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Abstract

The advancements in Artificial Intelligence(Al) technology have
undergone substantial growth in recent years, resulting in their widespread
integration into various facets of our everyday existence. In the field of
healthcare, there is a growing emphasis on the utilization of Al technology for
the purpose of implementing practical medical interventions. The rapid
advancements in machine learning algorithms and hardware performance have
led to high expectations for the significant role that Al technology will play in
the efficient analysis and utilization of extensive health and medical data. Deep
learning has brought about a significant transformation in diverse domains, such
as computer vision and natural language processing., reinforcement learning,
and the health field by leveraging large-scale neural networks to extract
complex patterns from data. However, these deep learning models often face
challenges in dealing with uncertainties, imprecision, and real-world scenarios
characterized by ambiguous information.

Integrating fuzzy logic with deep learning can provide many benefits for
the capabilities and performance of Al systems in various applications, such as
reducing data requirements, improving robustness, and dealing with
uncertainty. In summary, the combination of fuzzy logic and deep learning
provides a powerful way to address complex real-world problems by enhancing
the power, explainability, and efficiency of Al systems. The specific benefits
gained depend on the application and integration approach used.

In this work, an artificial intelligent system consisting of four models is
presented. In the first model (CNNMP), the traditional CNN algorithm was used
for the purpose of classifying the used datasets, while the second
model(CNNFP) improves the pooling layer in the CNN algorithm by removing
defects in max pooling layer by adding fuzzy logic to this layer. In third
model(VGG16SM), the transfer learning feature will be exploited using the
VGG16 algorithm to create a model for the purpose of classifying the data sets
used. In the fourth and final model(VGG16FSM) the fuzzy logic of the SoftMax
layer was introduced into the VGG16 algorithm to get rid of the problems of
this layer, which are losing accurate information and exaggerating the
differences between the values used. The datasets used with the four models are
Kaggle for brain tumors and MNIST for handwriting.



The four models were trained on both datasets using the cross-validation
technique in the most efficient way. The strategy used in this technique is
Simple K-Fold. The results are presented using the confusion matrix and related
metrics for the purpose of evaluating the performance of the four proposed
models. After reviewing the results obtained through implementation, it was
found that an improvement was achieved on both Max Pooling and SoftMax,
and when comparing the improvement achieved in both models, it was noted
that the second model, CNNFP, achieved higher results than the fourth model,
VGG16FSM, as the accuracy of the results for the second model was increased
from 58 % to approximately 97%. As for the fourth model, the accuracy
increased from 72% to approximately 79%. Note that the improvement was
useful for images with large dimensions and high resolution.



el Gl g Mall adalh 305 5
Jua gall daala
ibpdaly ) g G gualad) o gle dls

Qymlall agle acd

Gaad) aladl) o aldieYl | puall Ciiial
aaall ghiadl g
dadia da gl
Jua gall daalay (& a9 G gudal) o gle A4S (ulaa
(o2 Aduudd o) 5 0380 Balgd Ju e (a5 JaS
G gulad) a gle
J O

) pal
has pad daa ludlae _J_e_i

aYavY FREEY



caldinl)

& Gl y Caaval gAY G gl 8 da el (S5 el KA culs ¢ gha
On 23al U3 o gl s e sl Ale Sl Jlie s e sl Ll ¥lsa (e 2p0a)
(8 Ary ) ) sl pa s Alaadl ddall claMa) e o liaia) eASA L o) 1S5 (guadail 5 gl
elibaa¥! oS 4 Canli G a8 siall (e 63 gl elal 8 Clipeaill 5 V) aledll il 5 )54
alail) Chaaf a8l Jlad (S dpdall 5 dpaall bl (e S CilpeS alasiind g Jidad 8 Lga 1550
¢ O mall alaill 5 Agmpdall A2l Aadlan 5 ¢ i gmaasll ) lld A Loy iline Cilae (85 ) 55 (3pand)
O pine Jalail ) Al (Glaill dasd 5 dppand) GISEN (e 30l JIA e eaall Sl
Ol axe SV ae dalail) 6 lan 038 Brend) alxill 3l 4l g5 e Wle @l aa s ULl
Auaale e gleay et Al GEEa) allall Gl gyl 5 48l aae

el 5l a8 ) Jay e 20l il (e 2l el aleill e (aalad) shaiall gead s o) Sy
Jalxall g (Al G g eyl cilallaie Jali e cdilisad) ciliphail) & cliha) oS3 4ok
U e Aalleal 2 8 4 sl Gpand) olall 5 Gaalall G3haial el i sy ¢ Slaialy i) a2 g
i g LgieliS g Lga yd A8 elilaia¥l oASAN dalail 5 8 3 3a8 ODA (g Baizall dial) allall
eddiual) JalSill g gadaill xes o dai€all saasall il 5il)

alaail 23 J V) 3 saill A dai Ay )l (e ()5S0 oo Lkl o183 alad a5 a3 Janll 124 b
SUI 73 gaill A8 Laly cdandiuall Gl dile gaan caiial (a al alaill CNN 4w )l s
Adla) (G ke Addall o388 o gaal) A ) IR e CNN dae ) 53 (A asendl) dala (puaay
el sa alaaiuly aledll J85 dpala Pl & Gl 23saill 8y Adall odgd e (3haie
s a5 ol 23 sail) Aaadiisall L) e gane Ciyioal (i il £330 £ LY VGG16
sda JSUia (0 aldill VGG16 4 s> A SoftMax dadal Sluall shaidl Jag) 48 &
bl Gle sene Aaddiuall adll G 358l aduais Ad8al Cleglel (a4 g Al
A5l LUSU MNEST 5 &l ol 5Y Kaggle (o8 4a Y zilaill ae dadiiull

YD A8y lally Jaliall giatl) A8 aladiuly (ie senall SIS e day ,Y) 3l (5 a3
plaaiuly Al i je o3 Simple K-Fold (o 4xsill sda A deddioall dpa) jiuy) Al
il Al ye 2y 5 A el Axy HY) el gl g i yad Alall 3 Capliall 5 @l )Y 46 shian
5 Max Pooling (s JS le (ad (5adad &5 4il 2y 283l A (e Lale Jgeanl) &3
é§; CNNFP u_\t'ﬂ\ CJ}A.J\ u\ .Ln;)l u,g;:}m&\ LS A.sﬁ és;_\.d\ u.u.u;.\“ MJ&A die 3 «SoftMax
& %OAGe S 23 saill i) 483 304 ) 43 Cun VGG 16FSM ail i) g3 saill (e el il
O Cmanll G Lo Ly 55 94YA 0 04V Y (e A8l caala 3} 88wl 1) 23 saill Lal Ly 55 044V
Allad) 4801 55 5l Al Y ) geall 1Rda



