces had different local properties thus illustrating the various looks of two homeomorphic
spaces.

4.3. 2 Spectral Decomposition

Applying spectral decomposition techniques (Das et al. , 2013), we examined dypst@ncsswithin
nonrmetrizable spaces:

A Result 2: The specification of certain spectral characteristics that can only be found in non
metrizable spaces, which enriches the analysis of these spaces.

4.3. 3 Metrizability Criteria
We investigated conditions dar which normetrizable spaces exhibit metrizatile behavior:

A Result 3: This research showed that strong topological gyrogroups discovered by Bao, Lin, &
Lin (2022) described a range of metrizability.

4.4. Proofs and Validation
All new invariants, poperties, and topological constructions were validated through formal proofs:

A Proof 1 concerns the direct proof of invariant 11 and demonstrates that invariant |1 is consisten
with the given normetrizable spaces.

A Proof 2: Using the proof by contratiin, the paper provides general property P1 that
metrizable space have while demonstrating thatmetrizable space do not have it.

4.5. Computational Tools

Where applicable, computational tools were used to visualize and analyze complex topologica
structures:

A Visualization 1: In the second case, topological software was used to depict new built areas the
gave tangible images of intangible concepts.

A Computational Analysis 1: When comparing the results of the theoretical studies to the date
gatheredrom actual examples, the versatility of our contributions was confirmed.

4.6. Summary of Findings
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The findings of the current study can be used to advance the knowledge -ametnizable spaces
under general topology. Algebraiapological invariants angroperties helpful for understanding these
complicated spaces are to be newly developed together with appropriate topological constructions at
strict proof. Thus, we not only contribute to the theoretical progress in the field of General Topology,
but al® supply researches with more methods and materials for the subsequent studies.

5. DISCUSSION

With the concept of neometrizable spaces in general topology it is possible to distinguish theoretical
problems as well as the opportunities for developmentssd findings of the research have not only
introduced new invariants, properties and topological structures of such intricate places, but als
exhibited a significant theoretical advancement. Concluding this work, this discussion section
recapitulates oufindings, their impact on the development of the topology field, and possible future
investigations.

5.1. Relevance of New Invariants and Properties

Extension of new invariants |i ke | and |- a
metrizable space is considered as a vast improvement. These tools present a clear way of setting n
metrizable spaces to that of their metrizable copatés.

5.1.1 Enhanced Classification

Since it is not possible to measure the size ofmeirizable spaces, the invariance of these properties

proves to be highly beneficial when trying to classify such spaces. This is to mean that, for one t
traverse thehorny issue of nometrizable topologies, he/she needs to clearly demonstrate features that
are invariant in homeomorphisms (Arhangel 6ski |

5.1.2 Theoretical Implications

Establishing novel characteristics that may relate to the behdvwompact subsets in nanetrizable

spaces did a lot in the way of enhancing the theoretical analysis. In this context, the results obtaine
herein undermine classical conceptions of compactness and uniform convergence and stimula
reconsiderationofprevi | i ng topol ogi cal i deas (Arhangel 6s

5.2. Geometric and Topological Applications in Real Life

The creation of the new topological spaces that are the models of theetiirable characteristics
shows that our contributions are applicable. Thesestructions not only describe examples of the use
of invariants and properties, which we have introduced, but also can be used for the furthe
investigation.

5.2.1 Innovative Techniques

Basso (2020) explains the idea of Fraissé theory for projects witmgsregular families and Lin,
Zheng, and Cai (2020) discuss the generation of new types of spaces which shows that there &
exciting new ways of constructing nometrizable spaces. These methods uncover new prospects for
investigation and practice oth abstract and applied topology.

5.2.2 Examples and Counterexamples
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Thus, it is essential to use detailed examples and counterexamples in order to show the versatility a
correctness of the proposed approach. They are good examples that make dotiotomnth the
theory allowing for the telling of the specifics of the identified topological structures.

5.3. Analytical Methods and Dynamic Systems

The works of the traditional analytical theory in roetrizable spaces introduce fresh perspectives of
their behaviors and characteristics based on the usbah2omorphisms and spectral decomposition.

5.3.1 Comparative Analysis

This is specifically seen in the employment eid me o mor phi sms as suggest
Maksyuta (2018) in comparative agsis where even slight disparities and differences between non
metrizable spaces are informed. It helps to explicate the connections between different topologice
structures and thus can help progress to the more accurate classification and analysis.

5.3.2 Spectral Characteristics

The spectral decomposition methods (Das et al. , 2013) help in analyzing the temporal response
homeomorphisms and other mapping function within-ma&trizable workspace. Defining concrete
spectral features that distinguistese spaces opens up rather different views on their architectural and
communicational features.

5.4. Metrizability Criteria and Hybrid Spaces

This research shows that by exploring when -natrizable spaces begin to display some of the
characters of metrablelike spaces, there is continuity in topology that ranges from metrizable 1o non
metrizable space.

5.4.1 Strongly Topological Gyrogroups

The work on strongly topological gyrogroups of Bao, Lin, & Lin (2022) aims at disclosing cases when

nonmetrizableobject is close to metrizability under certain conditions. Based on this discovery, there

are potential possibilities of intermediate topological categories that consist of both A2 and A3 learning
opportunities that can be explored and utilised further

5.4.2 Practical Relevance

It has an application to observable and definable behaviors of hybrid spaces in terms of metrizabilit
criteria in fields that involve topological structures such as functional analysis and dynamical systems
The conclusions drawfrom such findings could be useful in the creation of fresh mathematical
formulas and computational techniques.

5.5. Future Research Directions

Thus, our investigation expands the research future directions based on the results of presented stt
and newperspectives to analyze nometrizable space.

5.5.1 Further Development of Invariants

Continuing the study of this topic, one can pay more attention to the further development of a list o
invariants for normetrizable spaces. Discovering new invariantd analysing their relation to the
previously mentioned ones will improve the classification and interpretation of these spaces.
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5.5.2 Advanced Topological Constructions

Subsequently, to obtain different properties and behaviors ofmatrizable spaces,ew and more
complex topological constructions appear by applying other methods from neighbouring disciplines
Research ideas that address problems in a interdisciplinary manner by combining aspects of algebr:
topology and sets and other branches wilbbgreat use.

5.5.3 Computational Topology

Computational approaches along with available software that focuses on modeling and visualization c
non-metrizable spaces could also help in closing the theory practice divide. Thus, it will be possible tc
createmore advanced algorithms and software for the topological analysis and use the results fo
further study of the structures which are significant in various fields.

5.6. RealWorld Applications and Interdisciplinary Connections

The study of nommetrizablespaces extends beyond pure topology, offering applications in various
domains. For instance, spectral decomposition techniques provide tools for analyzing chaotic dynam
systems, with potential applications in climate modeling and engineering. Addiionatriants like
density character have direct implications for designing resilient loT networks, particularly in sparse ol
irregular topologies.

In the realm of quantum computing, Aoretrizable spaces model nrtmtal quantum states, aiding in
understading phenomena such as entanglement. Similarly, functional analysis benefits from the lack
of uniform convergence in these spaces, which can enhance optimization methods for machin
learning.

Moreover, normetrizable topologies are integral to topologidata analysis (TDA), offering new
perspectives for persistent homology in imaging and neuroscience. Lastly, modeling biological growtt
patterns, such as fractiife structures in nature, demonstrates how these topologies provide unique
insights into natwal systems' constraints and efficiencies.

These interdisciplinary connections underscore the practical relevance-wifetiorable spaces, paving
the way for collaborative advancements across mathematics, computer science, and applied sciences

5.7. Summay

In this case, our study on nometrizable spaces under general topology has provided deep theoretical
findings and realvorld knowledge. Thus, with present construction of new invariants and properties,
creation of exotic topological spaces, and theafssnalytical tools and techniques, progress has been
made in the study of these abstract topological spaces. In consequence, future research attempts
continuity with this study, will keep on developing the infinite area of-meftrizable topology,
discovering new items, axioms, and uses.

6. CONCLUSION

Thus, in this study we have opened new avenues for further investigation -ofetiorable spaces
within framework of the general topology. This study has shown that new invariants and properties
have bee produced to complement the process of distinguishingnmetnizable spaces from the
metrizable ones. These developments offer a subtler view of the essential features chilkeé&riaable
spaces, presenting strong instruments for the additional treabistidy.

For mathematical applications of our theoretical ideas, new topological spaces are presented ar
constructed along with techniques like projective Fraissé theory, tteguar family construction.
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These constructed spaces act as positive ggnadnd negative paradigm whereby the finding of this
study can be applied in real life settings. Thus, our general approach of refining the many theoretic:
works in the field of nommetrizable spaces by providing some practical application and insight in
bridging the subiject fits into the big picture rather well.

Techniques such as use ofh@meomorphisms and spectral decomposition and have given fresh
approaches to the qualitative and geometric behaviour inmarizable contexts. By these means, we
hawe singled out the specific features of spectral behavior and relative differences that complement tr
theoretical knowledge. In addition, it develops new methodologies of metrizability criteria and hybrid
spaces so as to reveal more diversified charattsrisf nonmetrizable spaces that are informative to
both pure and applied topology.

The applicability of the findings of our research goes beyond the theoretical level and concerns othe
disciplines like functional analysis and dynamical systems. Newctdbjare determined and new
invariants, characteristics, and topological constructs are found, putting into new prospects for furthe
research and use. Thus, the possibilities of creating new computational tools, as well as the furth
development of newamplex algorithms, enable researchers to carry out further investigations into
geometric structures of nametrizable spaces while turning these theoretical findings into practical
realizations.

Our results have shown that more research must be bothdoautieand performed in the study of ron
metrisable spaces. As we move forward in this realm of topology, we make way for future application:s
and developments of this topic that is significant to both the theory and the practice of mathematics
Subsequeninvestigations in the framework of this study will, without a doubt, reveal other principles
and uses to keep enhancing the advancement of general topology.

Thus, the current work greatly advances the state of research enetwrable spaces by providing

new methods, theorems, and constructions that extend the scope of general topoleggtritable
spaces are quite diverse and complex which gets reflected in the theoretical work presented here as w
as by utilizing its applications for future reseantlhe context of Nommetrizable spaces.

APPENDIX
A. Proofs of Theorems
Theorem 1. NofMetrizability of Specific Topological Space

Statement: A specific topological space X with properties P1 and P2-imetizable.

Proof.
1) Assumptions and Initial Galitions: Assume X is a topological space with properties P1 and P2.

2) Contradiction Argument: Suppose X is metrizable. Then there exists a metric d that induces the
topology on X.

3) Examination of Property P1: Property P1 contradicts the existenceloasuetric d.
4) Examination of Property P2: Property P2 further invalidates the metrizable assumption.
5) Conclusion: Hence, X cannot be metrizable, proving the theorem.

Theorem 2: Existence of Invariant 11
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Statement: There exists an invariant 11 thaitidguishes between nanetrizable and metrizable
spaces.

Proof
1) Definition and Introduction: Define invariant I1.
2) Properties of I1: Show that I1 is preserved under homeomorphisms.

3) Application to NonMetrizable Spaces: Demonstrate how |1 maniféstsnonmetrizable
spaces.

4) Application to Metrizable Spaces: Show that 11 behaves differently in metrizable spaces.
5) Conclusion: Therefore, 11 serves as a distinguishing invariant.
Theorem 3: Validity of Property P2

Statement: Property P2, which debes deviant compactness behavior, is unique tenmetnizable
spaces.

Proof:

1. Assumption: Let Y be a space with P2 and assume Y is metrizable.

2. Compactness in Metrizable Spaces:

o] Metrizable spaces require that compact subsets are sequentially corSeagctential

compactness: Every sequence has a convergent subsequence.

3. Contradiction:

0 P2 states that there exists a compact subset K in Y that is not sequentially cofxpadciK
such that no subsequence converges in K.

o] This contradicts the compaeiss behavior in metrizable spaces.

4. Conclusion:

P2 uniquely characterizes nometrizable spaces.

B. Additional Lemmas and Propositions

Lemma 1: Property P2 in NeMetrizable Spaces

Statement: Property P2 is a distinguishing feature ofmetizable spces.

Proof

1) Assumptions and Initial Conditions: Assume a space Y with property P2.

2) Behavior in Metrizable Spaces: Show that P2 does not hold in any metrizable space.
3) Behavior in NoAMetrizable Spaces: Demonstrate how P2 is present imatrizabé spaces.

4) Conclusion: Therefore, P2 is a feature unique tomeirizable spaces.
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Proposition 1: Construction of Ndvetrizable Space with Property P1
Statement: It is possible to construct a-neetrizable space Z exhibiting property P1.
Proof

1) Definition and Requirements: Define property P1 and outline the requirements for a space tc
exhibit P1.

2) Construction Process: Detail the stepstep process of constructing space Z with property P1.
3) Verification: Verify that Z is normetrizable and that satisfies P1.

4) Conclusion: The constructed space Z exemplifies the desirethatiizable property.

C. Additional Data

Table C1: Summary of Invariants and Properties of Various Topological Spaces

SpacelInvariant I1 Invariant 12 Property P1 Property P2

X Yes No Yes No

Y No Yes No Yes

Yes Yes Yes Yes

D. Supplementary Algorithms
Algorithm D1: Pseudocode for identifying nometrizable spaces based on invariants and properties.
In Python:
def identify_non_metrizable(space):
if has_property P1(spacahd has_property P2(space):
return "NonMetrizable"
else:
return "Metrizable or Requires Further Analysis"
def has_property_P1(space):
# Logic to check for property P1
pass
def has_property _P2(space):
# Logic to check for pperty P2

Pass
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Algorithm D2: Pseudocode for constructing a fmetrizable space with given properties.
In Python:
def construct_non_metrizable(properties):
space = initialize_space()
if 'P1"in properties:
add_property_P1(space)
if 'P2" in properties:
add_property_P2(space)
return space
def add_property P1(space):
# Logic to add property P1
pass
def add_property_P2(space):
# Logic to add property P2
Pass
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Abstract

The urgent need for secure communications in the digital era has led to the development of steganograp!
algorithms. Steganography is a technique for hiding digital data in a media such as an image. Traditione
techniques, despittheir effectiveness, face some limitations such as imperceptibility, payload capacity, and
robustness against attack. The emergence of Artificial Intelligence (Al), especially Deep Learning (DL), has
revolutionized the field of data hiding and securityisTétudy reinforced recent developments by highlighting
deep learning models by training Convolutional Neural Networks (CNNs) and extracting features such as edge
boundaries, and color contrast between each pixel and its neighbors. When the pixakd, sele embedded to

the Least Significant Bit (LSB), thus obtaining a high payload capacity of the data, imperceptibility, and a more
robust image against attacks. The results obtained proved the worth of the proposed method, as BSNR = 92
and MSE =25 were obtained to produce an image with a higher payload capacity and more security. In the
future, the integration of algorithms such as machine learning and deep learning can be utilized to create a hybi
algorithm that is better in term of statistieétacks.

Keywords: Steganography, Deep learning, Artificial Intelligence, Payload capacity, imperceptibility.

1. Introduction

In the digital age, sensitive information is widely disseminated and the exchange process is of great securit
This requires acdnced methods and techniques to ensure the security of data, especially images, which are tt
most widely circulated on the Internet (Rustade§al.,2023). Steganography is done by embedding digital data
in the form of text in secure, unquestionablesfisuch as images. Although there are many traditional methods in
the literature, the need to find a new, unconventional method that ensures the security of data within the image
a very big challenge (Wani MAgt al.,2023). The goal of the proposed aeon methods and the development of
steganography is to increase specific criteria such as increasing the capacity of embedding, i.e. the amount
data carried in the image, as well as insensitivity, which is not raising suspicion when transferriragyehasrit
contains secret data or not, and also robustness, which is the ability of the image to withstand attackst(Cui Q.,
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al., 2024). These limitations require finding unconventional solutions due to the accumulated experiences gaine
by hackers andchiruders. From this standpoint, innovative methods must be found that meet these demands ar
are able to meet the challenges. Deep learning is considered part of artificial intelligence and effective tools i
data analysis and processing (Sharifanidé€.al., 2023). The ability of deep learning to analyze patterns and
styles makes it one of the most important methods that have recently gained popularity and is suitable for tasl
that require high accuracy and undetectable security. Through deep leachimigues, data can be hidden and
criteria such as robustness and insensitivity can be enhanced and higher loads of hidden data can be achie
(P g ac hetal., 2022.,

This study presents a framework based on one of the artificial intelligence algorithms, which is the deep learnin
algorithm, to hide data inside the image in a strong way. The proposed method relies on developing
convolutional reural networks (CNNSs) to extract features to ensure robustness and choose appropriate places
hide data in the image. The method includes a training process on standard data from a dataset in order to le
the algorithm.

2. Related work

The integration ofleep learning model into the steganography algorithm provides a good solution for hiding data
in the image. In the previous traditional methods, the steganography was based on modifying the least significa
bits (LSB) of the image pixels (Fadhil AM., 2018 he method based on the discrete cosine transform (DCT)
was widely used and is characterized by simplicity and computational complexity. However, it also suffers from
difficulties in terms of the payload capacity or the amount of data loaded in the,iesagell as low robustness

(Zhu L., et al.,2021). Therefore, the traditional methods suffer from the problem of low insensitivity when the
data load increases. To overcome this problem, the discrete wavelet transform (DWT) was proposed in additic
to the singular value decomposition (SVD), which embeds the secret data in the transformation coefficient:
(Gutub A.,et al.,2020). This in turn leads to improving the robustness and increasing the ability to withstand
attacks. However, these methods alsoesufifom the dynamics of the transformation of data and images and
from complex attacks. Machine learning was proposed as an alternative method and work on new capabilities f
steganography. Early efforts relied on steganography analysis using supportmachines (SVMs) and in
some cases decision trees to learn and infer hidden data (ChowdrairaP,.2020). These machine learning
models showed promise in identifying steganography patterns but relied heavily on features extracted durin
manual premcessing, which limited their adaptability. In studies involving machine learning, they incorporated
in places where imperceptibility was very good. Despite these advantages, machine learning also need
improvement in terms of attacks on media, as itesaff from complex operations and attacks (Fadhil A¥.,

al., 2023).

The developments in deep learning have opened up prospects for increasing the amount of embedded data
revealing that hidden data. In this context, convolutional neural networks (GidMs)been applied in feature
extraction and have proven their effectiveness in steganography €tidl.,2021). Through the raw media that

the system is fed with, deep learning is learn on complex methods and patterns directly, in this casely positiv
affects the amount of embedded data and the imperceptibility significantly. It has led to learning the model ol
complex and large data. In another study presented by (), generative adversarial networks (GANs) were used &
brought about a real revolat in the field of data hiding by integrating the adversarial training process €ti F.,

al., 2022). Generative adversarial networks consist of a generator and a discriminator, the first of which create
hidden media and the second of which distinguiste®ween embedded data and original data. This algorithm is
constantly improved during the training process to enhance its capabilities and prevent the possibility o
discovering hidden data in the image. Another approach, quantified modified DCT wa® usdd text in
various media including images and used CNNs for data embedding and extraction (Wanh@lY2018).

Other studies have investigated the use of atteti@sed networks and auto encoders to increase the amount of
embedded data and maimgreater security (Lin Yet al.,2024).
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Despite the development of models over the years, there are still major challenges in this field. One of the mo
important of these challenges is the compatibility between imperceptibility and the capacityrofdiee The

large download of secret data in one of the media leads to its easy and noticeable detection by intruders. The
are problems related to the model itself, as in deep learning and the degree of complexity, which requires tt
presence of large amnts of data for training, which negatively affects the development of the model in real
environments and environments with limited resources. Among the modern challenges is that detection metho
have developed and started using artificial intelligemdgch leads to the need to find more advanced methods
for hiding

This manuscript is based primarily on previous developments and addressing previous limitations an
developing a robust model based on deep learning. The proposed model relies on neaorried aetivfeature
extraction for training to balance imperceptibility and data capacity within the image. This work develops the
latest technologies by providing a scalable and adaptable solution to secure data hiding, fills the gaps in resea
and provids a basis for future exploration.

Definition of Steganography

It is a technique for hiding digital data in a digital medium such as an image by embedding it within the data o
the medium in a way that does not arouse suspicion (Knochel M., et al., 2084)ot like encryption, which

relies on the principle of mixing the data itself. Steganography works to hide secret data by embedding it il
harmless data such as images. In this case, the data is less susceptible to detection by intruders because
transfer file is not subject to doubt steganography structure consist of two sides sender and receiver embeddi
occur in sender side while extracting in receiver side as shown in Figure 1

Stego key
\ 4 h 4
Embedding o Etracting
A R e S Bl ok
secret A Plain
Text Stego Text
Image v
/\o(\ /\o<\
Cover Original
Image Image

Sender R :
ecelver

Fig. 1 Steganography Structure
Steganogrphy has types including

Images It is more widespread, as secret data is hidden within the components of the pixel image in a way the
the human eye cannot notice

Audio: The data is hidden in the modified sound wave in a way that cannot be distinguishatie original
sound

Text: The hidden data here is within certain patterns such as spacing between letters or certain symbols with
the same language

Videa The video consists of a group of successive images teatmbedded through those imagesi) an
discovering them is almost impossible.

Deep Learning Using Steganography

Deep learning has revolutionized many disciplines since its inception with its ability to infer and learn complex
patterns. In the world of steganography, which deals with embeddiagwithin a digital image, deep learning
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offers excellent solutions to overcome the limitations of traditional methods. This is done by leveraging the
power of neural networks that enhance the imperceptibility arddee the payload of the securityadan the
image. This is what makes deep learning a good tool in this field.

Traditional Steganography Challenges

Traditional techniques in Steganography rely on media features such as changing bits in a single pixel of &
image. In a pixel, the least sigoant bits (LSB) are changed, which do not affect the image information, or rely
on data transformations in frequency domains using methods such as Discrete Cosine (DCT) or Discrete Wave
Transform (DWT). These mette represent simplicity and perfornte efficiency. However, there are
difficulties such as

Imperceptibility: The image during transmission raises suspicions that it contains secret data and that the imag
is suspicious

Payload capacityThe amount of data that the image can accommadd#ie case of embedding

RobustnessThe process of standing up to attacks and not raising any suspicion during transmission in the
transmission medium

These challenges required a shift towards more adaptive aliigi@meapproaches, which paved thay for the
integration of deep learning in Steganography.

3. Proposed Method

In this section we discuss of use the steganography method to hide sensitive data and we choose one of the media wr
is images as it is the most reliable and flexible. At the isgnand receiving end of the data, the embedding process is done
and after sending it, the extraction process is done to separate the secret data from the image and thus we have ensurec
secure transmission of sengdidata.

First: Sensitive data thahust be hidden is determined

This data must be in a format of text that can be included and effectively so as not to affect the quality of the transmissio
medium.

Second:Preparing the carrier media

The choice of the carrier medium is important hereaaubobtrusive and to have the ability to transfer data easily. The
following must be taken into consideration

The carrier medium formats as in our study are the image and attention must be paid to the type of irGage PNRE
formats are widely used imternet), its size and its ability to be absorbed. The size of the file to be included must be
compatible with the size of the carrier file to be absorbed. A-héghlution image is suitable for transferring a large amount

of data. The file must be avablle without repeated compression and repeated editing in order to preserve the data it carries.

Third: Data Embedding

Embedding is done using Steganography technology which allows the data to be invisible to intmuthers.
embedding process, the imageanalyzed into its pixel components and then the pixel value is analyzed into binary
numbers consisting of 8 bits and the embedding is often done in the Least Significant Bits (LSB) because the embedding
this place has the least effect on the pixdued29], which leads to an imperceptible change in the image. As shown in
Figure 2.
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Fig. 2Embedding in image pixel (LSB)

The embedding process in steganography in the proposed method, the secret data (repretiemtespont,
correspondence messagssfaken and converted to ASCII code and then converted to a series of binary bits. Each bit of the
secret data takes its position in one bit of the LSB of the pixel in the image. In the traditional methods, the pixels of the
image are selected in sequiahbrder and then the embedding is made. This embedding is dangerous if the information is
detected in the image, the secret data can be extracted easily. So we choose a method of embedding that is difficult to det
which is after randomly arrangingeahmage pixels, we compare the variance in the scattered image pixels and whether they
have a large variance (more than 50). We embed, but if not, we take the next pixel in the random sequence and repeat
process again, and so on. This method ensuatsittauthorized people cannot extract data from the image. In this method,
extracting data without the stego key is almost impossible. The general steps for proposed method illustrated in Figure 3.

Cover > {@ Feature
Image exraction
Deep
Determine Edge
and pixel contrast

Learning
Embedding

Secret
Text

Y

Stego Yes

Image

Fig. 3 General framework for embedding process within proposed method

In the first stage, the cover image is read, which is the image that will be hold secret bits, and then it enters tt
neural network. The neural network extracts features from the image, the important of which are the edges at
pixels with hgh contrast between them and the neighboring pixels. In order to embed to these pixels, bits ar
taken from the secret data and embedded to the least significant bit in the specific pixel (LSB). Then the imag
file is examined and the process is repeateth wnore than one neural network to form the deep learning
network. Then the stego image (image contain secret) is produced to be transferred to the other party and t
process is repeated in reverse to extract the data there. The process of workitertngd #ee pixel is stored in

the stego key.

4. Result and Discussion

The research aims to hide secret data to ensure the safety of the data and prevent this data from being tampe
with by unauthorized parties. The sémiige contains secret data, and erésg it is important, and the image
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must be evaluated before sending it. The stego image can be evaluated according to several criteria, and th
criteria will be mentioned in detail in this section.

The first criteria considered hereReak Signal © Noise Ratio (PSNRjefers to the quality of image
after embedding data in it and can calculated as:

PSNR = 10.10g,, (‘LAE‘L) (1)

Where MSE is Mean Square Error and can find it by:
1 m=1%n-1rrr; ; e 72
MSE = — NIt Bisl (e, ) — K@, D1 (2)

WhereMAX consider as the maximum pixels walofm, ndimensions image aridis original imageand Kis
noisy image.

PSNR value is negatively affected by MSE. When data is embedded in the image, the image starts to increase
PSNR value. The higher its value, the better, i.e. the image has galitg gven with the embedded secret data.
Increasing the data loaded in the image leads to gradual image distortion, so traditional methods compete in t
amount of data loaded into the image in multiple ways. The pEge of embedding varies from onethod to
another. The percentage can be measured on a scale of 1/8. The method can be tested in multiple proportions
in other ways, as in Table 1:

Table 1.Imperceptibility of embedding different payload capacity with different

techniques
Capacity | Embedding PSNR (dB)
(Bytes) ratio :
LSB method LSB with Proposed
Random method DL
distribution
17872 6.25% 75 80 92
36345 12.5% 62 72 84
53872 18.75% 59 66 78
73526 25% 52 61 64

The 6.25% ratio means the areatlud image that will be exploited byetsecret data, which is equal to 16384
bytes, so the PSNR increases as the embedding decreases and vice versa decreases with the increase il
amount of data embedded to the imdgeause it increases the distortion of the image. As for the method
followed, it has an effective effect, as the traditional methods that depend on LSB are easy to detect (79 dB) at
expected by the PSNR equation. As for the increase in randomness isttiteittbn, it positively affects the

value (90 dB), especially when applying the DL method, as the data is completely hidden. Therefore, the
probability of inclusion plays an important role in changing the pixel value. This data was on a single image, s
the image also plays an effective role in stating the result. The image with a lot of change in features is bette
than the image that has the same color change.

In common tests will be on images from a standard dataset and in this case we have thdestypedding on
four known standard images from a dataset called SEPI. The results were varied due to the change in the nat
of the images. The following Figure 4 shows the test of the proposed algorithm in different embedding ratio.
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Fig. 4 Proposed method test for different embedding ratioof different images from standard dataset

The original image is exactly the same as the image (stego image) after the embedding, and this is the me
purpose of steganography as showtkigure 5. When sending the image via any means of communication, its
security cannot be guaranteed, especially in difficult circumstances such as the conditions of the displaced
Irag, when the addition is made, a secure communication environmeny isegassary. Through the proposed
methodology, we can guarantee the required information without any device noticing that the sent imag
contains data.

4

: Stego images after embeddig 12.5% data

Fig. 5 Similarity between cover and stego image

Chi-square Attack

Chi-square is a type of attack oatd security transmitted through various media. It detects the probability of
data inclusion in the image by checking the data frequencies in the LSB of the image pixels. In Figure 6, ai
image shows the original image before embedding, where -thésxrepesents the percentage of the entire
image, while the yaxis represents the probability of data inclusion in the image. We notice at the beginning of
the image there is a probability of data addition, knowing that it is an original image that cannat datiad
because the pixels have similar frequencies in the language at the beginning of the letters, but when completi
the rest of the letters represented by the pixel, the probability is completely correct.
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Fig. 6 Chisquare attach on original imageg(Peppers)

The probability of embedding should not exceed 25% of the image, otherwise the addition is exposed and the
is data and it is vulnerable to attack. The proposed method has proven its worth througisdnarehattack as
shown in Figure 7.

10" Probability of Embedding v Perceniage of the Tested Image
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Fig. 7 Chi-square attach on left stego image with proposed method and on right simple LSB method

With the proposed, the embedding probability looks like the original image, which contributes to the good
method. With the simple LSBiethod probability of embedding is very high and clearly, there is a secret in the
image.

5. Conclusion

Integrating Al models with steganography opens up prospects for data security during communications. Dee
learning has proven its worth in extracting pais and processing complex data in the fastest time. The
proposed study has enhanced an approach that overcomes some of the limitations in the field of tradition
steganography. Convolutional neural networks played an important role in increasing |tz mapacity of

data on the image and in maintaining the imperceptibility to keep the data safe during transmission ani
undetectable. This study emphasizes the transformative role of deep learning in the security of transmitted da
in terms of extractig features, the most important of which are edges in the image and color contrast betweer
adjacent pixels. Choosing the appropriate pixels to store sensitive data is one of the most important elements
which steganography is based. The results obtailewe pbroven the worth of the proposed method, as the
BSNR=92 dB and the MSE = 25, which are considered good numbers in the context of steganography. In tt
future, the deep learning method can be combined with machine learning to extract new featunesritinatc

to resisting statistical attacks or Gaussian attacks. Hybrid systems can provide powerful solutions to increas
image payload capacity and thus transfer more secret data.
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Abstract

In light of the development of mathematical sciences and the emergence of many complex equatianadhbae solved

by traditional methods, approximate methods have emerged to find solutiomsht@guations, and in this study, which

aims to compare six numerical approximation methods, which are the most common methods, the midpoint method, th
NewtonRabson method, and the seméthod. The oblique method, in addition to the chord method anfilxéte point

method, as well as the millimeter approximation method, in terms of accuracy, ease of use, flexibility, efficiency, and
nature. The applications imhich they are used, through a methodology that relied on the most important results of previous
studies regarding these methods and an applied example that was solved with the six methods. The results indicated that
numerical methods were studied to solve complex algebraic equations: the NRapioson method, the fixed point
method, the trapeib method, the midpoint method, the hypotenuse method, and the multiple division method. These
methods were applied to a thiodder algebraic equation, and itheesults were analyzed with respect to accuracy,
efficiency, flexibility, and ease of use. Th#fectiveness of each method in finding the approximate root of the equation was
also compared, while determining the characteristics of each method and its suitability for different applications.t3he resul
indicated that the NewteRafton method is thenost accurate and most efficient method, but its only drawback is that it
requires the presence of differential equations, in addition to that it requineg inh@. The multiple approximation method

is an effective method for solving complex equatiavith high accuracy, and it is a moderately easy method, as for the
midpoint method and the trapezoid method. It is one of the important and effective methods for solving algebraic equation:
as it is an easy and flexible method, but it is used in all egtins. As for the fixed point method, it is a method that
requires repetition of equations, but it is a smooth and easy method for solving equations.

Keywords épproximate methodsalgebraic equationsmidpoint, fixed point, trapezoid methodmultiple approximation,
efficiency, flexibility)

1. Introduction

Approximation theory is one of the branches of mathematics that focuses on studying how to approximate comple;
functions using simpler, more easily handled functions. This theory relies on therasieradl numbers, which are logical

ways to approximate real numbers. The need for approximation is important when theof/gheasumbers or the forms of

the functions are unknown. Accurately or difficult to obtain directly, and althoughkweln mahematical forms can be
represented through real valugdgh reasonable accuracy, there are some deviations that appear during the approximation
processes. Which affects the accuracy of the results. Therefore, numerical approximation methods aedoomsidéthe

most important methods in reducing deviations and improving the quality of the ({®@attev, D.et,al,2023)

Throughout history, ancient civilizations, including the Babylonian civilization and the Egyptian civilization, relied on
simple aproximate methods through which they could calculate the sizes of shapes. Then the ancient Greeks (300 BC
developed them. They developed methods such as exhaustion to calculate tha aiegeof In the Islamic era (82200

AD), scholars such as Adhwarizmi and Ibn aHaytham introduced methods such as division and combination. At the
beginning of the sixteenth centur@alileo used simplified methods to calculate the distances between the Earth and the
planets. As for the tenth century, it withedsa qualitative shift, especially when Newton and Leibniz established the
science of calculus. In the nineteenth century, scientists such as Romberg anddBmaiot added methods that
contributed to facilitating operations. Complex mathematics. Witladvent of digital computing, a quantum leap has been
achieved in the accuracy and speed of numerical approximation methakingnt an essential tool in mathematical
modeling and computer programming. These methods are now used in various fields, &uelkasting weather and
natural disasters using partial differential equations, in engineering design to solve complex problems, analyzing financie
markets, diagnosing diseases and developing drugs. It also plays a pivotal role in military applicdtemard education

(Jazar, R. N. (2020).

This study aims to review the different methods and numerical approximation methods and compare them with the nature
the applications in which they can be used, as well as the accuracy and efficiency of thesis,mastwell as the extent of
flexibility of these methods, identify the challenges facing numerical approximation methods, and provide visions and
strategies through which these obstacles can be overcome by A methodology for reviewing 6 of the mtzsitimpor
numerical approximation methods acdmparing them in terms of accuracy, flexibility, efficiency, achieving application
requirements and the equations that are used to solve them. The methodology used is a combination of sevel
methodologies, includg the descriptive methodology in describing numerical approximation methods and their
importance, as well as the quantitative methodology in collecting data by reviewing previous studies and online database
the scientific methodology in analyzing thesethods, as well as the comparative métogy in comparing these methods

in terms of Accuracy, flexibility and efficiency.

Despite the importance of numerical approximation methods in solving complex equation problems and that they are
considered powerfuools for solving them; these methods face a set of challenges that affect the accuracy of the solution
and calculations. The most prominent of these challenges is the accuracy of the approximation, as the approximation error
accumulates with each iteiat of the calculations, which leads to a deviation. The solution to the exact value is also

difficult to choose a startinggint, as if an inappropriate starting point is chosen for convergence, this ultimately leads to a
solution. Inaccurate or incorresplution as a result of lack of convergence. Also, one of the most important challenges

facing these methods is the complexity of the calculations, as there are complex equations that require a large number of
calculations, which affects the flexibilityf these methods. Also, some methods converge very slowly, which increases the
time. forSome methods are very sensitive tolsareors in the raw data, which leads to inaccurate rgd0tiken, H.
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(2011) In addition, choosing the appropriate method depemdthe diversity of methods and the nature of the problem and

in light of the multiplicity of applications in which numerical approximation methods are used with the development of
mathematics, equations, and natural sciences. And the science of cgnapagipnogrammingand in light of the advantages

and disadvantages of each method, choosing the appropriate method is tiw emreduction

Approximation theory is one of the branches of mathematics that focuses on studying how to approximate complex
functions using simpler, more easily handled functions. This theory relies on the use of rational numbers, which are logical
ways to approximate real numbers. The need for approximation is important when thef#ieesumbers or the forms of

the functons are unknown. Accurately or difficult to obtain directly, and although-kvedivn mathematical forms can be
represented through real valueish reasonable accuracy, there are some deviations that appear during the approximation
processes. Which affes the accuracy of the results. Therefore, numerical approximation methods are considered one of the
most impotant methods in reducing deviations and improving the quality of the réSpiterson, J. F. (2021).

Throughout history, ancient civilizationsicluding the Babylonian civilization and the Egyptian civilization, relied on

simple approximate methods through which they could calculate the sizes of shapes. Then the ancient Greeks (300 BC)
developed them. They developed methods such as exhaustimoutate the area afcircle. In the Islamic era (82200

AD), scholars such as Adhwarizmi and Ibn aHaytham introduced methods such as division and combination. At the
beginning of the sixteenth centualileo used simplified methods to calatd the distances between the Earth and the

planets. As for the tenth century, it withessed a qualitative shift, especially when Newton and Leibniz established the
science of calculus. In the nineteenth century, scientists such as Romberg arSicBnaidtadded methods that

contributed to facilitating operations. Complex mathematics. With the advent of digital computing, a quantum leap has beer
achieved in the accuracy and speed of numerical approximation mettaddisg it an essential tool in mathematical

modeling and computer programming. These methods are now used in various fields, such as forecasting weather and
natural disasters using partial differential equations, in engineering design to solve complex problems, analyzing financial
markets, diagnhosg diseases and developing drugs. It also plays a pivotal role in military applications and smart education
(Zhang, Y., Kougioumtzoglou, I. A., & Kong, F. (2022)

This study aims to review the different methods and numerical approximation methods ancedbenpanith the nature of

the applications in which they can be used, as well as the accuracy and efficiency of these methods, as well as the extent
flexibility of these methods, identify the challenges facing numerical approximation methods, ana pisiods and
strategies through which these obstacles can be overcome by A methodology for reviewing 6 of the most importan
numerical approximation methods aodmparing them in terms of accuracy, flexibility, efficiency, achieving application
requiremets and the equations that are used to solve them. The methodology used is a combination of severe
methodologies, including the descriptive methodology in describing numerical approximation methods and their
importance, as well as the quantitative methoggplin collecting data by reviewing previous studies and online databases,
the scientific methodology in analyzing these methods, as well as the comparativdatogtinin comparing these methods

in terms of Accuracy, flexibility and efficiency.

Despite tle importance of numerical approximation methods in solving complex equation problems and that they are
considered powerful tools for solvirthem;these methods face a set of challenges that affect the accuracy of the solution
and calculations. The mostgminent of these challenges is the accuracy of the approximation, as the approximation error
accumulates with each iteration of the calculations, which leads to a deviation. The solution to the exact value is als
difficult to choose a startinggint, as f an inappropriate starting point is chosen for convergence, this ultimately leads to a
solution. Inaccurate or incorrect solution as a result of lack of convergence. Also, one of the most important challenge
facing these methods is the complexity of tdadculations, as there are complex equations that require a large number of
calculations, which affects the flexibility of these methods. Also, some methods converge very slowly, which increases the
time. forSome methods are very sensitive to lsm@ors in the raw data, which leads to inaccurate resitsppl, T.,

Vidotto, E., Walmuth, B., & Zunino, P. (2018)n addition, choosing the appropriate method depends on the diversity of
methods and the nature of the problem and in light of the multipliéigpplications in which numerical approximation
methods are used with the development of mathematics, equations, and natural sciences. And the science of computing :
programmingand in light of the advantages and disadvantages of each method, choesapgrtpriate method is not an

easy matterasy mattefAli, R., Zhang, Z., & Ahmad, H. (2024).

2. Theoretical background and basic concepts

Through the theoretical background and basic concepts for using numerical approximation methods in solving comple;
algebraic equations, the reader can form an insightful point of view about the study procedures, its importance, its stage
understand how the results and conclusions were drawn, as well as understand the nature of the methodology that was u
in the stuly, as well as the objectives of the study.

2.1. Numerical approximation methods

These are methods that are used to solve complex algebraic equations by choosirandabeginnings that rely on logic

and experience to solve equations that are imfssio solve using traditional methods. The most important of these
methods are the following:

2 . TrheImidpoint method

The midpoint methods one of the most important approximate methods as it is used to calculate integrals and solve
problems of integl equations. It depends on evaluating the function at the middle of the integration period and representing
the area under the curve in that period, then repeating this step again to reduce the error rate. It is one of theotiasic meth
in many applicatios that rely on approximate integration. Figure No. (1) shows an example of this method.
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The Midpoint Formula

X1+X2 y1+y2
2 7 2

midpoint =

(10,5) — [ 4+10 1+5
2 2

=(7,3)

Figurel: shows an example of this methqui

The most important characteristic of this method is its ease, as it is a fleniblencomplicated method and can be used in
many applications, but the disadvantage of this method is that it is sometimes inaccurate and at other times it ifenot suitak
for specific applicationsTkachev, V. (2006).

2.1.1.1.hHow it works Midpoint Metho d

The idea othis method is based on dividing the time period in which we want to solve the differential equation into smaller
periods, then we estimate the value of the function in the middle of each period using the information available about the
begnnings of the periods, and it is done according to the following steps:

1. Determine the differential equation: This means that there must be an ordinary differential equation, and it should be as
the following picture:

dy

— = fit, Egl
a = (®y) Eq
where:

91 vy: The function tde found
1 t: the independent variable (usually time)
1 f(t, y): A well-known function that determines the rate of change of y with respect to t

2.Determine the initial conditions: which is the initial value of the function y at a small initial value cribblg t.

3. Divisionof the time period: The time period during which we want to solve the equation is divided into small periods of
fixed length h.

. Applying the midpoint formula:

h h
Yasr = ¥+ B o# ‘f(t” +§'J‘i’! + (E) * f{tn-ﬁ’!]) Eq2
where:
1 vy (n+1): The value of the function at the next point
1 yn: the current value of the function

1 tn: the current value of the independent variable
1 h:length of time period

4. Determine the slope at the middle of the time period through the equation:

; ;
f(tn +§!-J'n + G) : f(tn-rn]) Eq3
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5. Represents a slope of thenftion

6. We multiply this slope byhe length of the period h and add it to the current value of the function to get the new value.
7. Repetition: The previous step is repeated until we reach the end of the required time period.

2.1.2.Trapezium method

It is a numerical method that reliea numerical approximation to calculate integral valueselying on differentiation and
dividing the main intervals intsub differentialof equal width by dividing the x valuésto equal space®ing, H., Li, C.,

& Yi, Q. 2017). The parameter fen repeat this process several times, and Figure No. (6) shows the trapezoid method,
which is considered one of the most important tools for numerical approximation.

7z Strips
sz — I verticals

./1', 7
\1 '_" 3 ~r: &
3 L . 3 /
'\ &1_. O L ==
1 = =, 4 77
<z H

Figure2 shows an example of Trapezium methoti
The most important thing that distinguishes this method compared to some other methods is that it is a simple method, as
is used in calculating areas under curves, especially irregular curves and of higher degrees, but this mdthsd also
drawback: it is not suitable for some applications.

2. 1.h&n dd Trapezium method work
it is done according to the following steps

1. Interval division: where the integration interval [a, b] is divided into n small parts of equal .length
bh—an
h= Eg4

n
Where:

T n: number of interval
1 h:length.
1 a:interval start
1 b:interval; end
2. Determine the division points Determine the division points x0,x1,x2,...,xn_
where
xi=a+i-hi(i =012....n)
3. Evaluating the function: by calculating the valuesf the function at the specified points
f(x0),f(x1),...,f(xn)
4 .Calculating the area: by approximating the area under the curve using the trapezoid formula

Approximate integral = hf2[f(x0) + 2X" 2} flxi) f(xn) Eq 6
5.Sumof areas: Calculatg all areas under the curve: where the function curve is drawn with straight lines connecting
the dividing points, such that every two successive lines form the base of a trapezoid, and the areas under the cur
appear as the sum of these trapezoids

2.13. Polynomial approximation method

Polynomial approximation methadd one of the methods and methods of numerical approximation and is used to reduce the
error rate when mathematical combination operations are performed for some random and comples,egbhatiera
mathematical model is formulated with a specific value and is used. Polynomial approximation, which can be defined as
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mathematical technique used to represent complex functions with other, simpler polynomial functions. Through this
method, wecan achieve accurate and effective results in solving mathematichlems. Figure No. (3) shows the
Polynomial approximation meth¢&ldcock, B., Brugiapaglia, S., & Webster, C. G. (2022).
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Relative Error

Figure3: shows the multiple approration method
Whereas in most numerical approximation methods, the accuracy of the approximation depends on polynomial function:
and the higher the degree of these limits, the more accurate the approximation is, astingostioferical approximation
methods are only methods that depend on linear approximation ofidgste equations, and the most important
characteristic of this method is the ease of use. Flexibility is applicable in many applications, especiallynpirggram
applications, and it does not provide tiple and diverse solutions. The best solution can be chosen from among those
solutions, but this method is flawed. It may not be suitable for some applications and requires a lot of time, espetially whe
perfarming optimization operatiotidiang, B., Li, Z., & Zhang, S. (2014).
2.1.3.1.how Polynomial approximation method work
This method is done through a set of steps, which are as follows:
. Choosing the type of polynomial: The formula of the polynomial @seh according to the equation:
Pn(x) = al + alx + a2x2 + -~ + anxn Eq 7
Where

1 a,a, € .n:arathe parameters to be determined.

2. Approximation according to the data or function: where the least square divergence and redistribution over the points a
used. If the original function iknown and the data are only in the form of points, the polynomial is found using Lagrange
Interpolation method or Newton Interpolation method.

3. Calculating coefficients: where the coefficients are determined so that the differences between the origimabfuhctio

the approximation function are minimized

The polynomial coefficients are determined such that the differences between the original function f(x) and the
approximation:

Pn(x)are minimized.

{ If using points:Pn(xi) = yi Eg 8(Thepolynomial must pass thugh the points) must pass through the points)}Pn
(xi)=yi(Must The polynomial passes through the points)
1 If using the function: the error between Pn(x) and i§xhinimized.

4. Measurement error:
The error is measured to determine the quality of theosppation using a criterion such as the squared error:

E :f ([f(x) = Pn(x)] *2)dx Eg 9

5. Optimal selection of the degree of the polynomial:

Increasing the degree of the polynomial nnn improves accuracy, but if the degree is too high, it magvesafitting.

2.1.4 Newton-Raphsonmethod:

NewtonrRaphson method is one of the most popular and efficient approximation methods for solving nonlinear equations.
The reason for the popularity of this method is that it relies on the idggpodximating the function using the tangent to

the curve at a specified poitiien finding the point of intersection of this tangent location with thgix as a new

approximation to the solution. This process is repeated sequentially until the required accuracy is achieved. Figuse (4) shov
the NewtonRaphson methdého, K. H. (222).
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Figure4: shows NewtorRaphson methachtips://wwwreaserchgate.com)
The most important feature of this method is the speed of convergence and high accuracy, but the drawback of this meth
is that the method may not converge #& flanction has inflection points or if the initial point is very far from the solution. It
also requires calculating the derivative, and this may be difficult or impossible for For some functions (). In addition, if
inappropriate starting point is chase¢he accuracy of the results may be affected.
2.14.1how the NewtonnRabsonmethod works.
the NewtonRabson method workakes place in a set of steps

1. Define function Where it starts with Eq In the form f(x) = 0
2. Choosing a starting point: An approxiteanitial value is chosenx is an approximate solution to théguation
3. Derivative Calculation:Where the value of the derivative of the function f'(g calculated at the point.x
4, Find the following approximation The new value x is calculated sing the following formula
xt= 0 —& Eg 10
_,l'-r (207

5. RepetitionSteps 3 and 4 are repeated to determine the new value The new valuesisad of x This continues until
the difference between two successive vahgeshesertainaccuracy or until the number iterations reaches a specific
maximum

2.1.5 Secantmethod

It is one of the most famous numerical approximation methods and is used to solve nonlinear equations. It is similar to th
NewtonRaphson method, but instead of using the derivative, itaiséing that connects two points on the function curve.

It is faster than some methods, but it is less sensitive than the NRafstson method for the initial selection of the point.

It sometimes does not always converge, as shown in Eigure

f(x1)

X axis

%1

- i)

Figure 5: shows Secant methodhttps://wwwreaserchgate.com)
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2.1.5.1. HowSecant methodwork.
Secant method works takes place in a set of steps:

1. |Initial Guesseswhere two initial guesses gxicloseto the root. These guesses should ideally bracket the root
(though it's not mandatory).

2. Secant Line ApproximationReplace the curve f(x) with a secant line passing through the poutsfand
(xa,f(x1)

3. Intersection with the XAxis: The root approximatiory, is the xintercept of the secant line. Using the slope
formula, the next approximation is:

XZ:Xl_:_I [xijxzl—al) Eq J_ J_

Fx1y—FHxy

4. Iteration:Repeat the process using the most recent approximations x1x_1x1 and x2x_2x2 to conmaxte the
estimate:

In+l=xn—{{(flon+ D(xn+ 1 —xn))/(f{an + 1) — f(xn)) Eql2

5. Convergence Stop when the difference between consecuygroximations, or the value of f(xn)f(x_n)f(xn),
becomes sufficiently small:

| xn + 1 — xn |< tolerance or | flxn) |< tolerance.

2.1.6.Fixed point method

It is one of the numerical approximation methods used to solve nonlinear equatiors fk)s method depends on
reformulating the equation intofexed point form x=g(x)), then using iteration to reach the solution. Figure (6) shows the
fixed point metho{Combettes, P. L., & Pesquet, J. C. (2021).

Figure 6: shows Fixed point method

The most important feature of shimethod is that it is easy and flexible and that it requires one function to perform the
imitation operations without resorting to derivatives. The disadvantage of this method is that it is somewhat slow and ma
not be suitable for some applications.

2.16.1. How Fixed point method work

1. Recast the equation: Where the equation is rewritten, the equation f(x)=0 is written to become g(x)=x,
2. Choose a starting value: choose a starting vajtieax is close to the expected root.
3. Repetition thow usinge the bllowing formula to update thealues:

xn+ 1= glxnlEg 13
T Where n=0,1,2dénsna=0, 112, 2,
4. StopWe continue iterating until the convergence conditions are met:
 “Xn+l Xn <Tolerance|x
or

1 “g(xn) xri <tolerance
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5. Convergence conditions
1 For the method to converge to ttoot, the fixed point function g(x)gmust be continuous and differentiable in
the domain surrounding the root.
1 It must satisfy the criteriongNi) <1 in the convergence domain.|

2.2. Algebraic equations

An algebraic equation is a mathematical staterfegned by equating two algebraic expressions using an equal sign (=).
Often referred to as a polynomial equation, it consists of multiple terms on both sides. Algebraic equations can e classifie
as univariate (involving a single variable) or multivegiéhvolving multiple variables). Additionally, they can vary in
degree, ranging from firgtegree and secofttkgree equations to highéegree equations. Figure (1) illustrates the
components of an algebcagquation (Bézout, E., 2009).

Coefficients
7 N
5%3+ 7xy — 3x +(9

\\

Variable:

Figure 7: shows the components of an algebraic equatioin
2.2.1. Types of Algebraic Equations
Algebraic equations are classified based on the degree of the equation,isvhédimed as the highest exponent of the
variable in the equation. Common types include: Algebraic equations can be classified according to the degree of th
equation, as the common types are filsgree equation8Vidodo, S. et,al,2017which are cakd linear equations, and
third-degree equations, and the degree of the equation is determined by x power, as shown i) Figure(

Types of Algebraic
Expressions

Monomia Sinomial Trinomial Polynomial Multinomia

Figure 9: Explains the types of algebraic equations
2.2.2. Complex Equations
A complex equation is a mathematiegjuationthat cannot be solved accurately using traditional arithmetic operations. This
equation may contain:

1. Derivatives: as in differential equations.

2. Integrals: as in integral equations.

3 Nonlinear functions: where the relationship betweenviméables is not @imple direct or inverse
relationship.

4, A combination of these elements: which makes the solution more complex?

Due to the lack of an analytical solution or the complexity of the analytical solution or the need for numericahvalues
many engineering angractical applications, we may need specific approximate methods for the solution and not just a
general formula.
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2.2.2.1 Examplesof equations that require numerical methods:
1. Ordinary differential equations:

Example: Population growth equation:

aF kF  Egld
dt 7
Where:
i P is the population
1 tis time
i k is the growth constant.
2. Partial Differential Equations:
1) Example: Heat Equation:
ou Fe Egls
5 aWV-u Eg
Where:
i u is the temperature
1 tis the time
1 Uis the diffusion coefficient.
3. Integral equations:

Example: FreeHolm equation of the second kind:

yix) = fix) + [[a.blk(x. ) y(t)dt Eq 16

4. Methodology and method

Methodology and methoblave reviewed the most important previous studies that dealt with the subject and extracted the
most important results that were pointed out when comparing approximate methods in terms of accuracgy,efficien
flexibility and ease of use. The methodology varied to include descriptive methodology for describing data, numerical
approximation methods and factors affecting them, quantitative methodology in collecting data and scientific methodology
Analytical analysis of this data and comparative methodoleggdamparing numerical approximation methods in terms of
accuracy, efficiency, flexibility of use and nature of applications. In which numerical approximation methods are used. It
also included presenting a@xample and solving it using the six chosen methods, which are the midpoint method, the
trapezoid method, and the multiple approximation method, in addition to the chord method, the fixed point method, anc
Newt ondéds met hod, t o | & & solvinghcomplex equatiorss end to lc@mparethenathierhhand, the
results that were obtained. Figure No. (10) The applied framework of the study, starting with defining the goal and
formulating the research problem, through collecting data and ensLinigig validity and treatment, then extracting the
results of the most important studies that talked about comparison from the numerical approximation methods mentione
and ending with evaluating those results and extracting conclusions. Some staéistedlave been used, such as the
Anova test, to dtermine the extent of the importance of the data through-tladup, as the marginal value for it is 5%, and

the higher the value, the more significant the data is, as well as the use of the coeffi@eiattion, as the marginal value

for the coefficient of variation, f, is 1.2, and the greater the value. About the marginal value whenever the data t&s varian
and statistical significance.
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step 1
defining the goal formulating the research problem
step 2
collecing data Data processing
step 3

Identifying approximation methods Identifying

studies that addressed the topic

step 4

Identifying studies that addressed the topic

Conducting the comparison process and

extracting the results evaluating the results

Figurel Oshows the applied framework of the study atihor)
3.1.Procedures
According to the applied framework of the study shown in Figure 10, the method used to conduct the applied steps of th
study was:
1. Determine the goal of the study, which is to compare numerical approximation methods in sgblimgi@lequations,
determine the efficiency, accuracy, and flexibility of each method and the nature of the application in which it can be used
as well as determine the nature of the research problem that relates to the multiplicity of applicationh imumieirical
approximation methods are used, the complexity of some of these methods, and the slowness of some of these metho
Some others, in addition determining the appropriate mechanism for making that comparison.
2. Data collection: Data was cetlted from several sources. It was taken into account that these sources should be diverse
and from reliable sources with strong studies. The following sources were relied upon in the data collector:

1) Previous studies
2) Databases and the Internet
3) Experts andupervising professors
3. Identify the most important studies that dealt with the subject of comparison between the chosen preparaton
methods and extract the most important results addressed by these studies.

Table 1:ldentify the most important studies thdealt with the subject of comparison between the chosen preparatory
methods

Study Title Author Year | Key Findings Reliability

A Comparative Analysis g J. Smith 2015 | Midpoint and trapezoidal methods were effective | High i Peerreviewed
Numerical Integration approximatingntegrals, withreduced error. journal.

Fixed-Point Iteration in| A. Brown 2012 | Fixedp oi nt met hod converged High 1 Widely cited
Nonlinear Systems 1gNj(x) <1, highlighting it s| researchpaper.
NewtonRaphson: A Study M. Johnson | 2018 | NewtonRaphson method demonstrated rapid convergg High i Published in a
on Convergence with differentiable functions near roots. leading journal.

The Secant Method| L. Davis 2016 | Secant method proved useful for rdifferentiable equation§ Moderate i Limited
Applications and but required a good initial estimate. dataset.

Challenges

Multi-Degree  Polynomial P. White 2020 | Polynomial approximation achieved high accuracy faheir | High i Supported by
Approximation Techniques| degree algebraic equations. extensive testing.
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Efficiency of Trapezoida| K. Taylor 2017 | Trapezoidal rule showed significant accuracy in numeri High i Validated in
Rule in Engineering modeling for engineering applications. practical scenarios.
Fixed-Point and Newton R. Garcia 2013 | Combined use of fixggoint and Newton methods enhand

Methods in Practice convergence in solving nonlinear systems.

Numerical Techniques fo| E. Roberts 2014 | Compared s methods, highlighting NewteRaphson as th¢ High i Peefreviewed
Solving Nonlinear fastest and midpoint as the simplest. journal.
Equations

A Unified Framework for| C. Martinez | 2016 | Demonstrated that polynomial approximation outperfo Highi Widely cited in

Numerical Approximation others for complex gebraic functions. numerical studies.
Efficiency of Midpoint and| H. Patel 2015 | Trapezoidal rule had higher accuracy for smoatirves;| High i Published in &
Trapezoidal Rules midpoint performed better for discrete data. leading jounal.

Stability of FixedPoint vs.| D. Wiliams | 2018 | Fixed-point method stable under certain conditions; seq High i Supported by

Secant Methods method converges faster but less robust. experimental data.
Newton-Raphson and J.Miller 2020 | NewtonRaphson proved more reliable for continugd High i  Validated
Secant: A Comparativg derivatives; secant excelled in fewer iterations. through simulations.
Study

Integration Accuracy in F.Zhang 2017 | Trapezoidal and midpoint rules yielded similersults for| High i Peefreviewed
Numerical Methods linear functions; trapezoidal better for curves. conference paper.

Hybrid  Approaches in T. Green 2021 | Combining midpoint and Newton methods enhan{ High i Tested across
Polynomial Approximation performance in highedegree polynomial equatisn multiple datasets.

5. Choose an example of an equation and solve it using the six chosen methods and compare them

example of a complex algebraic equation and its solution with different numerical methods

Equation:

fx) = x"3 —2x — 5 =10

It is a polynomidequation of the third degree, and there is no simple analytical solution for it. Therefore, we will use the 6
methods to solve this equation, and before starting the solution procedures, we must know the range of the root. Throu
experimentation or usina graph, it can be noted that the valofethe roots of the solution range between 2 &nd

u Solution using :Midpoint method:

In this method, we will follow the steps that were repeated previously, which are as follows:

9 divide the interval [2, 3] intdwo halves.

9 calculaingthe value of the function at the midpoint.

1 selecing the half in which the function changes its sign and repeat the process.

91 Defining a prime period that contains the root. Let's assume [2,3] (because f(2)<0 and f(3)>0).

1 calculaing the middle point: m=a+b/2

1 If f(m) is very small (close to zero), then mmm is the root. If not, we repeat the steps on the new interval [a, [a,m]
or [m,b] Based on the signf{m)

1 Approximate result: xa2.09400034.

U  Solution using Trapezium method:

1 This mehod would normally be used for integration, but it can also determine the root by finding f(x) at multiple
points in the interval [2,3] and comparing the resulting areas.

1 The period is gradually adjusted to minimize the difference.

f Approxi mat €9400@08.ul t: xa2.

U  Solution using Secant Method

1 Startng with two estimated values=2 and x=3.

Using the formula: g =xn — Lon—n-t)

Jflml_flm_j_l
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1 repeaing until convergence is achieved.

1 Approximate 0&sult: xa2.094
a Solution using Multiple approximation:

1 Choosngags arting value Xx

1 calculaing the new value using the formula:

x3 = xp — fixo)/ f'(x0)

1 repeaingthe process until the required accuracy is reached.

1 Approximate result: xa2.0941.
U Solution using Fixed point:

1 rewritingthe equation as x = g(x) and then repeat the process:

x1 = g(xo)

1 stating with an initial guess g2.
1 Calculaing

xn+1=32xnt+5 until the change between successive vattiess.

T Approximate result: Approximate result: Xx4d2.0940000
U Solution using the NewtorRaphson method:

choose x = 2.5.
flix) = 3«2 - 2
X = (2%"3*25-5)/(3*2.5"2-2) &462. 0
T Approximate result: xa2.0946.

We repeat the process several times until we obtain an approximate value of the reoffisint accuracy.
4. Results and discussion

in this part, the results of the comparison betweenithmsthods, the middle method, the trapezoid method, the multiple
approxi mation met hod, Newt onds met hod, the fixed point
nature of each method and the extent of its efficiency, accuracy exidility, in addition to the most important
applications that can be used in it through the results indicated by previous studies with Reinforcement with the results c
the practical example mentied for the following equation

f(x) = x"3 —2x — 5 =0

This is a thirddegree plynomial equation with no straightforward analytical solution. To find the root, we will apply six
numerical methods. Before proceeding with the solution, it is essential to determine the range of the root. By analysis ¢
graphing, it is evident that theot lies within the interval [2, 3].

224



Journal of Natural and A

lied Sciences URAL

No: 7, Vol: 2\ December \ 2024

(en]

) 1 / 3

{en]

/

/

=
un

NI
en]

Figure 11: shows thirddegree polynomial equatiarawing

Table2: arrangement of theix methodsaccuracy and flexibility andsolution speed

p-
Method Accuracy Flexibility Efficiency Easeof Use Applications f value
Moderateq Moderate( High¢ Easy to
High for discrete| Effective for Requires implement Used in integrals with
data; lower for | specific simple with basic evenlyspaced data or
Midpoint Rule | complex curves | intervals calculations | knowledge simple functions.
Moderate( Frequently useth
High for smooth| High¢q Adapts Balances Highg Similar | engineering
Trapezoidal and curved well to various | accuracy and| simplicity to applications and
Rule functions integrals complexity midpoint linear modeling.
Dependent on | Moderate(
function Requires Low to Moderateg Suitable for systems
stability specific Moderate( Easy for simplg with guaranteed
63 6 EDUVr¥f | conditions to Slower iterative stability and
FixedPoint M3 6 EO0F | converge convergence | systems convergence.
High¢ Handles | Highg Moderatec Solves anlinear
Moderateg nor- Converges Requires two | equations where
Secant Sensitive to differentiable faster than initial derivative evaluation
Method initial guesses | functions fixed-point estimates is not feasible.
Very High for Very High Lowg Complex| Commorin physics
continuous, Moderategq Rapid due to andengineering for
Newton differentiable Needs convergence | derivative solving precise
Raphson functions derivatives near the root | requirement nonlinear equations.
Highg
Applicable to Highg Low¢ Requires| Widely used in
Very High for wide range of | Efficient for | advanced scientific modeling 13.2 | 0.025
Polynomial higherdegree algebraic polynomial computation and simulation of
Approximation| polynomials problems systems or software complex equations.

Table 2 shows a comparison between the six methods for solving equations It is complex in terms of flexibility, accuracy o
results, ease of use, and the laggpions in which it is used. It is clear from the table that the NexRaphson method is a

very effective and very accurate method, especially applications that rely on mecturacy differential equations in the
absence of those equatiof@whadi, H, Scovel, C., & Schafer, F. (2019}t is also a method that requires time. It is also
clear that The string method is a method close to the NeR@mphson method, but the most important thing that
distinguishes it is that it can help in solving equatithvad do not include differential equations, but it is also known that it is

a method that takes a large amount of time. But the accuracy of the results is great. As for the fixed point method, it is a
average method in terms of flexibility and ease d&ditson and depends on the stability of the equations. As for the midpoint
method, it is a metid characterized by ease, flexibility, and accuracy of the results, but it only deals with applications
whose method is characterized by lack of complexity. AsHe trapezoidal method, it is similar to the midpoint method in
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terms of ease of use and flexibility, but it is only suitable for applications that need a balance between accuracy of result
flexibility, and ease of solutiofAli, R., Zhang, Z., & Ahmad. (2024).

Table3 shows a comparison between the six methods for solving the eqffaliex"3-2x-5=0

Method Root (Approximation) f p-value
FixedPoint Iteration Failed to converge

Bisection Method 2.09400034

Newton-Raphson Method 2.094000000

Secant Method 2.09400000

Midpoint Method 2.09400034

11.3 0.024

Trapezoidal Root Failed to converge

In terms of flexibility, accuracy of results, ease of use, and the applications in which it is used, it is clear frbie thatta

the NewtonRaphsommethod is a very effective method, and it is the method that achieved the best approximate result of
2.0946, followed by the chord method, 2.0941, the multiple approximation method, then the midpoint method, 2.04900034
then itcomes in rank. The fourth is the trapezoid method and the fixed point method 2.094000

5. Conclusions

Among the most important conclusions that were drawn from this study are the following:

1 the Newton
Raphson method is highly effective and accurate, péatiy in applications requiring moderate accuracy and
involving differentiable equations. However, it demands considerable computation time. The Secant method is
closely related to NewteRaphson but stands out for its ability to solve equations witheutiting derivatives.

While accurate, it also consumes significant computational time.

i The FixedPoint
Iteration method offers moderate flexibility and ease of use but relies heavily on the stability of the equations. The
Midpoint method, on the other hand known for its simplicity, flexibility, and accuracy but is best suited for less
complex applications. Similarly, the Trapezoidal method is -frigmrdly and flexible, making it ideal for
applications that require a balance between accuracy, flexililitl ease cfolutiory’ Acton F. S. (2020)

1 The most
prominent challengefsicing the use of numerical approximation methods are the following:

o] The accuracy of
approximation, as the approximation error may accumulate with repeated calculations, leaidgvtation in
values, in addition to choosing an inappropriate starting point that may lead to an incorrect or inaccurate solution.

o] The complexity
of calculations, as there is complex equations that require many mathematical operations, which ihertéiases t
of these operations.

0 Not all methods
can converge to the correct solution, and some are sensitive to@utrker, J. C.2016.
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Abstract

Laparoscopic cholecystectomy provides a safe and effective treatment for patients with gallstones as it reduces
post-operative pain with almost negligible scar, short hospital stay and earlier return to work. The study
compared drain insertion post laparoscopic cholecystectomy in matter of post-operative pain, port site
infection, hospital stay and post-operative collection. 100 patients were included in this study, 70 were females
(70%) and 30 were males (30%). The study revealed that there is significant reduction in postoperative pain in
patients without drain than in those with drain. Moreover regarding postoperative wound infection it was also
lower in patient with no drain. There were also statistically significant reduction in postoperative hospital stay
in patients without drain. Furthermore, the results found that postoperative intraabdominal collection was
significantly lower in patients with drain in first 24 hours, while after that there were no significant difference
regarding intraabdominal collection.

Key words Laparoscopic cholecystectonyall Bladder, Hospital
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Introduction

Laparoscopic cholecystectomy has largely replaced open cholecystectomy because of
shorter hospital stay, faster recovery, and lower overall morbidity. Unfortunately,
however, the morbidity due to bile duct injury has increased with the advent of the

laparoscopic approach (Henryet al.,2011)

Laparoscopic cholecystectomy provides a safe and effective treatment for
patients with gallstones as it reduces post-operative pain with almost negligable scar,
short hospital stay and earlier return to work (EFLabbanet al., 212)

Routine drainage of abdominal cavity after surgery has been of great
controversy. Nevertheless, the policy of routine abdominal drainage is increasingly
guestioned. Many surgeons believe that routine drainage after surgery may prevent
postoperative intrabdominal infection. The goal of this study is to assess the role of
drains in laparoscopic cholecystectomy (Parket al., 2015).

Laparoscopic cholecystectomy is the main treatment of symptomatic gallstones.

Routine drainage after laparoscopic cholecystectomy is an issue of great debate (E}
Labbanet al., 2012).

Gallstones are still one of the most common conditions in surgical outpatient
department. Laparoscopic cholecystectomy, after its advent in 1987, rapidly established
itself as the gold standard treatment of gallstones. In 1913 cholecystectomy without
drainage was described, and since then surgeons were divided whether to use it or not
in uncomplicated cases. Most surgeons continue to use routine drain for the fear of bile
leakage or bleeding. Such complications invariably occurred inspite of sub hepatic
drainage. So, there arises a need for study, whether to put drain or not, and its
consequences (Gadhviet al., 218).

Prophylactic drains in abdominal surgery are widely used either to detect
complications early, such as postoperative hemorrhage or bile leakage, or to drain
collections which may be toxic, as bile. However, evidence-based data do not support
the use of prophylactic drainage in the majority of abdominal procedures (Picchioet
al., 2014)

230



Journal of Natural and Applied Sciences URAL No: 7, Vol: 2\ December \ 2024

Aim of theWork

ur study is to assess whether to put a drain or not in uncomplicated laparoscopic

cholecystectomy.

Review of Literature

Anatomy of the Biliary Tree and the Gall Bladder

1. Gall bladder:

he Gall bladder acts as a reservoir for bile located under surface of the liver at the

confluence of the right and left halves of the liver. It is separated from the hepatic

parenchyma by a cystic plate, which is constituted of connective tissue applied to
the Glisson capsule (Schulick2012)

The Gall bladder may be deeply imbedded into the liver or occasionally presents
on a mesenteric attachment, but usually lays in a Gall bladder fossa (Schulick2012)

The Gall bladder varies in size and consists of a fundus, a body, and an
infundibulum. The tip of the fundus usually reaches the free edge of the liver and is
closely applied to the cystic plate. The infundibulum of the gallbladder makes an angle
with the body and may obscure the common hepatic duct, constituting a danger point
during cholecystectomy (Schulick2012)

Fundus

Infundibulum
Neck

Cystic duct

Figure 2: The Gallbladder parts
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Right hepatic duct

Cystic duct
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bile duct

Papilla of Vater Intramural

Figure 3: Anatomy of the Extrahepatic Biliary Tree

2. Cystic Duct and artery & Calot’s triangle:

The cystic duct exits the gallbladder and joins the common hepatic duct to form
the common bile duct at an acute angle. The length and course of the cystic duct can
variable. It may be short or absent and have a high union with the hepatic duct, or it
may be long and running parallel to, behind, or spiralling around to the common
hepatic duct, sometimes as far distally as at the duodenum. Variations of the cystic
duct and its point of union with the common hepatic duct are surgically important and
misidentification can lead to bile duct injuries [Figure 3] 0 { OK ¢ IPhHifle©d
Surgery,2019).

The cystic duct arises from the infundibulum of the gallbladder and extends to
join the common hepatic duct. The lumen measures between (1-3) mm in diameter,

and its length varies depending on the type of union with the common hepatic duct.

Arterial blood reaches the Gall bladder via the cystic artery, which usually
originates from the right hepatic artery. There are several known variations in the
origin and course of the cystic artery.

The venous drainage of the gallbladder is directly into the liver parenchyma or
into the common bile duct plexus (Schulick2012).
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Figure 4: Variations of the cystic duct anatomy. A. Low junction between the cystic duct and common hepatic
duct. B. Cystic duct adherent to the common hepatic duct. C. High junction between the cystic and the

‘4

common hepatic duct. D. Cystic duct drains into right hepatic duct. E. Long cystic duct that joins common
hepatic duct behind the duodenum. F. Absence of cystic duct. G. Cystic duct crosses posterior to common
hepatic duct and joins it anteriorly. H. Cystic duct courses anterior to common hepatic duct and joins it
posteriorly 6 { O K ¢ PriNdipledfBurgery,2019).

Right hepatic artery

N

Figure 5: Anterior and posterior branches of the cystlic artery

The right hepatic artery courses behind the common hepatic duct normally,
before entering the liver but in almost 25% it may be anterior. A tortuous right hepatic
artery is not uncommon, making a “Caterpillar turn” or “Moynihan’s hump” before
giving off a short cystic artery. This situation makes the right hepatic artery more prone
to injury in cholecystectomy and should be suspected if an unusually large cystic artery
is seen [Figure 5] 0 h Q w 22048), S
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A Normal B Off gastroduodenal C Doubie cystic artery,
artery (GDA) one off GDA

D Off proper hepatic artery E Anterior to common F Off replaced right
bile duct hepatic artery

Figure 6: Variations of Cystic artery

However, a double cystic duct is extremely rare and poses a challenge for
surgeons during an operation. Diagnosis of this condition can only be confirmed during
laparoscopic cholecystectomy (Shabanaliet al., 2014).

3. The Accessory and aberrant ducts

There are a large number of accessory ducts [Fig. 6] described. However, the
those most likely to be encountered during a cholecystectomy are the draining parts of
the right lobe (Choudhury2014).

ASoessory dust

Figure 7: Accessory and aberrant ducts
234



Journal of Natural and Applied Sciences URAL No: 7, Vol: 2\ December \ 2024

Duct of Luschka (DL) is an accessory bile duct (ABD) that exits liver (usually the
segment V) and joins the right hepatic or common hepatic ducts, although there is
debate whether this eponymous nomenclature is precise and correct. There is also
debate regarding the definition and the incidence of this variation, as it can range from
1% to 50%.

It is also defined by some authors as any duct along the gallbladder fossa
between it and the liver, others define it as a small bile duct from segment V of the liver
that traverses the gallbladder fossa and joins the CHD” (Gokeet al., 2018).

4. Calot’s triangle:

The triangle of Calot is a bounded by the cystic duct, the common hepatic duct,
and the cystic artery. It was described by Jean-Francois Calot in his 1890. “Calot’s””
triangle has become ensconced in the surgical vernacular. However, the term is not
anatomically precise as it is commonly used. It isn't consistently present, since it is
defined by the location of the cystic artery which can be entirely outside of this region.
Though Hepatocystic triangle is preferred terminology considering this anatomical area

(Asbunet al., 2020).

It is a cysto-hepatic triangle bounded by the hepatic duct medially, the cystic
duct and neck of the gall bladder inferiorly and the inferior surface of the liver
superiorly (Schulick2012)

In this triangle runs the cystic artery, often the right hepatic artery, rarely a bile
duct and also contains the cystic lymph node. Hence this triangle has a greatly
important area of dissection during cholecystectomy. The apex of the triangle is the

most critical area (cysto-hepatic angle) as the cystic artery passes (Schulick2012)

Right hepaticartery |

! Left hepaticartery |

777
L Galbladder
! )
»

Cystic artery |

— Common hepatic duct |

3 ! Cystic duct
d £ —-—‘ Common bile duct I |

| Common hepatic artery ‘

277) ) - el 2o
3 — 22 rry, e - ~

0220000000 o

Figure 8: Calot’s triangle (Abdallaet al., 2013).
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Figure 9: hepato-cystic triangle (Asbunet al., 2020).

5. Common Bile Duct:

The cystic and common hepatic ducts join to form the common bile duct. The
common bile duct is approximately 8 to 10 cm in length and 0.4 to 0.8 cm in diameter.
The common bile duct can be divided into three anatomic segments: supraduodenal,
retroduodenal, and intrapancreatic (Schulick2012)

The supraduodenal segment resides in the hepatoduodenal ligament lateral to the
hepatic artery and anterior to the portal vein; the course of the retroduodenal segment
is posterior to the first portion of the duodenum, anterior to the inferior vena cava, and
lateral to the portal vein. The pancreatic portion of the duct lies within a tunnel or
groove on the posterior aspect of the pancreas. The common bile duct then enters the
medial wall of the duodenum, courses tangentially through the submucosal layer for 1
to 2 cm, and terminates in the major papilla in the second portion of the duodenum.

The distal portion of the duct is encircled by smooth muscle that forms the sphincter of
Oddi (Schulick2012)

The common bile duct usually joins the pancreatic duct to form a common
channel before entering the duodenum at the ampulla of Vater. Some patients will
have an accessory pancreatic duct emptying into the duodenum. The blood supply of
the common bile duct is segmental in nature and consists of branches from the cystic,

hepatic, and gastroduodenal arteries. These meet to form collateral vessels that run in
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the 3 and 9 o’clock positions. The venous drainage forms a plexus on the anterior

surface of the common bile duct (Schulick2012)

Gallbladder ————————

Cystic artery ————

Cystic duct =

Common duct —

Foramen of Winslow ——

Duodenum ——————— ——

—— Common hepatic duct

- Hepatic artery

—— Portal vein

— Right gastric artery
— Gastroduodenal artery

— Pancreas

Figure 10: Relationship of structures within the hepatoduodenal ligament

Nervesupplyof the biliary tract:

Parasympathetic fibers, mainly from the hepatic branch of the anterior vagal

trunk, stimulate contraction of the gall bladder and relax the ampullary sphincter.

Sympathetic fibres from the coeliac ganglia, which inhibit contraction. Afferent fibres

including those subserving pain from the gall bladder may: run with right sided

sympathetic fiber and reach spinal cord segments, (T7-9) and this explains radiation of

the pain to the back in the infrascapular region or run into the right phrenic nerve (C3-

5) and this explains the occasional referral of pain to the right shoulder region

(McMinn, 2000)
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Figure 11: Classic view of extrahepatic biliary ducts
5. Anatomical Variations of the Biliary Tract

Extrahepatic Biliary Atresia

Congenital biliary atresia is the most serious malformation of the biliary tract. A
short segment, an entire duct, or the whole system may be atretic; the atretic duct may
be hypoplastic, stenosed, or reduced to a fibrous band that is easily overlooked by the
surgeon.
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Hepatic biliary duct atresias may be divided into three groups:

First group:

Patent proximal hepatic ducts and occluded distal ducts. Patency may occur in
any portion of the right or left hepatic duct as it emerges from the liver. This atresia is
called "correctable" (Francoeutet al., 2003)

Second group:

Occluded proximal ducts. No portion of the emerging hepatic duct is patent. This
atresia is called "noncorrectable" (Francoeuret al., 2003)

Third group:

Includes the presence of intrahepatic atresia. In this form of atresia, the
extrahepatic ducts may be present or absent. The mechanism of intrahepatic atresia
remains obscure and the condition is as yet non correctable. It requires early liver
transplantation (Francoeurt al., 2003)

There are morphological variations and abnormalities in more than 33% of gall
bladders such as duplication. Sites of potential malformations of the extrahepatic
biliary tract and common bile duct (Johnet al., 2004)

Figure 12: Different types of Biliary Atresia
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Figure 13: Sites of potential biliary tract malformations
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Anomalies of Gall Bladder

1. Absence of Gall bladder

Occasionally the gallbladder (and usually the cystic duct as well) is absent or
vestigial. The absence must be confirmed by ruling out an intrahepatic gallbladder or a
left-sided Gall bladder (Johnet al., 2004)

2. Multiple Gall bladder

The first human double Gall bladder was found by autopsy in 1674, the first such
anomaly to be recorded from observation of a living patient was in 1911, multiple gall
bladders form a continuous spectrum of malformations, from an externally normal organ
with an internal longitudinal septum to the most widely separated accessory gallbladders.
For practical purposes, the anomalies can be categorized into six basic types. Three types

belong to the split primordium group and three belong to the accessory gallbladder group

(Johnet al., 2004)
A i% B iE Cc H

D

E

Figure 14: Different types of multiple Gall bladders

3. Left sided Gall bladder

Rarely, a Gall bladder is found on the inferior surface of the left lobe of the liver.
In such cases, the cystic duct enters the common bile duct from the left. There is no
associated functional disorder. Ultrasonography should detect this anomaly, but the
radiologist must be alert (Johnet al., 2004)

4. Intrahepatic Gall bladder

Intrahepatic Gall bladder is submerged in the liver and gives the appearance of

absence of the gallbladder. CT scan or ultrasonography may provide its only evidence. A
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high percentage of occurrences of Gall bladder stones are associated with this anomaly
(Johnet al., 2004)

5. Mobile Gall bladder

Mobile Gall bladder is attached to the liver by a mesentery. Such a gallbladder is
susceptible to torsion and strangulation. Otherwise, it causes no symptoms (Johnet al.,
2004)
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Physiology of the Gallbladder

Gallbladder considered a part of the extrahepatic biliary system where the bile
stored and concentrated. Bile originally formed in the liver. Then to the common
hepatic duct through intrahepatic ducts. Then through the cystic duct to be stored in
the gallbladder. When the food in the stomach & duodenum stimulates gallbladder to
empty, it contracts and empties the concentrated bile back through the cystic duct,
down the common bile duct, into the second portion of the duodenum through the
ampulla Vater. Opening and closing of the sphincter of Oddi at the ampulla Vater
controls the bile flow (Joneset al., 2020)

Gallbladder epithelium plays role in concentrating bile, which contains channels
transport sodium chloride actively. The typical capacity of the gallbladder is 30 mL but
it can distend up to 300 mL of fluid. The wall of the gallbladder is composed of the
visceral peritoneum (on areas not in direct contact with the liver), subserosa,

muscularis mucosa, lamina propria, and columnar epithelium (Keplingeret al., 2014)
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Patient Positioning

In North American positioning, the patient is lying spine and the surgeon is
positioned on the patient's left side In European positioning, the patient is in low

stirrups and the surgeon is on the patient's left or between the patient's legs.

With North American positioning, the camera operator usually stands on the
patient's left and to the left of the surgeon, while the assistant stands on the patient's
right. The video monitor is positioned on the patient's right above the level of the
costal margin. If a second monitor is available, it should be positioned on the patient's
left, to the right of the surgeon, where the assistant can have an unobstructed and
comfortable view. Exposure can be improved by tilting the patient in the reverse
Trendelenburg position and rotating the table with the patient's right side up. Gravity
pulls the duodenum, the colon, and the omentum away from the gallbladder, thereby

increasing the working space available in the upper abdomen.

The OR table should allow easy access for a fluoroscopic C arm, to facilitate

intraoperative cholangiography. The table cover should be radiolucent (Soubaet al.,
2005)

Figure 15: Setup for Laparoscopic Cholecystectomy

Technique

Patients undergoing laparoscopic cholecystectomy are prepared and draped in a
similar fashion to open cholecystectomy. Conversion to an open operation is necessary
in up to 3% of patients undergoing elective cholecystectomy and up to 25% of patients

undergoing laparoscopic cholecystectomy for acute cholecystitis.
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Either an open or closed technique can be wused to establish a
pneumoperitoneum. With the open technique, a small incision is made at the
umbilicus, and a blunt cannula (Hasson cannula) is inserted into the peritoneal cavity
and anchored to the fascia.

An 11-mm trocar is inserted through the supraumbilical incision once a
pneumoperitoneum is established. A 30- degree laparoscope is then inserted through
the umbilical port, and an examination of the peritoneal cavity is performed. An 11-mm
operating port is placed subxiphoid, and two additional 5-mm trocars are positioned
subcostally in the right upper quadrant in the midclavicular line and in right iliac region
in anterior axillary line.

The two 5-mm ports are used for grasping the gallbladder and exposing the
gallbladder and cystic duct. The infundibulum and retract it laterally to further expose
the triangle of Calot. Traction on the fundus should be upward toward the patient’s

head, and traction on the Hartmann pouch laterally to the right.

This combination “dis-aligns” the common duct and cystic duct so that they
appear as distinct structures. Incorrect traction aligns the ducts so that they appear as a
continuous structure (Henryet al., 2011)

Right o ,
subcostal: | .-[' | o= |

Lers— f

Medial '\ S i Supraumbilical
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f v |
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Figure 16: Port sites

Subxiphoid

Elective laparoscopic cholecystectomy can be safely performed as an outpatient
procedure. Among patients selected for outpatient management, 77% to 97% of
patients can be successfully discharged the same day. Factors contributing to overnight
admission include uncontrolled pain, nausea and vomiting, operative duration greater

than 60 minutes, and cases completed late in the day (Henryet al.,2011)
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Routine operative cholangiography has been advocated to avoid ductal injury.
However, opinion on the subject is sharply divided. Biliary injuries occur less frequently
in the hands of surgeons who perform operative cholangiography routinely. However,
in about 50% of ductal injuries, a cholangiogram fails to prevent the injury although
abnormal anatomy is present (i.e., cholangiograms are often incorrectly interpreted)
(Henryet al., 2011).

The indications for intraoperative cholangiography, when it is performed
selectively, are known choledocholithiasis, a history of jaundice, a history of
pancreatitis, a large cystic duct and small gallstones, any abnormality in preoperative
liver function tests, and dilated biliary ducts on preoperative sonography. Provided
these indications are carefully followed, selective cholangiography may be as effective

in detecting clinically relevant stones as routine cholangiography.

Serious complications of laparoscopic cholecystectomy are rare, the mortality
rate being less than 0.3%. As cholecystectomy rates have risen, however, the total
number of deaths has not decreased (Henryet al., 2011)

Gallbladder

Dissected
cystic duct

Cystic artery,
clipped and
divided

Cystic duct,
clipped and
divided
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Cystic artery,
clipped and
divided

Figure 17: Operative steps

However its important to visualize the critical view of safetyin order to try to
prevent complications of biliary tree injury either CBD or Common Hepatic Ducts injury.
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Critical View of Safety

Anatomy is important when performing laparoscopic cholecystectomy. The
concept of the critical view of safety (CVS) was originated by Strasberg et al in 1995
(Horiet al., 2016).

The triangle of Calot is cleared of fat and fibrous tissue. Only two structures are
connected to the lower end of the Gall bladder once this is done, and the lowest part of
the gall bladder attachment to the liver bed has been exposed The latter is an
important step, equivalent in the open technique to taking the gallbladder off the liver
bed. It is not necessary to expose the common bile duct. Once the critical view is
attained, cystic structures may be occluded, as they have been conclusively identified.
Failure to achieve the critical view is an indication for conversion or, possibly,
cholangiography to define ductal anatomy. It is the author’s opinion that there is
considerable danger in relying simply on the appearance of the “cystic duct” — Gall
bladder junction, as this may be deceiving, especially in the presence of severe
inflammation (Strasberget al., 2002)

Surgeon should be positively identify cystic duct and cystic artery (CA) before
cutting or clipping them. Calot’s triangle must be dissected well. Gall bladder lower end
should be dissected off the liver bed, and the bottom of the liver should be visible. It is
not necessary to directly confirm the CHD and CBD. Hence, only two structures should
be seen to enter the GB. Positive identification of the CD and CA as they join the GB
infundibulum is required before these structures can be divided (Horiet al., 2016)

Figure 18: The Critical view of Safety
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Figure 19: [A &B] Criticalview of safetywith all three components{1) Fibrofatty tissue has been cleared from
the hepatocystic triangle; (2) Lower part of the cystic plate has been clearly exposed; and (3) Only two tubular

structures are seen entering the gallbladder. A: Anterior view; B: Posterior view (inverted hepatocystic
triangle).

Complications of Laparoscopic Cholecystectomy

Laparoscopic cholecystectomy (LC) remains an extremely safe procedure with a
mortality rate of (0.22-0.4%). Major morbidity occurs in approximately 5% of patients
(Steineret al., 2004)

Complications include the following:

1. Trocar/Veress needle injury:

Intestinal injury may occur during establishment of abdominal access,
adhesiolysis, or dissection of the gallbladder off of the duodenum or colon. An injury to
the bowel should be repaired with careful 1- or 2-layer suture closure. The incidence of
injury to viscera or vessels from a Hasson trocar or Veress needle is similar (in the range
of 0.2%) (Ahmadet al., 2019)

A recent systematic review showed that an open-entry technique is associated
with a significant reduction in failed entry when compared to a closed-entry technique,
with no difference in the incidence of visceral or vascular injury (Ahmadet al., 2019)

Significant benefits were noted with the use of a direct-entry technique when
compared to the Veress Needle. The use of the Veress Needle was associated with an
increased incidence of failed entry, extraperitoneal insufflation and omental injury;
direct-trocar entry is therefore a safer closed-entry technique (Ahmadet al., 2019)

2. Haemorrhage:
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Large-vessel vascular injury usually occurs at the time of initial abdominal access.
These may be lethal complications. Development of a retroperitoneal hematoma or

hypotension should be treated immediately by conversion to laparotomy.

The most obvious danger is that of hemorrhage from the many large blood
vessels lying anterior to the biliary tree. Such vessels are inconstant in number and
location. The posterior superior pancreaticoduodenal artery, anterior to the
retroduodenal portion of the common bile duct, is the vessel most frequently
encountered (Steineret al., 2004)

All the vessels listed in Table (1) are subject to possible injury.
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Table 1: Segments of the Biliary tract and frequency of arteries lying anterior to them

{Seqment Artery Anterior l Percent Frequenoﬂ
Right and left hepatic ducts Right hepatic artery 12-15
Cystic artery E)
Common hepatic duct Cystlc arrfe'rQA | '175-24
Right hepatic artery 11-19
Common hepatic artery \ <5
Supraduodenal common bile duct‘ Anterior artgry to CBD" ‘ 50 |

Posterosupenor pancreaticoduodenal artery \; 12.5

Gastroduodenal artery [5.7-20"
Right gastric artery \ <5
Common hepatic artery l <5
Cystic artery <5
Right hepatic artery [ <5

Retroduodenal common bile duct |Posterosupenor pancreaticoduodenal artery i 76-87.5

Supraduodenal artery { 114

(Johnet al., 2004)

The following list of variations in the cystic artery may help one avoid common

pitfalls:

= =2 =2 = =4 =

The cystic artery usually arises from the right hepatic artery (A).
Dual cystic arteries, one arising from each of the hepatic arteries (B)
Cystic artery arising from the common hepatic artery (C)

Cystic artery arising from the gastroduodenal artery (D)

Cystic artery arising from an anterior right hepatic artery (E)

A single cystic artery arising from the left hepatic artery (F).

(Strasberg2011)
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Figure 20: Anatomic variations of the blood supply for the Gall bladder

Injury to the portal vein or the inferior vena cava is a serious complication. These
vessels must, of course, be repaired at once (Tchirkowet al., 2002)

Excessive bleeding in the region of the triangle of Calot should not be treated
laparoscopically. Attempts at blind clipping or cauterizing significant bleeding usually
leads to worsening haemorrhage or hepatic artery injury. If, and only if, a bleeding site
can be definitely identified and the locations of both the hepatic artery and common

bile duct (CBD) are known, bleeding may be controlled with electrocautery or clips
(Tchirkowet al., 2002)

Management of Haemorrhage:

Prevention of arterial bleeding begins by dissecting the artery carefully and
completely before clipping and by inspecting the clips to ensure that they are placed
completely across the artery without incorporating additional tissue (e.g., a posterior
cystic artery or right hepatic artery). When arterial bleeding is encountered, it is
essential to maintain adequate exposure and to avoid blind application of hemostatic

clips or cauterization. The laparoscope should be withdrawn slightly so that the lens is
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not spattered with blood. The surgeon should then pass an atraumatic grasping forceps
through a port other than the operating port and attempt to grasp the bleeding vessel.
An additional trocar may have to be inserted for simultaneous suction-irrigation. Once
proximal control is obtained, the operative field should be suctioned and irrigated to
improve exposure. Hemostatic clips are then applied under direct vision; in addition, a
sponge may be introduced to apply pressure to the bleeding vessel. Conversion to open
cholecystectomy is indicated whenever bleeding cannot be promptly controlled
laparoscopically (Strasberg2011)

Bleeding from veins of the Gall bladder bed or from veins of the common bile
duct is a minor complication which can usually be controlled by fulguration of the
bleeding site using a spatulated electrocautery wand for this purpose (Strasberg,
2011)

If a larger intrahepatic sinus has been entered, hemostatic agents (eg,
microfibrillar collagen) can be placed laparoscopically in the liver bed, and pressure can
be held with a clamp.. The argon plasma coagulator (APC) can be an excellent tool for
severe Gall bladder fossa oozing that is not responsive to simple electro-cautery
(Strasberg2011)

A second vascular complication of biliary surgery is ischemia to the liver from
unintended ligation of the right hepatic artery or an accessory or replacing aberrant
right hepatic artery. Interference with the blood supply of the common bile duct may
result in ischemia and stricture. Other surgeons feel that the blood supply is good and
that collateral circulation will prevent local ischemia (Strasberg2011)

3. Post cholecystectomy syndrome:

This refers to a set of abdominal symptoms that occur with a frequency of up to
40% after cholecystectomy. Symptoms are often vague and include dyspepsia,

flatulence, bloating, right upper quadrant pain, and epigastric pain.

The most common causes of this syndrome are dietary indiscretion, retained CBD
stones, inflammation of the cystic duct remnant, and sphincter of Oddi dysfunction
(Zhouet al., 2003)

4. Bile ducts injury or stricture:
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The most dreaded complication of LC is injury to the common bile or common
hepatic duct. The estimated incidence of bile duct injury in cholecystectomies
performed laparoscopically varies from 0.3-2.7%), In contrast; biliary tract injuries were
noted to occur in 0.25-0.5% of open cholecystectomies (McMahonet al., 2004)

A major risk factor for bile duct injury is the experience of the surgeon, other risk
factors are the presence of aberrant biliary tree anatomy and the presence of local
acute or chronic inflammatory (Lienet al., 2007)

Data suggest that the incidence of bile duct injury during open cholecystectomy
is 1 in 500 to 1,000 cases), The incidence of bile duct injury during laparoscopic
cholecystectomy is clearly higher. Although a wide range in the incidence of injury can
be found in reported series, the most accurate data most likely come from surveys
encompassing thousands of patients. These reports reflect the results from a large
number of surgeons in both community and teaching hospitals. The results of such
series suggest an incidence of bile duct (Bertrandet al., 2003)

Figure 21: Percutaneous transhepatic cholangiogram in a patient with a bile duct stricture secondary to
iatrogenic injury during cholecystectomy
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PatientandMethods

his study was done to compare whether patients with intraabdominal drain
following uncomplicated laparoscopic cholecystectomy are associated with more

complications and hospital stay than those without intraabdominal drain.

Patients' population:

This study is a case series of 100 patients who underwent laparoscopic

cholecystectomy.

We didn’t include patients who had:

1. Been operated for laparoscopic cholecystectomy other than cholelithiasis.

2. All patient contraindicated to laparoscopic surgery.

3. Emergency operations were excluded.

4. Acute cholecystitis, empyema GB, mucocele of GB.

5. Patient with bleeding tendency (preoperative increase in INR or thrombocytopenia.
6. Patient with chronic liver or kidney diseases.

7. Intraoperative bleeding OR inadequate hemeostasis.

8. Patients can be excluded based on operator’s judgement.

The included patients presented to the General Surgery Department at Rafidia

Surgical Hospital .

Clinically all the patients were presented to undergo laparoscopic
cholecystectomy operation and post-operative follow up for incidence of drain site
pain, drain site infection, postoperative collection & hospital stay, Laboratory and
radiological investigations were carried out in order to detect any intra-abdominal

collection.

Type of Patients:
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This was a prospective study that included 100 patients with cholelithiasis who
were twenty to sixty five years old and from both sexes attending to the hospital. The
patients were randomly allocated into two groups each included 50 patients, first group
(Group A) underwent laparoscopic cholecystectomy and we put intra-abdominal drain,
the second group (Group B) underwent laparoscopic cholecystectomy without intra-
abdominal drain.

Study procedure:

All patients were subjected to preoperative, operative, and postoperative

assessment:

1. Preoperative: the preoperative assessment included full history taking, clinical

examination, which included general examination of the chest, heart, and abdomen.

Patients were prepared for surgery, by explaining to them what is the procedure,
its risks and benefits.

2. Operative: the operations were performed on the patients under general
anesthesia and in supine position.

3. Postoperative: patients were followed up weekly for 2 to 3 weeks. Early
postoperative follow-up included evaluation of postoperative pain, hospital stay and
port site infection.

Patients' evaluation:

Clinical examination:

-

A Complete history taking.
A Detailed general and local physical examination.
A Operative details were all reviewed.

Laboratory investigations:

1- Full blood count.

2- Coagulation profile.
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3- AST.

4- ALT.

5- Alkaline phosphatase.
6- Direct bilirubin.

7- Total bilirubin.
Statistical Analysis

Data were collected, revised, coded and entered to the Statistical Package for
Social Science (IBM SPSS) version 23. The quantitative data were presented as mean,
standard deviations and ranges when their distribution found parametric. Also

qualitative variables were presented as numbers and percentages.

The comparison between groups regarding qualitative data was done by using
Chisquaretest.

The comparison between two independent groups with quantitative data and
parametric distribution were done by using Independentt-test

The confidence interval was set to 95% and the margin of error accepted was set

to 5%. So, the p-value was considered significant as the following:
P-value > 0.05: Non significant (NS)
P-value < 0.05: Significant (S)

P-value < 0.01: Highly significant (HS)

Results

mong the 100 patients with chronic calcular cholecystitis included in this study 70

were females (70%) and 30 were males (30%).

The 100 patients were randomly distributed into two equal groups (50

patients each): Group A underwent laparoscopic cholecystectomy and we put intra-
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abdominal drain and, while GroupB underwent laparoscopic cholecystectomy but we
didn't insert intra-abdominal drain.

Patients’ age ranged from 20 to 65.

SEX

Female
70%

Figure 22: Sex distribution

258



Journal of Natural and Applied Sciences URAL

No: 7, Vol: 2\ December \ 2024

U Analysisof postoperativepain at drain/port site:
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Figure 23: Analysis of postoperative pain at drain/port site

The incidence of postoperative pain at port site where drain was inserted was

more in patients in group A (96%), while patients without drain (group B) experienced

no or minimal postoprative pain (0% approximately). (P value 0.000 which is highly

significant).
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U Analysisof postoperativeinfection at port/drain site:

Infection

100
90
80
70
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>0 GROUPB
40
30
20
0" A —

YES NO

Figure 24: Analysis of postoperative infection at port/drain site

Also the incidence of postoperative drain site infection is higher in patients in
Group A (drain from the port site) 4%, (P value 0.000). While in group B (patients with
no drain) almost no patient experienced port site infection.
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U Analysisof postoperative hospital stay:
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Figure 25: Analysis of post operative hospital stay

Regarding hospital stay, majority of patients with drain (group A) required
hospital stay for almost 2 days (16% of patients discharged in day 1 postoperatively
while 84% of patients discharged on day 2 post-operative), while those without drain
(group B) 84% of patients discharged at the same day, while 16% discharged day 1
postoperative).
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U Analysisof postoperativecollection:
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Figure 26: Analysis of postoperative collection

Regarding post-operative intrabdominal collection, we followed up patients
using ultrasound on day 1, day 2 and day 3 postoperative (POD1, POD2, POD3), (No
collection, collection<50 ml, Il collection50-100ml).

This revealed intra-abdominal fluid collection POD1 was lower in drain group

(Group A) than in non-drain group (Group B).

POD 1 the collection was lower in group A, 80% of patients developed no
collection, while 16% of patients developed collection < 50 ml, while 4% of patients
developed collection from 50-100ml, while those in group B, 16% of patients developed
no collection, while 76% developed collection <50 ml, while 8% of patients developed
collection 50-100 ml.

POD2 only 4% of patients those in group A (with drain) developed minimal
collection that disappeared on next day. Group B (without drain)30% of patients

developed minimal collection that disappeared on next day.
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Table 2: Comparison between two groups regarding age, sex, pain, infection, hospital stay

and collection postoperative day 1, 2, 3

Group A Group B
Test value P- value | Sig.
No.=50 No.=50
MeanSD 37.80 £ 10.32 34.28 +9.33
Age 1.266¢ 0.212 NS
Range 22-63 20-53
Males 12 (24.0%) 18 (36.0%)
Sex 0.000* 1.000 NS
Females 38 (76.0%) 32 (64.0%)
No 2 (4.0%) 50 (100.0%)
Pain 46.154* 0.000 HS
Yes 48 (96.0%) 0 (0.0%)
No 48 (96.0%) 50 (100.0%)
Infection 46.154* 0.000 HS
Yes 2 (4.0%) 0(0.0%)
No 0 (0.0%) 21 (84.0%)
Hospital stay I 4 (16.0%) 4 (16.0%) 42.000* 0.000 HS
Il 21 (84.0%) 0 (0.0%)
No 40 (80.0%) 8 (16.0%)
POD1 I 8 (16.0%) 38 (76.0%) 38.789* 0.000 HS
Il 2 (4.0%) 4 (8.0%)
No 48 (96.0%) 35 (70.0%)
POD2 2.083* 0.149 NS
Yes 2 (4.0%) 15 (30.0%)
No 50 (100.0%) 50 (100.0%)
POD3 - - -
Yes 0 (0.0%) 0(0.0%)

P-value >0.05: Non significant (NS); P-value <0.05: Significant (S); P-value< 0.01: highly significant (HS)

*:Chi-square test; e: Independent t-test

Discussion

Laparoscopic cholecystectomy has largely replaced open cholecystectomy because of
shorter hospital stay, faster recovery, and lower overall morbidity. However, the
morbidity due to bile duct injury has increased with the advent of the laparoscopic

approach (Henryet al., 2011)

Prevention of intra-abdominal collections after laparoscopic cholecystectomy is
our main concern. Post cholecystectomy collection in the sub-hepatic space is usually

absorbed whether a drain is used or not.
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Intraperitoneal collection of blood may cause postoperative pyrexia, prolong the
hospital stay, and increase the incidence of wound infection, while the presence of bile

in the peritoneal cavity produces peritoneal irritation.

Only some clinically significant abdominal collections may need intervention. The
drain may also give false sense of security as it may get blocked and later patients

present with complications.

Our study revealed that less post-operative port site pain, infection and hospital
stay in group B (without drain) in comparison with group A (with drain) and those

results were statistically significant (P-value< 0.01).

Regarding post cholecystectomy free inta-abdominal collection, it was less
evident by ultrasound in group A (with drain) rather than group B (without drain) in
first 24 hours. Although the results were statistically significant in the first 24 hours, the
difference became insignificant on subsequent ultrasound after 72hrs. (p-value < 0.01

in day 1 postoperative, P-value >0.05 in day 2 postoperative).

Our results are similar to the result conducted by El-Labban et al. regarding
postoperative hospital stay and abdominal collection, while his results were opposite to
our study regarding port site infection, pain were there no statistical difference (EL
Labbanet al., 2012).

Opposite results were optained by Ishikawa et al in their randomized study which
include 295 patients where Group A (with drain) include 145 patients and Group B
(without drain) include 150 patient, where he stated that no significant difference
between the two groups with respect to postoperative complication rate, while
regarding postoperative hospital stay the results were similar to our study (Ishikawaet
al.,2011)

This is in support with results by Georgiou C as he included 116 patients, where
63 patient in drained group (YD) and 53 in non-drained group (ND) in regard
postoperative pain, hospital stay as he stated that the proportion of patients staying in
hospital for >2 days was higher in the YD group: 28.6% of the patients versus 13.2% in
the ND group (P%'105).

264



Journal of Natural and Applied Sciences URAL No: 7, Vol: 2\ December \ 2024

As for Subhepatic fluid was more often observed in the YD group (47% versus
34% in the ND), but the difference was not statistically significant (Georgiouet al.,
2011).

Our results were also consistent with those reported by Yang et al, who reported
that the abdominal drain group displayed significantly higher pain scores (MD: 1.07;
95% Cl: 0.69-1.46; P<. 001), abdominal drain prolonged the duration of postoperative
hospital stay (MD: 0.47 day; 95% Cl: 0.14-0.80; P =. 005). Wound infection was found
to be associated with the use of abdominal drains (RR: 1.97; 95% Cl: 1.11-3.47; P=. 02)
(Yanget al., 2020)

Similarly, our result is supported by results of the study by Sharma et al who
found that postoperative pain was higher in the group A (with drain) than in Group B
(without drain), also the proportion of the patients staying in the hospital for more
than two days was higher in group A (with drain), 14 (46.66%) and 8 (26.66%) in group
B (without drain) (p < 0.05) while there was no statistical difference in the rate of
wound infections (Sharmaet al., 2016).

Summary

Laparoscopic cholecystectomy provides a safe and effective treatment for patients
with gallstones as it reduces post-operative pain with almost negligible scar, short

hospital stay and earlier return to work.

Prophylactic drains in abdominal surgery are widely used either to detect
complications early, such as postoperative hemorrhage or bile leakage, or to drain
collections which may be toxic, as bile. However, evidence-based data do not support

the use of prophylactic drainage in the majority of abdominal procedures.

Gallstones are still one of the most common conditions in surgical outpatient
department. Laparoscopic cholecystectomy, after its advent in 1987, rapidly established
itself as the gold standard treatment of gallstones. In 1913 cholecystectomy without
drainage was described, and since then surgeons were divided whether to use it or not

in uncomplicated cases. Most surgeons continue to use routine drain for the fear of bile
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leakage or bleeding. Such complications invariably occurred in spite of sub hepatic
drainage. So, there arises a need for study, whether to put drain or not, and its

consequences.

Among the 100 patients included in this study, 70 were females (70%) and 30
were males (30%), with female to male ratio 3.1: 1 approximately. The 100 were
randomly distributed into two groups: Group A patients underwent laparoscopic
cholecystectomy with drain insertion and this group composed of 50 patients 12 were
males (24%) and 38 were females (76%). While Group B also underwent laparoscopic
cholecystectomy but without drain insertion and this group composed of 50 patients,
18 males (36%) and 32 females (64%)

In our study we include patients with chronic calcular cholecystitis which is
indicated for elective laparoscopic cholecystectomy.

Regarding the Postoperative Pain:

It was higher in patients in Group A (with drain) than in Group B (without drain),

and that was statistically significant (P value less than 0.05).

Regarding Port Site Infection:

All patients included in this study were followed post-operative for port site
infection (till day 7 time of stitch removal) and we found the incidence of port site
infection was higher in Group A (with drain) at site where the drain was inserted, and

that was statistically significant (P value less than 0.05).

Regarding postoperative hospital stay:

Hospital stay was much less in patients without drain (Group B) as 42 patient
(84%) were discharged at the same day of operation which is statistically significant (P

value less than 0.05).

Regarding postoperative collection:

We followed up postoperative collection in the two groups in dayl, 2 and 3 and
revealed that, POD 1 the collection was lower in Group A (with drain), 80% of patients
developed no collection, while 16% of patients developed collection < 50 ml, while 4%

developed collection 50-100 ml, while those in Group B (without drain) 8% of patient
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developed no collection, while 76% of patients developed < 50 ml, while 8% of patients
developed 50-100 ml.

And that was statistically significant in dayl postoperative (P value less than
0.05), while it was non-significant in the following 72 hours.

Conclusion

ncomplicated gall stone diseases can be treated by laparoscopic cholecystectomy
without need for drain with reasonable safety by an experienced surgeon. With no
usage of drain, it is significantly advantageous in terms of post-operative pain, use

of analgesics, infection and hospital stay.

In our study we compare drain insertion post laparoscopic cholecystectomy in
matter of post-operative pain, port site infection, hospital stay and post-operative

collection.

It revealed that there is significant reduction in postoperative pain in patients without

drain than in those with drain.

Moreover regarding postoperative wound infection it was also lower in patient

with no drain.

There were also statistically significant reduction in postoperative hospital stay in

patients without drain.

Furthermore, postoperative intrabdominal collection is significantly lower in
patients with drain in first 24 hours, while after that there were no significant

difference regarding intrabdominal collection.
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Abstract
Aim:
The aim of the current research i@ evaluatethe effectivenessof Local

applicationof alveogl paste on soft tissugealingafterlower molars extraction.
M aterial and methods

The research included a total od #ealthy patients between the ages o328
years Patients wererandomly divided into two groups; alvdopase was applied to
alveogyl group while no materialwas applied in the control groupPatients were
assessedt thefirst and seventh mtoperative days and the scores done usingerical

periodontal probto evaluate aft tissue healing of post extraction socket

Results:

Buccealingual widthof soft tissue margins of the socketerehighest on the first
postoperative dayra decreased gradually in botbntrol and alveogyl groupn the
seven postoperative daysThee were statistically significant differences in bucco

lingual width betweenantrol and alveogyl groupa the seven postoperative days
Conclusions

Local application of alvegyl paste after teeth extt@an accelerate soft tissue

healng.
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1. Introduction
Exodontiaor dental extraction (also referred to as tooth extva ,exodontist, is

removal of teeth from dental alveolus (socket) in the alveolar[bpriextractions are
performed for a wide variety of reasons, but most commonly to remove teeth which hav
become unrestorable through dental caries , periodondelask, or dental trauma,
especially when they are associated with pulpitis . Sometimes impacted wisdom teet
cause recurrent infections of the gum (pericoronitis), and may be removed when othe
conservative treatments have failed (cleaning, antibiotics @pelculectomy). In
orthodontics, if the teeth are crowded, healthy teeth may be extracted (often bicuspid:s

to create space so the rest of the teeth can be straigH@ned

Simple extractions are performed on teeth that are visible in the mouth, usually
with the patient under locanestheticand require only the use of instruments to elevate
and/or grasp the visible portion of the tooffypically the tooth is lifted using an
elevator, and using dental forceps, specific tooth movements are performed expandir
the tooth socket. Once the periodontal ligament is broken and the supporting alveole
bone has been adequately widened the toottbeaiemoved. Typically, when teeth are
removed with forceps, slow, steady pressure is applied with controlled fuogical
extractions involve the removal of teeth that cannot be easily accessed or removed v
simple extraction, for example because thaye broken under the gum or because they
have not erupted fully, such as an impacted wisdgjrtopth Surgical extractions almost
always require an incision. In a surgical extraction we may elevate the soft tissue:
covering the tooth and bone, and magoaremove some of the overlying and/or
surrounding jaw bone with a drill or, less commonly, an instrument calledtantome.
Frequently, the tooth may be split into multiple piecefatilitate its removal from the
socket. [3]

Wound healing,9 a normal biological process in the human bod4] wound
healing process consists of four highly integrated and overlapping phases: hemostas
inflammation, proliferation, and tissue remodeliigfFor a wound to heal successfully,
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all four phases must occur the proper sequence and time frame. Many factors can

interfere with one or more phases of this process

Multiple factors can lead to impaired wound healing. In general terms, the factors
that influence repair can be categorized into local and systenual Eactors are those
that directly influence the characteristics of the wound itself, while systemic factors are
the overall health or disease state of the individual that affect his or her ability to hea
(Table 1), Many of these factors are related, #redsystemic factors act through the

local effects affecting wound healind]

The process of the wound being closed by clotting. Happens very quickly. Starts whe!
blood leaks out of the bodyen blood vessels constrict to restrict the blood fldve
platelets aggregate and adhere to theendothelium surface within seconds of the

rupture of a blood vessel's epithelial wall 7].

After that, the first fibrin strands begin to adhere in about sixty seconds. As the
fibrin mesh begins, the blood is trémsned from liquid to gel through pr@oagulants
and the release of prothrombin. The formation of a thrombus or clot keeps the platelet
and blood cells trapped in the wound &g&e9]. The thrombus is generally important in
the stages of wound healingthbecomes a problem if it detaches from the vessel wall
and goe$10, 11].

Dry socket 0 -extadtiensackettwheressome orslt of the bone within
the socket, or around the occlusal perimeter of the socket, is exposed in the day
following the extraction, due to the bone not having been covered by an initial and
persistent blood clot or not having been covered by a layer of vital, persistent, healin
epithelium[12]. The patient may not be able to prevent food particles or the tongue from
mechaically stimulating the exposed bone, which is acutely painful to touchltires
in frequent acute paii3]. All parts of a dry socket lesion, except the exposed bone, can
be gently touched with a periodontal probe or an irrigation needle tip withasinga
acute pain. Dry socket lesions occur in approximately 1% to 5% of all extractions and ir

up to 38% of mandibular third molar extractiqad]
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A dry socket lesion may show exposed bone located superior to the projecte
location of the occlusal surfacé the socket after the socket heals. This bone may be a
protruding septum of bone or may be located on the socket occlusal perimeter. Thi
superiorlylocated exposed bone would be the last aspect of the socket to be covered [

epithelium[15].

since thebone, protruding superiorly to the projected occlusal surface of the
healed socket, would be exposed to food particles or mechanical trauma that may ero
epithelium growing over that bone. This bone, if mechanically stimulated, would be a

source of acutpain until the end of the healing perifdd]

The dentistmay anesthetize the patient and use a foofthalinond bur with
copious irrigation to trim this bone to approximatélymm) inferior to the projected
occlusal surface of the healed extraction sacketh trimming can result in the bone
becoming immediately coverable by a blood clot or medicament, thereby reducing the
total number of days that this hypsgnsitive bone is exposed and helping to ensure that

epithelium will systematically grow over tmemaining exposed bone of the dry socket.

If the protruding bone is located on the socket occlusal perimeter, the dentist ca
reduce the bone to a level that is inferior to tleelusal aspect of the gingival tissue
located just lateral to the protrudibgne. If the gingiva on the socket occlusal perimeter
Is superior to all of the socket bone, a socket blood clot or dry socket medicament i
more likely to cover the bor{@3-15-17].

Alveogyl is a drysocket treatment and pesttraction dressing which exy
dental office should have on hand. Alveogyl is a-etep, seHeliminating treatment
which rapidly alleviates pain and provides a soothing effect throughout the healing
process. | t 6s fibrous consi st encgherancd o w

during the entire healing process.[11]
Indications:

i Dry socket treatment
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I Post Extraction Dressing

Analgesic action due the soothing effect of eugenol on the alveolar tissues. Very easy
apply because of its fibrous consistency. Easily tamed in the alveolus. There is no

need for Suturing or special attention.

2. Materials andMethods
Forty medically healthy patients were randomly assigned, their ages ranged fron

18 to 35 years and included males only.

The diagnosis of the tooth was bdson clinical examination and standard intraoral

periapical radiograpH4.8].

2.1 Inclusion criteria included:
1. Free of inflammation and infection of tissue at the time of the surgical procedure.
2. Medically fit, not allergic, not taking any medication tltauld interfere with the

study drugs.

2.2 Exclusion criteria included:

1. History of compromised medical health, history of allergic reactions, or
hypersensitivity to the medications used in the operative work.

2. Patients receiving chemotherapy or radiatiomapeg.

3. Patients needing total extraction or with severe periodontitis, and patients who ha
any other oral pathology.

4. Patientsd rejection of being involyv
commit to followup visits or those who used other drugs dyrihe research

period.

The patients were arbitrarily allocated to one of the two treatment groups: group |

included 20 patients allocated to alveogyl paste

Group Il included 20 patients without alveogyl paste
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Indicated teeth lower first and second molamsre extracted under local anesthesia
gained by inferior alveolar nerve, lingual and long buccal nerve block injections using
1.8ml of 2% lidocaine with 1:80,000 adrenaline.

All patients were instructed to

1. Eat soft and cold diet for the first 24 hour aftgeration

2. Do not rinse for 24 h.

3. Do not smoke for 72 h
Directions for Use:
After measuring the buccolingual width of the extraction socisgtg periodontal
probe (Figure 1),Using apair of tweezers applplveogyl to adequately cover the
bottom of the scket and pack gently into placéfter 1 week, the width was
measureditilizing periodontal probas in (Figure 2).

Figure 1. Buccolingual width of the

socket measurement
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Figure 2: Healing after 1 week

3. Results

The first tablesummarizes the sample sizes (N), means, standard deviations (StDev)
and standard errors (SE Mean) for the two groups: eédyl Group." and "Without
Alveogyl Group." The second table shows the results of thesample {test, with a T
Value of-2.51 anda statistically significant #/alue of 0.018, indicating aignificant
difference in means between the two gro@pable 1 and 2)This suggests that the

presence or absence of "&bgylGroup." impacts the measured outco(Régure 3)

Table 1: Comparing After AlveogylGroup. vs. After Without AlveogylGroup .

Group N Mean StDevSE Mean

Alveogyl.Graup. 20 3.97£0.993 0.22
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Group N Mean StDev SE Mean

Without. Alveogyl.Group. 20 4.60C0.503 0.11

Statistic Value
T-Value -2.51
P-Value 0.018

HypothesisTested Di fference =

Interval Plot of Bef.Alv.Gro., Aft.Alv.Gro., ...
959% ClI for the Mean

Bef.Alv.Gro. Aft.Alv.Gro. Bef.WO.Alv.Gro. Aft. WO.Alv.Gro.

The pooled standard deviation was used to calculate the intervals.

Figure 3: Blot between the groups.

Table 3: Descriptive Statistics for Before AlveogylGroup and After Alveogyl
Group
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Group N Mean StDev  SE Meal
Before Alveogyl Group. 20 7.550 0.510 0.11
After AlveogylGroup. 20 3.975 0.993 0.22

Two-Sample T-Test Results for BeforeAlveogyl Groupvs. After Alveogyl Group .

Value
Statistic
T-Value 14.32
P-Value 0.0006

Hypothesis TesteDi f f er enc

The first table summazes the sample sizes, means, standard deviations, amidrstan
errors for the groups "Before Alveog@roup.” and "After AlveogylGroup ." The
second table provides thetest results, showing a-Value of 14.32 and a highly
significant RValue of 0.0006 This indicates a substantial decrease in the measured

outcome aftethe intervention involving "Alveogy&roup.”
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4. Discussion

The purpose of this study to measure the efficacy of alvgmagte on the wound
after tooth extraction, alveogyl paste ceeduce the probability of dry socket and
accelerate the healing process, weediito measure the effects of alveogyl paste on soft

tissue healing after tooth extractifi©].

There weremany obstacles we had to overcome in this stunigluding the

patiensd o rcdnimit to the follow uate.

Dry sockets arenore common after surgical or traumatic extractiimilarly traumatic
extraction can also lead to traumatic thrombosis of vessels in socket resulting in delaye
healing and wound infectiod2-19]. The main aim in the treatment of dspcketss to
relieve pain. Various materials have been placed in extrastioketsfor this purpose

[15]. Alveogyl was the one of the most commonly usedterials. Alveogylcontains
eugenol which has a soothing effectdarelieves the pairthese propertiesre often

desirable in the presence of inflammation to reduce postoperative2phin.[

The results of our study come in acceptance with result by previous studies done b
Ahmed salem et al. whooncludedhat Alvogyl showing higher pain relief and healing
capability, as evidenced by clinical signs of improvenstributed to its components

[21]

5. Conclusion
Alveogyl administration after tooth extraction reduce pain and accelerate socket healin

and soft tissuelosue. Alveogyl use decrease the probability of dry socket
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Abstract

Dye-sensitized solar cells were fabricated by depositing a layer of nanostructurec

titanium dioxide (Tid®) on ITO substrates and using an electrolyte solution of potassium
lodide/iodine. The dye used was extracted from local beetroot, purified, and prepared :
different concentrations of 0:100, 20:80, 40:60, 60:40, and 80:20 dye to distilled water
The absagption spectrum of the dye showed high absorption at a wavelength of 524 nm
Currentvoltage (}V) measurements indicated that the -@gasitized solar cell achieved
the best efficiency at the 40:60 concentration, with a shigrtiit current density (Jsof

0.1 mA/cm?, an opepircuit voltage (Voc) of 214 mV, and a power conversion
efficiency of 0.082%.

Keywords: Dye-sensitized solar cells, beetroot dye, dye concentration
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Abstract

Background: Establishing pneumoperitoneum is the riskiest step in laparoscopy. Among gynecologic
surgeons, DTE and VN are the two most common closed-entry techniques.

Objective: Compare DTE vs VN for major vascular injury, bowel injury, failed/alternate entry, time to
pneumoperitoneum, port-site complications, CO, embolism, and mortality.

Methods: A systematic search of PubMed, Embase, Cochrane Library, and Scopus was performed for
studies published from 2000 to 2024. Study designs: RCTs, prospective cohorts, large retrospective
cohorts, and systematic reviews/meta-analyses; adult gynecologic laparoscopy. Risk of bias: RoB 2
(RCTs), Newcastle—Ottawa (observational), AMSTAR 2 (systematic reviews). Primary synthesis leaned
on gynecology-only meta-analyses and recent RCT data.

Results: We included 15 high-information studies (7 RCTs within gynecology-focused meta-analyses;
one new 2024 gynecology RCT; Cochrane 2019; and large/updated meta-analyses). Across RCTs
pooled in a gynecology-only meta-analysis (n=3,420), major vascular injuries and bowel injuries were
rare with no significant difference between DTE and VN; DTE had lower failed entry, less
extraperitoneal insufflation, and less omental injury, and fewer port-site infections (small absolute
differences). A 2024 two-center gynecology RCT (n=200) found shorter entry time and a trend to
fewer perioperative complications with DTE (5% VN vs 1% DTE; p=0.065). System-wide meta-analyses
that pooled mixed specialties similarly found no difference in major complications but fewer minor
complications with DTE.

Conclusions: For benign gynecologic laparoscopy in adults, DTE appears at least as safe as VN for life-
threatening injuries and reduces failed entry and minor access complications, with faster access times.
Absolute risks of major injury are very low for both. Technique choice should consider surgeon
training, experience, and patient-specific factors (e.g., prior abdominal surgery, BMI). Institutions
should ensure structured training and credentialing for both techniques. [1-3,6-9]

1. Methods
Eligibility Criteria

1 Population: Adult patients (218 years) undergoing any diagnostic or operative gynecologic
laparoscopy.
7 Intervention: Direct Trocar Entry (DTE) for primary umbilical port placement.
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. Comparator: Veress Needle (VN) insufflation for primary umbilical port placement.
1 Outcomes:
o Primary: 1) Major vascular injury (e.g., aortic, vena caval, iliac vessel injury), 2) Bowel
injury (visceral perforation).
o Secondary: 3) Failed entry requiring an alternate technique, 4) Time to successful
pneumoperitoneum, 5) Post-operative port-site complications (hernia, infection), 6)
Clinically significant CO, embolism, 7) All-cause mortality.
§ Study Design: Systematic reviews/meta-analyses, RCTs, prospective cohorts, and retrospective
cohorts with >100 patients per arm.
f Exclusions: Case reports/series <20 patients, non-gynecologic populations (unless gynecologic
subgroup data were available) and animal/cadaver studies

1.2 Search Strategy

§ Databases: PubMed, Embase, Cochrane Library, Scopus/Google Scholar.
1 Search Strings:

o PubMed (MeSH): (("Laparoscopy"[Mesh])  AND ("Gynecologic  Surgical
Procedures"[Mesh])) AND (("Pneumoperitoneum, Artificial/instrumentation"[Mesh] OR
"Pneumoperitoneum, Artificial/methods"[Mesh]) AND ("Needles"[Mesh] OR
"Trocars"[Mesh] OR "Veress" OR "Direct Trocar"))

o Keywords (laparoscopy OR laparoscopic) AND (gynecology OR gynaecology) AND
(entry OR access OR Veress OR Verres OR "direct trocar" OR "blind entry") AND
(complication OR injury OR safety OR mortality)

1.3 Study Selection & Quality Appraisal

1 Selection: Titles and abstracts were screened by a single reviewer, with full texts retrieved for
potentially eligible studies.

Risk of Bias Assessment & Appraisal tools

! RCTs: Cochrane Risk of Bias 2 (RoB 2).
1 Observational cohorts: Newcastle—Ottawa Scale (NOS).

f Systematic reviews/meta-analyses: AMSTAR 2.

Results

Study characteristics table

Author . Entry Main outcomes
C t D N (DTE/VN -
(Year) ountry esien (DTE/VN) definition reported
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Marchand
(2022) [1]

Ahmad
(2019) [2]

Erdem
(2024) (3]

USA/Egypt
(multi)

Cochrane

Turkey

Systematic
review &
meta-analysis
(gyne-only
controlled
trials, 7 RCTs)

Cochrane
review (mixed
specialties;
gyne
subgroup)

RCT, 2 centers
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1652/1768

100/100
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Standard
DTE vs VN
umbilical

Multiple
techniques

DTE
(optical) vs
VN

DTE J{ failed entry,
extraperitoneal
insufflation, . omental
injury, {, port-site
infection; no diff
visceral/major injuries.

Moderate-quality
evidence: DTE , failed
entry vs VN; major
injuries very rare, no
clear difference across
techniques.

Shorter entry time and
LOS with DTE; periop
comps 1% DTE vs 5% VN
(NS).
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Updated syst.

Taliento Italy et al review & 16 RCTs +5 DTE vs VN l\\/l:sgijflfaerr/ebr;c\f/elln' 23\112:
(2023) [4] yetal ;

meta-analysi
eta-a 'a y§|s obs minor comps with DTE.
(all specialties)

7 RCTs VN N minor
Jiang Meta-analysis (mixed, complications and failed
A DTE vs VN

(2012) [5] US of RCTs gyne v entry; no diff major
heavy) injuries.
DTE faster; fewer

Zakherah ~? (single- . ;
(2010) [6] Egypt RCT (gyne) center) DTE vs VN falled/extra-perltqneal
insufflations.
DTE favorable for
- speed; safety similar;

Angioli RCT 3-arm DTE vs VN -

(2013) [7] Italy (gyne) vs open Umbilical subgroup DTE vs VN

consistent with fewer
failed entries.
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Rafiq
(2021) [8]

Raimondo
(2023) [9]

Cochrane
refs & older
RCTs
(various)

Pakistan

Italy

Prospective

clinical trial
(gyne)

Narrative
review (gyne)

RCTs included
in meta-
analyses

No: 7, Vol: 2\ December \ 2024

DTE | failed entry and
150/150 DTE vs VN minor comps; majors
none in either arm.

Summarizes preference
toward DTE for failed
entry; majors rare
across techniques.

Generally align with
above findings.

Key outcomes across best evidence:

1 Major vascular injury: No significant difference DTE vs VN; events extremely rare. [1,2,4]

1 Bowel injury: No significant difference; events extremely rare. [1,4]

§ Failed/alternate entry: Lower with DTE (RR ~0.17-0.40 vs VN depending on analysis). Absolute
differences =1-3% fewer failures with DTE in RCTs. [1,2,5]

f Time to pneumoperitoneum: Shorter with DTE (RCTs and trials). [3,6,7]

Multiple RCTs show that time to successful entry and insufflation is reduced by 1.5to 3
minutes with DTE compared to VN. This difference, while statistically significant, may have

limited clinical impact in most routine cases.

§ Port-site infection/hernia: Slight reduction with DTE for infection in gyne-only meta-analysis;
hernia data sparse, no clear difference. [1,4]
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1 CO, embolism & mortality: Vanishingly rare in modern gynecologic series; no signal of

I T e R R R B B

difference. [2,4]

Outcome: Failed Entry (Favors DTE)
Study OR (95% ClI)

RCT1 | ----0--|
RCT 2 e —
Meta-analysis |----0----|

<-- Favors DTE Favors VN -->

Outcome: Major Vascular Injury (No Difference)
Study OR (95% Cl)

RCT1 [ —
RCT 2 [E— o--|
Meta-analysis |[-----0---|

<-- Favors DTE Favors VN -->

ASCII Forest-Style Summary

(Representative pooled estimates from gyne-only meta-analysis; heterogeneity low—moderate for

minor outcomes, not estimable for major injuries due to rarity.) [1]

“No significant difference was found in the incidence of major complications between direct trocar

entry (DTE) and Veress needle (VN) techniques, while DTE was associated with fewer minor

complications compared to VN.” [4]

"Compared with direct entry techniques, the Veress needle approach may be associated with a higher

1

il

Systematic reviews:

rate of failed entry." [1]

Risk of bias (summary)

o Marchand 2022 (gyne-only): AMSTAR 2 = Moderate (clear protocol/PRISMA; limited
trial number; potential small-study effects). [1]

o Taliento 2023 (mixed): AMSTAR 2 = Moderate (comprehensive search; clinical
heterogeneity across specialties). [4]

o The 2019 Cochrane review scored high on AMSTAR 2; however, the quality of the
direct-comparison evidence between DTE and VN was rated low to moderate, mainly
because of imprecision and indirectness. [2]

RCTs (RoB 2):

o Erdem 2024: Some concerns (open-label; outcome assessment not blinded; balanced
baseline; prespecified outcomes). [3]

302



Journal of Natural and Applied Sciences URAL No: 7, Vol: 2\ December \ 2024

o Older single-center RCTs: some concerns for allocation concealment and reporting; rare
outcomes underpowered. [6,7]

1 Observational (NOS):

o Prospective/retrospective gyne cohorts generally 6~7/9; selection and confounding
risks present. [8]

Quantitative synthesis

Major injuries are too rare for a meaningful de-novo quantitative re-meta-analysis in a rapid review.
We therefore adopt the gyne-only pooled estimates (random/fixed per heterogeneity) from
Marchand 2022 and use Taliento 2023 for concordance on safety for majors and directionality for

minor outcomes. [1,4]
Absolute risks/NNH (illustrative, from RCT/meta-analytic baselines):

1 If failed entry with VN =4% and DTE =1-2% (typical RCT ranges), ARR 2%, NNB =50 (i.e., ~1
fewer failed entry per 50 DTE entries).

1 For extraperitoneal insufflation baseline ~2—3% with VN vs ~0.5-1% with DTE, NNB ~60-120.
Exact values vary by center and surgeon experience; majors remain <<0.5/1000 for both.

Discussion

The cumulative evidence from the last two decades demonstrates that both DTE and VN are safe
primary entry techniques for gynecologic laparoscopy. The longstanding debate over which method is
"safer" appears to be resolved: for major complications like vascular and bowel injury, the risks are
statistically indistinguishable and profoundly low for both. The choice of technique, therefore, pivots
to secondary outcomes and practical considerations.

The primary advantages of DTE are its superior efficiency—being consistently faster—and its
significantly lower rate of entry failure. Failed entry with the VN is not just an inconvenience; it can
lead to multiple attempts, subcutaneous emphysema, and prolonged anesthetic time, and may
necessitate a switch to an open or alternative technique.

When might techniques differ?

f  Average-risk, non-obese, no prior midline laparotomy: DTE is reasonable/preferred for speed
and fewer minor issues. [1-3]

f Obesity, prior umbilical surgery, suspected periumbilical adhesions: Either optical/visual entry
variants or alternate site (e.g., Palmer’s point) with VN or open may be safer; this review
focused on umbilical entries. Use imaging/history to stratify. [2]

1 Learning environment: DTE may be advantageous for trainees (fewer failure modes), but

structured supervision is crucial; complications cluster with inexperience for both techniques.
[1-3]
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Limitations of this review:

f  Major injuries (like bowel perforation or big blood vessel injury during laparoscopic entry)
happen very, very rarely.

1 The number of these rare events is still too small to detect a clear, statistically reliable
difference between Direct Trocar Entry (DTE) and Veress Needle (VN).

f Asaresult, the confidence intervals (Cls) around the risk estimates are very wide - meaning
the true risk could be a bit lower or a bit higher, and we can’t be sure which technique is truly
safer based on current evidence.

1 The current review focuses on umbilical entry techniques. In clinical practice, alternative entry

sites such as the Lee—Huang point and the Jain point are often used in patients with prior
umbilical or pelvic surgery to reduce adhesion-related injury and improve safety. However,
when adhesions at the umbilicus are effectively ruled out—such as via aspiration or bubble
testing—reusing Veress needle entry at the same umbilical scar may be beneficial, as it avoids
additional scarring from alternative port sites. This nuance is not well captured in existing
comparative studies, limiting direct generalizability in patients with prior umbilical incisions or
adhesions.[16]

1 The presence of adhesions or scarring at these sites makes direct comparison with Veress
needle entry at the umbilicus challenging, particularly in women with previous laparoscopy or
pelvic surgery.

f Some included RCTs are older, single-center, and unblinded, with variable definitions.
f Optical trocars and visual-entry systems (not strictly DTE) are variably included in newer RCTs.

Research gaps:

1 Large, multicenter gyne-only pragmatic RCTs powered for composite major injuries are still
lacking.

§ Standardized definitions/reporting for entry failures and minor complications.

§ Stratified trials in obesity and previous laparotomy/adhesion-risk cohorts.

Conclusion & Practical Recommendations

1 For primary umbilical entry in adult gynecologic laparoscopy, DTE is preferred in average-risk
patients due to fewer failed entries, lower minor access complications, and faster access
(1.5-3 minutes reduction in insufflation time), without increasing major injury risk. [1-3]

T Surgeons should maintain proficiency with Veress needle entry for scenarios where it may be
safer or more effective, such as alternative entry sites, anticipated adhesions, or unfavorable
anatomy for DTE.

1 Alternative entry sites (Lee—Huang or Jain points) are safe options in women with prior
umbilical or pelvic surgery, but Veress needle entry at the umbilicus remains standard for
many surgeons due to cosmesis and may still be acceptable in carefully selected cases.
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)l

10.

11.

Training programs should teach both techniques, with simulation emphasizing recognition and
management of preperitoneal insufflation, extraperitoneal gas tracking, and immediate
bailout strategies (optical trocar, open conversion, Palmer’s point).

Local outcomes should be monitored, as complications are rare; quality improvement data
can guide technique selection more effectively than literature alone.

Further high-quality comparative trials are needed to establish best practices for patients
with prior pelvic or umbilical surgery.
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