
1.  Introduction

 Nanotechnology is an advanced 
approach  to design, production, manipulation, 
and application of useful materials, systems, 
and apparatuses by regulating matter at the 
nanoscale. It has been used in numerous fields 
of inquiry, including biomedical sciences, 
physical sciences, electronic engineering, and 
many more. First, because nanotechnology can 
detect and analyses samples at the nanoscale, it 
allows for the collection and analysis of crucial 
evidence that was previously impossible. 

Second, because it can now analyze samples 
on a lower scale. Furthermore, nanomaterials 
have novel features that make it possible to 
gather and find evidence that was previously 
impossible to do so. Examples include trace 
amounts of explosives, DNA on fingerprints, 
and trace amounts of hazardous metals on 
palm prints. 

Basic researcher and demonstration of 
chip-based or micro device technology for 
DNA analysis in forensic application are both 
included in the DNA Research and Develop-
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1.  Introduction

 NSkin cancer is common types of 
cancer which has a life-threatening effect. The 
atomic bombs exploded over Nagasaki and 
Hiroshima exposed the population to both 
neutrons and gamma rays. Epidemiological 
studies revealed that atomic bomb survivors 
living in Nagasaki and Hiroshima showed 
relationship between ionizing radiation and 
risk of skin cancer development (1). In united 

states, it has affected more than 9500 individu-
als on regular basis and around 3.6 million 
individuals suffered from basal cell skin cancer 
on annual basis. Most occurring form of skin 
cancer is Melanoma which grow in melano-
cytes cell and its severity can affect stomach, 
lungs and other body parts. According to 
report, the early detection of malignant mela-
noma can be treated 99% whereas; patients 
with progressive melanoma has 25% survival 
probability [2]. 
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Figure 17: Precision, Recall, F1-Score of 7 
classes with respect to VGG

4.  CONCLUSION

A method was developed in the proposed study 
for classifying seven types of lesions. The 
proposed method achieved high performance 
measures, including accuracy, sensitivity, 
specificity, and precision respectively. The 
performance of methods increased when the 
number of images in all classes decreased to 
address the imbalance issue. Fine-tuning all 
architecture layers resulted in higher perfor-
mance measures compared to fine-tuning only 
the replaced layers. Additionally, the compari-
son has also performed to evaluate the perfor-
mance of all three models (VGG, CNN, ANN). 
After experimental analysis, VGG outperform 
in classification as compared to other two 
models with 75.6% accuracy.
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ment programme. The chemical and biological 
defense initiative's objective is to develop a 
wearable, affordable technology that can warn 
its user of potential chemical and biological 
threats in time for them to take the necessary 
safeguards [1].

2.  Characterization Of 
Nanomaterials 

Nanomaterials can be characterized by using 
atomic force microscopy, dynamic light 
scattering, and Raman micro spectroscopy 
(Micro-Raman). Since electron beams serve as 
the light source, electron microscopy can 
magnify incredibly minute details of nanoma-
terials with resolution down to the sub-nanom-
eter range. The light source is a cathode that 
produces a lens-focused high voltage electron 

beam. When the beam contacts a photographic 
plate, phosphor screen, or another light-sensi-
tive sensor, a picture is produced. Through 
TEM, the internal structure of the materials 
under study is made visible. Scanning electron 
microscopy (SEM), which searches for 
secondary or backscattered electrons, creates 
images. In comparison to TEM, the process 
used to create the final images in SEM is very 
different. SEM scans can show surface shape 
and produces three-dimensional images [2].

2.1.  Atomic Force Microscopy 
AFM is very effective tool for assessing nano-
particles. It can determine magnetic forces, 
chemical bonding, capillary force, electrostatic 
force, and others. Although SEM and AFM are 
both capable of producing 3-D images [3].
 

2.2.   Dynamic Light Scattering 
Dynamic light scattering is a well-known 
technique for estimating particle size in the 
range from a few nanometers to a few microns 

(DLS). DLS is excellent at identifying even 
trace amounts of aggregated protein. The 
typical detection window is 0.8 to 6500 nm [4].

Fig 2: Dynamic Light Scattering 

2.3.  Raman Micro spectroscopy
Raman spectroscopy, as opposed to focusing on 
absorption, examines how the sample scatters 
light. It accomplishes this by counting photons 
using a charged-coupled device (CCD), a 
multiple dispersion prism, or a diffraction 
grating. Filtering removes the wavelength that 
is near the laser line (Raleigh scattering). The 

interference from water to the Raman spectrum 
is far less than it is for infrared spectroscopy. 
The study of biological objects like as cells, 
tissues, peptides, and proteins is thus excellent-
ly suitable to it. Extremely specific energy 
ranges can be connected to the rotational and 
vibrational motions of particular types of 
chemical bonds in organic molecules. The 
fingerprint that can be used to identify the 
molecule is provided [5].

Fig 3: Raman Micro spectroscopy
      
3. Forensic Applications
The forensic applications of nanotechnology 
are as follows.

3.1.   Latent Fingerprint Enhancement of 
CdS

Dr. Menzel invented the technique for improv-
ing latent fingerprint detection using photolu-
minescent CdS semiconductor nanocrystals 
topped with dioctyl sulfosuccinate. His idea 
was to use fluorescent dye to pre-fume items 
with cyanoacrylate ester and to paint electrical 
tape's sticky side with fluorescent dye [6].

3.2.  Nano-Fingerprint Residue Visualiza-
tion 
By detecting inorganic elements in the impres-
sions, MXRF produces images of latent finger-
prints. The non-destructive analysis and stable 
inorganic residues make it more advantageous. 
Fingerprints are saved during processing and 
might be utilised for further inquiries, such as 
elemental analysis for gunshot residue. Chlo-
ride ions and potassium are the inorganic 
residues that can be present in fingerprints. 
MXRF offers an elemental assessment of the 
inorganic elements present in fingerprints. 
Additionally, MXRF has the ability to identify 
chemicals that are not often seen on the hands, 
such as sweat, saliva, lotion and sunscreen. For 
instance, MXRF can be used to connect 
salivary components with food remains in 
fingerprints to look into situations of missing 
children [7].

3.3. Gold Nanoparticles to Enhance PCR 
Efficiency
The effectiveness of the polymerase chain 
reaction can be considerably enhanced by the 
use of Au nanoparticles (PCR). The reaction 
time was found to be reduced while the 
heating/cooling thermal cycle rates were raised 
when 0.7nM of 13 nm Au nanoparticles were 
added to the PCR reagent. The huge increases 
in PCR efficiency are the result of Au nanopar-
ticles' extraordinary capacity to transmit heat 
[8].

3.4.  AFM and Questioned Documents
For the first time, pen and ink's 3-D surface 
morphology (AFM) may be studied thanks to a 
method created by Swiss researchers. They 
claim that AFM can offer crucial details for 
comprehending the arrangement of lines 
produced by ballpoint ink and ribbon dye. 
They claim that AFM images include the same 

level of qualitative data as those obtained using 
scanning near-infrared microscopy [9].

3.5.  AFM and the Time of Death 
The morphological changes in blood cells can 
be utilized to calculate the time of death. The 
cell and membrane surfaces of unfixed eryth-
rocytes are observed to deform with time. 
Within a half-day, fissures and cell shrinkage 
occurred. An early indicator of death is protu-
berance on erythrocytes, which can be utilized 
to determine the precise time of death. A study 
that was published in the journal Cell Mecha-
nisms of Cells suggests that there are two 
potential causes for the development of holes 
in cells. One is when dehydration causes holes 
to emerge and hemoglobin in the cytoplasm 
flows outward; the other is when membrane 
proteins thin out as a result of dehydration. A 
group of researchers from the University of 
Bristol looked into the red blood cells' (RBC) 
time-dependent surface adhesive force and 
shape. Their findings imply that AFM is a new 
potential forensic medicine tool (the estimation 
of the time of death). RBC cells on mica were 
noticeably larger in both form and volume than 
cells on glass, but, surprisingly, their adhesive 
properties were substrate-independent. On a 
mica substrate, RBC has the normal biconcave 
shape, while on a glass substrate, it has a 
flattened or bicavity shape. In controlled room 
temperature conditions, changes in the RBC's 
cell volume and adhesive force were compara-
ble to those in uncontrolled outdoor environ-
mental conditions. To effectively assess blood 
age, more research is required on a variety of 
environmental parameters, including humidity, 
pH value, temperature, and light [10].

3.6. AFM Force Spectroscopy and Blood-
stain 
In two steps, the nanometer-scale elasticity of 

erythrocytes was examined. Red blood cells 
typically have a "doughnut-like" look, which 
indicates that they are dry. The modification of 
the drying and coagulation processes most 
likely contributed to the changing elasticity 
pattern over time. It is possible to estimate the 
age of bloodstains and utilize this information 
to support criminal investigations once the 
elasticity of time's calibration curve has been 
produced [11].

3.7.  AFM and Trace Evidence 
The surface texture parameters of environmen-
tally problematic materials were quantitatively 
evaluated using AFM images as a function of 
exposure time. Three different types of fibres 
were applied to two distinct soils (town and 
riverbank) and two distinct types of water 
during 0, 2, 4, and 6 weeks (ponds and water). 
The average maximum peak heights (Hpm), 
average maximum heights (Hz), and average 
maximum valley depths of each sample's 
surface morphology were assessed (Hvm). 
AFM can differentiate between various 
environmental exposures or violent damages 
to fibres, making it an efficient approach for 
forensic evaluation of fibre evidence.

Criminals frequently use pressure sensitive 
adhesive (PSA), which can be found in 
adhesive tapes and packaging. Images illustrat-
ing the mechanical characteristics of several 
PSA tape types, which are frequently used to 
secure parcels and confine suspects in kidnap-
ping investigations, are displayed. The AFM 
phase pictures of the three tapes under research 
show dark and bright regions that, respectively, 
represent the soft polymer molecules and the 
rough surfactants. This work is the first to use 
force mapping and AFM imaging to compre-
hensively investigate several tapes. According 

to a number of studies, AFM has also been 
applied in criminal investigations in various 
ways. AFM microcantilever provides the 
ability to do selective detection as well as 
surface and image analysis. The study of DNA 
hybridization, the discovery of two 
prostate-specific antigen isoforms, C-reactive 
proteins, Salmonella enterica, Vaccinia virus, 
and explosives like trinitrotoluene (TNT) and 
PETN are a few examples of applications. It 
uses the proper coatings on the cantilever 
surface to identify molecules [12].

4.  FUTURE PROSPECTS

Taiwan has the potential and capacity to lead 
the world in the integration of forensic scienc-
es and nanotechnology. More knowledge in 
disciplines relating to nanotechnology will be 
required of forensic scientists. Taiwan's foren-
sic scientists are more qualified and knowl-
edgeable in general than those in most other 
nations. It is not "mission impossible" to merge 
forensic science and nanotechnology and 
create a world-leading environment. It can be 
accomplished by emphasizing the develop-
ment of educational research, a competent 
workforce, and the enabling infrastructure and 
resources. Additionally, greater forensic lab 
instrumentation use along with equipment 
capable of doing nanoscale analysis would be 
necessary for this [13].

5. CONCLUSION

Real-world criminal cases now have better 
forensic evidence thanks to analytical chemis-
try. Many forensic laboratories continue to be 
understaffed and underfunded, especially at 
the state and local levels, despite the fact that 
television programmed have glamorized the 
field and drawn attention from the general 

public and potential students. To address these 
personnel requirements, formal programmed 
in forensic chemistry and forensic science 
education are growing, and there is already a 
system in place to recognized those that adhere 
to basic curriculum criteria. The self-evalua-
tion process will surely help the training 
programmed that opt to pursue accreditation, 
and in the end, they will generate graduates 
who are more equipped and future leaders in 
the forensic science field.
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Figure 10: Confusion Matric of CNN

Thirdly, the VGG-16 model is considered 

which is comprised of 16 different layers. 
Figure 11 shows the basic structure of 
VGG-16.

Figure 13: Confusion Matric of VGG-16 Figure 14 shows the comparison in perfor-
mance of VGG, CNN and ANN.

Figure 14: Performance comparison of 3 
models

Figure 15 shows a comparison of the model 
performance of ANN with respect to Precision, 
Recall and F1-score.

Figure 15: Precision, Recall, F1-Score of 7 
classes with respect to ANN

Figure 16 shows a comparison of the model 
performance of CNN with respect to Precision, 
Recall and F1-score.

Figure 16: Precision, Recall, F1-Score of 7 
classes with respect to CNN

Figure 17 shows a comparison of the model 
performance of VGG with respect to Precision, 
Recall and F1-score.

Figure 11: Basic structure of VGG-16

VGG-16 took input images from the 
HAM1000 dataset and pass them to its 16 
different layers. After that, it performs classifi-

cation according to 7 different skin cancer 
classes.  Figure 12 shows the accuracy of 
VGG-16 model after 10 epochs. The average 
accuracy gained after VGG training is 75.6%
 

Figure 12: accuracy of VGG-16 model Figure 13 shows the confusion matrix of the 
VGG-16 model.

Figure 1: Sample images of Skin lesion from 
Ham1000 dataset

Early detection of skin lesion increases proba-
bility of patient’s survival. So, the significance 
of detection and classification of different skin 
lesion has raised. The similar appearance of 
mild and severe skin lesion makes the detec-
tion and classification, a challenging task. The 
diagnostic task of skin lesion is based on 
ABCDE formula:

• A representing asymmetric skin   
 surface 

• B representing abnormal border

• C representing lesion color

• D representing lesion diameter

• E representing lesion enlargement

Different skin cancers seem alike with respect 
to above properties. There is a chance of error 

if detection is made via naked eye [3]. Dermos-
copy is the significant method for detecting 
skin lesion as compared to clinical approach 
like biopsy etc. which is time taking procedure.  
But dermoscopy has some demerits as it is 
error prone. So, there is high need of effective 
technique for accurate detection with less error 
rate [4,5].

Deep learning (DL) is edge cutting technology 
which trains model for specified task more 
accurate as compared to machine learning. 
This research aims to utilize deep learning 
algorithm for skin lesion detection and classifi-
cation through dermoscopic images as DL fast 
learning models are less error prone. Data 
augmentation is required as dataset is dispro-
portional, it is done through affine transforma-
tion. Moreover, the model is cross-validated 
for effective performance [6].

2. Methodology
Figure 2 shows the proposed methodology of 
system. 

Figure 2: Proposed methodology

The methodology of the proposed research 
comprised of following phases:

2.1  Dataset collection
The targeted dataset is HAM1000 dataset. The 
HAM10000 ("Human Against Machine with 
10,000 training images") dataset is a collection 
of multi-source dermatoscopic images of 
pigmented lesions,which is sourced from 
various populations and stored by using differ-
ent techniques. It comprises of 10,015 images 
and 7 distinct categories of skin cancer.  The 
seven categories of skin cancer are Melanocyt-
ic nevi, Melanoma, Dermatofibroma, Benign 
keratosis-like lesions, Actinic keratosis, Basal 
cell carcinoma, Vascular lesions.

2.2  Preprocessing
After collecting the target dataset, it is passed 
to a preprocessing phase where data cleansing 
is performed. The data underwent normaliza-
tion through various methods, such as reducing 
missing values, resizing images, and properly 
labeling them. This normalization process is 
crucial for the success of the research as it 
minimizes the loss of information. This helps 
to concentrate on the region of interest. Figure 
3 shows the dataset image size reduction to 
minimize the computational cost of the model.
 

Figure 3: Image resizing

2.3  Training 
After undergoing processing, the dataset was 
used to train three different neural network 
models. The training models include Artificial 
Neural Network (ANN), Convolutional Neural 
Network (CNN) and Visual Geometry Group 
(VGG-16).
  
2.3.1.  ANN
Artificial Neural Networks (ANNs) are mathe-
matical models made up of interconnected 
processing units, also known as neurons. These 
neurons receive signals from other neurons, 
process the information by combining and 
transforming it, and produce a numerical 
output. The processing units in an ANN mimic 
the structure of biological neurons and are 
interconnected to form a network, creating the 
artificial neural network.

 2.3.2. CNN
A Convolutional Neural Network (CNN) is a 
technique in computer vision that is designed 
to identify and distinguish the features of 
images. This architecture takes skin lesion 
images as input and passes them through a 
convolutional layer, where the weights are 
transformed into features. These features are 
further refined in the pooling layer before 
being transformed into a 1D representation in 
the fully connected layer. Finally, the features 
are classified using a Softmax layer.

2.3.3. VGG-16
The VGG16 architecture, a Convolutional 
Neural Network (CNN), won the 2014 
ILSVRC (Imagenet) competition. It is consid-
ered to be one of the most advanced vision 

models developed to date. The VGG16 model 
consists of 16 layers and is known for its 
consistent placement of convolutional and 
max-pool layers throughout its architecture 
[7]. 
2.4. Model Validation
After training, the performance of the model is 
evaluated based on some parameters. It evalu-
ates if the model is classifying the classes 
accurately or not. Figure 4 shows the block 
diagram of the proposed research. 

 

Figure 4: Block diagram of a system

3.  RESULTS

In present section, the results of the proposed 
study are presented in numerical values and 
confusion matrices. Three classifiers were 
used for the experimental process, including 
Artificial Neural Network, Convolutional 
Neural Network, and Visual Geometry Group. 
First, the ANN model is considered which is 
comprised of three different layers (input, 

hidden, and output). Figure 5 shows the archi-
tecture of ANN.
 

   
Figure 5: ANN architecture

ANN took input image from HAM1000 
dataset and performance classification accord-

ing to 7 different skin cancer classes.  Figure 6 
shows the accuracy of ANN model after 10 
epochs. The average accuracy gained after 
ANN training is 70.5%

Figure 7: Confusion Matrix of ANN

Secondly, the CNN model is considered which 

is comprised of different layers. Figure 8 
shows the general structure of CNN for skin 
lesion classification.

Figure 8: general structure of CNN model

CNN took input images from the HAM1000 
dataset and pass them to convolutional, 
pooling, fully connected layers. After that, it 

performances classification according to 7 
different skin cancer classes.  Figure 9 shows 
the accuracy of CNN model after 10 epochs. 
The average accuracy gained after CNN 
training is 71.5%

Figure 9: Accuracy of CNN Figure 10 shows the confusion matrix of the 
CNN model.

Figure 6: Accuracy of ANN Figure 7 shows the confusion matrix of the 
ANN model.
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A method was developed in the proposed study 
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beam. When the beam contacts a photographic 
plate, phosphor screen, or another light-sensi-
tive sensor, a picture is produced. Through 
TEM, the internal structure of the materials 
under study is made visible. Scanning electron 
microscopy (SEM), which searches for 
secondary or backscattered electrons, creates 
images. In comparison to TEM, the process 
used to create the final images in SEM is very 
different. SEM scans can show surface shape 
and produces three-dimensional images [2].

2.1.  Atomic Force Microscopy 
AFM is very effective tool for assessing nano-
particles. It can determine magnetic forces, 
chemical bonding, capillary force, electrostatic 
force, and others. Although SEM and AFM are 
both capable of producing 3-D images [3].
 

2.2.   Dynamic Light Scattering 
Dynamic light scattering is a well-known 
technique for estimating particle size in the 
range from a few nanometers to a few microns 

(DLS). DLS is excellent at identifying even 
trace amounts of aggregated protein. The 
typical detection window is 0.8 to 6500 nm [4].

Fig 2: Dynamic Light Scattering 

2.3.  Raman Micro spectroscopy
Raman spectroscopy, as opposed to focusing on 
absorption, examines how the sample scatters 
light. It accomplishes this by counting photons 
using a charged-coupled device (CCD), a 
multiple dispersion prism, or a diffraction 
grating. Filtering removes the wavelength that 
is near the laser line (Raleigh scattering). The 

interference from water to the Raman spectrum 
is far less than it is for infrared spectroscopy. 
The study of biological objects like as cells, 
tissues, peptides, and proteins is thus excellent-
ly suitable to it. Extremely specific energy 
ranges can be connected to the rotational and 
vibrational motions of particular types of 
chemical bonds in organic molecules. The 
fingerprint that can be used to identify the 
molecule is provided [5].

Fig 3: Raman Micro spectroscopy
      
3. Forensic Applications
The forensic applications of nanotechnology 
are as follows.

3.1.   Latent Fingerprint Enhancement of 
CdS

Dr. Menzel invented the technique for improv-
ing latent fingerprint detection using photolu-
minescent CdS semiconductor nanocrystals 
topped with dioctyl sulfosuccinate. His idea 
was to use fluorescent dye to pre-fume items 
with cyanoacrylate ester and to paint electrical 
tape's sticky side with fluorescent dye [6].

3.2.  Nano-Fingerprint Residue Visualiza-
tion 
By detecting inorganic elements in the impres-
sions, MXRF produces images of latent finger-
prints. The non-destructive analysis and stable 
inorganic residues make it more advantageous. 
Fingerprints are saved during processing and 
might be utilised for further inquiries, such as 
elemental analysis for gunshot residue. Chlo-
ride ions and potassium are the inorganic 
residues that can be present in fingerprints. 
MXRF offers an elemental assessment of the 
inorganic elements present in fingerprints. 
Additionally, MXRF has the ability to identify 
chemicals that are not often seen on the hands, 
such as sweat, saliva, lotion and sunscreen. For 
instance, MXRF can be used to connect 
salivary components with food remains in 
fingerprints to look into situations of missing 
children [7].

3.3. Gold Nanoparticles to Enhance PCR 
Efficiency
The effectiveness of the polymerase chain 
reaction can be considerably enhanced by the 
use of Au nanoparticles (PCR). The reaction 
time was found to be reduced while the 
heating/cooling thermal cycle rates were raised 
when 0.7nM of 13 nm Au nanoparticles were 
added to the PCR reagent. The huge increases 
in PCR efficiency are the result of Au nanopar-
ticles' extraordinary capacity to transmit heat 
[8].

3.4.  AFM and Questioned Documents
For the first time, pen and ink's 3-D surface 
morphology (AFM) may be studied thanks to a 
method created by Swiss researchers. They 
claim that AFM can offer crucial details for 
comprehending the arrangement of lines 
produced by ballpoint ink and ribbon dye. 
They claim that AFM images include the same 

level of qualitative data as those obtained using 
scanning near-infrared microscopy [9].

3.5.  AFM and the Time of Death 
The morphological changes in blood cells can 
be utilized to calculate the time of death. The 
cell and membrane surfaces of unfixed eryth-
rocytes are observed to deform with time. 
Within a half-day, fissures and cell shrinkage 
occurred. An early indicator of death is protu-
berance on erythrocytes, which can be utilized 
to determine the precise time of death. A study 
that was published in the journal Cell Mecha-
nisms of Cells suggests that there are two 
potential causes for the development of holes 
in cells. One is when dehydration causes holes 
to emerge and hemoglobin in the cytoplasm 
flows outward; the other is when membrane 
proteins thin out as a result of dehydration. A 
group of researchers from the University of 
Bristol looked into the red blood cells' (RBC) 
time-dependent surface adhesive force and 
shape. Their findings imply that AFM is a new 
potential forensic medicine tool (the estimation 
of the time of death). RBC cells on mica were 
noticeably larger in both form and volume than 
cells on glass, but, surprisingly, their adhesive 
properties were substrate-independent. On a 
mica substrate, RBC has the normal biconcave 
shape, while on a glass substrate, it has a 
flattened or bicavity shape. In controlled room 
temperature conditions, changes in the RBC's 
cell volume and adhesive force were compara-
ble to those in uncontrolled outdoor environ-
mental conditions. To effectively assess blood 
age, more research is required on a variety of 
environmental parameters, including humidity, 
pH value, temperature, and light [10].

3.6. AFM Force Spectroscopy and Blood-
stain 
In two steps, the nanometer-scale elasticity of 

erythrocytes was examined. Red blood cells 
typically have a "doughnut-like" look, which 
indicates that they are dry. The modification of 
the drying and coagulation processes most 
likely contributed to the changing elasticity 
pattern over time. It is possible to estimate the 
age of bloodstains and utilize this information 
to support criminal investigations once the 
elasticity of time's calibration curve has been 
produced [11].

3.7.  AFM and Trace Evidence 
The surface texture parameters of environmen-
tally problematic materials were quantitatively 
evaluated using AFM images as a function of 
exposure time. Three different types of fibres 
were applied to two distinct soils (town and 
riverbank) and two distinct types of water 
during 0, 2, 4, and 6 weeks (ponds and water). 
The average maximum peak heights (Hpm), 
average maximum heights (Hz), and average 
maximum valley depths of each sample's 
surface morphology were assessed (Hvm). 
AFM can differentiate between various 
environmental exposures or violent damages 
to fibres, making it an efficient approach for 
forensic evaluation of fibre evidence.

Criminals frequently use pressure sensitive 
adhesive (PSA), which can be found in 
adhesive tapes and packaging. Images illustrat-
ing the mechanical characteristics of several 
PSA tape types, which are frequently used to 
secure parcels and confine suspects in kidnap-
ping investigations, are displayed. The AFM 
phase pictures of the three tapes under research 
show dark and bright regions that, respectively, 
represent the soft polymer molecules and the 
rough surfactants. This work is the first to use 
force mapping and AFM imaging to compre-
hensively investigate several tapes. According 

to a number of studies, AFM has also been 
applied in criminal investigations in various 
ways. AFM microcantilever provides the 
ability to do selective detection as well as 
surface and image analysis. The study of DNA 
hybridization, the discovery of two 
prostate-specific antigen isoforms, C-reactive 
proteins, Salmonella enterica, Vaccinia virus, 
and explosives like trinitrotoluene (TNT) and 
PETN are a few examples of applications. It 
uses the proper coatings on the cantilever 
surface to identify molecules [12].

4.  FUTURE PROSPECTS

Taiwan has the potential and capacity to lead 
the world in the integration of forensic scienc-
es and nanotechnology. More knowledge in 
disciplines relating to nanotechnology will be 
required of forensic scientists. Taiwan's foren-
sic scientists are more qualified and knowl-
edgeable in general than those in most other 
nations. It is not "mission impossible" to merge 
forensic science and nanotechnology and 
create a world-leading environment. It can be 
accomplished by emphasizing the develop-
ment of educational research, a competent 
workforce, and the enabling infrastructure and 
resources. Additionally, greater forensic lab 
instrumentation use along with equipment 
capable of doing nanoscale analysis would be 
necessary for this [13].

5. CONCLUSION

Real-world criminal cases now have better 
forensic evidence thanks to analytical chemis-
try. Many forensic laboratories continue to be 
understaffed and underfunded, especially at 
the state and local levels, despite the fact that 
television programmed have glamorized the 
field and drawn attention from the general 

public and potential students. To address these 
personnel requirements, formal programmed 
in forensic chemistry and forensic science 
education are growing, and there is already a 
system in place to recognized those that adhere 
to basic curriculum criteria. The self-evalua-
tion process will surely help the training 
programmed that opt to pursue accreditation, 
and in the end, they will generate graduates 
who are more equipped and future leaders in 
the forensic science field.
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Figure 10: Confusion Matric of CNN

Thirdly, the VGG-16 model is considered 

which is comprised of 16 different layers. 
Figure 11 shows the basic structure of 
VGG-16.

Figure 13: Confusion Matric of VGG-16 Figure 14 shows the comparison in perfor-
mance of VGG, CNN and ANN.

Figure 14: Performance comparison of 3 
models

Figure 15 shows a comparison of the model 
performance of ANN with respect to Precision, 
Recall and F1-score.

Figure 15: Precision, Recall, F1-Score of 7 
classes with respect to ANN

Figure 16 shows a comparison of the model 
performance of CNN with respect to Precision, 
Recall and F1-score.

Figure 16: Precision, Recall, F1-Score of 7 
classes with respect to CNN

Figure 17 shows a comparison of the model 
performance of VGG with respect to Precision, 
Recall and F1-score.

Figure 11: Basic structure of VGG-16

VGG-16 took input images from the 
HAM1000 dataset and pass them to its 16 
different layers. After that, it performs classifi-

cation according to 7 different skin cancer 
classes.  Figure 12 shows the accuracy of 
VGG-16 model after 10 epochs. The average 
accuracy gained after VGG training is 75.6%
 

Figure 12: accuracy of VGG-16 model Figure 13 shows the confusion matrix of the 
VGG-16 model.

Figure 1: Sample images of Skin lesion from 
Ham1000 dataset

Early detection of skin lesion increases proba-
bility of patient’s survival. So, the significance 
of detection and classification of different skin 
lesion has raised. The similar appearance of 
mild and severe skin lesion makes the detec-
tion and classification, a challenging task. The 
diagnostic task of skin lesion is based on 
ABCDE formula:

• A representing asymmetric skin   
 surface 

• B representing abnormal border

• C representing lesion color

• D representing lesion diameter

• E representing lesion enlargement

Different skin cancers seem alike with respect 
to above properties. There is a chance of error 

if detection is made via naked eye [3]. Dermos-
copy is the significant method for detecting 
skin lesion as compared to clinical approach 
like biopsy etc. which is time taking procedure.  
But dermoscopy has some demerits as it is 
error prone. So, there is high need of effective 
technique for accurate detection with less error 
rate [4,5].

Deep learning (DL) is edge cutting technology 
which trains model for specified task more 
accurate as compared to machine learning. 
This research aims to utilize deep learning 
algorithm for skin lesion detection and classifi-
cation through dermoscopic images as DL fast 
learning models are less error prone. Data 
augmentation is required as dataset is dispro-
portional, it is done through affine transforma-
tion. Moreover, the model is cross-validated 
for effective performance [6].

2. Methodology
Figure 2 shows the proposed methodology of 
system. 

Figure 2: Proposed methodology

The methodology of the proposed research 
comprised of following phases:

2.1  Dataset collection
The targeted dataset is HAM1000 dataset. The 
HAM10000 ("Human Against Machine with 
10,000 training images") dataset is a collection 
of multi-source dermatoscopic images of 
pigmented lesions,which is sourced from 
various populations and stored by using differ-
ent techniques. It comprises of 10,015 images 
and 7 distinct categories of skin cancer.  The 
seven categories of skin cancer are Melanocyt-
ic nevi, Melanoma, Dermatofibroma, Benign 
keratosis-like lesions, Actinic keratosis, Basal 
cell carcinoma, Vascular lesions.

2.2  Preprocessing
After collecting the target dataset, it is passed 
to a preprocessing phase where data cleansing 
is performed. The data underwent normaliza-
tion through various methods, such as reducing 
missing values, resizing images, and properly 
labeling them. This normalization process is 
crucial for the success of the research as it 
minimizes the loss of information. This helps 
to concentrate on the region of interest. Figure 
3 shows the dataset image size reduction to 
minimize the computational cost of the model.
 

Figure 3: Image resizing

2.3  Training 
After undergoing processing, the dataset was 
used to train three different neural network 
models. The training models include Artificial 
Neural Network (ANN), Convolutional Neural 
Network (CNN) and Visual Geometry Group 
(VGG-16).
  
2.3.1.  ANN
Artificial Neural Networks (ANNs) are mathe-
matical models made up of interconnected 
processing units, also known as neurons. These 
neurons receive signals from other neurons, 
process the information by combining and 
transforming it, and produce a numerical 
output. The processing units in an ANN mimic 
the structure of biological neurons and are 
interconnected to form a network, creating the 
artificial neural network.

 2.3.2. CNN
A Convolutional Neural Network (CNN) is a 
technique in computer vision that is designed 
to identify and distinguish the features of 
images. This architecture takes skin lesion 
images as input and passes them through a 
convolutional layer, where the weights are 
transformed into features. These features are 
further refined in the pooling layer before 
being transformed into a 1D representation in 
the fully connected layer. Finally, the features 
are classified using a Softmax layer.

2.3.3. VGG-16
The VGG16 architecture, a Convolutional 
Neural Network (CNN), won the 2014 
ILSVRC (Imagenet) competition. It is consid-
ered to be one of the most advanced vision 

models developed to date. The VGG16 model 
consists of 16 layers and is known for its 
consistent placement of convolutional and 
max-pool layers throughout its architecture 
[7]. 
2.4. Model Validation
After training, the performance of the model is 
evaluated based on some parameters. It evalu-
ates if the model is classifying the classes 
accurately or not. Figure 4 shows the block 
diagram of the proposed research. 

 

Figure 4: Block diagram of a system

3.  RESULTS

In present section, the results of the proposed 
study are presented in numerical values and 
confusion matrices. Three classifiers were 
used for the experimental process, including 
Artificial Neural Network, Convolutional 
Neural Network, and Visual Geometry Group. 
First, the ANN model is considered which is 
comprised of three different layers (input, 

hidden, and output). Figure 5 shows the archi-
tecture of ANN.
 

   
Figure 5: ANN architecture

ANN took input image from HAM1000 
dataset and performance classification accord-

ing to 7 different skin cancer classes.  Figure 6 
shows the accuracy of ANN model after 10 
epochs. The average accuracy gained after 
ANN training is 70.5%

Figure 7: Confusion Matrix of ANN

Secondly, the CNN model is considered which 

is comprised of different layers. Figure 8 
shows the general structure of CNN for skin 
lesion classification.

Figure 8: general structure of CNN model

CNN took input images from the HAM1000 
dataset and pass them to convolutional, 
pooling, fully connected layers. After that, it 

performances classification according to 7 
different skin cancer classes.  Figure 9 shows 
the accuracy of CNN model after 10 epochs. 
The average accuracy gained after CNN 
training is 71.5%

Figure 9: Accuracy of CNN Figure 10 shows the confusion matrix of the 
CNN model.

Figure 6: Accuracy of ANN Figure 7 shows the confusion matrix of the 
ANN model.



1.  Introduction

 Nanotechnology is an advanced 
approach  to design, production, manipulation, 
and application of useful materials, systems, 
and apparatuses by regulating matter at the 
nanoscale. It has been used in numerous fields 
of inquiry, including biomedical sciences, 
physical sciences, electronic engineering, and 
many more. First, because nanotechnology can 
detect and analyses samples at the nanoscale, it 
allows for the collection and analysis of crucial 
evidence that was previously impossible. 

Second, because it can now analyze samples 
on a lower scale. Furthermore, nanomaterials 
have novel features that make it possible to 
gather and find evidence that was previously 
impossible to do so. Examples include trace 
amounts of explosives, DNA on fingerprints, 
and trace amounts of hazardous metals on 
palm prints. 

Basic researcher and demonstration of 
chip-based or micro device technology for 
DNA analysis in forensic application are both 
included in the DNA Research and Develop-

1.  Introduction

 NSkin cancer is common types of 
cancer which has a life-threatening effect. The 
atomic bombs exploded over Nagasaki and 
Hiroshima exposed the population to both 
neutrons and gamma rays. Epidemiological 
studies revealed that atomic bomb survivors 
living in Nagasaki and Hiroshima showed 
relationship between ionizing radiation and 
risk of skin cancer development (1). In united 

states, it has affected more than 9500 individu-
als on regular basis and around 3.6 million 
individuals suffered from basal cell skin cancer 
on annual basis. Most occurring form of skin 
cancer is Melanoma which grow in melano-
cytes cell and its severity can affect stomach, 
lungs and other body parts. According to 
report, the early detection of malignant mela-
noma can be treated 99% whereas; patients 
with progressive melanoma has 25% survival 
probability [2]. 

Figure 17: Precision, Recall, F1-Score of 7 
classes with respect to VGG

4.  CONCLUSION

A method was developed in the proposed study 
for classifying seven types of lesions. The 
proposed method achieved high performance 
measures, including accuracy, sensitivity, 
specificity, and precision respectively. The 
performance of methods increased when the 
number of images in all classes decreased to 
address the imbalance issue. Fine-tuning all 
architecture layers resulted in higher perfor-
mance measures compared to fine-tuning only 
the replaced layers. Additionally, the compari-
son has also performed to evaluate the perfor-
mance of all three models (VGG, CNN, ANN). 
After experimental analysis, VGG outperform 
in classification as compared to other two 
models with 75.6% accuracy.
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ment programme. The chemical and biological 
defense initiative's objective is to develop a 
wearable, affordable technology that can warn 
its user of potential chemical and biological 
threats in time for them to take the necessary 
safeguards [1].

2.  Characterization Of 
Nanomaterials 

Nanomaterials can be characterized by using 
atomic force microscopy, dynamic light 
scattering, and Raman micro spectroscopy 
(Micro-Raman). Since electron beams serve as 
the light source, electron microscopy can 
magnify incredibly minute details of nanoma-
terials with resolution down to the sub-nanom-
eter range. The light source is a cathode that 
produces a lens-focused high voltage electron 

beam. When the beam contacts a photographic 
plate, phosphor screen, or another light-sensi-
tive sensor, a picture is produced. Through 
TEM, the internal structure of the materials 
under study is made visible. Scanning electron 
microscopy (SEM), which searches for 
secondary or backscattered electrons, creates 
images. In comparison to TEM, the process 
used to create the final images in SEM is very 
different. SEM scans can show surface shape 
and produces three-dimensional images [2].

2.1.  Atomic Force Microscopy 
AFM is very effective tool for assessing nano-
particles. It can determine magnetic forces, 
chemical bonding, capillary force, electrostatic 
force, and others. Although SEM and AFM are 
both capable of producing 3-D images [3].
 

2.2.   Dynamic Light Scattering 
Dynamic light scattering is a well-known 
technique for estimating particle size in the 
range from a few nanometers to a few microns 

(DLS). DLS is excellent at identifying even 
trace amounts of aggregated protein. The 
typical detection window is 0.8 to 6500 nm [4].

Fig 2: Dynamic Light Scattering 

2.3.  Raman Micro spectroscopy
Raman spectroscopy, as opposed to focusing on 
absorption, examines how the sample scatters 
light. It accomplishes this by counting photons 
using a charged-coupled device (CCD), a 
multiple dispersion prism, or a diffraction 
grating. Filtering removes the wavelength that 
is near the laser line (Raleigh scattering). The 

interference from water to the Raman spectrum 
is far less than it is for infrared spectroscopy. 
The study of biological objects like as cells, 
tissues, peptides, and proteins is thus excellent-
ly suitable to it. Extremely specific energy 
ranges can be connected to the rotational and 
vibrational motions of particular types of 
chemical bonds in organic molecules. The 
fingerprint that can be used to identify the 
molecule is provided [5].

Fig 3: Raman Micro spectroscopy
      
3. Forensic Applications
The forensic applications of nanotechnology 
are as follows.

3.1.   Latent Fingerprint Enhancement of 
CdS

Dr. Menzel invented the technique for improv-
ing latent fingerprint detection using photolu-
minescent CdS semiconductor nanocrystals 
topped with dioctyl sulfosuccinate. His idea 
was to use fluorescent dye to pre-fume items 
with cyanoacrylate ester and to paint electrical 
tape's sticky side with fluorescent dye [6].

3.2.  Nano-Fingerprint Residue Visualiza-
tion 
By detecting inorganic elements in the impres-
sions, MXRF produces images of latent finger-
prints. The non-destructive analysis and stable 
inorganic residues make it more advantageous. 
Fingerprints are saved during processing and 
might be utilised for further inquiries, such as 
elemental analysis for gunshot residue. Chlo-
ride ions and potassium are the inorganic 
residues that can be present in fingerprints. 
MXRF offers an elemental assessment of the 
inorganic elements present in fingerprints. 
Additionally, MXRF has the ability to identify 
chemicals that are not often seen on the hands, 
such as sweat, saliva, lotion and sunscreen. For 
instance, MXRF can be used to connect 
salivary components with food remains in 
fingerprints to look into situations of missing 
children [7].

3.3. Gold Nanoparticles to Enhance PCR 
Efficiency
The effectiveness of the polymerase chain 
reaction can be considerably enhanced by the 
use of Au nanoparticles (PCR). The reaction 
time was found to be reduced while the 
heating/cooling thermal cycle rates were raised 
when 0.7nM of 13 nm Au nanoparticles were 
added to the PCR reagent. The huge increases 
in PCR efficiency are the result of Au nanopar-
ticles' extraordinary capacity to transmit heat 
[8].

3.4.  AFM and Questioned Documents
For the first time, pen and ink's 3-D surface 
morphology (AFM) may be studied thanks to a 
method created by Swiss researchers. They 
claim that AFM can offer crucial details for 
comprehending the arrangement of lines 
produced by ballpoint ink and ribbon dye. 
They claim that AFM images include the same 

level of qualitative data as those obtained using 
scanning near-infrared microscopy [9].

3.5.  AFM and the Time of Death 
The morphological changes in blood cells can 
be utilized to calculate the time of death. The 
cell and membrane surfaces of unfixed eryth-
rocytes are observed to deform with time. 
Within a half-day, fissures and cell shrinkage 
occurred. An early indicator of death is protu-
berance on erythrocytes, which can be utilized 
to determine the precise time of death. A study 
that was published in the journal Cell Mecha-
nisms of Cells suggests that there are two 
potential causes for the development of holes 
in cells. One is when dehydration causes holes 
to emerge and hemoglobin in the cytoplasm 
flows outward; the other is when membrane 
proteins thin out as a result of dehydration. A 
group of researchers from the University of 
Bristol looked into the red blood cells' (RBC) 
time-dependent surface adhesive force and 
shape. Their findings imply that AFM is a new 
potential forensic medicine tool (the estimation 
of the time of death). RBC cells on mica were 
noticeably larger in both form and volume than 
cells on glass, but, surprisingly, their adhesive 
properties were substrate-independent. On a 
mica substrate, RBC has the normal biconcave 
shape, while on a glass substrate, it has a 
flattened or bicavity shape. In controlled room 
temperature conditions, changes in the RBC's 
cell volume and adhesive force were compara-
ble to those in uncontrolled outdoor environ-
mental conditions. To effectively assess blood 
age, more research is required on a variety of 
environmental parameters, including humidity, 
pH value, temperature, and light [10].

3.6. AFM Force Spectroscopy and Blood-
stain 
In two steps, the nanometer-scale elasticity of 

erythrocytes was examined. Red blood cells 
typically have a "doughnut-like" look, which 
indicates that they are dry. The modification of 
the drying and coagulation processes most 
likely contributed to the changing elasticity 
pattern over time. It is possible to estimate the 
age of bloodstains and utilize this information 
to support criminal investigations once the 
elasticity of time's calibration curve has been 
produced [11].

3.7.  AFM and Trace Evidence 
The surface texture parameters of environmen-
tally problematic materials were quantitatively 
evaluated using AFM images as a function of 
exposure time. Three different types of fibres 
were applied to two distinct soils (town and 
riverbank) and two distinct types of water 
during 0, 2, 4, and 6 weeks (ponds and water). 
The average maximum peak heights (Hpm), 
average maximum heights (Hz), and average 
maximum valley depths of each sample's 
surface morphology were assessed (Hvm). 
AFM can differentiate between various 
environmental exposures or violent damages 
to fibres, making it an efficient approach for 
forensic evaluation of fibre evidence.

Criminals frequently use pressure sensitive 
adhesive (PSA), which can be found in 
adhesive tapes and packaging. Images illustrat-
ing the mechanical characteristics of several 
PSA tape types, which are frequently used to 
secure parcels and confine suspects in kidnap-
ping investigations, are displayed. The AFM 
phase pictures of the three tapes under research 
show dark and bright regions that, respectively, 
represent the soft polymer molecules and the 
rough surfactants. This work is the first to use 
force mapping and AFM imaging to compre-
hensively investigate several tapes. According 

to a number of studies, AFM has also been 
applied in criminal investigations in various 
ways. AFM microcantilever provides the 
ability to do selective detection as well as 
surface and image analysis. The study of DNA 
hybridization, the discovery of two 
prostate-specific antigen isoforms, C-reactive 
proteins, Salmonella enterica, Vaccinia virus, 
and explosives like trinitrotoluene (TNT) and 
PETN are a few examples of applications. It 
uses the proper coatings on the cantilever 
surface to identify molecules [12].

4.  FUTURE PROSPECTS

Taiwan has the potential and capacity to lead 
the world in the integration of forensic scienc-
es and nanotechnology. More knowledge in 
disciplines relating to nanotechnology will be 
required of forensic scientists. Taiwan's foren-
sic scientists are more qualified and knowl-
edgeable in general than those in most other 
nations. It is not "mission impossible" to merge 
forensic science and nanotechnology and 
create a world-leading environment. It can be 
accomplished by emphasizing the develop-
ment of educational research, a competent 
workforce, and the enabling infrastructure and 
resources. Additionally, greater forensic lab 
instrumentation use along with equipment 
capable of doing nanoscale analysis would be 
necessary for this [13].

5. CONCLUSION

Real-world criminal cases now have better 
forensic evidence thanks to analytical chemis-
try. Many forensic laboratories continue to be 
understaffed and underfunded, especially at 
the state and local levels, despite the fact that 
television programmed have glamorized the 
field and drawn attention from the general 

public and potential students. To address these 
personnel requirements, formal programmed 
in forensic chemistry and forensic science 
education are growing, and there is already a 
system in place to recognized those that adhere 
to basic curriculum criteria. The self-evalua-
tion process will surely help the training 
programmed that opt to pursue accreditation, 
and in the end, they will generate graduates 
who are more equipped and future leaders in 
the forensic science field.
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Figure 10: Confusion Matric of CNN

Thirdly, the VGG-16 model is considered 

which is comprised of 16 different layers. 
Figure 11 shows the basic structure of 
VGG-16.

Figure 13: Confusion Matric of VGG-16 Figure 14 shows the comparison in perfor-
mance of VGG, CNN and ANN.

Figure 14: Performance comparison of 3 
models

Figure 15 shows a comparison of the model 
performance of ANN with respect to Precision, 
Recall and F1-score.

Figure 15: Precision, Recall, F1-Score of 7 
classes with respect to ANN

Figure 16 shows a comparison of the model 
performance of CNN with respect to Precision, 
Recall and F1-score.

Figure 16: Precision, Recall, F1-Score of 7 
classes with respect to CNN

Figure 17 shows a comparison of the model 
performance of VGG with respect to Precision, 
Recall and F1-score.

Figure 11: Basic structure of VGG-16

VGG-16 took input images from the 
HAM1000 dataset and pass them to its 16 
different layers. After that, it performs classifi-

cation according to 7 different skin cancer 
classes.  Figure 12 shows the accuracy of 
VGG-16 model after 10 epochs. The average 
accuracy gained after VGG training is 75.6%
 

Figure 12: accuracy of VGG-16 model Figure 13 shows the confusion matrix of the 
VGG-16 model.

Figure 1: Sample images of Skin lesion from 
Ham1000 dataset

Early detection of skin lesion increases proba-
bility of patient’s survival. So, the significance 
of detection and classification of different skin 
lesion has raised. The similar appearance of 
mild and severe skin lesion makes the detec-
tion and classification, a challenging task. The 
diagnostic task of skin lesion is based on 
ABCDE formula:

• A representing asymmetric skin   
 surface 

• B representing abnormal border

• C representing lesion color

• D representing lesion diameter

• E representing lesion enlargement

Different skin cancers seem alike with respect 
to above properties. There is a chance of error 

if detection is made via naked eye [3]. Dermos-
copy is the significant method for detecting 
skin lesion as compared to clinical approach 
like biopsy etc. which is time taking procedure.  
But dermoscopy has some demerits as it is 
error prone. So, there is high need of effective 
technique for accurate detection with less error 
rate [4,5].

Deep learning (DL) is edge cutting technology 
which trains model for specified task more 
accurate as compared to machine learning. 
This research aims to utilize deep learning 
algorithm for skin lesion detection and classifi-
cation through dermoscopic images as DL fast 
learning models are less error prone. Data 
augmentation is required as dataset is dispro-
portional, it is done through affine transforma-
tion. Moreover, the model is cross-validated 
for effective performance [6].

2. Methodology
Figure 2 shows the proposed methodology of 
system. 

Figure 2: Proposed methodology

The methodology of the proposed research 
comprised of following phases:

2.1  Dataset collection
The targeted dataset is HAM1000 dataset. The 
HAM10000 ("Human Against Machine with 
10,000 training images") dataset is a collection 
of multi-source dermatoscopic images of 
pigmented lesions,which is sourced from 
various populations and stored by using differ-
ent techniques. It comprises of 10,015 images 
and 7 distinct categories of skin cancer.  The 
seven categories of skin cancer are Melanocyt-
ic nevi, Melanoma, Dermatofibroma, Benign 
keratosis-like lesions, Actinic keratosis, Basal 
cell carcinoma, Vascular lesions.

2.2  Preprocessing
After collecting the target dataset, it is passed 
to a preprocessing phase where data cleansing 
is performed. The data underwent normaliza-
tion through various methods, such as reducing 
missing values, resizing images, and properly 
labeling them. This normalization process is 
crucial for the success of the research as it 
minimizes the loss of information. This helps 
to concentrate on the region of interest. Figure 
3 shows the dataset image size reduction to 
minimize the computational cost of the model.
 

Figure 3: Image resizing

2.3  Training 
After undergoing processing, the dataset was 
used to train three different neural network 
models. The training models include Artificial 
Neural Network (ANN), Convolutional Neural 
Network (CNN) and Visual Geometry Group 
(VGG-16).
  
2.3.1.  ANN
Artificial Neural Networks (ANNs) are mathe-
matical models made up of interconnected 
processing units, also known as neurons. These 
neurons receive signals from other neurons, 
process the information by combining and 
transforming it, and produce a numerical 
output. The processing units in an ANN mimic 
the structure of biological neurons and are 
interconnected to form a network, creating the 
artificial neural network.

 2.3.2. CNN
A Convolutional Neural Network (CNN) is a 
technique in computer vision that is designed 
to identify and distinguish the features of 
images. This architecture takes skin lesion 
images as input and passes them through a 
convolutional layer, where the weights are 
transformed into features. These features are 
further refined in the pooling layer before 
being transformed into a 1D representation in 
the fully connected layer. Finally, the features 
are classified using a Softmax layer.

2.3.3. VGG-16
The VGG16 architecture, a Convolutional 
Neural Network (CNN), won the 2014 
ILSVRC (Imagenet) competition. It is consid-
ered to be one of the most advanced vision 

models developed to date. The VGG16 model 
consists of 16 layers and is known for its 
consistent placement of convolutional and 
max-pool layers throughout its architecture 
[7]. 
2.4. Model Validation
After training, the performance of the model is 
evaluated based on some parameters. It evalu-
ates if the model is classifying the classes 
accurately or not. Figure 4 shows the block 
diagram of the proposed research. 

 

Figure 4: Block diagram of a system

3.  RESULTS

In present section, the results of the proposed 
study are presented in numerical values and 
confusion matrices. Three classifiers were 
used for the experimental process, including 
Artificial Neural Network, Convolutional 
Neural Network, and Visual Geometry Group. 
First, the ANN model is considered which is 
comprised of three different layers (input, 

hidden, and output). Figure 5 shows the archi-
tecture of ANN.
 

   
Figure 5: ANN architecture

ANN took input image from HAM1000 
dataset and performance classification accord-

ing to 7 different skin cancer classes.  Figure 6 
shows the accuracy of ANN model after 10 
epochs. The average accuracy gained after 
ANN training is 70.5%

Figure 7: Confusion Matrix of ANN

Secondly, the CNN model is considered which 

is comprised of different layers. Figure 8 
shows the general structure of CNN for skin 
lesion classification.

Figure 8: general structure of CNN model

CNN took input images from the HAM1000 
dataset and pass them to convolutional, 
pooling, fully connected layers. After that, it 

performances classification according to 7 
different skin cancer classes.  Figure 9 shows 
the accuracy of CNN model after 10 epochs. 
The average accuracy gained after CNN 
training is 71.5%

Figure 9: Accuracy of CNN Figure 10 shows the confusion matrix of the 
CNN model.

Figure 6: Accuracy of ANN Figure 7 shows the confusion matrix of the 
ANN model.



1.  Introduction

 Nanotechnology is an advanced 
approach  to design, production, manipulation, 
and application of useful materials, systems, 
and apparatuses by regulating matter at the 
nanoscale. It has been used in numerous fields 
of inquiry, including biomedical sciences, 
physical sciences, electronic engineering, and 
many more. First, because nanotechnology can 
detect and analyses samples at the nanoscale, it 
allows for the collection and analysis of crucial 
evidence that was previously impossible. 

Second, because it can now analyze samples 
on a lower scale. Furthermore, nanomaterials 
have novel features that make it possible to 
gather and find evidence that was previously 
impossible to do so. Examples include trace 
amounts of explosives, DNA on fingerprints, 
and trace amounts of hazardous metals on 
palm prints. 

Basic researcher and demonstration of 
chip-based or micro device technology for 
DNA analysis in forensic application are both 
included in the DNA Research and Develop-

1.  Introduction

 NSkin cancer is common types of 
cancer which has a life-threatening effect. The 
atomic bombs exploded over Nagasaki and 
Hiroshima exposed the population to both 
neutrons and gamma rays. Epidemiological 
studies revealed that atomic bomb survivors 
living in Nagasaki and Hiroshima showed 
relationship between ionizing radiation and 
risk of skin cancer development (1). In united 

states, it has affected more than 9500 individu-
als on regular basis and around 3.6 million 
individuals suffered from basal cell skin cancer 
on annual basis. Most occurring form of skin 
cancer is Melanoma which grow in melano-
cytes cell and its severity can affect stomach, 
lungs and other body parts. According to 
report, the early detection of malignant mela-
noma can be treated 99% whereas; patients 
with progressive melanoma has 25% survival 
probability [2]. 

Figure 17: Precision, Recall, F1-Score of 7 
classes with respect to VGG

4.  CONCLUSION

A method was developed in the proposed study 
for classifying seven types of lesions. The 
proposed method achieved high performance 
measures, including accuracy, sensitivity, 
specificity, and precision respectively. The 
performance of methods increased when the 
number of images in all classes decreased to 
address the imbalance issue. Fine-tuning all 
architecture layers resulted in higher perfor-
mance measures compared to fine-tuning only 
the replaced layers. Additionally, the compari-
son has also performed to evaluate the perfor-
mance of all three models (VGG, CNN, ANN). 
After experimental analysis, VGG outperform 
in classification as compared to other two 
models with 75.6% accuracy.
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ment programme. The chemical and biological 
defense initiative's objective is to develop a 
wearable, affordable technology that can warn 
its user of potential chemical and biological 
threats in time for them to take the necessary 
safeguards [1].

2.  Characterization Of 
Nanomaterials 

Nanomaterials can be characterized by using 
atomic force microscopy, dynamic light 
scattering, and Raman micro spectroscopy 
(Micro-Raman). Since electron beams serve as 
the light source, electron microscopy can 
magnify incredibly minute details of nanoma-
terials with resolution down to the sub-nanom-
eter range. The light source is a cathode that 
produces a lens-focused high voltage electron 

beam. When the beam contacts a photographic 
plate, phosphor screen, or another light-sensi-
tive sensor, a picture is produced. Through 
TEM, the internal structure of the materials 
under study is made visible. Scanning electron 
microscopy (SEM), which searches for 
secondary or backscattered electrons, creates 
images. In comparison to TEM, the process 
used to create the final images in SEM is very 
different. SEM scans can show surface shape 
and produces three-dimensional images [2].

2.1.  Atomic Force Microscopy 
AFM is very effective tool for assessing nano-
particles. It can determine magnetic forces, 
chemical bonding, capillary force, electrostatic 
force, and others. Although SEM and AFM are 
both capable of producing 3-D images [3].
 

2.2.   Dynamic Light Scattering 
Dynamic light scattering is a well-known 
technique for estimating particle size in the 
range from a few nanometers to a few microns 

(DLS). DLS is excellent at identifying even 
trace amounts of aggregated protein. The 
typical detection window is 0.8 to 6500 nm [4].

Fig 2: Dynamic Light Scattering 

2.3.  Raman Micro spectroscopy
Raman spectroscopy, as opposed to focusing on 
absorption, examines how the sample scatters 
light. It accomplishes this by counting photons 
using a charged-coupled device (CCD), a 
multiple dispersion prism, or a diffraction 
grating. Filtering removes the wavelength that 
is near the laser line (Raleigh scattering). The 

interference from water to the Raman spectrum 
is far less than it is for infrared spectroscopy. 
The study of biological objects like as cells, 
tissues, peptides, and proteins is thus excellent-
ly suitable to it. Extremely specific energy 
ranges can be connected to the rotational and 
vibrational motions of particular types of 
chemical bonds in organic molecules. The 
fingerprint that can be used to identify the 
molecule is provided [5].

Fig 3: Raman Micro spectroscopy
      
3. Forensic Applications
The forensic applications of nanotechnology 
are as follows.

3.1.   Latent Fingerprint Enhancement of 
CdS

Dr. Menzel invented the technique for improv-
ing latent fingerprint detection using photolu-
minescent CdS semiconductor nanocrystals 
topped with dioctyl sulfosuccinate. His idea 
was to use fluorescent dye to pre-fume items 
with cyanoacrylate ester and to paint electrical 
tape's sticky side with fluorescent dye [6].

3.2.  Nano-Fingerprint Residue Visualiza-
tion 
By detecting inorganic elements in the impres-
sions, MXRF produces images of latent finger-
prints. The non-destructive analysis and stable 
inorganic residues make it more advantageous. 
Fingerprints are saved during processing and 
might be utilised for further inquiries, such as 
elemental analysis for gunshot residue. Chlo-
ride ions and potassium are the inorganic 
residues that can be present in fingerprints. 
MXRF offers an elemental assessment of the 
inorganic elements present in fingerprints. 
Additionally, MXRF has the ability to identify 
chemicals that are not often seen on the hands, 
such as sweat, saliva, lotion and sunscreen. For 
instance, MXRF can be used to connect 
salivary components with food remains in 
fingerprints to look into situations of missing 
children [7].

3.3. Gold Nanoparticles to Enhance PCR 
Efficiency
The effectiveness of the polymerase chain 
reaction can be considerably enhanced by the 
use of Au nanoparticles (PCR). The reaction 
time was found to be reduced while the 
heating/cooling thermal cycle rates were raised 
when 0.7nM of 13 nm Au nanoparticles were 
added to the PCR reagent. The huge increases 
in PCR efficiency are the result of Au nanopar-
ticles' extraordinary capacity to transmit heat 
[8].

3.4.  AFM and Questioned Documents
For the first time, pen and ink's 3-D surface 
morphology (AFM) may be studied thanks to a 
method created by Swiss researchers. They 
claim that AFM can offer crucial details for 
comprehending the arrangement of lines 
produced by ballpoint ink and ribbon dye. 
They claim that AFM images include the same 

level of qualitative data as those obtained using 
scanning near-infrared microscopy [9].

3.5.  AFM and the Time of Death 
The morphological changes in blood cells can 
be utilized to calculate the time of death. The 
cell and membrane surfaces of unfixed eryth-
rocytes are observed to deform with time. 
Within a half-day, fissures and cell shrinkage 
occurred. An early indicator of death is protu-
berance on erythrocytes, which can be utilized 
to determine the precise time of death. A study 
that was published in the journal Cell Mecha-
nisms of Cells suggests that there are two 
potential causes for the development of holes 
in cells. One is when dehydration causes holes 
to emerge and hemoglobin in the cytoplasm 
flows outward; the other is when membrane 
proteins thin out as a result of dehydration. A 
group of researchers from the University of 
Bristol looked into the red blood cells' (RBC) 
time-dependent surface adhesive force and 
shape. Their findings imply that AFM is a new 
potential forensic medicine tool (the estimation 
of the time of death). RBC cells on mica were 
noticeably larger in both form and volume than 
cells on glass, but, surprisingly, their adhesive 
properties were substrate-independent. On a 
mica substrate, RBC has the normal biconcave 
shape, while on a glass substrate, it has a 
flattened or bicavity shape. In controlled room 
temperature conditions, changes in the RBC's 
cell volume and adhesive force were compara-
ble to those in uncontrolled outdoor environ-
mental conditions. To effectively assess blood 
age, more research is required on a variety of 
environmental parameters, including humidity, 
pH value, temperature, and light [10].

3.6. AFM Force Spectroscopy and Blood-
stain 
In two steps, the nanometer-scale elasticity of 

erythrocytes was examined. Red blood cells 
typically have a "doughnut-like" look, which 
indicates that they are dry. The modification of 
the drying and coagulation processes most 
likely contributed to the changing elasticity 
pattern over time. It is possible to estimate the 
age of bloodstains and utilize this information 
to support criminal investigations once the 
elasticity of time's calibration curve has been 
produced [11].

3.7.  AFM and Trace Evidence 
The surface texture parameters of environmen-
tally problematic materials were quantitatively 
evaluated using AFM images as a function of 
exposure time. Three different types of fibres 
were applied to two distinct soils (town and 
riverbank) and two distinct types of water 
during 0, 2, 4, and 6 weeks (ponds and water). 
The average maximum peak heights (Hpm), 
average maximum heights (Hz), and average 
maximum valley depths of each sample's 
surface morphology were assessed (Hvm). 
AFM can differentiate between various 
environmental exposures or violent damages 
to fibres, making it an efficient approach for 
forensic evaluation of fibre evidence.

Criminals frequently use pressure sensitive 
adhesive (PSA), which can be found in 
adhesive tapes and packaging. Images illustrat-
ing the mechanical characteristics of several 
PSA tape types, which are frequently used to 
secure parcels and confine suspects in kidnap-
ping investigations, are displayed. The AFM 
phase pictures of the three tapes under research 
show dark and bright regions that, respectively, 
represent the soft polymer molecules and the 
rough surfactants. This work is the first to use 
force mapping and AFM imaging to compre-
hensively investigate several tapes. According 

to a number of studies, AFM has also been 
applied in criminal investigations in various 
ways. AFM microcantilever provides the 
ability to do selective detection as well as 
surface and image analysis. The study of DNA 
hybridization, the discovery of two 
prostate-specific antigen isoforms, C-reactive 
proteins, Salmonella enterica, Vaccinia virus, 
and explosives like trinitrotoluene (TNT) and 
PETN are a few examples of applications. It 
uses the proper coatings on the cantilever 
surface to identify molecules [12].

4.  FUTURE PROSPECTS

Taiwan has the potential and capacity to lead 
the world in the integration of forensic scienc-
es and nanotechnology. More knowledge in 
disciplines relating to nanotechnology will be 
required of forensic scientists. Taiwan's foren-
sic scientists are more qualified and knowl-
edgeable in general than those in most other 
nations. It is not "mission impossible" to merge 
forensic science and nanotechnology and 
create a world-leading environment. It can be 
accomplished by emphasizing the develop-
ment of educational research, a competent 
workforce, and the enabling infrastructure and 
resources. Additionally, greater forensic lab 
instrumentation use along with equipment 
capable of doing nanoscale analysis would be 
necessary for this [13].

5. CONCLUSION

Real-world criminal cases now have better 
forensic evidence thanks to analytical chemis-
try. Many forensic laboratories continue to be 
understaffed and underfunded, especially at 
the state and local levels, despite the fact that 
television programmed have glamorized the 
field and drawn attention from the general 

public and potential students. To address these 
personnel requirements, formal programmed 
in forensic chemistry and forensic science 
education are growing, and there is already a 
system in place to recognized those that adhere 
to basic curriculum criteria. The self-evalua-
tion process will surely help the training 
programmed that opt to pursue accreditation, 
and in the end, they will generate graduates 
who are more equipped and future leaders in 
the forensic science field.
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Figure 10: Confusion Matric of CNN

Thirdly, the VGG-16 model is considered 

which is comprised of 16 different layers. 
Figure 11 shows the basic structure of 
VGG-16.

Figure 13: Confusion Matric of VGG-16 Figure 14 shows the comparison in perfor-
mance of VGG, CNN and ANN.

Figure 14: Performance comparison of 3 
models

Figure 15 shows a comparison of the model 
performance of ANN with respect to Precision, 
Recall and F1-score.

Figure 15: Precision, Recall, F1-Score of 7 
classes with respect to ANN

Figure 16 shows a comparison of the model 
performance of CNN with respect to Precision, 
Recall and F1-score.

Figure 16: Precision, Recall, F1-Score of 7 
classes with respect to CNN

Figure 17 shows a comparison of the model 
performance of VGG with respect to Precision, 
Recall and F1-score.

Figure 11: Basic structure of VGG-16

VGG-16 took input images from the 
HAM1000 dataset and pass them to its 16 
different layers. After that, it performs classifi-

cation according to 7 different skin cancer 
classes.  Figure 12 shows the accuracy of 
VGG-16 model after 10 epochs. The average 
accuracy gained after VGG training is 75.6%
 

Figure 12: accuracy of VGG-16 model Figure 13 shows the confusion matrix of the 
VGG-16 model.

Figure 1: Sample images of Skin lesion from 
Ham1000 dataset

Early detection of skin lesion increases proba-
bility of patient’s survival. So, the significance 
of detection and classification of different skin 
lesion has raised. The similar appearance of 
mild and severe skin lesion makes the detec-
tion and classification, a challenging task. The 
diagnostic task of skin lesion is based on 
ABCDE formula:

• A representing asymmetric skin   
 surface 

• B representing abnormal border

• C representing lesion color

• D representing lesion diameter

• E representing lesion enlargement

Different skin cancers seem alike with respect 
to above properties. There is a chance of error 

if detection is made via naked eye [3]. Dermos-
copy is the significant method for detecting 
skin lesion as compared to clinical approach 
like biopsy etc. which is time taking procedure.  
But dermoscopy has some demerits as it is 
error prone. So, there is high need of effective 
technique for accurate detection with less error 
rate [4,5].

Deep learning (DL) is edge cutting technology 
which trains model for specified task more 
accurate as compared to machine learning. 
This research aims to utilize deep learning 
algorithm for skin lesion detection and classifi-
cation through dermoscopic images as DL fast 
learning models are less error prone. Data 
augmentation is required as dataset is dispro-
portional, it is done through affine transforma-
tion. Moreover, the model is cross-validated 
for effective performance [6].

2. Methodology
Figure 2 shows the proposed methodology of 
system. 

Figure 2: Proposed methodology

The methodology of the proposed research 
comprised of following phases:

2.1  Dataset collection
The targeted dataset is HAM1000 dataset. The 
HAM10000 ("Human Against Machine with 
10,000 training images") dataset is a collection 
of multi-source dermatoscopic images of 
pigmented lesions,which is sourced from 
various populations and stored by using differ-
ent techniques. It comprises of 10,015 images 
and 7 distinct categories of skin cancer.  The 
seven categories of skin cancer are Melanocyt-
ic nevi, Melanoma, Dermatofibroma, Benign 
keratosis-like lesions, Actinic keratosis, Basal 
cell carcinoma, Vascular lesions.

2.2  Preprocessing
After collecting the target dataset, it is passed 
to a preprocessing phase where data cleansing 
is performed. The data underwent normaliza-
tion through various methods, such as reducing 
missing values, resizing images, and properly 
labeling them. This normalization process is 
crucial for the success of the research as it 
minimizes the loss of information. This helps 
to concentrate on the region of interest. Figure 
3 shows the dataset image size reduction to 
minimize the computational cost of the model.
 

Figure 3: Image resizing

2.3  Training 
After undergoing processing, the dataset was 
used to train three different neural network 
models. The training models include Artificial 
Neural Network (ANN), Convolutional Neural 
Network (CNN) and Visual Geometry Group 
(VGG-16).
  
2.3.1.  ANN
Artificial Neural Networks (ANNs) are mathe-
matical models made up of interconnected 
processing units, also known as neurons. These 
neurons receive signals from other neurons, 
process the information by combining and 
transforming it, and produce a numerical 
output. The processing units in an ANN mimic 
the structure of biological neurons and are 
interconnected to form a network, creating the 
artificial neural network.

 2.3.2. CNN
A Convolutional Neural Network (CNN) is a 
technique in computer vision that is designed 
to identify and distinguish the features of 
images. This architecture takes skin lesion 
images as input and passes them through a 
convolutional layer, where the weights are 
transformed into features. These features are 
further refined in the pooling layer before 
being transformed into a 1D representation in 
the fully connected layer. Finally, the features 
are classified using a Softmax layer.

2.3.3. VGG-16
The VGG16 architecture, a Convolutional 
Neural Network (CNN), won the 2014 
ILSVRC (Imagenet) competition. It is consid-
ered to be one of the most advanced vision 

models developed to date. The VGG16 model 
consists of 16 layers and is known for its 
consistent placement of convolutional and 
max-pool layers throughout its architecture 
[7]. 
2.4. Model Validation
After training, the performance of the model is 
evaluated based on some parameters. It evalu-
ates if the model is classifying the classes 
accurately or not. Figure 4 shows the block 
diagram of the proposed research. 

 

Figure 4: Block diagram of a system

3.  RESULTS

In present section, the results of the proposed 
study are presented in numerical values and 
confusion matrices. Three classifiers were 
used for the experimental process, including 
Artificial Neural Network, Convolutional 
Neural Network, and Visual Geometry Group. 
First, the ANN model is considered which is 
comprised of three different layers (input, 

hidden, and output). Figure 5 shows the archi-
tecture of ANN.
 

   
Figure 5: ANN architecture

ANN took input image from HAM1000 
dataset and performance classification accord-

ing to 7 different skin cancer classes.  Figure 6 
shows the accuracy of ANN model after 10 
epochs. The average accuracy gained after 
ANN training is 70.5%

Figure 7: Confusion Matrix of ANN

Secondly, the CNN model is considered which 

is comprised of different layers. Figure 8 
shows the general structure of CNN for skin 
lesion classification.

Figure 8: general structure of CNN model

CNN took input images from the HAM1000 
dataset and pass them to convolutional, 
pooling, fully connected layers. After that, it 

performances classification according to 7 
different skin cancer classes.  Figure 9 shows 
the accuracy of CNN model after 10 epochs. 
The average accuracy gained after CNN 
training is 71.5%

Figure 9: Accuracy of CNN Figure 10 shows the confusion matrix of the 
CNN model.

Figure 6: Accuracy of ANN Figure 7 shows the confusion matrix of the 
ANN model.



1.  Introduction

 Nanotechnology is an advanced 
approach  to design, production, manipulation, 
and application of useful materials, systems, 
and apparatuses by regulating matter at the 
nanoscale. It has been used in numerous fields 
of inquiry, including biomedical sciences, 
physical sciences, electronic engineering, and 
many more. First, because nanotechnology can 
detect and analyses samples at the nanoscale, it 
allows for the collection and analysis of crucial 
evidence that was previously impossible. 

Second, because it can now analyze samples 
on a lower scale. Furthermore, nanomaterials 
have novel features that make it possible to 
gather and find evidence that was previously 
impossible to do so. Examples include trace 
amounts of explosives, DNA on fingerprints, 
and trace amounts of hazardous metals on 
palm prints. 

Basic researcher and demonstration of 
chip-based or micro device technology for 
DNA analysis in forensic application are both 
included in the DNA Research and Develop-

1.  Introduction

 NSkin cancer is common types of 
cancer which has a life-threatening effect. The 
atomic bombs exploded over Nagasaki and 
Hiroshima exposed the population to both 
neutrons and gamma rays. Epidemiological 
studies revealed that atomic bomb survivors 
living in Nagasaki and Hiroshima showed 
relationship between ionizing radiation and 
risk of skin cancer development (1). In united 

states, it has affected more than 9500 individu-
als on regular basis and around 3.6 million 
individuals suffered from basal cell skin cancer 
on annual basis. Most occurring form of skin 
cancer is Melanoma which grow in melano-
cytes cell and its severity can affect stomach, 
lungs and other body parts. According to 
report, the early detection of malignant mela-
noma can be treated 99% whereas; patients 
with progressive melanoma has 25% survival 
probability [2]. 

Figure 17: Precision, Recall, F1-Score of 7 
classes with respect to VGG

4.  CONCLUSION

A method was developed in the proposed study 
for classifying seven types of lesions. The 
proposed method achieved high performance 
measures, including accuracy, sensitivity, 
specificity, and precision respectively. The 
performance of methods increased when the 
number of images in all classes decreased to 
address the imbalance issue. Fine-tuning all 
architecture layers resulted in higher perfor-
mance measures compared to fine-tuning only 
the replaced layers. Additionally, the compari-
son has also performed to evaluate the perfor-
mance of all three models (VGG, CNN, ANN). 
After experimental analysis, VGG outperform 
in classification as compared to other two 
models with 75.6% accuracy.
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ment programme. The chemical and biological 
defense initiative's objective is to develop a 
wearable, affordable technology that can warn 
its user of potential chemical and biological 
threats in time for them to take the necessary 
safeguards [1].

2.  Characterization Of 
Nanomaterials 

Nanomaterials can be characterized by using 
atomic force microscopy, dynamic light 
scattering, and Raman micro spectroscopy 
(Micro-Raman). Since electron beams serve as 
the light source, electron microscopy can 
magnify incredibly minute details of nanoma-
terials with resolution down to the sub-nanom-
eter range. The light source is a cathode that 
produces a lens-focused high voltage electron 

beam. When the beam contacts a photographic 
plate, phosphor screen, or another light-sensi-
tive sensor, a picture is produced. Through 
TEM, the internal structure of the materials 
under study is made visible. Scanning electron 
microscopy (SEM), which searches for 
secondary or backscattered electrons, creates 
images. In comparison to TEM, the process 
used to create the final images in SEM is very 
different. SEM scans can show surface shape 
and produces three-dimensional images [2].

2.1.  Atomic Force Microscopy 
AFM is very effective tool for assessing nano-
particles. It can determine magnetic forces, 
chemical bonding, capillary force, electrostatic 
force, and others. Although SEM and AFM are 
both capable of producing 3-D images [3].
 

2.2.   Dynamic Light Scattering 
Dynamic light scattering is a well-known 
technique for estimating particle size in the 
range from a few nanometers to a few microns 

(DLS). DLS is excellent at identifying even 
trace amounts of aggregated protein. The 
typical detection window is 0.8 to 6500 nm [4].

Fig 2: Dynamic Light Scattering 

2.3.  Raman Micro spectroscopy
Raman spectroscopy, as opposed to focusing on 
absorption, examines how the sample scatters 
light. It accomplishes this by counting photons 
using a charged-coupled device (CCD), a 
multiple dispersion prism, or a diffraction 
grating. Filtering removes the wavelength that 
is near the laser line (Raleigh scattering). The 

interference from water to the Raman spectrum 
is far less than it is for infrared spectroscopy. 
The study of biological objects like as cells, 
tissues, peptides, and proteins is thus excellent-
ly suitable to it. Extremely specific energy 
ranges can be connected to the rotational and 
vibrational motions of particular types of 
chemical bonds in organic molecules. The 
fingerprint that can be used to identify the 
molecule is provided [5].

Fig 3: Raman Micro spectroscopy
      
3. Forensic Applications
The forensic applications of nanotechnology 
are as follows.

3.1.   Latent Fingerprint Enhancement of 
CdS

Dr. Menzel invented the technique for improv-
ing latent fingerprint detection using photolu-
minescent CdS semiconductor nanocrystals 
topped with dioctyl sulfosuccinate. His idea 
was to use fluorescent dye to pre-fume items 
with cyanoacrylate ester and to paint electrical 
tape's sticky side with fluorescent dye [6].

3.2.  Nano-Fingerprint Residue Visualiza-
tion 
By detecting inorganic elements in the impres-
sions, MXRF produces images of latent finger-
prints. The non-destructive analysis and stable 
inorganic residues make it more advantageous. 
Fingerprints are saved during processing and 
might be utilised for further inquiries, such as 
elemental analysis for gunshot residue. Chlo-
ride ions and potassium are the inorganic 
residues that can be present in fingerprints. 
MXRF offers an elemental assessment of the 
inorganic elements present in fingerprints. 
Additionally, MXRF has the ability to identify 
chemicals that are not often seen on the hands, 
such as sweat, saliva, lotion and sunscreen. For 
instance, MXRF can be used to connect 
salivary components with food remains in 
fingerprints to look into situations of missing 
children [7].

3.3. Gold Nanoparticles to Enhance PCR 
Efficiency
The effectiveness of the polymerase chain 
reaction can be considerably enhanced by the 
use of Au nanoparticles (PCR). The reaction 
time was found to be reduced while the 
heating/cooling thermal cycle rates were raised 
when 0.7nM of 13 nm Au nanoparticles were 
added to the PCR reagent. The huge increases 
in PCR efficiency are the result of Au nanopar-
ticles' extraordinary capacity to transmit heat 
[8].

3.4.  AFM and Questioned Documents
For the first time, pen and ink's 3-D surface 
morphology (AFM) may be studied thanks to a 
method created by Swiss researchers. They 
claim that AFM can offer crucial details for 
comprehending the arrangement of lines 
produced by ballpoint ink and ribbon dye. 
They claim that AFM images include the same 

level of qualitative data as those obtained using 
scanning near-infrared microscopy [9].

3.5.  AFM and the Time of Death 
The morphological changes in blood cells can 
be utilized to calculate the time of death. The 
cell and membrane surfaces of unfixed eryth-
rocytes are observed to deform with time. 
Within a half-day, fissures and cell shrinkage 
occurred. An early indicator of death is protu-
berance on erythrocytes, which can be utilized 
to determine the precise time of death. A study 
that was published in the journal Cell Mecha-
nisms of Cells suggests that there are two 
potential causes for the development of holes 
in cells. One is when dehydration causes holes 
to emerge and hemoglobin in the cytoplasm 
flows outward; the other is when membrane 
proteins thin out as a result of dehydration. A 
group of researchers from the University of 
Bristol looked into the red blood cells' (RBC) 
time-dependent surface adhesive force and 
shape. Their findings imply that AFM is a new 
potential forensic medicine tool (the estimation 
of the time of death). RBC cells on mica were 
noticeably larger in both form and volume than 
cells on glass, but, surprisingly, their adhesive 
properties were substrate-independent. On a 
mica substrate, RBC has the normal biconcave 
shape, while on a glass substrate, it has a 
flattened or bicavity shape. In controlled room 
temperature conditions, changes in the RBC's 
cell volume and adhesive force were compara-
ble to those in uncontrolled outdoor environ-
mental conditions. To effectively assess blood 
age, more research is required on a variety of 
environmental parameters, including humidity, 
pH value, temperature, and light [10].

3.6. AFM Force Spectroscopy and Blood-
stain 
In two steps, the nanometer-scale elasticity of 

erythrocytes was examined. Red blood cells 
typically have a "doughnut-like" look, which 
indicates that they are dry. The modification of 
the drying and coagulation processes most 
likely contributed to the changing elasticity 
pattern over time. It is possible to estimate the 
age of bloodstains and utilize this information 
to support criminal investigations once the 
elasticity of time's calibration curve has been 
produced [11].

3.7.  AFM and Trace Evidence 
The surface texture parameters of environmen-
tally problematic materials were quantitatively 
evaluated using AFM images as a function of 
exposure time. Three different types of fibres 
were applied to two distinct soils (town and 
riverbank) and two distinct types of water 
during 0, 2, 4, and 6 weeks (ponds and water). 
The average maximum peak heights (Hpm), 
average maximum heights (Hz), and average 
maximum valley depths of each sample's 
surface morphology were assessed (Hvm). 
AFM can differentiate between various 
environmental exposures or violent damages 
to fibres, making it an efficient approach for 
forensic evaluation of fibre evidence.

Criminals frequently use pressure sensitive 
adhesive (PSA), which can be found in 
adhesive tapes and packaging. Images illustrat-
ing the mechanical characteristics of several 
PSA tape types, which are frequently used to 
secure parcels and confine suspects in kidnap-
ping investigations, are displayed. The AFM 
phase pictures of the three tapes under research 
show dark and bright regions that, respectively, 
represent the soft polymer molecules and the 
rough surfactants. This work is the first to use 
force mapping and AFM imaging to compre-
hensively investigate several tapes. According 

to a number of studies, AFM has also been 
applied in criminal investigations in various 
ways. AFM microcantilever provides the 
ability to do selective detection as well as 
surface and image analysis. The study of DNA 
hybridization, the discovery of two 
prostate-specific antigen isoforms, C-reactive 
proteins, Salmonella enterica, Vaccinia virus, 
and explosives like trinitrotoluene (TNT) and 
PETN are a few examples of applications. It 
uses the proper coatings on the cantilever 
surface to identify molecules [12].

4.  FUTURE PROSPECTS

Taiwan has the potential and capacity to lead 
the world in the integration of forensic scienc-
es and nanotechnology. More knowledge in 
disciplines relating to nanotechnology will be 
required of forensic scientists. Taiwan's foren-
sic scientists are more qualified and knowl-
edgeable in general than those in most other 
nations. It is not "mission impossible" to merge 
forensic science and nanotechnology and 
create a world-leading environment. It can be 
accomplished by emphasizing the develop-
ment of educational research, a competent 
workforce, and the enabling infrastructure and 
resources. Additionally, greater forensic lab 
instrumentation use along with equipment 
capable of doing nanoscale analysis would be 
necessary for this [13].

5. CONCLUSION

Real-world criminal cases now have better 
forensic evidence thanks to analytical chemis-
try. Many forensic laboratories continue to be 
understaffed and underfunded, especially at 
the state and local levels, despite the fact that 
television programmed have glamorized the 
field and drawn attention from the general 

public and potential students. To address these 
personnel requirements, formal programmed 
in forensic chemistry and forensic science 
education are growing, and there is already a 
system in place to recognized those that adhere 
to basic curriculum criteria. The self-evalua-
tion process will surely help the training 
programmed that opt to pursue accreditation, 
and in the end, they will generate graduates 
who are more equipped and future leaders in 
the forensic science field.
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Figure 10: Confusion Matric of CNN

Thirdly, the VGG-16 model is considered 

which is comprised of 16 different layers. 
Figure 11 shows the basic structure of 
VGG-16.

Figure 13: Confusion Matric of VGG-16 Figure 14 shows the comparison in perfor-
mance of VGG, CNN and ANN.

Figure 14: Performance comparison of 3 
models

Figure 15 shows a comparison of the model 
performance of ANN with respect to Precision, 
Recall and F1-score.

Figure 15: Precision, Recall, F1-Score of 7 
classes with respect to ANN

Figure 16 shows a comparison of the model 
performance of CNN with respect to Precision, 
Recall and F1-score.

Figure 16: Precision, Recall, F1-Score of 7 
classes with respect to CNN

Figure 17 shows a comparison of the model 
performance of VGG with respect to Precision, 
Recall and F1-score.

Figure 11: Basic structure of VGG-16

VGG-16 took input images from the 
HAM1000 dataset and pass them to its 16 
different layers. After that, it performs classifi-

cation according to 7 different skin cancer 
classes.  Figure 12 shows the accuracy of 
VGG-16 model after 10 epochs. The average 
accuracy gained after VGG training is 75.6%
 

Figure 12: accuracy of VGG-16 model Figure 13 shows the confusion matrix of the 
VGG-16 model.

Figure 1: Sample images of Skin lesion from 
Ham1000 dataset

Early detection of skin lesion increases proba-
bility of patient’s survival. So, the significance 
of detection and classification of different skin 
lesion has raised. The similar appearance of 
mild and severe skin lesion makes the detec-
tion and classification, a challenging task. The 
diagnostic task of skin lesion is based on 
ABCDE formula:

• A representing asymmetric skin   
 surface 

• B representing abnormal border

• C representing lesion color

• D representing lesion diameter

• E representing lesion enlargement

Different skin cancers seem alike with respect 
to above properties. There is a chance of error 

if detection is made via naked eye [3]. Dermos-
copy is the significant method for detecting 
skin lesion as compared to clinical approach 
like biopsy etc. which is time taking procedure.  
But dermoscopy has some demerits as it is 
error prone. So, there is high need of effective 
technique for accurate detection with less error 
rate [4,5].

Deep learning (DL) is edge cutting technology 
which trains model for specified task more 
accurate as compared to machine learning. 
This research aims to utilize deep learning 
algorithm for skin lesion detection and classifi-
cation through dermoscopic images as DL fast 
learning models are less error prone. Data 
augmentation is required as dataset is dispro-
portional, it is done through affine transforma-
tion. Moreover, the model is cross-validated 
for effective performance [6].

2. Methodology
Figure 2 shows the proposed methodology of 
system. 

Figure 2: Proposed methodology

The methodology of the proposed research 
comprised of following phases:

2.1  Dataset collection
The targeted dataset is HAM1000 dataset. The 
HAM10000 ("Human Against Machine with 
10,000 training images") dataset is a collection 
of multi-source dermatoscopic images of 
pigmented lesions,which is sourced from 
various populations and stored by using differ-
ent techniques. It comprises of 10,015 images 
and 7 distinct categories of skin cancer.  The 
seven categories of skin cancer are Melanocyt-
ic nevi, Melanoma, Dermatofibroma, Benign 
keratosis-like lesions, Actinic keratosis, Basal 
cell carcinoma, Vascular lesions.

2.2  Preprocessing
After collecting the target dataset, it is passed 
to a preprocessing phase where data cleansing 
is performed. The data underwent normaliza-
tion through various methods, such as reducing 
missing values, resizing images, and properly 
labeling them. This normalization process is 
crucial for the success of the research as it 
minimizes the loss of information. This helps 
to concentrate on the region of interest. Figure 
3 shows the dataset image size reduction to 
minimize the computational cost of the model.
 

Figure 3: Image resizing

2.3  Training 
After undergoing processing, the dataset was 
used to train three different neural network 
models. The training models include Artificial 
Neural Network (ANN), Convolutional Neural 
Network (CNN) and Visual Geometry Group 
(VGG-16).
  
2.3.1.  ANN
Artificial Neural Networks (ANNs) are mathe-
matical models made up of interconnected 
processing units, also known as neurons. These 
neurons receive signals from other neurons, 
process the information by combining and 
transforming it, and produce a numerical 
output. The processing units in an ANN mimic 
the structure of biological neurons and are 
interconnected to form a network, creating the 
artificial neural network.

 2.3.2. CNN
A Convolutional Neural Network (CNN) is a 
technique in computer vision that is designed 
to identify and distinguish the features of 
images. This architecture takes skin lesion 
images as input and passes them through a 
convolutional layer, where the weights are 
transformed into features. These features are 
further refined in the pooling layer before 
being transformed into a 1D representation in 
the fully connected layer. Finally, the features 
are classified using a Softmax layer.

2.3.3. VGG-16
The VGG16 architecture, a Convolutional 
Neural Network (CNN), won the 2014 
ILSVRC (Imagenet) competition. It is consid-
ered to be one of the most advanced vision 

models developed to date. The VGG16 model 
consists of 16 layers and is known for its 
consistent placement of convolutional and 
max-pool layers throughout its architecture 
[7]. 
2.4. Model Validation
After training, the performance of the model is 
evaluated based on some parameters. It evalu-
ates if the model is classifying the classes 
accurately or not. Figure 4 shows the block 
diagram of the proposed research. 

 

Figure 4: Block diagram of a system

3.  RESULTS

In present section, the results of the proposed 
study are presented in numerical values and 
confusion matrices. Three classifiers were 
used for the experimental process, including 
Artificial Neural Network, Convolutional 
Neural Network, and Visual Geometry Group. 
First, the ANN model is considered which is 
comprised of three different layers (input, 

hidden, and output). Figure 5 shows the archi-
tecture of ANN.
 

   
Figure 5: ANN architecture

ANN took input image from HAM1000 
dataset and performance classification accord-

ing to 7 different skin cancer classes.  Figure 6 
shows the accuracy of ANN model after 10 
epochs. The average accuracy gained after 
ANN training is 70.5%

Figure 7: Confusion Matrix of ANN

Secondly, the CNN model is considered which 

is comprised of different layers. Figure 8 
shows the general structure of CNN for skin 
lesion classification.

Figure 8: general structure of CNN model

CNN took input images from the HAM1000 
dataset and pass them to convolutional, 
pooling, fully connected layers. After that, it 

performances classification according to 7 
different skin cancer classes.  Figure 9 shows 
the accuracy of CNN model after 10 epochs. 
The average accuracy gained after CNN 
training is 71.5%

Figure 9: Accuracy of CNN Figure 10 shows the confusion matrix of the 
CNN model.

Figure 6: Accuracy of ANN Figure 7 shows the confusion matrix of the 
ANN model.



1.  Introduction

 Nanotechnology is an advanced 
approach  to design, production, manipulation, 
and application of useful materials, systems, 
and apparatuses by regulating matter at the 
nanoscale. It has been used in numerous fields 
of inquiry, including biomedical sciences, 
physical sciences, electronic engineering, and 
many more. First, because nanotechnology can 
detect and analyses samples at the nanoscale, it 
allows for the collection and analysis of crucial 
evidence that was previously impossible. 

Second, because it can now analyze samples 
on a lower scale. Furthermore, nanomaterials 
have novel features that make it possible to 
gather and find evidence that was previously 
impossible to do so. Examples include trace 
amounts of explosives, DNA on fingerprints, 
and trace amounts of hazardous metals on 
palm prints. 

Basic researcher and demonstration of 
chip-based or micro device technology for 
DNA analysis in forensic application are both 
included in the DNA Research and Develop-

1.  Introduction

 NSkin cancer is common types of 
cancer which has a life-threatening effect. The 
atomic bombs exploded over Nagasaki and 
Hiroshima exposed the population to both 
neutrons and gamma rays. Epidemiological 
studies revealed that atomic bomb survivors 
living in Nagasaki and Hiroshima showed 
relationship between ionizing radiation and 
risk of skin cancer development (1). In united 

states, it has affected more than 9500 individu-
als on regular basis and around 3.6 million 
individuals suffered from basal cell skin cancer 
on annual basis. Most occurring form of skin 
cancer is Melanoma which grow in melano-
cytes cell and its severity can affect stomach, 
lungs and other body parts. According to 
report, the early detection of malignant mela-
noma can be treated 99% whereas; patients 
with progressive melanoma has 25% survival 
probability [2]. 

Figure 17: Precision, Recall, F1-Score of 7 
classes with respect to VGG

4.  CONCLUSION

A method was developed in the proposed study 
for classifying seven types of lesions. The 
proposed method achieved high performance 
measures, including accuracy, sensitivity, 
specificity, and precision respectively. The 
performance of methods increased when the 
number of images in all classes decreased to 
address the imbalance issue. Fine-tuning all 
architecture layers resulted in higher perfor-
mance measures compared to fine-tuning only 
the replaced layers. Additionally, the compari-
son has also performed to evaluate the perfor-
mance of all three models (VGG, CNN, ANN). 
After experimental analysis, VGG outperform 
in classification as compared to other two 
models with 75.6% accuracy.
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ment programme. The chemical and biological 
defense initiative's objective is to develop a 
wearable, affordable technology that can warn 
its user of potential chemical and biological 
threats in time for them to take the necessary 
safeguards [1].

2.  Characterization Of 
Nanomaterials 

Nanomaterials can be characterized by using 
atomic force microscopy, dynamic light 
scattering, and Raman micro spectroscopy 
(Micro-Raman). Since electron beams serve as 
the light source, electron microscopy can 
magnify incredibly minute details of nanoma-
terials with resolution down to the sub-nanom-
eter range. The light source is a cathode that 
produces a lens-focused high voltage electron 

beam. When the beam contacts a photographic 
plate, phosphor screen, or another light-sensi-
tive sensor, a picture is produced. Through 
TEM, the internal structure of the materials 
under study is made visible. Scanning electron 
microscopy (SEM), which searches for 
secondary or backscattered electrons, creates 
images. In comparison to TEM, the process 
used to create the final images in SEM is very 
different. SEM scans can show surface shape 
and produces three-dimensional images [2].

2.1.  Atomic Force Microscopy 
AFM is very effective tool for assessing nano-
particles. It can determine magnetic forces, 
chemical bonding, capillary force, electrostatic 
force, and others. Although SEM and AFM are 
both capable of producing 3-D images [3].
 

2.2.   Dynamic Light Scattering 
Dynamic light scattering is a well-known 
technique for estimating particle size in the 
range from a few nanometers to a few microns 

(DLS). DLS is excellent at identifying even 
trace amounts of aggregated protein. The 
typical detection window is 0.8 to 6500 nm [4].

Fig 2: Dynamic Light Scattering 

2.3.  Raman Micro spectroscopy
Raman spectroscopy, as opposed to focusing on 
absorption, examines how the sample scatters 
light. It accomplishes this by counting photons 
using a charged-coupled device (CCD), a 
multiple dispersion prism, or a diffraction 
grating. Filtering removes the wavelength that 
is near the laser line (Raleigh scattering). The 

interference from water to the Raman spectrum 
is far less than it is for infrared spectroscopy. 
The study of biological objects like as cells, 
tissues, peptides, and proteins is thus excellent-
ly suitable to it. Extremely specific energy 
ranges can be connected to the rotational and 
vibrational motions of particular types of 
chemical bonds in organic molecules. The 
fingerprint that can be used to identify the 
molecule is provided [5].

Fig 3: Raman Micro spectroscopy
      
3. Forensic Applications
The forensic applications of nanotechnology 
are as follows.

3.1.   Latent Fingerprint Enhancement of 
CdS

Dr. Menzel invented the technique for improv-
ing latent fingerprint detection using photolu-
minescent CdS semiconductor nanocrystals 
topped with dioctyl sulfosuccinate. His idea 
was to use fluorescent dye to pre-fume items 
with cyanoacrylate ester and to paint electrical 
tape's sticky side with fluorescent dye [6].

3.2.  Nano-Fingerprint Residue Visualiza-
tion 
By detecting inorganic elements in the impres-
sions, MXRF produces images of latent finger-
prints. The non-destructive analysis and stable 
inorganic residues make it more advantageous. 
Fingerprints are saved during processing and 
might be utilised for further inquiries, such as 
elemental analysis for gunshot residue. Chlo-
ride ions and potassium are the inorganic 
residues that can be present in fingerprints. 
MXRF offers an elemental assessment of the 
inorganic elements present in fingerprints. 
Additionally, MXRF has the ability to identify 
chemicals that are not often seen on the hands, 
such as sweat, saliva, lotion and sunscreen. For 
instance, MXRF can be used to connect 
salivary components with food remains in 
fingerprints to look into situations of missing 
children [7].

3.3. Gold Nanoparticles to Enhance PCR 
Efficiency
The effectiveness of the polymerase chain 
reaction can be considerably enhanced by the 
use of Au nanoparticles (PCR). The reaction 
time was found to be reduced while the 
heating/cooling thermal cycle rates were raised 
when 0.7nM of 13 nm Au nanoparticles were 
added to the PCR reagent. The huge increases 
in PCR efficiency are the result of Au nanopar-
ticles' extraordinary capacity to transmit heat 
[8].

3.4.  AFM and Questioned Documents
For the first time, pen and ink's 3-D surface 
morphology (AFM) may be studied thanks to a 
method created by Swiss researchers. They 
claim that AFM can offer crucial details for 
comprehending the arrangement of lines 
produced by ballpoint ink and ribbon dye. 
They claim that AFM images include the same 

level of qualitative data as those obtained using 
scanning near-infrared microscopy [9].

3.5.  AFM and the Time of Death 
The morphological changes in blood cells can 
be utilized to calculate the time of death. The 
cell and membrane surfaces of unfixed eryth-
rocytes are observed to deform with time. 
Within a half-day, fissures and cell shrinkage 
occurred. An early indicator of death is protu-
berance on erythrocytes, which can be utilized 
to determine the precise time of death. A study 
that was published in the journal Cell Mecha-
nisms of Cells suggests that there are two 
potential causes for the development of holes 
in cells. One is when dehydration causes holes 
to emerge and hemoglobin in the cytoplasm 
flows outward; the other is when membrane 
proteins thin out as a result of dehydration. A 
group of researchers from the University of 
Bristol looked into the red blood cells' (RBC) 
time-dependent surface adhesive force and 
shape. Their findings imply that AFM is a new 
potential forensic medicine tool (the estimation 
of the time of death). RBC cells on mica were 
noticeably larger in both form and volume than 
cells on glass, but, surprisingly, their adhesive 
properties were substrate-independent. On a 
mica substrate, RBC has the normal biconcave 
shape, while on a glass substrate, it has a 
flattened or bicavity shape. In controlled room 
temperature conditions, changes in the RBC's 
cell volume and adhesive force were compara-
ble to those in uncontrolled outdoor environ-
mental conditions. To effectively assess blood 
age, more research is required on a variety of 
environmental parameters, including humidity, 
pH value, temperature, and light [10].

3.6. AFM Force Spectroscopy and Blood-
stain 
In two steps, the nanometer-scale elasticity of 

erythrocytes was examined. Red blood cells 
typically have a "doughnut-like" look, which 
indicates that they are dry. The modification of 
the drying and coagulation processes most 
likely contributed to the changing elasticity 
pattern over time. It is possible to estimate the 
age of bloodstains and utilize this information 
to support criminal investigations once the 
elasticity of time's calibration curve has been 
produced [11].

3.7.  AFM and Trace Evidence 
The surface texture parameters of environmen-
tally problematic materials were quantitatively 
evaluated using AFM images as a function of 
exposure time. Three different types of fibres 
were applied to two distinct soils (town and 
riverbank) and two distinct types of water 
during 0, 2, 4, and 6 weeks (ponds and water). 
The average maximum peak heights (Hpm), 
average maximum heights (Hz), and average 
maximum valley depths of each sample's 
surface morphology were assessed (Hvm). 
AFM can differentiate between various 
environmental exposures or violent damages 
to fibres, making it an efficient approach for 
forensic evaluation of fibre evidence.

Criminals frequently use pressure sensitive 
adhesive (PSA), which can be found in 
adhesive tapes and packaging. Images illustrat-
ing the mechanical characteristics of several 
PSA tape types, which are frequently used to 
secure parcels and confine suspects in kidnap-
ping investigations, are displayed. The AFM 
phase pictures of the three tapes under research 
show dark and bright regions that, respectively, 
represent the soft polymer molecules and the 
rough surfactants. This work is the first to use 
force mapping and AFM imaging to compre-
hensively investigate several tapes. According 

to a number of studies, AFM has also been 
applied in criminal investigations in various 
ways. AFM microcantilever provides the 
ability to do selective detection as well as 
surface and image analysis. The study of DNA 
hybridization, the discovery of two 
prostate-specific antigen isoforms, C-reactive 
proteins, Salmonella enterica, Vaccinia virus, 
and explosives like trinitrotoluene (TNT) and 
PETN are a few examples of applications. It 
uses the proper coatings on the cantilever 
surface to identify molecules [12].

4.  FUTURE PROSPECTS

Taiwan has the potential and capacity to lead 
the world in the integration of forensic scienc-
es and nanotechnology. More knowledge in 
disciplines relating to nanotechnology will be 
required of forensic scientists. Taiwan's foren-
sic scientists are more qualified and knowl-
edgeable in general than those in most other 
nations. It is not "mission impossible" to merge 
forensic science and nanotechnology and 
create a world-leading environment. It can be 
accomplished by emphasizing the develop-
ment of educational research, a competent 
workforce, and the enabling infrastructure and 
resources. Additionally, greater forensic lab 
instrumentation use along with equipment 
capable of doing nanoscale analysis would be 
necessary for this [13].

5. CONCLUSION

Real-world criminal cases now have better 
forensic evidence thanks to analytical chemis-
try. Many forensic laboratories continue to be 
understaffed and underfunded, especially at 
the state and local levels, despite the fact that 
television programmed have glamorized the 
field and drawn attention from the general 

public and potential students. To address these 
personnel requirements, formal programmed 
in forensic chemistry and forensic science 
education are growing, and there is already a 
system in place to recognized those that adhere 
to basic curriculum criteria. The self-evalua-
tion process will surely help the training 
programmed that opt to pursue accreditation, 
and in the end, they will generate graduates 
who are more equipped and future leaders in 
the forensic science field.
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Figure 10: Confusion Matric of CNN

Thirdly, the VGG-16 model is considered 

which is comprised of 16 different layers. 
Figure 11 shows the basic structure of 
VGG-16.

Figure 13: Confusion Matric of VGG-16 Figure 14 shows the comparison in perfor-
mance of VGG, CNN and ANN.

Figure 14: Performance comparison of 3 
models

Figure 15 shows a comparison of the model 
performance of ANN with respect to Precision, 
Recall and F1-score.

Figure 15: Precision, Recall, F1-Score of 7 
classes with respect to ANN

Figure 16 shows a comparison of the model 
performance of CNN with respect to Precision, 
Recall and F1-score.

Figure 16: Precision, Recall, F1-Score of 7 
classes with respect to CNN

Figure 17 shows a comparison of the model 
performance of VGG with respect to Precision, 
Recall and F1-score.

Figure 11: Basic structure of VGG-16

VGG-16 took input images from the 
HAM1000 dataset and pass them to its 16 
different layers. After that, it performs classifi-

cation according to 7 different skin cancer 
classes.  Figure 12 shows the accuracy of 
VGG-16 model after 10 epochs. The average 
accuracy gained after VGG training is 75.6%
 

Figure 12: accuracy of VGG-16 model Figure 13 shows the confusion matrix of the 
VGG-16 model.

Figure 1: Sample images of Skin lesion from 
Ham1000 dataset

Early detection of skin lesion increases proba-
bility of patient’s survival. So, the significance 
of detection and classification of different skin 
lesion has raised. The similar appearance of 
mild and severe skin lesion makes the detec-
tion and classification, a challenging task. The 
diagnostic task of skin lesion is based on 
ABCDE formula:

• A representing asymmetric skin   
 surface 

• B representing abnormal border

• C representing lesion color

• D representing lesion diameter

• E representing lesion enlargement

Different skin cancers seem alike with respect 
to above properties. There is a chance of error 

if detection is made via naked eye [3]. Dermos-
copy is the significant method for detecting 
skin lesion as compared to clinical approach 
like biopsy etc. which is time taking procedure.  
But dermoscopy has some demerits as it is 
error prone. So, there is high need of effective 
technique for accurate detection with less error 
rate [4,5].

Deep learning (DL) is edge cutting technology 
which trains model for specified task more 
accurate as compared to machine learning. 
This research aims to utilize deep learning 
algorithm for skin lesion detection and classifi-
cation through dermoscopic images as DL fast 
learning models are less error prone. Data 
augmentation is required as dataset is dispro-
portional, it is done through affine transforma-
tion. Moreover, the model is cross-validated 
for effective performance [6].

2. Methodology
Figure 2 shows the proposed methodology of 
system. 

Figure 2: Proposed methodology

The methodology of the proposed research 
comprised of following phases:

2.1  Dataset collection
The targeted dataset is HAM1000 dataset. The 
HAM10000 ("Human Against Machine with 
10,000 training images") dataset is a collection 
of multi-source dermatoscopic images of 
pigmented lesions,which is sourced from 
various populations and stored by using differ-
ent techniques. It comprises of 10,015 images 
and 7 distinct categories of skin cancer.  The 
seven categories of skin cancer are Melanocyt-
ic nevi, Melanoma, Dermatofibroma, Benign 
keratosis-like lesions, Actinic keratosis, Basal 
cell carcinoma, Vascular lesions.

2.2  Preprocessing
After collecting the target dataset, it is passed 
to a preprocessing phase where data cleansing 
is performed. The data underwent normaliza-
tion through various methods, such as reducing 
missing values, resizing images, and properly 
labeling them. This normalization process is 
crucial for the success of the research as it 
minimizes the loss of information. This helps 
to concentrate on the region of interest. Figure 
3 shows the dataset image size reduction to 
minimize the computational cost of the model.
 

Figure 3: Image resizing

2.3  Training 
After undergoing processing, the dataset was 
used to train three different neural network 
models. The training models include Artificial 
Neural Network (ANN), Convolutional Neural 
Network (CNN) and Visual Geometry Group 
(VGG-16).
  
2.3.1.  ANN
Artificial Neural Networks (ANNs) are mathe-
matical models made up of interconnected 
processing units, also known as neurons. These 
neurons receive signals from other neurons, 
process the information by combining and 
transforming it, and produce a numerical 
output. The processing units in an ANN mimic 
the structure of biological neurons and are 
interconnected to form a network, creating the 
artificial neural network.

 2.3.2. CNN
A Convolutional Neural Network (CNN) is a 
technique in computer vision that is designed 
to identify and distinguish the features of 
images. This architecture takes skin lesion 
images as input and passes them through a 
convolutional layer, where the weights are 
transformed into features. These features are 
further refined in the pooling layer before 
being transformed into a 1D representation in 
the fully connected layer. Finally, the features 
are classified using a Softmax layer.

2.3.3. VGG-16
The VGG16 architecture, a Convolutional 
Neural Network (CNN), won the 2014 
ILSVRC (Imagenet) competition. It is consid-
ered to be one of the most advanced vision 

models developed to date. The VGG16 model 
consists of 16 layers and is known for its 
consistent placement of convolutional and 
max-pool layers throughout its architecture 
[7]. 
2.4. Model Validation
After training, the performance of the model is 
evaluated based on some parameters. It evalu-
ates if the model is classifying the classes 
accurately or not. Figure 4 shows the block 
diagram of the proposed research. 

 

Figure 4: Block diagram of a system

3.  RESULTS

In present section, the results of the proposed 
study are presented in numerical values and 
confusion matrices. Three classifiers were 
used for the experimental process, including 
Artificial Neural Network, Convolutional 
Neural Network, and Visual Geometry Group. 
First, the ANN model is considered which is 
comprised of three different layers (input, 

hidden, and output). Figure 5 shows the archi-
tecture of ANN.
 

   
Figure 5: ANN architecture

ANN took input image from HAM1000 
dataset and performance classification accord-

ing to 7 different skin cancer classes.  Figure 6 
shows the accuracy of ANN model after 10 
epochs. The average accuracy gained after 
ANN training is 70.5%

Figure 7: Confusion Matrix of ANN

Secondly, the CNN model is considered which 

is comprised of different layers. Figure 8 
shows the general structure of CNN for skin 
lesion classification.

Figure 8: general structure of CNN model

CNN took input images from the HAM1000 
dataset and pass them to convolutional, 
pooling, fully connected layers. After that, it 

performances classification according to 7 
different skin cancer classes.  Figure 9 shows 
the accuracy of CNN model after 10 epochs. 
The average accuracy gained after CNN 
training is 71.5%

Figure 9: Accuracy of CNN Figure 10 shows the confusion matrix of the 
CNN model.

Figure 6: Accuracy of ANN Figure 7 shows the confusion matrix of the 
ANN model.



1.  Introduction

 NSkin cancer is common types of 
cancer which has a life-threatening effect. The 
atomic bombs exploded over Nagasaki and 
Hiroshima exposed the population to both 
neutrons and gamma rays. Epidemiological 
studies revealed that atomic bomb survivors 
living in Nagasaki and Hiroshima showed 
relationship between ionizing radiation and 
risk of skin cancer development (1). In united 

states, it has affected more than 9500 individu-
als on regular basis and around 3.6 million 
individuals suffered from basal cell skin cancer 
on annual basis. Most occurring form of skin 
cancer is Melanoma which grow in melano-
cytes cell and its severity can affect stomach, 
lungs and other body parts. According to 
report, the early detection of malignant mela-
noma can be treated 99% whereas; patients 
with progressive melanoma has 25% survival 
probability [2]. 

This paper will provide an in-depth analysis of 
the current state of privacy, security, and trust 
in cloud computing. We will examine the 
various strategies and technologies being used 
to address these concerns and discuss the 
implications of emerging technologies on the 
future of cloud computing. We aim to provide 
a comprehensive understanding of the 
challenges and solutions related to privacy, 
security, and trust in cloud computing, and 
highlight the need for ongoing research and 
development in this area[6].

Network security in cloud technology is very 
important as it affects the complete cloud 

system deployment from its base, while taking 
an example of mobile platforms in cloud 
technology there are a diverse range of users 
that access cloud services using their smart 
machines by connecting with a cloud network, 
so while implementing cloud system if the 
cloud service provider will not look for 
security challenges it may allow any external 
user to access the information and services[7].
besides network firewall is deployed and if the 
virtual machine is not working properly it may 
cause a change in the routing path of firewall 
security, where data can easily be shared and 
access over multiple clouds and by any 
unauthorized person as shown in Fig.2

Figure 2. Cloud Security Realms

2.  Literature Review

In order to better understand the security, 
privacy, and trust-building challenges in cloud 
computing, this paper reviewed the body of 

previous research in the field. The review 
included research papers, norms, policies, and 
recommended practices. and other sources on 
topics such as encryption, access control, 
authentication, data leakage prevention, and 
incident response. Additionally, the literature 
review highlighted the various challenges 

the security of the service. To address trust 
issues, cloud service providers may use trusted 
third parties, such as auditors and 
certifications, to ensure the integrity of their 
services[13].

Emerging technologies such as blockchain and 
homomorphic encryption have the potential to 
transform the future of cloud computing. 
Blockchain can provide an immutable ledger 
for data storage and processing, improving the 
security and transparency of cloud services. 
Homomorphic encryption allows for data 
processing without decrypting the data, 
improving the privacy and security of cloud 
services[14].

Insufficient battery life as a consequence of 
energy-intensive apps like video games, 
streaming audio and video, running sensors, 
etc. 2. Users are hesitant to switch their current 
data centres to this new paradigm due to a lack 
of established standards, lack of portability, 
lack of interoperability, restricted scalability, 
uncertain availability, and inability to install 
services over numerous Cloud computing 
service providers. Access management is the 
CC's obnoxious feature. This really is due to 
the fact that mobile nodes connect to the cloud 
via a variety of radio access technologies, 
including GPRS, WLAN, LTE, WiMAX, etc. 

Therefore, the most important necessity of CC 
is always-on and on-demand connectivity. 3. 
CC (Cloud Computing) cannot allow compute 
demanding programmes to function efficiently 
as compared to PC and server platforms due to 
the limited processor speed and memory 
limits. The literature review conducted and 
best practice documents related to the security, 
privacy, and trust building issues. They 
assessed topics such as encryption, access 
control, authentication, data leakage 
prevention and incident response protocols. 
Additionally, the authors identified the various 
challenge’s organizations face when trying to 
ensure the security and trustworthiness of data 
stored and transmitted through cloud systems. 
This review provided a comprehensive 
overview of the current state of research in this 
area[15].  

The literature review assessed the various 
access control mechanisms that can be used to 
protect data stored and transmitted in a cloud 
environment. The review looked at protocols 
such as AES, PKI and SAML, as well as data 
leakage prevention methods, authentication 
protocols, and threat detection solutions. The 
authors concluded that these mechanisms can 
be effective in protecting data from 
unauthorized access and disclosure, while also 
providing assurance of trustworthiness[16]. 

appropriate statistical or qualitative analysis 
techniques. For example, use regression 
analysis to examine the relationship between 
trust and data security in cloud computing.

Draw conclusions: Draw conclusions based on 
the data analysis and literature review, and 
answer the research questions. For example, 
provide recommendations for how cloud 
computing providers can improve data security 
and user trust.

Write up results: Write up the results of the 
study in a report or paper, including an 
introduction, methodology, results, and 
conclusions. The report should also discuss 
any limitations of the study and potential areas 
for future research.

Researchers are very involved in exposing this 
emerging technology in a full-fledged mode 
since it is already in its infancy. Any of those 
problems, or research questions, have been 
discussed here, and maybe called potential 
research scopes for improving this grooming 
technology to live in a healthy and secure 
cloud world. The following table assists 
researchers in determining which level of 
cloud services these models have been 
suggested, in addition to discussing the 
problems and proposed solutions.

Any crypto-cloud system's entities are built on 
and derive from data. The most significant 
danger listed by CSA in Table 1 was data 
breach. It is crucial to understand the various 
degrees of security that the modern computer 
technology offers to the data that the author has 
in mind before continuing on to it, especially in 

3.  Propose Methodology

The methodology for a research study on 
Privacy, Security, and Trust in Cloud 
Computing may include the following steps:
Identify research questions: Develop a set of 
research questions to guide the study. For 
example, "What are the main privacy concerns 
for cloud computing users?" "How can cloud 
computing providers ensure data security?" 
"What factors influence trust in cloud 
computing?"

Define research approach: Determine the 
research approach, such as a literature review, 
case study, survey, or experimental study. 
Choose the approach based on the research 
questions and available resources.

Conduct a literature review: Review relevant 
literature, including academic articles, reports, 
and industry publications, to understand the 
current state of research on privacy, security, 
and trust in cloud computing.

Select data collection methods: Determine the 
appropriate data collection methods for the 
study, such as surveys, interviews, or 
experiments. Choose methods that are 
appropriate for the research questions and 
research approach.

Collect data: Conduct data collection 
according to the selected methods. For 
example, if using surveys, develop a survey 
instrument and distribute it to a sample of 
cloud computing users or providers.

Analyze data: Analyze the collected data using 

light of the sophistication of hacking 
techniques. Data leakage is a problem that 
arises when data is stored in a distant location 
(out of our control) and multi-tenancy is 
achieved. Data recovery is the process of 
retrieving damaged or corrupted data from 
storage media. When a file is deleted, just the 
metadata is lost; the actual data is still on the 
disk. By employing file carving, it may be 
restored. Bifragment gap carving, Smart 
Carving, and Carving memory dumps are 
some examples of frequently used carving 
systems. Data recovery is often hampered by 
OS failure, drive-level failure, and file deletion 
from a storage media. We must overcome 
these obstacles. Data loss occurs when data are 
updated frequently. It's necessary for data 
backup on an external server or in cloud 
storage. dealing with data loss Three copies of 
crucial files—one main and two backup 
copies. To protect against various threats, they 

retain the copies on 2 separate storage medium. 
Keep one duplicate off-site. Sensitive and 
non-sensitive information must be completely 
kept apart. Information must be separated from 
hrough the use of access control and 
encryption techniques, unauthorized users A 
user's identity may be used to provide 
fine-grained access control; some of these 
include attribute-based, time-based, etc. A 
unique kind of privacy is isolation. 
Carelessness in handling results in a VM to 
VM attack, compromising the users' privacy. 
The term "segregation of data" describes the 
complete separation of the Security problems 
result from replication maintenance. Here we 
divided the Multi-cloud Integration 
Framework and Inter-cloud Security 
Challenges into four major streams VM level, 
hypervisor level integration level and data 
level. The major area for paper collection is 
divided into four security challenges. 

Advancing data protection technologies: With 
the growing amount of sensitive data stored 
and processed in the cloud, more advanced 
data protection technologies, such as 
encryption, access control, and data 
anonymization, need to be developed and 
optimized to enhance the data security and 
privacy.

Enhancing trust models: Trust is a critical 
factor in the adoption and success of cloud 
computing. Future research should focus on 
enhancing trust models by incorporating more 
sophisticated trust metrics, such as reputation, 
history, and social networks, to provide more 
accurate and dynamic trust evaluation.

Addressing emerging security and privacy 
threats: As cloud computing evolves, new 
security and privacy threats emerge, such as 
cloud-specific attacks, side-channel attacks, 
and privacy breaches through social media. 
Future work should focus on identifying and 
addressing these emerging threats to enhance 
the overall security and privacy of cloud 
computing.

Incorporating privacy by design: Privacy by 
design is a concept that emphasizes embedding 
privacy and data protection into the design and 
development of cloud systems, rather than 
addressing them as an afterthought. Future 
research should focus on incorporating privacy 
by design principles into the development of 
cloud computing systems to improve privacy 
and security by default.

For the survey of the Multi-cloud Integration 
Framework and Inter-cloud Security total 123 
paper is selected by dividing the into three 
major articles databases. The details of papers 
is reflected in Fig. 3.     

 

Figure 4: Multi-Cloud Security Challenges

This paper examines current research on single 
and multi-cloud security as well as potential 
fixes. It is discovered that the usage of single 
clouds has garnered more attention from the 
research community than the use of 
multi-cloud providers for maintaining security. 
This research intends to encourage the usage of 
several clouds since it may lower security 
concerns that impact cloud computing users.
Developing more comprehensive and unified 
security and privacy frameworks: With the 
increasing complexity and heterogeneity of 
cloud computing systems, it is important to 
develop more comprehensive and unified 
security and privacy frameworks that can 
effectively address the various security and 
privacy challenges.

4.  Conclusion

This paper has presented an in-depth review of 
Privacy security and trust building issues in 
cloud computing. It discussed the challenges 
posed by cloud computing, including the need 
to protect data from unauthorized access and 
disclosure, as well as verifying the identity of 
users. The paper also presented a proposed 
methodology for these security and privacy 
concerns and an algorithm for implementing 
this methodology. Finally, the literature review 
and simulation results highlighted the 
importance of taking measures to ensure 
security, privacy and trustworthiness of data 
stored and transmitted through cloud systems. 
This is essential for protecting organizations 
against the threat of malicious actors and 
ensuring compliance with relevant privacy 
laws and regulations.
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4.  CONCLUSION

A method was developed in the proposed study 
for classifying seven types of lesions. The 
proposed method achieved high performance 
measures, including accuracy, sensitivity, 
specificity, and precision respectively. The 
performance of methods increased when the 
number of images in all classes decreased to 
address the imbalance issue. Fine-tuning all 
architecture layers resulted in higher perfor-
mance measures compared to fine-tuning only 
the replaced layers. Additionally, the compari-
son has also performed to evaluate the perfor-
mance of all three models (VGG, CNN, ANN). 
After experimental analysis, VGG outperform 
in classification as compared to other two 
models with 75.6% accuracy.
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organisations face to ensure the security and 
trustworthiness of data stored and transmitted 
in a cloud environment. Consequently, this 
review provides an in-depth overview of the 
current state of research on this subject[8].

To comprehensively assess the security, 
privacy and trust-building issues in cloud 
computing, this literature review surveyed 
recent research papers, standards, guidelines 
and best practices. This review began with 
examining encryption and access control 
protocols such as AES and PKI, which, when 
properly implemented, can protect data from 
unauthorized disclosure and access. 
Additionally, authentication protocols such as 
SAML and OAuth were assessed for their 
ability to verify the identity of users and 
prevent unauthorized access. Data leakage 
prevention measures such as DLP and 
tokenization, as well as threat detection and 
incident response methods, were also 
discussed. The literature review also looked at 
the various challenge’s organizations may be 
facing when trying to ensure the security and 
trustworthiness of data stored and transmitted 
in a cloud[9].

Cloud computing has rapidly gained 
popularity as a data storage and processing 
method for individuals and organizations. 
However, the potential vulnerabilities of cloud 
computing systems have raised concerns about 
privacy, security, and trust. This section 
provides a detailed review of the current state 
of these issues and the strategies and 
technologies being used to address them[10].

Privacy is a major concern in cloud computing. 
Users are often required to provide personal 
information to cloud service providers, which 
can be used for malicious purposes. 
Additionally, cloud service providers may 
collect user data for advertising or other 
purposes, which can raise concerns about user 
privacy. One strategy for addressing privacy 
concerns is end-to-end encryption. This 
technique encrypts user data before it is 
transmitted to the cloud, ensuring that only the 
user can access it. Another strategy is data 
anonymization, which removes personally 
identifiable information from data sets to 
protect user privacy[11].

Cloud computing systems are vulnerable to a 
variety of security threats, including data 
breaches, data loss, and unauthorized access. 
To address these threats, cloud service 
providers have implemented a variety of 
security measures, such as strong access 
controls and intrusion detection systems. 
Additionally, cloud service providers may use 
trusted third parties, such as auditors and 
certifications, to ensure the security of their 
services. Another emerging technology that 
can improve cloud security is homomorphic 
encryption, which allows for data processing 
without decrypting the data[12].

Trust is a critical issue in cloud computing. 
Users need to trust that their data is being 
stored and processed securely, and that their 
service provider is acting in their best interests. 
Cloud service providers may also need to trust 
their users, to ensure that they are not engaging 
in malicious activities that could compromise 

1.    Introduction

 Cloud computing has revolutionized 
how we store, process, and access data. With 
the growth of this technology, there is a need 
for increased attention to privacy, security, and 
trust in cloud computing. In this paper, we 
review the current state of privacy, security, 
and trust in cloud computing and examine the 

various strategies and technologies being used 
to address these concerns[1].

Cloud computing allows users to store their 
data in a remote server that can be accessed 
from anywhere with an internet connection. 
This has allowed individuals and organizations 
to reduce their reliance on physical hardware 
and access their data anywhere. However, this 

convenience comes with its own set of 
challenges. Cloud computing services are 
vulnerable to a variety of security threats, 
including data breaches, data loss, and 
unauthorized access [2].

Privacy is another major concern in cloud 
computing. Users must often provide sensitive 
personal information to cloud service 
providers, such as their name, email address, 
and payment details. This information can be 
used for malicious purposes like identity theft 
or fraud. Additionally, cloud service providers 
may collect user data for advertising or other 
purposes, which can raise concerns about user 
privacy[3].

Trust is also a critical issue in cloud 
computing. Users need to trust that their data is 
being stored and processed securely, and that 
their service provider is acting in their best 
interests. Cloud service providers may also 
need to trust their users, to ensure that they are 
not engaging in malicious activities that could 

compromise the security of the service[4].

To address these concerns, various strategies 
and technologies have been developed to 
improve cloud computing services' privacy, 
security, and trust. These include end-to-end 
encryption, strong access controls, data 
anonymization techniques, trusted third parties 
such as auditors and certifications, and 
emerging technologies such as blockchain and 
homomorphic encryption[5].

Researchers and business experts have 
identified several security problems in the 
cloud. solitude as well as computing data 
exposure, and data management  security of 
the virtual operating system, secrecy mission, 
trust, and compliance specific security 
assurance. During dynamic situations, 
problems arise cooperation and sharing across 
a number of clouds Concerns of trust, in 
particular. Multicloud computing raises issues 
of policy and privacy as shown in Figure 1

Figure 10: Confusion Matric of CNN

Thirdly, the VGG-16 model is considered 

which is comprised of 16 different layers. 
Figure 11 shows the basic structure of 
VGG-16.

Figure 13: Confusion Matric of VGG-16 Figure 14 shows the comparison in perfor-
mance of VGG, CNN and ANN.

Figure 14: Performance comparison of 3 
models

Figure 15 shows a comparison of the model 
performance of ANN with respect to Precision, 
Recall and F1-score.

Figure 15: Precision, Recall, F1-Score of 7 
classes with respect to ANN

Figure 16 shows a comparison of the model 
performance of CNN with respect to Precision, 
Recall and F1-score.

Figure 16: Precision, Recall, F1-Score of 7 
classes with respect to CNN

Figure 17 shows a comparison of the model 
performance of VGG with respect to Precision, 
Recall and F1-score.

Figure 11: Basic structure of VGG-16

VGG-16 took input images from the 
HAM1000 dataset and pass them to its 16 
different layers. After that, it performs classifi-

cation according to 7 different skin cancer 
classes.  Figure 12 shows the accuracy of 
VGG-16 model after 10 epochs. The average 
accuracy gained after VGG training is 75.6%
 

Figure 12: accuracy of VGG-16 model Figure 13 shows the confusion matrix of the 
VGG-16 model.
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Figure 1: Sample images of Skin lesion from 
Ham1000 dataset

Early detection of skin lesion increases proba-
bility of patient’s survival. So, the significance 
of detection and classification of different skin 
lesion has raised. The similar appearance of 
mild and severe skin lesion makes the detec-
tion and classification, a challenging task. The 
diagnostic task of skin lesion is based on 
ABCDE formula:

• A representing asymmetric skin   
 surface 

• B representing abnormal border

• C representing lesion color

• D representing lesion diameter

• E representing lesion enlargement

Different skin cancers seem alike with respect 
to above properties. There is a chance of error 

if detection is made via naked eye [3]. Dermos-
copy is the significant method for detecting 
skin lesion as compared to clinical approach 
like biopsy etc. which is time taking procedure.  
But dermoscopy has some demerits as it is 
error prone. So, there is high need of effective 
technique for accurate detection with less error 
rate [4,5].

Deep learning (DL) is edge cutting technology 
which trains model for specified task more 
accurate as compared to machine learning. 
This research aims to utilize deep learning 
algorithm for skin lesion detection and classifi-
cation through dermoscopic images as DL fast 
learning models are less error prone. Data 
augmentation is required as dataset is dispro-
portional, it is done through affine transforma-
tion. Moreover, the model is cross-validated 
for effective performance [6].

2. Methodology
Figure 2 shows the proposed methodology of 
system. 

Figure 2: Proposed methodology

The methodology of the proposed research 
comprised of following phases:

2.1  Dataset collection
The targeted dataset is HAM1000 dataset. The 
HAM10000 ("Human Against Machine with 
10,000 training images") dataset is a collection 
of multi-source dermatoscopic images of 
pigmented lesions,which is sourced from 
various populations and stored by using differ-
ent techniques. It comprises of 10,015 images 
and 7 distinct categories of skin cancer.  The 
seven categories of skin cancer are Melanocyt-
ic nevi, Melanoma, Dermatofibroma, Benign 
keratosis-like lesions, Actinic keratosis, Basal 
cell carcinoma, Vascular lesions.

2.2  Preprocessing
After collecting the target dataset, it is passed 
to a preprocessing phase where data cleansing 
is performed. The data underwent normaliza-
tion through various methods, such as reducing 
missing values, resizing images, and properly 
labeling them. This normalization process is 
crucial for the success of the research as it 
minimizes the loss of information. This helps 
to concentrate on the region of interest. Figure 
3 shows the dataset image size reduction to 
minimize the computational cost of the model.
 

Figure 3: Image resizing

2.3  Training 
After undergoing processing, the dataset was 
used to train three different neural network 
models. The training models include Artificial 
Neural Network (ANN), Convolutional Neural 
Network (CNN) and Visual Geometry Group 
(VGG-16).
  
2.3.1.  ANN
Artificial Neural Networks (ANNs) are mathe-
matical models made up of interconnected 
processing units, also known as neurons. These 
neurons receive signals from other neurons, 
process the information by combining and 
transforming it, and produce a numerical 
output. The processing units in an ANN mimic 
the structure of biological neurons and are 
interconnected to form a network, creating the 
artificial neural network.

 2.3.2. CNN
A Convolutional Neural Network (CNN) is a 
technique in computer vision that is designed 
to identify and distinguish the features of 
images. This architecture takes skin lesion 
images as input and passes them through a 
convolutional layer, where the weights are 
transformed into features. These features are 
further refined in the pooling layer before 
being transformed into a 1D representation in 
the fully connected layer. Finally, the features 
are classified using a Softmax layer.

2.3.3. VGG-16
The VGG16 architecture, a Convolutional 
Neural Network (CNN), won the 2014 
ILSVRC (Imagenet) competition. It is consid-
ered to be one of the most advanced vision 

models developed to date. The VGG16 model 
consists of 16 layers and is known for its 
consistent placement of convolutional and 
max-pool layers throughout its architecture 
[7]. 
2.4. Model Validation
After training, the performance of the model is 
evaluated based on some parameters. It evalu-
ates if the model is classifying the classes 
accurately or not. Figure 4 shows the block 
diagram of the proposed research. 

 

Figure 4: Block diagram of a system

3.  RESULTS

In present section, the results of the proposed 
study are presented in numerical values and 
confusion matrices. Three classifiers were 
used for the experimental process, including 
Artificial Neural Network, Convolutional 
Neural Network, and Visual Geometry Group. 
First, the ANN model is considered which is 
comprised of three different layers (input, 

hidden, and output). Figure 5 shows the archi-
tecture of ANN.
 

   
Figure 5: ANN architecture

ANN took input image from HAM1000 
dataset and performance classification accord-

ing to 7 different skin cancer classes.  Figure 6 
shows the accuracy of ANN model after 10 
epochs. The average accuracy gained after 
ANN training is 70.5%

Figure 7: Confusion Matrix of ANN

Secondly, the CNN model is considered which 

is comprised of different layers. Figure 8 
shows the general structure of CNN for skin 
lesion classification.

Figure 8: general structure of CNN model

CNN took input images from the HAM1000 
dataset and pass them to convolutional, 
pooling, fully connected layers. After that, it 

performances classification according to 7 
different skin cancer classes.  Figure 9 shows 
the accuracy of CNN model after 10 epochs. 
The average accuracy gained after CNN 
training is 71.5%

Figure 9: Accuracy of CNN Figure 10 shows the confusion matrix of the 
CNN model.

Figure 6: Accuracy of ANN Figure 7 shows the confusion matrix of the 
ANN model.



1.  Introduction

 NSkin cancer is common types of 
cancer which has a life-threatening effect. The 
atomic bombs exploded over Nagasaki and 
Hiroshima exposed the population to both 
neutrons and gamma rays. Epidemiological 
studies revealed that atomic bomb survivors 
living in Nagasaki and Hiroshima showed 
relationship between ionizing radiation and 
risk of skin cancer development (1). In united 

states, it has affected more than 9500 individu-
als on regular basis and around 3.6 million 
individuals suffered from basal cell skin cancer 
on annual basis. Most occurring form of skin 
cancer is Melanoma which grow in melano-
cytes cell and its severity can affect stomach, 
lungs and other body parts. According to 
report, the early detection of malignant mela-
noma can be treated 99% whereas; patients 
with progressive melanoma has 25% survival 
probability [2]. 

This paper will provide an in-depth analysis of 
the current state of privacy, security, and trust 
in cloud computing. We will examine the 
various strategies and technologies being used 
to address these concerns and discuss the 
implications of emerging technologies on the 
future of cloud computing. We aim to provide 
a comprehensive understanding of the 
challenges and solutions related to privacy, 
security, and trust in cloud computing, and 
highlight the need for ongoing research and 
development in this area[6].

Network security in cloud technology is very 
important as it affects the complete cloud 

system deployment from its base, while taking 
an example of mobile platforms in cloud 
technology there are a diverse range of users 
that access cloud services using their smart 
machines by connecting with a cloud network, 
so while implementing cloud system if the 
cloud service provider will not look for 
security challenges it may allow any external 
user to access the information and services[7].
besides network firewall is deployed and if the 
virtual machine is not working properly it may 
cause a change in the routing path of firewall 
security, where data can easily be shared and 
access over multiple clouds and by any 
unauthorized person as shown in Fig.2

Figure 2. Cloud Security Realms

2.  Literature Review

In order to better understand the security, 
privacy, and trust-building challenges in cloud 
computing, this paper reviewed the body of 

previous research in the field. The review 
included research papers, norms, policies, and 
recommended practices. and other sources on 
topics such as encryption, access control, 
authentication, data leakage prevention, and 
incident response. Additionally, the literature 
review highlighted the various challenges 

the security of the service. To address trust 
issues, cloud service providers may use trusted 
third parties, such as auditors and 
certifications, to ensure the integrity of their 
services[13].

Emerging technologies such as blockchain and 
homomorphic encryption have the potential to 
transform the future of cloud computing. 
Blockchain can provide an immutable ledger 
for data storage and processing, improving the 
security and transparency of cloud services. 
Homomorphic encryption allows for data 
processing without decrypting the data, 
improving the privacy and security of cloud 
services[14].

Insufficient battery life as a consequence of 
energy-intensive apps like video games, 
streaming audio and video, running sensors, 
etc. 2. Users are hesitant to switch their current 
data centres to this new paradigm due to a lack 
of established standards, lack of portability, 
lack of interoperability, restricted scalability, 
uncertain availability, and inability to install 
services over numerous Cloud computing 
service providers. Access management is the 
CC's obnoxious feature. This really is due to 
the fact that mobile nodes connect to the cloud 
via a variety of radio access technologies, 
including GPRS, WLAN, LTE, WiMAX, etc. 

Therefore, the most important necessity of CC 
is always-on and on-demand connectivity. 3. 
CC (Cloud Computing) cannot allow compute 
demanding programmes to function efficiently 
as compared to PC and server platforms due to 
the limited processor speed and memory 
limits. The literature review conducted and 
best practice documents related to the security, 
privacy, and trust building issues. They 
assessed topics such as encryption, access 
control, authentication, data leakage 
prevention and incident response protocols. 
Additionally, the authors identified the various 
challenge’s organizations face when trying to 
ensure the security and trustworthiness of data 
stored and transmitted through cloud systems. 
This review provided a comprehensive 
overview of the current state of research in this 
area[15].  

The literature review assessed the various 
access control mechanisms that can be used to 
protect data stored and transmitted in a cloud 
environment. The review looked at protocols 
such as AES, PKI and SAML, as well as data 
leakage prevention methods, authentication 
protocols, and threat detection solutions. The 
authors concluded that these mechanisms can 
be effective in protecting data from 
unauthorized access and disclosure, while also 
providing assurance of trustworthiness[16]. 

appropriate statistical or qualitative analysis 
techniques. For example, use regression 
analysis to examine the relationship between 
trust and data security in cloud computing.

Draw conclusions: Draw conclusions based on 
the data analysis and literature review, and 
answer the research questions. For example, 
provide recommendations for how cloud 
computing providers can improve data security 
and user trust.

Write up results: Write up the results of the 
study in a report or paper, including an 
introduction, methodology, results, and 
conclusions. The report should also discuss 
any limitations of the study and potential areas 
for future research.

Researchers are very involved in exposing this 
emerging technology in a full-fledged mode 
since it is already in its infancy. Any of those 
problems, or research questions, have been 
discussed here, and maybe called potential 
research scopes for improving this grooming 
technology to live in a healthy and secure 
cloud world. The following table assists 
researchers in determining which level of 
cloud services these models have been 
suggested, in addition to discussing the 
problems and proposed solutions.

Any crypto-cloud system's entities are built on 
and derive from data. The most significant 
danger listed by CSA in Table 1 was data 
breach. It is crucial to understand the various 
degrees of security that the modern computer 
technology offers to the data that the author has 
in mind before continuing on to it, especially in 

3.  Propose Methodology

The methodology for a research study on 
Privacy, Security, and Trust in Cloud 
Computing may include the following steps:
Identify research questions: Develop a set of 
research questions to guide the study. For 
example, "What are the main privacy concerns 
for cloud computing users?" "How can cloud 
computing providers ensure data security?" 
"What factors influence trust in cloud 
computing?"

Define research approach: Determine the 
research approach, such as a literature review, 
case study, survey, or experimental study. 
Choose the approach based on the research 
questions and available resources.

Conduct a literature review: Review relevant 
literature, including academic articles, reports, 
and industry publications, to understand the 
current state of research on privacy, security, 
and trust in cloud computing.

Select data collection methods: Determine the 
appropriate data collection methods for the 
study, such as surveys, interviews, or 
experiments. Choose methods that are 
appropriate for the research questions and 
research approach.

Collect data: Conduct data collection 
according to the selected methods. For 
example, if using surveys, develop a survey 
instrument and distribute it to a sample of 
cloud computing users or providers.

Analyze data: Analyze the collected data using 

light of the sophistication of hacking 
techniques. Data leakage is a problem that 
arises when data is stored in a distant location 
(out of our control) and multi-tenancy is 
achieved. Data recovery is the process of 
retrieving damaged or corrupted data from 
storage media. When a file is deleted, just the 
metadata is lost; the actual data is still on the 
disk. By employing file carving, it may be 
restored. Bifragment gap carving, Smart 
Carving, and Carving memory dumps are 
some examples of frequently used carving 
systems. Data recovery is often hampered by 
OS failure, drive-level failure, and file deletion 
from a storage media. We must overcome 
these obstacles. Data loss occurs when data are 
updated frequently. It's necessary for data 
backup on an external server or in cloud 
storage. dealing with data loss Three copies of 
crucial files—one main and two backup 
copies. To protect against various threats, they 

retain the copies on 2 separate storage medium. 
Keep one duplicate off-site. Sensitive and 
non-sensitive information must be completely 
kept apart. Information must be separated from 
hrough the use of access control and 
encryption techniques, unauthorized users A 
user's identity may be used to provide 
fine-grained access control; some of these 
include attribute-based, time-based, etc. A 
unique kind of privacy is isolation. 
Carelessness in handling results in a VM to 
VM attack, compromising the users' privacy. 
The term "segregation of data" describes the 
complete separation of the Security problems 
result from replication maintenance. Here we 
divided the Multi-cloud Integration 
Framework and Inter-cloud Security 
Challenges into four major streams VM level, 
hypervisor level integration level and data 
level. The major area for paper collection is 
divided into four security challenges. 

Advancing data protection technologies: With 
the growing amount of sensitive data stored 
and processed in the cloud, more advanced 
data protection technologies, such as 
encryption, access control, and data 
anonymization, need to be developed and 
optimized to enhance the data security and 
privacy.

Enhancing trust models: Trust is a critical 
factor in the adoption and success of cloud 
computing. Future research should focus on 
enhancing trust models by incorporating more 
sophisticated trust metrics, such as reputation, 
history, and social networks, to provide more 
accurate and dynamic trust evaluation.

Addressing emerging security and privacy 
threats: As cloud computing evolves, new 
security and privacy threats emerge, such as 
cloud-specific attacks, side-channel attacks, 
and privacy breaches through social media. 
Future work should focus on identifying and 
addressing these emerging threats to enhance 
the overall security and privacy of cloud 
computing.

Incorporating privacy by design: Privacy by 
design is a concept that emphasizes embedding 
privacy and data protection into the design and 
development of cloud systems, rather than 
addressing them as an afterthought. Future 
research should focus on incorporating privacy 
by design principles into the development of 
cloud computing systems to improve privacy 
and security by default.

For the survey of the Multi-cloud Integration 
Framework and Inter-cloud Security total 123 
paper is selected by dividing the into three 
major articles databases. The details of papers 
is reflected in Fig. 3.     

 

Figure 4: Multi-Cloud Security Challenges

This paper examines current research on single 
and multi-cloud security as well as potential 
fixes. It is discovered that the usage of single 
clouds has garnered more attention from the 
research community than the use of 
multi-cloud providers for maintaining security. 
This research intends to encourage the usage of 
several clouds since it may lower security 
concerns that impact cloud computing users.
Developing more comprehensive and unified 
security and privacy frameworks: With the 
increasing complexity and heterogeneity of 
cloud computing systems, it is important to 
develop more comprehensive and unified 
security and privacy frameworks that can 
effectively address the various security and 
privacy challenges.

4.  Conclusion

This paper has presented an in-depth review of 
Privacy security and trust building issues in 
cloud computing. It discussed the challenges 
posed by cloud computing, including the need 
to protect data from unauthorized access and 
disclosure, as well as verifying the identity of 
users. The paper also presented a proposed 
methodology for these security and privacy 
concerns and an algorithm for implementing 
this methodology. Finally, the literature review 
and simulation results highlighted the 
importance of taking measures to ensure 
security, privacy and trustworthiness of data 
stored and transmitted through cloud systems. 
This is essential for protecting organizations 
against the threat of malicious actors and 
ensuring compliance with relevant privacy 
laws and regulations.
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4.  CONCLUSION

A method was developed in the proposed study 
for classifying seven types of lesions. The 
proposed method achieved high performance 
measures, including accuracy, sensitivity, 
specificity, and precision respectively. The 
performance of methods increased when the 
number of images in all classes decreased to 
address the imbalance issue. Fine-tuning all 
architecture layers resulted in higher perfor-
mance measures compared to fine-tuning only 
the replaced layers. Additionally, the compari-
son has also performed to evaluate the perfor-
mance of all three models (VGG, CNN, ANN). 
After experimental analysis, VGG outperform 
in classification as compared to other two 
models with 75.6% accuracy.
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organisations face to ensure the security and 
trustworthiness of data stored and transmitted 
in a cloud environment. Consequently, this 
review provides an in-depth overview of the 
current state of research on this subject[8].

To comprehensively assess the security, 
privacy and trust-building issues in cloud 
computing, this literature review surveyed 
recent research papers, standards, guidelines 
and best practices. This review began with 
examining encryption and access control 
protocols such as AES and PKI, which, when 
properly implemented, can protect data from 
unauthorized disclosure and access. 
Additionally, authentication protocols such as 
SAML and OAuth were assessed for their 
ability to verify the identity of users and 
prevent unauthorized access. Data leakage 
prevention measures such as DLP and 
tokenization, as well as threat detection and 
incident response methods, were also 
discussed. The literature review also looked at 
the various challenge’s organizations may be 
facing when trying to ensure the security and 
trustworthiness of data stored and transmitted 
in a cloud[9].

Cloud computing has rapidly gained 
popularity as a data storage and processing 
method for individuals and organizations. 
However, the potential vulnerabilities of cloud 
computing systems have raised concerns about 
privacy, security, and trust. This section 
provides a detailed review of the current state 
of these issues and the strategies and 
technologies being used to address them[10].

Privacy is a major concern in cloud computing. 
Users are often required to provide personal 
information to cloud service providers, which 
can be used for malicious purposes. 
Additionally, cloud service providers may 
collect user data for advertising or other 
purposes, which can raise concerns about user 
privacy. One strategy for addressing privacy 
concerns is end-to-end encryption. This 
technique encrypts user data before it is 
transmitted to the cloud, ensuring that only the 
user can access it. Another strategy is data 
anonymization, which removes personally 
identifiable information from data sets to 
protect user privacy[11].

Cloud computing systems are vulnerable to a 
variety of security threats, including data 
breaches, data loss, and unauthorized access. 
To address these threats, cloud service 
providers have implemented a variety of 
security measures, such as strong access 
controls and intrusion detection systems. 
Additionally, cloud service providers may use 
trusted third parties, such as auditors and 
certifications, to ensure the security of their 
services. Another emerging technology that 
can improve cloud security is homomorphic 
encryption, which allows for data processing 
without decrypting the data[12].

Trust is a critical issue in cloud computing. 
Users need to trust that their data is being 
stored and processed securely, and that their 
service provider is acting in their best interests. 
Cloud service providers may also need to trust 
their users, to ensure that they are not engaging 
in malicious activities that could compromise 

1.    Introduction

 Cloud computing has revolutionized 
how we store, process, and access data. With 
the growth of this technology, there is a need 
for increased attention to privacy, security, and 
trust in cloud computing. In this paper, we 
review the current state of privacy, security, 
and trust in cloud computing and examine the 

various strategies and technologies being used 
to address these concerns[1].

Cloud computing allows users to store their 
data in a remote server that can be accessed 
from anywhere with an internet connection. 
This has allowed individuals and organizations 
to reduce their reliance on physical hardware 
and access their data anywhere. However, this 

convenience comes with its own set of 
challenges. Cloud computing services are 
vulnerable to a variety of security threats, 
including data breaches, data loss, and 
unauthorized access [2].

Privacy is another major concern in cloud 
computing. Users must often provide sensitive 
personal information to cloud service 
providers, such as their name, email address, 
and payment details. This information can be 
used for malicious purposes like identity theft 
or fraud. Additionally, cloud service providers 
may collect user data for advertising or other 
purposes, which can raise concerns about user 
privacy[3].

Trust is also a critical issue in cloud 
computing. Users need to trust that their data is 
being stored and processed securely, and that 
their service provider is acting in their best 
interests. Cloud service providers may also 
need to trust their users, to ensure that they are 
not engaging in malicious activities that could 

compromise the security of the service[4].

To address these concerns, various strategies 
and technologies have been developed to 
improve cloud computing services' privacy, 
security, and trust. These include end-to-end 
encryption, strong access controls, data 
anonymization techniques, trusted third parties 
such as auditors and certifications, and 
emerging technologies such as blockchain and 
homomorphic encryption[5].

Researchers and business experts have 
identified several security problems in the 
cloud. solitude as well as computing data 
exposure, and data management  security of 
the virtual operating system, secrecy mission, 
trust, and compliance specific security 
assurance. During dynamic situations, 
problems arise cooperation and sharing across 
a number of clouds Concerns of trust, in 
particular. Multicloud computing raises issues 
of policy and privacy as shown in Figure 1

Figure 10: Confusion Matric of CNN

Thirdly, the VGG-16 model is considered 

which is comprised of 16 different layers. 
Figure 11 shows the basic structure of 
VGG-16.

Figure 13: Confusion Matric of VGG-16 Figure 14 shows the comparison in perfor-
mance of VGG, CNN and ANN.

Figure 14: Performance comparison of 3 
models

Figure 15 shows a comparison of the model 
performance of ANN with respect to Precision, 
Recall and F1-score.

Figure 15: Precision, Recall, F1-Score of 7 
classes with respect to ANN

Figure 16 shows a comparison of the model 
performance of CNN with respect to Precision, 
Recall and F1-score.

Figure 16: Precision, Recall, F1-Score of 7 
classes with respect to CNN

Figure 17 shows a comparison of the model 
performance of VGG with respect to Precision, 
Recall and F1-score.

Figure 11: Basic structure of VGG-16

VGG-16 took input images from the 
HAM1000 dataset and pass them to its 16 
different layers. After that, it performs classifi-

cation according to 7 different skin cancer 
classes.  Figure 12 shows the accuracy of 
VGG-16 model after 10 epochs. The average 
accuracy gained after VGG training is 75.6%
 

Figure 12: accuracy of VGG-16 model Figure 13 shows the confusion matrix of the 
VGG-16 model.
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Figure 1: Sample images of Skin lesion from 
Ham1000 dataset

Early detection of skin lesion increases proba-
bility of patient’s survival. So, the significance 
of detection and classification of different skin 
lesion has raised. The similar appearance of 
mild and severe skin lesion makes the detec-
tion and classification, a challenging task. The 
diagnostic task of skin lesion is based on 
ABCDE formula:

• A representing asymmetric skin   
 surface 

• B representing abnormal border

• C representing lesion color

• D representing lesion diameter

• E representing lesion enlargement

Different skin cancers seem alike with respect 
to above properties. There is a chance of error 

if detection is made via naked eye [3]. Dermos-
copy is the significant method for detecting 
skin lesion as compared to clinical approach 
like biopsy etc. which is time taking procedure.  
But dermoscopy has some demerits as it is 
error prone. So, there is high need of effective 
technique for accurate detection with less error 
rate [4,5].

Deep learning (DL) is edge cutting technology 
which trains model for specified task more 
accurate as compared to machine learning. 
This research aims to utilize deep learning 
algorithm for skin lesion detection and classifi-
cation through dermoscopic images as DL fast 
learning models are less error prone. Data 
augmentation is required as dataset is dispro-
portional, it is done through affine transforma-
tion. Moreover, the model is cross-validated 
for effective performance [6].

2. Methodology
Figure 2 shows the proposed methodology of 
system. 

Figure 2: Proposed methodology

The methodology of the proposed research 
comprised of following phases:

2.1  Dataset collection
The targeted dataset is HAM1000 dataset. The 
HAM10000 ("Human Against Machine with 
10,000 training images") dataset is a collection 
of multi-source dermatoscopic images of 
pigmented lesions,which is sourced from 
various populations and stored by using differ-
ent techniques. It comprises of 10,015 images 
and 7 distinct categories of skin cancer.  The 
seven categories of skin cancer are Melanocyt-
ic nevi, Melanoma, Dermatofibroma, Benign 
keratosis-like lesions, Actinic keratosis, Basal 
cell carcinoma, Vascular lesions.

2.2  Preprocessing
After collecting the target dataset, it is passed 
to a preprocessing phase where data cleansing 
is performed. The data underwent normaliza-
tion through various methods, such as reducing 
missing values, resizing images, and properly 
labeling them. This normalization process is 
crucial for the success of the research as it 
minimizes the loss of information. This helps 
to concentrate on the region of interest. Figure 
3 shows the dataset image size reduction to 
minimize the computational cost of the model.
 

Figure 3: Image resizing

2.3  Training 
After undergoing processing, the dataset was 
used to train three different neural network 
models. The training models include Artificial 
Neural Network (ANN), Convolutional Neural 
Network (CNN) and Visual Geometry Group 
(VGG-16).
  
2.3.1.  ANN
Artificial Neural Networks (ANNs) are mathe-
matical models made up of interconnected 
processing units, also known as neurons. These 
neurons receive signals from other neurons, 
process the information by combining and 
transforming it, and produce a numerical 
output. The processing units in an ANN mimic 
the structure of biological neurons and are 
interconnected to form a network, creating the 
artificial neural network.

 2.3.2. CNN
A Convolutional Neural Network (CNN) is a 
technique in computer vision that is designed 
to identify and distinguish the features of 
images. This architecture takes skin lesion 
images as input and passes them through a 
convolutional layer, where the weights are 
transformed into features. These features are 
further refined in the pooling layer before 
being transformed into a 1D representation in 
the fully connected layer. Finally, the features 
are classified using a Softmax layer.

2.3.3. VGG-16
The VGG16 architecture, a Convolutional 
Neural Network (CNN), won the 2014 
ILSVRC (Imagenet) competition. It is consid-
ered to be one of the most advanced vision 

models developed to date. The VGG16 model 
consists of 16 layers and is known for its 
consistent placement of convolutional and 
max-pool layers throughout its architecture 
[7]. 
2.4. Model Validation
After training, the performance of the model is 
evaluated based on some parameters. It evalu-
ates if the model is classifying the classes 
accurately or not. Figure 4 shows the block 
diagram of the proposed research. 

 

Figure 4: Block diagram of a system

3.  RESULTS

In present section, the results of the proposed 
study are presented in numerical values and 
confusion matrices. Three classifiers were 
used for the experimental process, including 
Artificial Neural Network, Convolutional 
Neural Network, and Visual Geometry Group. 
First, the ANN model is considered which is 
comprised of three different layers (input, 

hidden, and output). Figure 5 shows the archi-
tecture of ANN.
 

   
Figure 5: ANN architecture

ANN took input image from HAM1000 
dataset and performance classification accord-

ing to 7 different skin cancer classes.  Figure 6 
shows the accuracy of ANN model after 10 
epochs. The average accuracy gained after 
ANN training is 70.5%

Figure 7: Confusion Matrix of ANN

Secondly, the CNN model is considered which 

is comprised of different layers. Figure 8 
shows the general structure of CNN for skin 
lesion classification.

Figure 8: general structure of CNN model

CNN took input images from the HAM1000 
dataset and pass them to convolutional, 
pooling, fully connected layers. After that, it 

performances classification according to 7 
different skin cancer classes.  Figure 9 shows 
the accuracy of CNN model after 10 epochs. 
The average accuracy gained after CNN 
training is 71.5%

Figure 9: Accuracy of CNN Figure 10 shows the confusion matrix of the 
CNN model.

Figure 6: Accuracy of ANN Figure 7 shows the confusion matrix of the 
ANN model.



1.  Introduction

 NSkin cancer is common types of 
cancer which has a life-threatening effect. The 
atomic bombs exploded over Nagasaki and 
Hiroshima exposed the population to both 
neutrons and gamma rays. Epidemiological 
studies revealed that atomic bomb survivors 
living in Nagasaki and Hiroshima showed 
relationship between ionizing radiation and 
risk of skin cancer development (1). In united 

states, it has affected more than 9500 individu-
als on regular basis and around 3.6 million 
individuals suffered from basal cell skin cancer 
on annual basis. Most occurring form of skin 
cancer is Melanoma which grow in melano-
cytes cell and its severity can affect stomach, 
lungs and other body parts. According to 
report, the early detection of malignant mela-
noma can be treated 99% whereas; patients 
with progressive melanoma has 25% survival 
probability [2]. 

This paper will provide an in-depth analysis of 
the current state of privacy, security, and trust 
in cloud computing. We will examine the 
various strategies and technologies being used 
to address these concerns and discuss the 
implications of emerging technologies on the 
future of cloud computing. We aim to provide 
a comprehensive understanding of the 
challenges and solutions related to privacy, 
security, and trust in cloud computing, and 
highlight the need for ongoing research and 
development in this area[6].

Network security in cloud technology is very 
important as it affects the complete cloud 

system deployment from its base, while taking 
an example of mobile platforms in cloud 
technology there are a diverse range of users 
that access cloud services using their smart 
machines by connecting with a cloud network, 
so while implementing cloud system if the 
cloud service provider will not look for 
security challenges it may allow any external 
user to access the information and services[7].
besides network firewall is deployed and if the 
virtual machine is not working properly it may 
cause a change in the routing path of firewall 
security, where data can easily be shared and 
access over multiple clouds and by any 
unauthorized person as shown in Fig.2

Figure 2. Cloud Security Realms

2.  Literature Review

In order to better understand the security, 
privacy, and trust-building challenges in cloud 
computing, this paper reviewed the body of 

previous research in the field. The review 
included research papers, norms, policies, and 
recommended practices. and other sources on 
topics such as encryption, access control, 
authentication, data leakage prevention, and 
incident response. Additionally, the literature 
review highlighted the various challenges 

the security of the service. To address trust 
issues, cloud service providers may use trusted 
third parties, such as auditors and 
certifications, to ensure the integrity of their 
services[13].

Emerging technologies such as blockchain and 
homomorphic encryption have the potential to 
transform the future of cloud computing. 
Blockchain can provide an immutable ledger 
for data storage and processing, improving the 
security and transparency of cloud services. 
Homomorphic encryption allows for data 
processing without decrypting the data, 
improving the privacy and security of cloud 
services[14].

Insufficient battery life as a consequence of 
energy-intensive apps like video games, 
streaming audio and video, running sensors, 
etc. 2. Users are hesitant to switch their current 
data centres to this new paradigm due to a lack 
of established standards, lack of portability, 
lack of interoperability, restricted scalability, 
uncertain availability, and inability to install 
services over numerous Cloud computing 
service providers. Access management is the 
CC's obnoxious feature. This really is due to 
the fact that mobile nodes connect to the cloud 
via a variety of radio access technologies, 
including GPRS, WLAN, LTE, WiMAX, etc. 

Therefore, the most important necessity of CC 
is always-on and on-demand connectivity. 3. 
CC (Cloud Computing) cannot allow compute 
demanding programmes to function efficiently 
as compared to PC and server platforms due to 
the limited processor speed and memory 
limits. The literature review conducted and 
best practice documents related to the security, 
privacy, and trust building issues. They 
assessed topics such as encryption, access 
control, authentication, data leakage 
prevention and incident response protocols. 
Additionally, the authors identified the various 
challenge’s organizations face when trying to 
ensure the security and trustworthiness of data 
stored and transmitted through cloud systems. 
This review provided a comprehensive 
overview of the current state of research in this 
area[15].  

The literature review assessed the various 
access control mechanisms that can be used to 
protect data stored and transmitted in a cloud 
environment. The review looked at protocols 
such as AES, PKI and SAML, as well as data 
leakage prevention methods, authentication 
protocols, and threat detection solutions. The 
authors concluded that these mechanisms can 
be effective in protecting data from 
unauthorized access and disclosure, while also 
providing assurance of trustworthiness[16]. 

appropriate statistical or qualitative analysis 
techniques. For example, use regression 
analysis to examine the relationship between 
trust and data security in cloud computing.

Draw conclusions: Draw conclusions based on 
the data analysis and literature review, and 
answer the research questions. For example, 
provide recommendations for how cloud 
computing providers can improve data security 
and user trust.

Write up results: Write up the results of the 
study in a report or paper, including an 
introduction, methodology, results, and 
conclusions. The report should also discuss 
any limitations of the study and potential areas 
for future research.

Researchers are very involved in exposing this 
emerging technology in a full-fledged mode 
since it is already in its infancy. Any of those 
problems, or research questions, have been 
discussed here, and maybe called potential 
research scopes for improving this grooming 
technology to live in a healthy and secure 
cloud world. The following table assists 
researchers in determining which level of 
cloud services these models have been 
suggested, in addition to discussing the 
problems and proposed solutions.

Any crypto-cloud system's entities are built on 
and derive from data. The most significant 
danger listed by CSA in Table 1 was data 
breach. It is crucial to understand the various 
degrees of security that the modern computer 
technology offers to the data that the author has 
in mind before continuing on to it, especially in 

3.  Propose Methodology

The methodology for a research study on 
Privacy, Security, and Trust in Cloud 
Computing may include the following steps:
Identify research questions: Develop a set of 
research questions to guide the study. For 
example, "What are the main privacy concerns 
for cloud computing users?" "How can cloud 
computing providers ensure data security?" 
"What factors influence trust in cloud 
computing?"

Define research approach: Determine the 
research approach, such as a literature review, 
case study, survey, or experimental study. 
Choose the approach based on the research 
questions and available resources.

Conduct a literature review: Review relevant 
literature, including academic articles, reports, 
and industry publications, to understand the 
current state of research on privacy, security, 
and trust in cloud computing.

Select data collection methods: Determine the 
appropriate data collection methods for the 
study, such as surveys, interviews, or 
experiments. Choose methods that are 
appropriate for the research questions and 
research approach.

Collect data: Conduct data collection 
according to the selected methods. For 
example, if using surveys, develop a survey 
instrument and distribute it to a sample of 
cloud computing users or providers.

Analyze data: Analyze the collected data using 

light of the sophistication of hacking 
techniques. Data leakage is a problem that 
arises when data is stored in a distant location 
(out of our control) and multi-tenancy is 
achieved. Data recovery is the process of 
retrieving damaged or corrupted data from 
storage media. When a file is deleted, just the 
metadata is lost; the actual data is still on the 
disk. By employing file carving, it may be 
restored. Bifragment gap carving, Smart 
Carving, and Carving memory dumps are 
some examples of frequently used carving 
systems. Data recovery is often hampered by 
OS failure, drive-level failure, and file deletion 
from a storage media. We must overcome 
these obstacles. Data loss occurs when data are 
updated frequently. It's necessary for data 
backup on an external server or in cloud 
storage. dealing with data loss Three copies of 
crucial files—one main and two backup 
copies. To protect against various threats, they 

retain the copies on 2 separate storage medium. 
Keep one duplicate off-site. Sensitive and 
non-sensitive information must be completely 
kept apart. Information must be separated from 
hrough the use of access control and 
encryption techniques, unauthorized users A 
user's identity may be used to provide 
fine-grained access control; some of these 
include attribute-based, time-based, etc. A 
unique kind of privacy is isolation. 
Carelessness in handling results in a VM to 
VM attack, compromising the users' privacy. 
The term "segregation of data" describes the 
complete separation of the Security problems 
result from replication maintenance. Here we 
divided the Multi-cloud Integration 
Framework and Inter-cloud Security 
Challenges into four major streams VM level, 
hypervisor level integration level and data 
level. The major area for paper collection is 
divided into four security challenges. 

Advancing data protection technologies: With 
the growing amount of sensitive data stored 
and processed in the cloud, more advanced 
data protection technologies, such as 
encryption, access control, and data 
anonymization, need to be developed and 
optimized to enhance the data security and 
privacy.

Enhancing trust models: Trust is a critical 
factor in the adoption and success of cloud 
computing. Future research should focus on 
enhancing trust models by incorporating more 
sophisticated trust metrics, such as reputation, 
history, and social networks, to provide more 
accurate and dynamic trust evaluation.

Addressing emerging security and privacy 
threats: As cloud computing evolves, new 
security and privacy threats emerge, such as 
cloud-specific attacks, side-channel attacks, 
and privacy breaches through social media. 
Future work should focus on identifying and 
addressing these emerging threats to enhance 
the overall security and privacy of cloud 
computing.

Incorporating privacy by design: Privacy by 
design is a concept that emphasizes embedding 
privacy and data protection into the design and 
development of cloud systems, rather than 
addressing them as an afterthought. Future 
research should focus on incorporating privacy 
by design principles into the development of 
cloud computing systems to improve privacy 
and security by default.

For the survey of the Multi-cloud Integration 
Framework and Inter-cloud Security total 123 
paper is selected by dividing the into three 
major articles databases. The details of papers 
is reflected in Fig. 3.     

 

Figure 4: Multi-Cloud Security Challenges

This paper examines current research on single 
and multi-cloud security as well as potential 
fixes. It is discovered that the usage of single 
clouds has garnered more attention from the 
research community than the use of 
multi-cloud providers for maintaining security. 
This research intends to encourage the usage of 
several clouds since it may lower security 
concerns that impact cloud computing users.
Developing more comprehensive and unified 
security and privacy frameworks: With the 
increasing complexity and heterogeneity of 
cloud computing systems, it is important to 
develop more comprehensive and unified 
security and privacy frameworks that can 
effectively address the various security and 
privacy challenges.

4.  Conclusion

This paper has presented an in-depth review of 
Privacy security and trust building issues in 
cloud computing. It discussed the challenges 
posed by cloud computing, including the need 
to protect data from unauthorized access and 
disclosure, as well as verifying the identity of 
users. The paper also presented a proposed 
methodology for these security and privacy 
concerns and an algorithm for implementing 
this methodology. Finally, the literature review 
and simulation results highlighted the 
importance of taking measures to ensure 
security, privacy and trustworthiness of data 
stored and transmitted through cloud systems. 
This is essential for protecting organizations 
against the threat of malicious actors and 
ensuring compliance with relevant privacy 
laws and regulations.
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Figure 17: Precision, Recall, F1-Score of 7 
classes with respect to VGG

4.  CONCLUSION

A method was developed in the proposed study 
for classifying seven types of lesions. The 
proposed method achieved high performance 
measures, including accuracy, sensitivity, 
specificity, and precision respectively. The 
performance of methods increased when the 
number of images in all classes decreased to 
address the imbalance issue. Fine-tuning all 
architecture layers resulted in higher perfor-
mance measures compared to fine-tuning only 
the replaced layers. Additionally, the compari-
son has also performed to evaluate the perfor-
mance of all three models (VGG, CNN, ANN). 
After experimental analysis, VGG outperform 
in classification as compared to other two 
models with 75.6% accuracy.
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organisations face to ensure the security and 
trustworthiness of data stored and transmitted 
in a cloud environment. Consequently, this 
review provides an in-depth overview of the 
current state of research on this subject[8].

To comprehensively assess the security, 
privacy and trust-building issues in cloud 
computing, this literature review surveyed 
recent research papers, standards, guidelines 
and best practices. This review began with 
examining encryption and access control 
protocols such as AES and PKI, which, when 
properly implemented, can protect data from 
unauthorized disclosure and access. 
Additionally, authentication protocols such as 
SAML and OAuth were assessed for their 
ability to verify the identity of users and 
prevent unauthorized access. Data leakage 
prevention measures such as DLP and 
tokenization, as well as threat detection and 
incident response methods, were also 
discussed. The literature review also looked at 
the various challenge’s organizations may be 
facing when trying to ensure the security and 
trustworthiness of data stored and transmitted 
in a cloud[9].

Cloud computing has rapidly gained 
popularity as a data storage and processing 
method for individuals and organizations. 
However, the potential vulnerabilities of cloud 
computing systems have raised concerns about 
privacy, security, and trust. This section 
provides a detailed review of the current state 
of these issues and the strategies and 
technologies being used to address them[10].

Privacy is a major concern in cloud computing. 
Users are often required to provide personal 
information to cloud service providers, which 
can be used for malicious purposes. 
Additionally, cloud service providers may 
collect user data for advertising or other 
purposes, which can raise concerns about user 
privacy. One strategy for addressing privacy 
concerns is end-to-end encryption. This 
technique encrypts user data before it is 
transmitted to the cloud, ensuring that only the 
user can access it. Another strategy is data 
anonymization, which removes personally 
identifiable information from data sets to 
protect user privacy[11].

Cloud computing systems are vulnerable to a 
variety of security threats, including data 
breaches, data loss, and unauthorized access. 
To address these threats, cloud service 
providers have implemented a variety of 
security measures, such as strong access 
controls and intrusion detection systems. 
Additionally, cloud service providers may use 
trusted third parties, such as auditors and 
certifications, to ensure the security of their 
services. Another emerging technology that 
can improve cloud security is homomorphic 
encryption, which allows for data processing 
without decrypting the data[12].

Trust is a critical issue in cloud computing. 
Users need to trust that their data is being 
stored and processed securely, and that their 
service provider is acting in their best interests. 
Cloud service providers may also need to trust 
their users, to ensure that they are not engaging 
in malicious activities that could compromise 

1.    Introduction

 Cloud computing has revolutionized 
how we store, process, and access data. With 
the growth of this technology, there is a need 
for increased attention to privacy, security, and 
trust in cloud computing. In this paper, we 
review the current state of privacy, security, 
and trust in cloud computing and examine the 

various strategies and technologies being used 
to address these concerns[1].

Cloud computing allows users to store their 
data in a remote server that can be accessed 
from anywhere with an internet connection. 
This has allowed individuals and organizations 
to reduce their reliance on physical hardware 
and access their data anywhere. However, this 

convenience comes with its own set of 
challenges. Cloud computing services are 
vulnerable to a variety of security threats, 
including data breaches, data loss, and 
unauthorized access [2].

Privacy is another major concern in cloud 
computing. Users must often provide sensitive 
personal information to cloud service 
providers, such as their name, email address, 
and payment details. This information can be 
used for malicious purposes like identity theft 
or fraud. Additionally, cloud service providers 
may collect user data for advertising or other 
purposes, which can raise concerns about user 
privacy[3].

Trust is also a critical issue in cloud 
computing. Users need to trust that their data is 
being stored and processed securely, and that 
their service provider is acting in their best 
interests. Cloud service providers may also 
need to trust their users, to ensure that they are 
not engaging in malicious activities that could 

compromise the security of the service[4].

To address these concerns, various strategies 
and technologies have been developed to 
improve cloud computing services' privacy, 
security, and trust. These include end-to-end 
encryption, strong access controls, data 
anonymization techniques, trusted third parties 
such as auditors and certifications, and 
emerging technologies such as blockchain and 
homomorphic encryption[5].

Researchers and business experts have 
identified several security problems in the 
cloud. solitude as well as computing data 
exposure, and data management  security of 
the virtual operating system, secrecy mission, 
trust, and compliance specific security 
assurance. During dynamic situations, 
problems arise cooperation and sharing across 
a number of clouds Concerns of trust, in 
particular. Multicloud computing raises issues 
of policy and privacy as shown in Figure 1

Figure 10: Confusion Matric of CNN

Thirdly, the VGG-16 model is considered 

which is comprised of 16 different layers. 
Figure 11 shows the basic structure of 
VGG-16.

Figure 13: Confusion Matric of VGG-16 Figure 14 shows the comparison in perfor-
mance of VGG, CNN and ANN.

Figure 14: Performance comparison of 3 
models

Figure 15 shows a comparison of the model 
performance of ANN with respect to Precision, 
Recall and F1-score.

Figure 15: Precision, Recall, F1-Score of 7 
classes with respect to ANN

Figure 16 shows a comparison of the model 
performance of CNN with respect to Precision, 
Recall and F1-score.

Figure 16: Precision, Recall, F1-Score of 7 
classes with respect to CNN

Figure 17 shows a comparison of the model 
performance of VGG with respect to Precision, 
Recall and F1-score.

Figure 11: Basic structure of VGG-16

VGG-16 took input images from the 
HAM1000 dataset and pass them to its 16 
different layers. After that, it performs classifi-

cation according to 7 different skin cancer 
classes.  Figure 12 shows the accuracy of 
VGG-16 model after 10 epochs. The average 
accuracy gained after VGG training is 75.6%
 

Figure 12: accuracy of VGG-16 model Figure 13 shows the confusion matrix of the 
VGG-16 model.

Figure 1: Sample images of Skin lesion from 
Ham1000 dataset

Early detection of skin lesion increases proba-
bility of patient’s survival. So, the significance 
of detection and classification of different skin 
lesion has raised. The similar appearance of 
mild and severe skin lesion makes the detec-
tion and classification, a challenging task. The 
diagnostic task of skin lesion is based on 
ABCDE formula:

• A representing asymmetric skin   
 surface 

• B representing abnormal border

• C representing lesion color

• D representing lesion diameter

• E representing lesion enlargement

Different skin cancers seem alike with respect 
to above properties. There is a chance of error 

if detection is made via naked eye [3]. Dermos-
copy is the significant method for detecting 
skin lesion as compared to clinical approach 
like biopsy etc. which is time taking procedure.  
But dermoscopy has some demerits as it is 
error prone. So, there is high need of effective 
technique for accurate detection with less error 
rate [4,5].

Deep learning (DL) is edge cutting technology 
which trains model for specified task more 
accurate as compared to machine learning. 
This research aims to utilize deep learning 
algorithm for skin lesion detection and classifi-
cation through dermoscopic images as DL fast 
learning models are less error prone. Data 
augmentation is required as dataset is dispro-
portional, it is done through affine transforma-
tion. Moreover, the model is cross-validated 
for effective performance [6].

2. Methodology
Figure 2 shows the proposed methodology of 
system. 

Figure 2: Proposed methodology

The methodology of the proposed research 
comprised of following phases:

2.1  Dataset collection
The targeted dataset is HAM1000 dataset. The 
HAM10000 ("Human Against Machine with 
10,000 training images") dataset is a collection 
of multi-source dermatoscopic images of 
pigmented lesions,which is sourced from 
various populations and stored by using differ-
ent techniques. It comprises of 10,015 images 
and 7 distinct categories of skin cancer.  The 
seven categories of skin cancer are Melanocyt-
ic nevi, Melanoma, Dermatofibroma, Benign 
keratosis-like lesions, Actinic keratosis, Basal 
cell carcinoma, Vascular lesions.

2.2  Preprocessing
After collecting the target dataset, it is passed 
to a preprocessing phase where data cleansing 
is performed. The data underwent normaliza-
tion through various methods, such as reducing 
missing values, resizing images, and properly 
labeling them. This normalization process is 
crucial for the success of the research as it 
minimizes the loss of information. This helps 
to concentrate on the region of interest. Figure 
3 shows the dataset image size reduction to 
minimize the computational cost of the model.
 

Figure 3: Image resizing

2.3  Training 
After undergoing processing, the dataset was 
used to train three different neural network 
models. The training models include Artificial 
Neural Network (ANN), Convolutional Neural 
Network (CNN) and Visual Geometry Group 
(VGG-16).
  
2.3.1.  ANN
Artificial Neural Networks (ANNs) are mathe-
matical models made up of interconnected 
processing units, also known as neurons. These 
neurons receive signals from other neurons, 
process the information by combining and 
transforming it, and produce a numerical 
output. The processing units in an ANN mimic 
the structure of biological neurons and are 
interconnected to form a network, creating the 
artificial neural network.

 2.3.2. CNN
A Convolutional Neural Network (CNN) is a 
technique in computer vision that is designed 
to identify and distinguish the features of 
images. This architecture takes skin lesion 
images as input and passes them through a 
convolutional layer, where the weights are 
transformed into features. These features are 
further refined in the pooling layer before 
being transformed into a 1D representation in 
the fully connected layer. Finally, the features 
are classified using a Softmax layer.

2.3.3. VGG-16
The VGG16 architecture, a Convolutional 
Neural Network (CNN), won the 2014 
ILSVRC (Imagenet) competition. It is consid-
ered to be one of the most advanced vision 

models developed to date. The VGG16 model 
consists of 16 layers and is known for its 
consistent placement of convolutional and 
max-pool layers throughout its architecture 
[7]. 
2.4. Model Validation
After training, the performance of the model is 
evaluated based on some parameters. It evalu-
ates if the model is classifying the classes 
accurately or not. Figure 4 shows the block 
diagram of the proposed research. 

 

Figure 4: Block diagram of a system

3.  RESULTS

In present section, the results of the proposed 
study are presented in numerical values and 
confusion matrices. Three classifiers were 
used for the experimental process, including 
Artificial Neural Network, Convolutional 
Neural Network, and Visual Geometry Group. 
First, the ANN model is considered which is 
comprised of three different layers (input, 

hidden, and output). Figure 5 shows the archi-
tecture of ANN.
 

   
Figure 5: ANN architecture

ANN took input image from HAM1000 
dataset and performance classification accord-

ing to 7 different skin cancer classes.  Figure 6 
shows the accuracy of ANN model after 10 
epochs. The average accuracy gained after 
ANN training is 70.5%

Figure 7: Confusion Matrix of ANN

Secondly, the CNN model is considered which 

is comprised of different layers. Figure 8 
shows the general structure of CNN for skin 
lesion classification.

Figure 8: general structure of CNN model

CNN took input images from the HAM1000 
dataset and pass them to convolutional, 
pooling, fully connected layers. After that, it 

performances classification according to 7 
different skin cancer classes.  Figure 9 shows 
the accuracy of CNN model after 10 epochs. 
The average accuracy gained after CNN 
training is 71.5%

Figure 9: Accuracy of CNN Figure 10 shows the confusion matrix of the 
CNN model.

Figure 6: Accuracy of ANN Figure 7 shows the confusion matrix of the 
ANN model.



1.  Introduction

 NSkin cancer is common types of 
cancer which has a life-threatening effect. The 
atomic bombs exploded over Nagasaki and 
Hiroshima exposed the population to both 
neutrons and gamma rays. Epidemiological 
studies revealed that atomic bomb survivors 
living in Nagasaki and Hiroshima showed 
relationship between ionizing radiation and 
risk of skin cancer development (1). In united 

states, it has affected more than 9500 individu-
als on regular basis and around 3.6 million 
individuals suffered from basal cell skin cancer 
on annual basis. Most occurring form of skin 
cancer is Melanoma which grow in melano-
cytes cell and its severity can affect stomach, 
lungs and other body parts. According to 
report, the early detection of malignant mela-
noma can be treated 99% whereas; patients 
with progressive melanoma has 25% survival 
probability [2]. 

This paper will provide an in-depth analysis of 
the current state of privacy, security, and trust 
in cloud computing. We will examine the 
various strategies and technologies being used 
to address these concerns and discuss the 
implications of emerging technologies on the 
future of cloud computing. We aim to provide 
a comprehensive understanding of the 
challenges and solutions related to privacy, 
security, and trust in cloud computing, and 
highlight the need for ongoing research and 
development in this area[6].

Network security in cloud technology is very 
important as it affects the complete cloud 

system deployment from its base, while taking 
an example of mobile platforms in cloud 
technology there are a diverse range of users 
that access cloud services using their smart 
machines by connecting with a cloud network, 
so while implementing cloud system if the 
cloud service provider will not look for 
security challenges it may allow any external 
user to access the information and services[7].
besides network firewall is deployed and if the 
virtual machine is not working properly it may 
cause a change in the routing path of firewall 
security, where data can easily be shared and 
access over multiple clouds and by any 
unauthorized person as shown in Fig.2

Figure 2. Cloud Security Realms

2.  Literature Review

In order to better understand the security, 
privacy, and trust-building challenges in cloud 
computing, this paper reviewed the body of 

previous research in the field. The review 
included research papers, norms, policies, and 
recommended practices. and other sources on 
topics such as encryption, access control, 
authentication, data leakage prevention, and 
incident response. Additionally, the literature 
review highlighted the various challenges 

the security of the service. To address trust 
issues, cloud service providers may use trusted 
third parties, such as auditors and 
certifications, to ensure the integrity of their 
services[13].

Emerging technologies such as blockchain and 
homomorphic encryption have the potential to 
transform the future of cloud computing. 
Blockchain can provide an immutable ledger 
for data storage and processing, improving the 
security and transparency of cloud services. 
Homomorphic encryption allows for data 
processing without decrypting the data, 
improving the privacy and security of cloud 
services[14].

Insufficient battery life as a consequence of 
energy-intensive apps like video games, 
streaming audio and video, running sensors, 
etc. 2. Users are hesitant to switch their current 
data centres to this new paradigm due to a lack 
of established standards, lack of portability, 
lack of interoperability, restricted scalability, 
uncertain availability, and inability to install 
services over numerous Cloud computing 
service providers. Access management is the 
CC's obnoxious feature. This really is due to 
the fact that mobile nodes connect to the cloud 
via a variety of radio access technologies, 
including GPRS, WLAN, LTE, WiMAX, etc. 

Therefore, the most important necessity of CC 
is always-on and on-demand connectivity. 3. 
CC (Cloud Computing) cannot allow compute 
demanding programmes to function efficiently 
as compared to PC and server platforms due to 
the limited processor speed and memory 
limits. The literature review conducted and 
best practice documents related to the security, 
privacy, and trust building issues. They 
assessed topics such as encryption, access 
control, authentication, data leakage 
prevention and incident response protocols. 
Additionally, the authors identified the various 
challenge’s organizations face when trying to 
ensure the security and trustworthiness of data 
stored and transmitted through cloud systems. 
This review provided a comprehensive 
overview of the current state of research in this 
area[15].  

The literature review assessed the various 
access control mechanisms that can be used to 
protect data stored and transmitted in a cloud 
environment. The review looked at protocols 
such as AES, PKI and SAML, as well as data 
leakage prevention methods, authentication 
protocols, and threat detection solutions. The 
authors concluded that these mechanisms can 
be effective in protecting data from 
unauthorized access and disclosure, while also 
providing assurance of trustworthiness[16]. 

appropriate statistical or qualitative analysis 
techniques. For example, use regression 
analysis to examine the relationship between 
trust and data security in cloud computing.

Draw conclusions: Draw conclusions based on 
the data analysis and literature review, and 
answer the research questions. For example, 
provide recommendations for how cloud 
computing providers can improve data security 
and user trust.

Write up results: Write up the results of the 
study in a report or paper, including an 
introduction, methodology, results, and 
conclusions. The report should also discuss 
any limitations of the study and potential areas 
for future research.

Researchers are very involved in exposing this 
emerging technology in a full-fledged mode 
since it is already in its infancy. Any of those 
problems, or research questions, have been 
discussed here, and maybe called potential 
research scopes for improving this grooming 
technology to live in a healthy and secure 
cloud world. The following table assists 
researchers in determining which level of 
cloud services these models have been 
suggested, in addition to discussing the 
problems and proposed solutions.

Any crypto-cloud system's entities are built on 
and derive from data. The most significant 
danger listed by CSA in Table 1 was data 
breach. It is crucial to understand the various 
degrees of security that the modern computer 
technology offers to the data that the author has 
in mind before continuing on to it, especially in 

3.  Propose Methodology

The methodology for a research study on 
Privacy, Security, and Trust in Cloud 
Computing may include the following steps:
Identify research questions: Develop a set of 
research questions to guide the study. For 
example, "What are the main privacy concerns 
for cloud computing users?" "How can cloud 
computing providers ensure data security?" 
"What factors influence trust in cloud 
computing?"

Define research approach: Determine the 
research approach, such as a literature review, 
case study, survey, or experimental study. 
Choose the approach based on the research 
questions and available resources.

Conduct a literature review: Review relevant 
literature, including academic articles, reports, 
and industry publications, to understand the 
current state of research on privacy, security, 
and trust in cloud computing.

Select data collection methods: Determine the 
appropriate data collection methods for the 
study, such as surveys, interviews, or 
experiments. Choose methods that are 
appropriate for the research questions and 
research approach.

Collect data: Conduct data collection 
according to the selected methods. For 
example, if using surveys, develop a survey 
instrument and distribute it to a sample of 
cloud computing users or providers.

Analyze data: Analyze the collected data using 

light of the sophistication of hacking 
techniques. Data leakage is a problem that 
arises when data is stored in a distant location 
(out of our control) and multi-tenancy is 
achieved. Data recovery is the process of 
retrieving damaged or corrupted data from 
storage media. When a file is deleted, just the 
metadata is lost; the actual data is still on the 
disk. By employing file carving, it may be 
restored. Bifragment gap carving, Smart 
Carving, and Carving memory dumps are 
some examples of frequently used carving 
systems. Data recovery is often hampered by 
OS failure, drive-level failure, and file deletion 
from a storage media. We must overcome 
these obstacles. Data loss occurs when data are 
updated frequently. It's necessary for data 
backup on an external server or in cloud 
storage. dealing with data loss Three copies of 
crucial files—one main and two backup 
copies. To protect against various threats, they 

retain the copies on 2 separate storage medium. 
Keep one duplicate off-site. Sensitive and 
non-sensitive information must be completely 
kept apart. Information must be separated from 
hrough the use of access control and 
encryption techniques, unauthorized users A 
user's identity may be used to provide 
fine-grained access control; some of these 
include attribute-based, time-based, etc. A 
unique kind of privacy is isolation. 
Carelessness in handling results in a VM to 
VM attack, compromising the users' privacy. 
The term "segregation of data" describes the 
complete separation of the Security problems 
result from replication maintenance. Here we 
divided the Multi-cloud Integration 
Framework and Inter-cloud Security 
Challenges into four major streams VM level, 
hypervisor level integration level and data 
level. The major area for paper collection is 
divided into four security challenges. 

Advancing data protection technologies: With 
the growing amount of sensitive data stored 
and processed in the cloud, more advanced 
data protection technologies, such as 
encryption, access control, and data 
anonymization, need to be developed and 
optimized to enhance the data security and 
privacy.

Enhancing trust models: Trust is a critical 
factor in the adoption and success of cloud 
computing. Future research should focus on 
enhancing trust models by incorporating more 
sophisticated trust metrics, such as reputation, 
history, and social networks, to provide more 
accurate and dynamic trust evaluation.

Addressing emerging security and privacy 
threats: As cloud computing evolves, new 
security and privacy threats emerge, such as 
cloud-specific attacks, side-channel attacks, 
and privacy breaches through social media. 
Future work should focus on identifying and 
addressing these emerging threats to enhance 
the overall security and privacy of cloud 
computing.

Incorporating privacy by design: Privacy by 
design is a concept that emphasizes embedding 
privacy and data protection into the design and 
development of cloud systems, rather than 
addressing them as an afterthought. Future 
research should focus on incorporating privacy 
by design principles into the development of 
cloud computing systems to improve privacy 
and security by default.

For the survey of the Multi-cloud Integration 
Framework and Inter-cloud Security total 123 
paper is selected by dividing the into three 
major articles databases. The details of papers 
is reflected in Fig. 3.     

 

Figure 4: Multi-Cloud Security Challenges

This paper examines current research on single 
and multi-cloud security as well as potential 
fixes. It is discovered that the usage of single 
clouds has garnered more attention from the 
research community than the use of 
multi-cloud providers for maintaining security. 
This research intends to encourage the usage of 
several clouds since it may lower security 
concerns that impact cloud computing users.
Developing more comprehensive and unified 
security and privacy frameworks: With the 
increasing complexity and heterogeneity of 
cloud computing systems, it is important to 
develop more comprehensive and unified 
security and privacy frameworks that can 
effectively address the various security and 
privacy challenges.

4.  Conclusion

This paper has presented an in-depth review of 
Privacy security and trust building issues in 
cloud computing. It discussed the challenges 
posed by cloud computing, including the need 
to protect data from unauthorized access and 
disclosure, as well as verifying the identity of 
users. The paper also presented a proposed 
methodology for these security and privacy 
concerns and an algorithm for implementing 
this methodology. Finally, the literature review 
and simulation results highlighted the 
importance of taking measures to ensure 
security, privacy and trustworthiness of data 
stored and transmitted through cloud systems. 
This is essential for protecting organizations 
against the threat of malicious actors and 
ensuring compliance with relevant privacy 
laws and regulations.
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Figure 17: Precision, Recall, F1-Score of 7 
classes with respect to VGG

4.  CONCLUSION

A method was developed in the proposed study 
for classifying seven types of lesions. The 
proposed method achieved high performance 
measures, including accuracy, sensitivity, 
specificity, and precision respectively. The 
performance of methods increased when the 
number of images in all classes decreased to 
address the imbalance issue. Fine-tuning all 
architecture layers resulted in higher perfor-
mance measures compared to fine-tuning only 
the replaced layers. Additionally, the compari-
son has also performed to evaluate the perfor-
mance of all three models (VGG, CNN, ANN). 
After experimental analysis, VGG outperform 
in classification as compared to other two 
models with 75.6% accuracy.
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organisations face to ensure the security and 
trustworthiness of data stored and transmitted 
in a cloud environment. Consequently, this 
review provides an in-depth overview of the 
current state of research on this subject[8].

To comprehensively assess the security, 
privacy and trust-building issues in cloud 
computing, this literature review surveyed 
recent research papers, standards, guidelines 
and best practices. This review began with 
examining encryption and access control 
protocols such as AES and PKI, which, when 
properly implemented, can protect data from 
unauthorized disclosure and access. 
Additionally, authentication protocols such as 
SAML and OAuth were assessed for their 
ability to verify the identity of users and 
prevent unauthorized access. Data leakage 
prevention measures such as DLP and 
tokenization, as well as threat detection and 
incident response methods, were also 
discussed. The literature review also looked at 
the various challenge’s organizations may be 
facing when trying to ensure the security and 
trustworthiness of data stored and transmitted 
in a cloud[9].

Cloud computing has rapidly gained 
popularity as a data storage and processing 
method for individuals and organizations. 
However, the potential vulnerabilities of cloud 
computing systems have raised concerns about 
privacy, security, and trust. This section 
provides a detailed review of the current state 
of these issues and the strategies and 
technologies being used to address them[10].

Privacy is a major concern in cloud computing. 
Users are often required to provide personal 
information to cloud service providers, which 
can be used for malicious purposes. 
Additionally, cloud service providers may 
collect user data for advertising or other 
purposes, which can raise concerns about user 
privacy. One strategy for addressing privacy 
concerns is end-to-end encryption. This 
technique encrypts user data before it is 
transmitted to the cloud, ensuring that only the 
user can access it. Another strategy is data 
anonymization, which removes personally 
identifiable information from data sets to 
protect user privacy[11].

Cloud computing systems are vulnerable to a 
variety of security threats, including data 
breaches, data loss, and unauthorized access. 
To address these threats, cloud service 
providers have implemented a variety of 
security measures, such as strong access 
controls and intrusion detection systems. 
Additionally, cloud service providers may use 
trusted third parties, such as auditors and 
certifications, to ensure the security of their 
services. Another emerging technology that 
can improve cloud security is homomorphic 
encryption, which allows for data processing 
without decrypting the data[12].

Trust is a critical issue in cloud computing. 
Users need to trust that their data is being 
stored and processed securely, and that their 
service provider is acting in their best interests. 
Cloud service providers may also need to trust 
their users, to ensure that they are not engaging 
in malicious activities that could compromise 

1.    Introduction

 Cloud computing has revolutionized 
how we store, process, and access data. With 
the growth of this technology, there is a need 
for increased attention to privacy, security, and 
trust in cloud computing. In this paper, we 
review the current state of privacy, security, 
and trust in cloud computing and examine the 

various strategies and technologies being used 
to address these concerns[1].

Cloud computing allows users to store their 
data in a remote server that can be accessed 
from anywhere with an internet connection. 
This has allowed individuals and organizations 
to reduce their reliance on physical hardware 
and access their data anywhere. However, this 

convenience comes with its own set of 
challenges. Cloud computing services are 
vulnerable to a variety of security threats, 
including data breaches, data loss, and 
unauthorized access [2].

Privacy is another major concern in cloud 
computing. Users must often provide sensitive 
personal information to cloud service 
providers, such as their name, email address, 
and payment details. This information can be 
used for malicious purposes like identity theft 
or fraud. Additionally, cloud service providers 
may collect user data for advertising or other 
purposes, which can raise concerns about user 
privacy[3].

Trust is also a critical issue in cloud 
computing. Users need to trust that their data is 
being stored and processed securely, and that 
their service provider is acting in their best 
interests. Cloud service providers may also 
need to trust their users, to ensure that they are 
not engaging in malicious activities that could 

compromise the security of the service[4].

To address these concerns, various strategies 
and technologies have been developed to 
improve cloud computing services' privacy, 
security, and trust. These include end-to-end 
encryption, strong access controls, data 
anonymization techniques, trusted third parties 
such as auditors and certifications, and 
emerging technologies such as blockchain and 
homomorphic encryption[5].

Researchers and business experts have 
identified several security problems in the 
cloud. solitude as well as computing data 
exposure, and data management  security of 
the virtual operating system, secrecy mission, 
trust, and compliance specific security 
assurance. During dynamic situations, 
problems arise cooperation and sharing across 
a number of clouds Concerns of trust, in 
particular. Multicloud computing raises issues 
of policy and privacy as shown in Figure 1

Figure 10: Confusion Matric of CNN

Thirdly, the VGG-16 model is considered 

which is comprised of 16 different layers. 
Figure 11 shows the basic structure of 
VGG-16.

Figure 13: Confusion Matric of VGG-16 Figure 14 shows the comparison in perfor-
mance of VGG, CNN and ANN.

Figure 14: Performance comparison of 3 
models

Figure 15 shows a comparison of the model 
performance of ANN with respect to Precision, 
Recall and F1-score.

Figure 15: Precision, Recall, F1-Score of 7 
classes with respect to ANN

Figure 16 shows a comparison of the model 
performance of CNN with respect to Precision, 
Recall and F1-score.

Figure 16: Precision, Recall, F1-Score of 7 
classes with respect to CNN

Figure 17 shows a comparison of the model 
performance of VGG with respect to Precision, 
Recall and F1-score.

Figure 11: Basic structure of VGG-16

VGG-16 took input images from the 
HAM1000 dataset and pass them to its 16 
different layers. After that, it performs classifi-

cation according to 7 different skin cancer 
classes.  Figure 12 shows the accuracy of 
VGG-16 model after 10 epochs. The average 
accuracy gained after VGG training is 75.6%
 

Figure 12: accuracy of VGG-16 model Figure 13 shows the confusion matrix of the 
VGG-16 model.

Figure 1: Sample images of Skin lesion from 
Ham1000 dataset

Early detection of skin lesion increases proba-
bility of patient’s survival. So, the significance 
of detection and classification of different skin 
lesion has raised. The similar appearance of 
mild and severe skin lesion makes the detec-
tion and classification, a challenging task. The 
diagnostic task of skin lesion is based on 
ABCDE formula:

• A representing asymmetric skin   
 surface 

• B representing abnormal border

• C representing lesion color

• D representing lesion diameter

• E representing lesion enlargement

Different skin cancers seem alike with respect 
to above properties. There is a chance of error 

if detection is made via naked eye [3]. Dermos-
copy is the significant method for detecting 
skin lesion as compared to clinical approach 
like biopsy etc. which is time taking procedure.  
But dermoscopy has some demerits as it is 
error prone. So, there is high need of effective 
technique for accurate detection with less error 
rate [4,5].

Deep learning (DL) is edge cutting technology 
which trains model for specified task more 
accurate as compared to machine learning. 
This research aims to utilize deep learning 
algorithm for skin lesion detection and classifi-
cation through dermoscopic images as DL fast 
learning models are less error prone. Data 
augmentation is required as dataset is dispro-
portional, it is done through affine transforma-
tion. Moreover, the model is cross-validated 
for effective performance [6].

2. Methodology
Figure 2 shows the proposed methodology of 
system. 

Figure 2: Proposed methodology

The methodology of the proposed research 
comprised of following phases:

2.1  Dataset collection
The targeted dataset is HAM1000 dataset. The 
HAM10000 ("Human Against Machine with 
10,000 training images") dataset is a collection 
of multi-source dermatoscopic images of 
pigmented lesions,which is sourced from 
various populations and stored by using differ-
ent techniques. It comprises of 10,015 images 
and 7 distinct categories of skin cancer.  The 
seven categories of skin cancer are Melanocyt-
ic nevi, Melanoma, Dermatofibroma, Benign 
keratosis-like lesions, Actinic keratosis, Basal 
cell carcinoma, Vascular lesions.

2.2  Preprocessing
After collecting the target dataset, it is passed 
to a preprocessing phase where data cleansing 
is performed. The data underwent normaliza-
tion through various methods, such as reducing 
missing values, resizing images, and properly 
labeling them. This normalization process is 
crucial for the success of the research as it 
minimizes the loss of information. This helps 
to concentrate on the region of interest. Figure 
3 shows the dataset image size reduction to 
minimize the computational cost of the model.
 

Figure 3: Image resizing

2.3  Training 
After undergoing processing, the dataset was 
used to train three different neural network 
models. The training models include Artificial 
Neural Network (ANN), Convolutional Neural 
Network (CNN) and Visual Geometry Group 
(VGG-16).
  
2.3.1.  ANN
Artificial Neural Networks (ANNs) are mathe-
matical models made up of interconnected 
processing units, also known as neurons. These 
neurons receive signals from other neurons, 
process the information by combining and 
transforming it, and produce a numerical 
output. The processing units in an ANN mimic 
the structure of biological neurons and are 
interconnected to form a network, creating the 
artificial neural network.

 2.3.2. CNN
A Convolutional Neural Network (CNN) is a 
technique in computer vision that is designed 
to identify and distinguish the features of 
images. This architecture takes skin lesion 
images as input and passes them through a 
convolutional layer, where the weights are 
transformed into features. These features are 
further refined in the pooling layer before 
being transformed into a 1D representation in 
the fully connected layer. Finally, the features 
are classified using a Softmax layer.

2.3.3. VGG-16
The VGG16 architecture, a Convolutional 
Neural Network (CNN), won the 2014 
ILSVRC (Imagenet) competition. It is consid-
ered to be one of the most advanced vision 

models developed to date. The VGG16 model 
consists of 16 layers and is known for its 
consistent placement of convolutional and 
max-pool layers throughout its architecture 
[7]. 
2.4. Model Validation
After training, the performance of the model is 
evaluated based on some parameters. It evalu-
ates if the model is classifying the classes 
accurately or not. Figure 4 shows the block 
diagram of the proposed research. 

 

Figure 4: Block diagram of a system

3.  RESULTS

In present section, the results of the proposed 
study are presented in numerical values and 
confusion matrices. Three classifiers were 
used for the experimental process, including 
Artificial Neural Network, Convolutional 
Neural Network, and Visual Geometry Group. 
First, the ANN model is considered which is 
comprised of three different layers (input, 

hidden, and output). Figure 5 shows the archi-
tecture of ANN.
 

   
Figure 5: ANN architecture

ANN took input image from HAM1000 
dataset and performance classification accord-

ing to 7 different skin cancer classes.  Figure 6 
shows the accuracy of ANN model after 10 
epochs. The average accuracy gained after 
ANN training is 70.5%

Figure 7: Confusion Matrix of ANN

Secondly, the CNN model is considered which 

is comprised of different layers. Figure 8 
shows the general structure of CNN for skin 
lesion classification.

Figure 8: general structure of CNN model

CNN took input images from the HAM1000 
dataset and pass them to convolutional, 
pooling, fully connected layers. After that, it 

performances classification according to 7 
different skin cancer classes.  Figure 9 shows 
the accuracy of CNN model after 10 epochs. 
The average accuracy gained after CNN 
training is 71.5%

Figure 9: Accuracy of CNN Figure 10 shows the confusion matrix of the 
CNN model.

Figure 6: Accuracy of ANN Figure 7 shows the confusion matrix of the 
ANN model.


