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ABSTRACT: Colposcopy isa vital medical examthatin the mainthrough visual examination for
cervical epithelium to  preventing cervical cancer. However, screening by artificial vision has the
issues of lost identification,  low potency, and  variety.  This  paper  proposes a  deep  learning-
based methodology victimization multi-CNN call feature integration for classification and identification of cervical
lesions. The planned methodology initial uses the k-means algorithmic rule to mixture coaching knowledge into
specific categories in knowledge preprocessing so trained in cross-validation to boost the generalization ability of the
model. later on, 2 sorts of CNN area uniton an individual basis fine-tuned supported the transfer learning, and
so XGBoost algorithmic  ruleis employed to  integrate the  various CNN call results  for  optimizing the
ultimate prediction. 2 integration ways that for call options (named inner-model integration and outer-model
integration) area unit planned to embody multi-feature integration from the information level and therefore the model
structural level. at the same time, 2 specific integration methods (inner-to-outer and outer-to-inner) area unit designed
for because the final output supported the mixture of the 2 ways that. Experimental results show that the K-
means knowledge preprocessing methodology will improve  the coaching of  neural  networks, and  therefore
the planned multi-decision feature fusion strategy will higher acquire the results of computer-aided designation that
meet the wants of clinical designation

KEYWORDS olposcopy, cervicalcancer, deeplearning, k-means, modelintegration, transferlearning.
I. INTRODUCTION

Cervical cancer is the fourth most typical feminine cancer worldwide and threatening the health of the human [1]. For-
tunately, cervical cancer will be prevented by early screening for malignant neoplasm lesions (cervical intraepithelial
pathologic process, CIN), and may succeed a 100% cure rate underneath correct exami- nation and treatment. CIN may
be a squamous intraepithelial lesion and customarily consists of 3 grades [2]. Figure one shows a partial traditional to
CIN3 image during this study, within which CIN3 contains a sample of cancer cases. The clinically selected lesions on
top of CIN2 area unit finest Squamous Intraepithelial

Lesions (HSIL), that need strict examination and treat- ment to stop cervical cancer. However, in low-income and
middle-income countries (LMIC), thanks to the neglect of early screening for CIN, the incidence of cervical cancer
accounts for 70%-90% of feminine system malignancies. Nearly ninetieth of the cervical cancer deaths in 2015 were
from folks within the LMIC region, that is eighteen times that of developed countries [3].
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For the diagnosing of cervical cancer, the world Health Organization determines a three-stage diagnostic tech- nique
[4]: cytologic smear biological science, colposcopy, and biopsy. Generally, these 3 processes will accurately confirm
cervical cancer. Among them, colposcopy in the main uses a lightweight magnifier to amplify the cervix by ten to forty
times underneath

strong lightweight for visual examination. it's usually diagnosed by a doctor with intensive expertise to see whether or
not suspicious cancer to see whether or not any treatment is required. Colposcopy is usually subject to AN auxiliary
scrutiny of carboxylic acid treatment, conjointly called Visual scrutiny with carboxylic acid (VIA) [5], [6]. VIA
determines the grade of the lesion by visually perceptive the pathological changes of the cervical lesion when
carboxylic acid application. VIA check with colposcopy is wide utilized in the LMIC region as a result of its
convenience and effectiveness, in distinction to different technique like smear biological science and diagnostic assay,
as VIA mistreatment colposcopy is a smaller amount hard to please in operator skills and prices [7]. However, the
responsibleness of colposcopy is simply too depen- dent on the doctor’s clinical experience, and peer physicians might
have inconsistent diagnosing results because of subjective factors or fatigue factors. Therefore, colposcopy is simple to
steer to over-treatment and under-treatment [8]-[10].

In recent years, the intersection of the pc field and therefore the medical field has developed apace. several computer-
assisted diagnoses (CAD) primarily based diagnostic ways provides convenience for ancient diagnosis. within the field
of ancient vision analysis, most researches on medical imaging area unit in the main by extracting human-engineering-
based options (such as texture, color, and form features) classi- fied with trained classic machine learning classifiers
(such as SVM, Bayes, etc.) [11]-[14]. However, ancient man- ual feature extraction is extremely obsessed with skilled
data, and shallow learning machines cannot categorical the deep options of pictures well. it's conjointly a limitation of
ancient image visual analysis [15]. Deep learning [16], a machine learning primarily based technique, when fast
development in recent years, it's resolved the restrictions of the standard vision field through a deep neural network
structure. It created important breakthroughs each in image options and within the expression of learning machines.
Basic applications supported deep learning like image classification [17]-[22], image segmentation [23], [24], object
detection [15], [25], [26], etc., demonstrate outstanding leads to numerous cross-cutting areas. it's conjointly wide
utilized in medical image analy- sis [27]-[30]. The emergence of deep learning solves thelimitations of most ancient
ways,however it's conjointly affected by restricted information volume, particularly within the field of medical
imaging. it's presently an enormous challenge to create a wide used deep learning-based computer-aided diagnosing
system through clinical information from an oversized variety of subjects. How- ever, several studies have tried to
unravel the matter {of information|ofknowledge|of information} limitation through data augmentation and transfer
learn- ing [31]-[35] and have created sensible achievements. several ways currently use such coaching techniques and
become virtually a necessary operation for deep learning ways.

At present, there area unit solely a number of works that apply a deep learning technique to the analysis of colposcopy
pictures to the classification of detection of cervical lesions. These connected analysis works has achieved important
results and bit by bit expanded to the applying level. The analysis works of Xu et al. [36], [37] Ist applied deep
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learning to colposcopy image analysis. They in the main enforced the classification of cervical abnormality by
coaching the pre-trained AlexNet [17] network. within the analysis of the literature [36], the multimodal aggregation
technique combined with CNN image options and clinical diagnostic information obtained important results. within the
later study, Sato et al. [38] conjointly tried to use deep learning to their information, and therefore the results tested the
potential significance of deep learning within the task of colposcopy image classification. Zhang ANd Zhao [39] 1st
uses an FCN to section the cervical lesions within the cervical pictures then use CapsNet-based CNN to spot and
classify the kinds of cervical pictures, they achieved glorious leads to the general public cervical dataset of the 2017
kaggle competition. within the latest revealed paper, Liming et al. [40] applied the article detec- tion algorithmic rule to
attain effective detection and classifica- tion of cervical lesions. Compared with the clinical screening ways for cervical
lesions, this technique demonstrates the prevalence of the algorithmic rule. It provides a rigorous theoretical and
sensible basis for the clinical application of deep learning algorithms.

The present study applies the deep learning technology to the colposcopy cervical image dataset and proposes a
cervical metastatic tumor lesion diagnosing technique. the first purpose of experiments is CIN2+ diagnosing and
confirm whether or not a given colposcopy cervical image incorporates a moderate or high lesion. to raised use the
restricted information and improve the gener- alization ability of the model, we have a tendency to propose a K-means-
based information preprocessing technique for 5-fold-cross validation train- ing. Moreover, the multi-decision options
integration strat- egy is applied at the multi-model output to integrate numerous aspects of knowledge any. The
improved model is any optimized byways of integration, that improves the sen- sitivity of the diagnosing and is
additional in meeting the clinical auxiliary diagnosing wants.

Highlights:

1). we tend to propose a new classification technique supported multi-CNN model call feature integration for cer- vical
pictures. Through the mixture of inner-model integration and outer-model integration, multiple CNN prediction results
area unit integrated and optimized, that improves the lesion classification performance of cervical pictures.

2). In response to the multi-class similarity drawback of cervical image knowledge, a knowledge bunch preprocess- ing
technique supported K-means algorithmic program is applied. Improve the generalization ability of the neural net-
work coaching section model.

3). The performance of the projected classification technique for cervical lesions will be comparable the extent of
senior physicians in specific knowledge. Our technique pro- vides an exploration basis for computer-aided
identification of cervical cancer.

4). we tend to summarized this colposcopy image analysis technique supported a deep learning algorithmic program.
The differ- ence between the identification technique of cervical lesions and also the identification of actual clinicians
by deep learning algorithmic program is analyzed, and also the corresponding analysis queries area unit projected.

II. MATERIALS AND METHODS
A. DATASETS

The cooperation hospitals give the first image of the info and therefore the corresponding pathological identification
results. The first knowledge provided by the hospital embody colposcopy pictures obtained through a lightweight light
microscope and clinical identification reports corre- sponding to every patient. The results of the clinical diag- nosis
report area unit obtained through a customary cervical cancer screening method that is the confirmed result. we have a
tendency to map every patient’s image and confirmed result matched so method the info set for coaching and testing.
the entire knowledge during this study contained 1709 cases and was obtained from March 2017 to March 2018. the
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typical age of the topics were around forty one years. All knowledge operations passed associate institutional ethics
review and in agreement to implement relevant analysis.
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FIGURE 2.summary of MDFI. 3 stages of colposcopy pictures analysis for cervical lesion diagnose. It contains
knowledge preprocessing, fine-tuning with pre-trained CNN models and call feature integration for the ultimate
prediction.

Within the experiment, 1109 cases {of knowledge|ofknowledge|of information} were used as coaching data and trained
by a five-fold cross-validation methodology. The positive samples were 494 cases (3920 images) and negative samples
of 615 cases (4337 images) within the train- ing set. The remaining 600 cases were used as experimental take a look at
sets. For the convenience of testing, we have a tendency to arbitrarily hand-picked one image from every case. The take
a look at set has 600 pictures, together with 156 positive samples and 444 negative samples.

B. METHODOVERVIEW

Figure a pair of shows the flows of the planned technique MDFI. Its highlights square measure primarily mirrored in
information preprocessing and improvement of model call integration. the entire MDFI algorithmic program primarily
includes 3 elements, information preprocessing, fine-tuning coaching of CNNs, and integration improvement of every
CNN call result. In information preprocessing, MDFI first uses the K-means algorithmic program to combination all
coaching samples to the determined K category roughly, then apply the info augmentation before the neural network
coaching. On this basis, the model coaching section uses 5-fold cross-validation to form full use of helpful samples for
fine-tuning. Exper- iments square measure performed to fine-tune the DenseNet121 and ResNet50 CNN models. within
the ensuant decision-making stage, a corresponding integration strategy is enforced for every CNN’s cross-model call
output to get the ultimate optimized prediction result.

C. K-MEANS PREPROCESSING AND information AUGMENTATION

Medical pictures don't seem to be simply accessible, particularly actual information, that is usually unbalanced. within
the field of medical image process, to create full use of restricted information sets, there ar typically some specific
preprocessing and information sweetening. thanks to the quality of cervical image information, the pathologi- cal
options of multiple case samples have sure similarities. The neural network coaching supported machine learning
usually arbitrarily selects a vicinity of the info from all the info because the coaching set, and also the remainder of the
info is ready to the validation set. There ar specific issues during this as a result of the info characteristics of the
verification set play a decisive role within the final generalization ability of the model. within the final information
distribution for CNN coaching, if the coaching set has substan- tial similarity with the info contained within the
validation set, it suggests that the method of CNN coaching and validation is administered during a similar form of
information. during this manner, model coaching on the similar sorts of information will simply cause overfitting,
leading to poor prediction and expression of recent information. the perfect information distribution ought to be that the
coaching set and also the validation set contain differing kinds of knowledge options, to satisfy the sensible
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significance of the validation set. Therefore, within the information preprocessing stage, we have a tendency to use the
K-means [41] agglomeration methodology to classify the image samples into specific K categories roughly, then
eightieth k-class information within the K category ar arbitrarily selected because the coaching set, and also the
remaining 2 hundredth is employed because the validation set. for instance, 10dency to|we tend to} mixture information
into ten categories, eight categories of that ar used as coaching sets and 2 categories as validation information.

The unsupervised K-means algorithmic program is employed for the clus- tering of knowledge, that uses geometer
distance because the commonplace of similarity measures between information objects. the essential plan of the K-
means algorithmic program is initial to see the K cluster center points, then calculate the space between every
information object and also the center purpose to see the class of the info object. once the iteration, the space between
the middle points is created as massive as doable. The advantage of the K-means algorithmic program is that it's
straightforward to implement, and also the processing speed is extremely quick during this experiment. However, K-
means includes a shortcoming; that's, the deter- mination of the K price is essential. totallydifferent/completely
different} K values get different agglomeration results, and at last, the info agglomeration is totally different.
Therefore, this experiment sets 3 totally different K values in line with the info volume, and consistently analyzes the
various K values, and at last selects K a hundred. The careful experimental results ar verified and analyzed later.

Data augmentation has become a necessary preprocessing technique for image classification tasks supported deep
learn- ing. No exception, this paper uses basic information sweetening ways like random rotation, random cropping,
random elastic deformation, and random scaling. The strategy of ran- dom intensity amendment is additionally applied
to unravel the matter of amendment of illumination. These information sweetening ways will effectively generate
additional bionic information and supply specific information volume.

C. PRE-TRAINED CONVOLUTIONAL NEURAL NETWORKS This study chiefly performs the binary-class
classification work of malady classification. This work is additionally one among the foremost essential processes
within the screening of cervical malignant tumor lesions. whether or not determined to performed pre- treatment to
patients relies on the classification designationresults. Therefore, ranging from CNN image classification supported
transfer learning, we have a tendency to fine-tuned many classic neural network models, in recent years, as well as
VGG, GoogleNet, ResNet, and DenseNet. beneath identical information conditions and also the same indicators, we
have a tendency to selected 2 excel- Lententide and performance-close models RseNet50 [20] and DenseNet121 [21].
each models ar presently employed in feature extraction backbone networks in deep learning applications, and their
structures ar connected and totally different. so as to verify the strategy of multi-CNN call feature integration
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FIGURE 3.Schematic configuration of the ResNet50 for cervical malignant tumor lesions classification with CIN2
designation.Contains 5 stages of CNN process.
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FIGURE 4.Schematic configuration of the DenseNet121 model for cervical malignant tumor lesions classification
with CIN2 designation. Four Dense blocks ar connected to a few transition blocks.
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proposed during this paper, supported these 2 models, a full-network fine-tuning coaching is performed on identical
information victimisation the coaching methodology of five-fold cross-validation. the subsequent ar the elemental
theories and network structure descriptions of the network model.

ResNet: The deepest ResNet model is concerning twenty times deeper than the AlexNet. ResNet utilizes cutoffconnec-
tions to leap over some layers to avoid the vanishing gradient downside. ResNet won the ImageNet ILSVRC 2015 and
has achieved the spectacular and best performance on several difficult image recognition, localization and detec- tion
tasks. Figure three shows the most flow of cervical image classification supported ResNet50, that typically includes 5
stages. Stage 2 to stage 5 is every residual module that chiefly contains convolution block and identity block.
Convolution blocks ar connected by skip reference to identity block.

Equation (1) indicates that in ResNet’s residual module, the ‘‘skip connection’’ makes the easy summation of the xI1
one and nonlinear transformation of x1 one. Therefore, the net- work will learn the residual mapping of the input, which
might effectively alleviate the gradient disappearing downside.

Xi=fil Xi—1)+x-1(1)
where f () and x1 denote a nonlinear transformation and also the output of the layer 1, severally.

DenseNet: Similar however totally different from ResNets, direct connections from any layer to all or any ensuant
layers ar introduced in DenseNets, that encourage feature recycle throughout the network. Moreover, DenseNets can do
state-of-the art performances with considerably fewer param- eters and fewer computation than that for the ResNet.
Figure a pair of shows that the DenseNet network structure is com- display of 4 Dense blocks and 3 transition blocks.

Each dense block consists a distinct variety of convo- lution blocks. DenseNet chiefly edges from the planning of
Dense blocks. the tactic of feature map concatenation enhances the data affiliation to alleviate the matter

Strategy!: Inner-to-Outer model integration Strategy2: Outer-to-Inner model integration

Foldl | Fold|

(i

DenseNet121

DenseNet121

ResNets0
Net

FIGURE 5.Schematic configuration of the DenseNet model for cervical malignant tumor lesions classification with
CIN2 designation. Four dense blocks ar connected with 3 transition blocks.

of gradient disappearance. It performs well for the extraction of advanced options.
x1=fI([x0, x1,...... ,x1-1]) (2)

The dense block module has similar module because the Resnet. However, there ar vital variations between the dense
block and residual modules. On the opposite hand, equation (2) shows that within the dense block module, the
affiliation of the feature map isn't a straightforward summation, however a concate- nation. the quantity of convolution
maps at the ith layer is K (i 1) KO, wherever K is that the variety of feature maps convolved for every layer, indicating
the expansion rate.
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E. call FEATURE INTEGRATION

The deep convolutional neural network will extract the gen- eral options of the image. The low-level info of the
network usually contains additional outstanding options like image texture, and therefore the high-level info is typically
additional abstract international info. though the mechanism for extracting options from convolutional neural networks
is analogous, the image options extracted by completely different network structures ar varied, and therefore the
coaching and classification performance is additionally completely different. Of course, we have a tendency to favor to
style a network model that adapts to our information. However, consid- ering the constraints of the little dataset of the
cervical, the impact of coaching a neural network from scratch can- not meet the particular wants. the strategy of
transfer learning makes the applying of deep data in tiny information sets favor. However, the limitation of transfer
learning is that it will solely fine-tune the prevailing model framework on the network. Therefore, we have a tendency
to fine-tuned varied classic wonderful network models, and therefore the final comprehensive analysis showed that the
DenseNet121 and ResNet50 trained once information pre-processing was ideal.

The XGBoost [42] algorithmic rule could be a commonplace technique of inte- grated learning. Its essential purpose is
to integrate multipleweak learning classifiers to output a sturdy classifier. each classification associated regression tasks
use regression concepts to construct an optimum lifting model. XGBoost extends the GDBT algorithmic rule, and its
algorithmic rule speed and exactitude are improved. At present, the algorithmic rule is additional ordinarily employed
in trade and competition, and sometimes will get a additional optimized call model. so as to integrate the benefits of the
various call options of various 2 models, we have a tendency to propose a way to integrate and optimize the cross-
validation call results of the 2 models. we have a tendency to 1st outline 2 integration ways that of inner-model
integration and outer-model integration. Inner-model integration represents the mixing of K-fold model call results at
intervals one CNN, as expressed by the subsequent formula (3):

R=FMI,M2,...,MK) (3)

where F is that the integration operate XGBoost algorithmic rule, M is that the call results of one CNN model, and R is
that the inte- grated output of multiple call results. The Outer-model

integration represents the mixing of the corresponding i—th model call results between the 2 CNNs, as shown in
formula (4):

R =FMi, Mir, i €[1,k] (4)

whereMi and Mir represent the i-th model call results of the 2 CNN models severally, and R represents the integrated
output of the 2 call results.

On this basis, we have a tendency to propose 2 integration methods through these 2 integration methods: Inner-to-Outer
integration and Outer-to-Inner integration. eachintegra- tion methods involve 2 phases, however the order is completely
different. we have a tendency to applied the planned integration strategy to the decision-making results of the
DenseNet121 and ResNet50 models. Figure five shows the precise 2 integra- tion methods. In strategy one, first,
perform inner-model integration on the five-fold model’s call for every CNN.
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Then, the outer-model integration is performed on the results of the inner-model integration at intervals the 2 CNNs to
get the ultimate improvement call result. In Strategy 2, first, perform the outer-model integration of the K-fold model
results comparable to the 2 CNNs, and so per- type inner-model integration on the obtained K integration results.
Through these 2 ways, the mixing of the cross-validation models call results may be higher ana- lyzed to optimize the
ultimate output.

F. IMPLEMENTATION DETEILS

In the implementation of the planned algorithmic rule, the K worth of the K-means clump preprocessing is about to a
thousand, 500, and a hundred from high to low consistent with the overall case information, and therefore the range of
iterations set to five hundred. the opposite parameters ar the default values in python sklearn [43].

For the integrated improvement of call options, the XGBoost algorithmic rule is employed because the fusion
algorithmic rule. for every trained CNN model, the coaching information is 1st foreseen because the coaching set of the
XGBoost algorithmic rule, and therefore the take a look at set results of every model is employed because the
verification set, and eventually, the results ar integrated for every take a look at set. the most parameter settings of the
XGBoost algorithmic rule ar shown in Table one.

For the coaching of neural networks, the most hyperparam- eter settings of the 2 models ar constant, and therefore the
coaching of five-fold cross-validation is adopted. For the information prepro- cessed model, four elements of them ar
indiscriminately designated because the coaching set, and therefore the remaining one half is employed because the
valida- tion set, then cycle 5 times to form full use of all the restricted information. The parameter improvement
technique uses the Adam [44] algorithmic rule. each loss functions ar binary cross-entropy loss. the ultimate learning
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rates is DenseNet121: zero.00001, ResNet50: zero.00005. Batch size is about to DenseNetl121: eight, ResNet50:
twenty, and therefore the model coaching is run on a NVIDIA RTX 2080 TI graphics card.

III. RESULTS
A. EVALUATIONS OF MODEL CLASSIFICATION

In order to facilitate comparison between clinical diagno- sis results, the experimental evaluations ar chiefly includ- ing
accuracy (ACCQ), sensitivity (SEN), specificity (SPEC), positive foreseen worth (PPV) and negative prognostic

probability

:
E

probability

FIGURE 6.class distribution once K-means process.

value (NPV) [45]. Since our take a look at information ar unbalanced, we have a tendency to chiefly use the foreign
terrorist organization worth and F1-score [46] to eval- uate the excellent performance of the model higher. The receiver
operative characteristic (ROC) [47] and therefore the space beneath the mythical monster curve (AUC) is employed for
evaluating the two-class classification performance. The larger the realm is, the higher the classification performance of
the model is. The Fl-score is that the harmonic average of fractional monetary unit and PPV, which might well mirror
the excellent performance of unbalanced information classification, and considers additional indicators globally.
Besides, analysis indicators Table one illustrates performance evaluations, where TP, TN, FP, and FN ar the quantity of
true positives, true negatives, false positives, and false negatives, severally, in take a look at results.
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B. RESULTS OF K-MEANS STRATEGY

The clump results of various K worth within the K-means algorithmic rule will create the degree of the coaching set
and therefore the validation set fluctuate. an acceptable K worth will retrieve coaching and classification results. to
form the coaching information additional equally distributed, we have a tendency to think about the case of assum- ing
getting ready to a thousand sorts of patient image information characteristics supported the quantity of cases of the
information and set the K worth a thousand, 500,100 from high to low. Then, once the clump method, the
corresponding coaching information may be obtained.

The determination of the K worth is judged by the ultimate take a look at set take a look at result. Figure six shows the
results of class distri- bution once clump with completely different K values. The cartesian coordinate

TABLE3.TheresultsoftheDenseNet121andResNet50usingfive-foldcrossvalidationwithdifferentvalues.

CNN K AUC F1-score ACC SEN SPEC PPy NPV
- 0.750 0.498 0.681 0.605 0.708 0.425 0.830
500 0.752 0.519 0.718 0.582 0.766 0.471 0.839
™ 100 0.762 0.543 0.728 0.619 0.767 0.487 0.851
= 1000 0.761 0.510 0.710 0.579 0.756 0.457 0.836
Z
5
- 0.749 0.439 0.604 0.594 0.608 0.349 0.810
100 0.754 0.488 0.673 0.597 0.700 0.419 0.831
2
5
3
o
500 0.743 0.479 0.661 0.597 0.684 0.402 0.828
SVM [14] - - 0.3511 0.632 0.384 0.718 0.324 0.768
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FIGURE 7.The results of the DenseNet121 using five-fold cross validation with different K values.

- : ~r'

FIGURE 8. The results of the DenseNet121 and ResNet50 mistreatment five-fold cross validation with completely
different K values.indicates the class, and therefore the ordinate indicates the pro- portion of every category.

the upper the K worth, the larger the fluctuation of the class quantitative relation. Of course, experiments ar additional
possible to form the likelihood distribution of every class uniform, that makes the coaching of neural net- works
simpler, as a result of this makes the cross-validation coaching information of every coaching as shut as attainable.
However, this doesn't mean that K values works best; we have a tendency to still have to be compelled to prove with
the result.

Figure seven and figure eight shows the take a look at set mythical monster curve for five- fold cross-validation once
every K worth treatment. we are able to see that the take a look at results of the 2 models have one factor in com- mon.
once the K worth is larger, the fluctuation of the model is larger, that is caused by the uneven distribution of knowledge
once k process, that any proves the previous assump- tion. Among them, ResNet50 fluctuates the foremost once K five
hundred, and its foreign terrorist organization values is distributed from zero.7228 to 0.7891. It may be clearly seen
from the distribution of the graph that the distribution of the five-fold cross-validationresults of the 2 models is stable
once K a hundred, that is as stable because the model while not k-processing, and therefore the final foreign terrorist
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organization worth is improved. Table three shows the results of CIN2 classification diagnosing in 600 take a look at
pictures of every model. This take a look at information is associate unbalanced information, therefore the
comprehensive performance of the model is additional tested. It may be seen from the table that the 2 models once K-
means process ar clearly higher than the results while not K treatment, and therefore the result's best once K a hundred.
within the DenseNet model, the foreign terrorist organization worth exaggerated to zero.762, the FI-score exaggerated
by nearly 5 proportion points, and different indicators improved. Also, within the results of ResNet, once K process,
there's an honest improve- ment impact, within which the most foreign terrorist organization worth reaches zero.7543,
F1-score additionally will increase by nearly 5 percentages points, as a result of ACC doesn't have high analysis weight
in unbal- anced information classification. once a comprehensive analysis, the K worth is finally determined to be a
hundred. As a comparison with ancient machine learning algorithms, we have a tendency to reproduce the lit- erature
[14] SVM-based algorithmic rule. the general performance of the normal SVM algorithmic rule is poor, indicating that
the CNN technique is additional appropriate for our classification task.

Integration

1.0

0.8
206
2
z
3}
0.4

2
021§ 7 —— inner-to-outer (AUC = 0.781)
5 o7 ~—— outer-to-inner (AUC = 0.776)
i —— DenseNet121 K=100 (AUC = 0.762)
4 = DenseNet121 K=0 (AUC = 0.756)
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.0 0.2 0.4 0.6 0.8 1.0
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FIGURE 9. The results of the ResNet50 mistreatment five-fold cross validation with completely different K
values.

C. FEATURE INTEGRATION mistreatment XGBOOST

Part of the validation set information indiscriminately designated throughout cross-validation coaching plays a
decisive role within the final analysis of the model. though the general performance of multiple cross-models is
analogous, there ar still some dif- ferences before the models, and that they contain complementary info of all the
information. Also, completely different CNN models have varied call options. This paper considers the fusion
improvement output of various call options, proposes inner-model integration, and outer-model integration. Then,
we have a tendency to propose associate optimized output strategy for the mixing of 2 call options consistent with
the mix of the 2 methods: inner-to-outer model integration and outer-to-inner model integration. The careful
technique is delineate higher than. Therefore, the model output processed by K-means (K 100) any utilizes the
XGBoost algorithmic rule for call feature integration.

Figure nine shows the mythical monster curve distribution of every model, reflective the general performance of
every model, wherever the mixing strategy of Inner-to-outer has the very best foreign terrorist organization worth
(0.781). Table four shows the take a look at results of the mixing of call options. the 2 integration methods have a
particular improvement within the initial analysis indicators foreign terrorist organization and F1-score once K-
means (K 100) preprocessing. the foremost apparent impact is SEN; the mixing of Inner-to-outer has exaggerated
by nearly 10 proportion points. fractional monetary unit is commonly used joined of the important indicators of
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diagnosis. It chiefly reflects the incomprehensible diagnosing of lesion detection. the upper the worth, the lower
the speed of incomprehensible diagnosing. Through the analysis of communication with hospital physicians, high
sensitivity models are typically needed in laptop clinical power-assisted screening. Therefore, through the
integration of decision-making options, the ultimate decision-making results are higher in line with the clinical
auxiliary diagnosing wants.

v DISCUSSION

In the comparative experiment, additionally to the ablation experiment of the tactic itself, we tend to directly compared
the system with the clinical pathologist. for a few special reasons, we tend to primarily invited senior colposcopy doc
Li to scan a hundred pictures within the take a look at set manually. Among the a hundred pictures, the positive sample
includes twenty eight pictures, and also the negative sample contains seventy two pictures. Table five com- pares the
results of 2 integration ways of our algorithmic program with Li. It shows that the tactic during this paper is
considerably over the doctor Li in every analysis index. Figure ten shows the mythical creature curve of the 2 ways in a
hundred pictures, wherever the red dot indicates the designation result purpose with Dr. Li. The dot is underneath the
curve, and it suggests that the diagnostic performance is less than the planned technique. Besides, our technique speed
and potency area unit abundant over the doc- tor’s designation. It takes but one minute to check a hundred pictures.

Train (0.8 of all ~ Test (0.2 of all

classes) classes)

I

|

| Train (0.8 of
| _ single class)
|

|

|

|

|

|

|

|  Test (0.2 0f
single class)

(@) (b)

FIGURE 11. Two data split ways. (a) is the multi-class split used in this study, (b) is the single-class split.

From the preliminary comparison results with the doc, we will see that our technique is incredibly potential, and its
accuracy may have to be additional verified. Its potency is way over manual reading by clinical specialists.

According to the outline of connected add the introduction, we tend to summarize the classification technique of col-
poscopy pictures supported deep learning algorithms within the current printed literature. Table half dozen summarizes
the CNN technique applied to cervical image classification in recent years. thanks to the distinction in knowledge, the
importance of our comparison is restricted, however it's an excellent reference price. within the literature [36], the tactic
of multimodal knowledge will acquire the foremost satisfactory answer thus far. Still, general clinical diagnostic
knowledge, like pap detection, HPV detection, need abundant time and energy to attain. Among the opposite major
image-only solutions, the literature [39], [40] has shown wonderful results, primarily as a result of their knowledge
have the situation of lesion areas, and it vie a decisive role within the classification of lesions. However, the labeling of
lesions is additionally cumbersome. Therefore, it's not satisfactory to enter the tactic of classification within the
literature [37], [38] while not labeling the image of the lesion space.

In distinction, our technique is additionally associate degree unlabeled lesion space associate degreed an image-only
technique. Through processing and model call feature integration, it improves the ultimateclassification result of the
model from the information level and also the structural level. Finally, we tend to got a satisfactory result. The
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sensitivity has been dramatically improved, which might cut back the designation of incomprehensible designation and
is particularly crucial in clinical aided screening.

As the technique says, the tactic of this paper is perma- nently integrated coaching through a range of core algo- rithms.
the full method need multiple coaching phases, as well as k-means, CNNs, and XGBoost. within the prediction, our
technique must use multiple call model predictions then use the trained XGBoost optimisation. Our approach has the
subsequent shortcomings: 1st, the coaching method is additional difficult and needs multiple stages of training; second,
thanks to the constraints of the tactic, the prediction method conjointly needs 2 predictions of the model; third, our
knowledge has not been printed, and it's administrated with the doc- tor. {thetechnique|thetactic|the strategy} of
comparison is restricted and needs additional verification of the effectiveness of our method. Therefore, we'd like
additional ways and multi-faceted analysis by multiple clinicians to boost ceaselessly.

Besides, we tend to conjointly mentioned the matter of partitioning the coaching set and validation set when the K-
means algorithmic program clump. To verify {the techniquel|thetactic|the strategy} planned victimization eightieth
category knowledge because the coaching set and two hundredth category because the validation set method during this
paper, we tend to conjointly performed a comparison experiment victimization the strategy that eightieth knowledge in
every category because the coaching set and two hundredth in every category because the validation set. the 2 ways
may be expressed as multi-class knowledge segmentation and single-class knowledge segmentation, as shown in Figure
eleven. With K 100, the mythical creature results of the 2 meth- ods area unit shown in Figure twelve. though the
distinction in United Self-Defense Force of Colombia values between the 2 split ways in which is tiny, table seven
shows the opposite classification designation results. It demonstrates that the multi-class split employed in this paper is
best, that conjointly proves the concept of the information split needs of the validation set mentioned on top of.

k=100_class_split

Sensitivity

—— k=100_multi_class_split (AUC = 0.764)
Tag —— k=100 _single_class_split (AUC = 0.756)

0 0.2 0.4 0.6 0.8 1.0
1-Specificity

FIGURE 12. The mythical creature curve of the 2 knowledge split ways in which.
V. CONCLUSION

This paper proposes a classification technique for cervical lesions that optimize neural network coaching through
prepro- cessing and integrates multiple network output options. The results show that this technique will effectively do
the CIN2 classification task and acquire a particular improvement. the most start line of the tactic is to form full use of
the restricted knowledge set and integrate from totally different network struc- tures, therefore achieving the feature
integration at the information level and structure level. we tend to compared it with senior physicians in an exceedingly
random a hundred take a look at knowledge, that has bound blessings in terms of diagnostic performance and time
potency. the present results still have some limitations, however they need wonderful analysis potential and set the
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inspiration for the study of Al-assisted screening for cervical cancer. Our next step is to still increase our knowledge set
and ceaselessly improve the algorithmic program to attain a utilisation of cervical cancer screening assistant.
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