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Estimate the Solidification Phase Thickness
Around a Circular Cylinder Analytically,
Numerically and Experimentally

Eng. Alaa Awad” Dr. Nasr Yasin™

Abstract

CTES (Cold Thermal Energy Storage) is an innovative way of
storing night-time off-peak energy for daytime peak use. In many
locations, demand for electrical power peaks during summer. Air-
conditioning and refrigerating is the main reason, in some areas
accounting for as much as half of the power demand during the hot
mid-day hours when electricity is most expensive. Since, at night,
utilities have spare electrical generating capacity, -electricity
generated during this “off-peak” is much less expensive. The main
objective of this research is to find a relationship between the
thickness of the solid phase formed (ice) when using water as a phase
change material with time. Thermal resistances method was used to
find the analytical solution. ANSYS15 program was used to solve the
equations of the problem by the finite volumes method, and the
results between the two previous methods were close with an error of
9.5% in the thickness of the solid phase formed after 8 working
hours. To find out the accuracy of the theoretical solutions, an
experiment was done using an ethylene glycol solution as a secondary
cooling medium (heat transfer fluid). The error in the thickness of
the solid phase formed with time after 8 working hours between the
analytical and experimental methods was 13.5%, and between the
numerical and experimental methods was 2.7%.

Keywords: Thermal Ice Storage System (TISS), Thermal resistance, Phase Change Material
(PCM).
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1. Introduction

The world energy consumption is increasing rapidly, and the
developed countries have become heavily reliant upon energy in all
activities. It is well accepted now that electrical energy is the most
versatile form of energy and its conservation will solve part of the
world energy problems. Moreover, in most cases the “offer” and
“demand” in thermal energy do not coincide in time. Hence, the
obvious key to solve both problems is an efficient storage for low
temperature thermal energy.

Bareiss et al. [1] studied melting enhancement above a heated
horizontal cylinder by means of numerical and perturbation
methods. Zhang et al. [2] studied analytically and experimentally
melting of an unfixed solid PCM inside a horizontal tube. Murray
et al. [3] developed a successful method for the numerical solution
of freezing adjacent to a flat plate. Habeebullah [4] conducted an
experimental study on ice formation around a horizontal long
copper tube (L = 12.3 m with three returned bends of 180° and d =
19.5 mm) immersed in water, he found that there was a slope of the
ice thickness, in which the axial distance depended on time but
varied with coolant flow rate and Stanton and Biot numbers. The
axial growth rate of ice was distinct for low values of the coolant
Reynolds number and short freezing times. He also discovered an
unexpected enlargement of ice thickness on the surface of the tube
bends. Sait et al. [5,6] performed an experimental investigation on
the freezing of water falling film on a vertical bank of horizontal
cold tubes. The brine flows into the concentric tubes in parallel.
The authors focused their work on ice formation characteristics and
heat transfer for the three main modes of falling film: droplets, jets
and sheets. These researchers determined that the formation of ice
depends on falling film and coolant flow rates. In addition to that,
he found that the thermal resistance of ice controlled the overall
heat transfer coefficient. Hosseini et al. [7] experimentally and
numerically investigated the melting process of the commercial
paraffin RT50 inside a shell-and-tube heat exchanger with water
flowing through the tube. It was found that natural convection
inside the liquid PCM could enhance the heat storage process.
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Yingxin et al. [8] developed a theoretical model to analyze the heat
transfer during the melting process. A series of experiments on
internal melting of unrestrained ice around a fixed horizontal tube
were reported. The temporal geometric shape, melting rates under
various experimental conditions were determined using a
photograph technique. Sait et al. [9] investigated ice formation on
cold vertical banks of horizontal tubes subjected to falling-film — jet
mode— experimentally. In the charging process, a set of internally
cooled vertical banks of horizontal tubes of brine is subjected to a
falling film of water. The formed ice is periodically observed,
photographed and measured in falling-film jet mode at specific
internal coolant (ethylene—glycol solution) flow rates and
temperatures. In the discharge process, the same solution is heated
and used internally to release ice. Different thicknesses of the
released ice were observed and measured. The maximum quantity
of released ice is obtained and the optimum ice formation is
determined. Tien et al. [10] were concerned with the transient
location of a freezing front in the region outside an infinitely long
circular cylinder. The surroundings were assumed to be initially at a
uniform temperature above the freezing temperature T;. The
surface of the cylinder was suddenly reduced to, and/or maintained
at, a constant temperature, below T.. The frozen and unfrozen
regions were assumed to have constant, but different, heat
capacities and thermal conductivities. The density is assumed to be
the same in both phases. Heat transfer is by conduction only, and
the latent heat is all absorbed at T .

M. Yari et al. [11] used a numerical method for solving energy
equation and describing solidification phenomenon around a
circular pipe. Further the effect of pipe surface temperature and
initial water temperature to increase freezing zone have been
analyzed. Ismail et al. [12] studied a numerical study validated by
experimental measurements on the solidification of PCM along a
horizontal tube by using the boundary immobilization technique.
Jigjia Liu et al. [13] performed a transient simulation of the
charging processes based on a two-dimensional numerical model,
and the melting processes of the storage units with staggered tube
bundle structure and parallel tube bundle structure are compared
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with that of flat plate structure. Sugawara et al. [14] investigated
Freezing/melting of water/ice around a horizontal cylinder placed
in a square cavity of the inner side length numerically.

in this research, we will present the relation between solidification
phase thickness around a circular cylinder (8) and time
analytically, numerically and experimentally.

2. Analytical Solution
2-1. Mathematical Model.

Consider a circular cylinder of external radius (r,) surrounded by
PCM of a temperature equal to the phase change temperature (Tf)
and heat transfer fluid (HTF) flow inside circular cylinder the
temperature of (HTF) lower than the PCM temperature (TOo < Tf),
as seen in Figure (1).

PCM Solid

HTF out

Cylinder
Moving Boundaey v’
Surface (Interfisce)

PCM Pure water

Fig. (1) Schematic view of a cylindrical thermal resistance network.
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The heat exchange between the HTF and PCM is dominated by
convection heat transfer. The PCM starts to solidify from the outer
boundary of the container and the phase change front moves
towards the surface of the tank. Three assumptions are taken into
considerations:

1- The temperature of the free-stream of HTF (T, ) and the
heat transfer coefficient (h) are constants.

2- The heat transfer process inside the container is conduction
dominant and in the radial direction.

3- The densities of solid and liquid phases of PCM are equal.

The thermal resistant network has three resistances to deliver the
heat from the PCM to HTF, as per Fig (1):
1. Convection resistance at the surface of the cylinder’s
container (Ry).
2. Conductive resistance at the shell walls (R, ).
3. Conductive resistance for the PCM solid phase (Rg,;)-

The heat delivered from the cylinder to the HTF (solidification) can
be calculated by the thermal resistance network as follow:

. T-Te
Q= Rey + Rgo + Ry, (1)
In(ryue/T;
. — ( (o] t/ 11‘1) (2)
2mlke,
In(re/royue)
sol — — L _out 3)
ZT[lksol
Ry = — 4
b ™ 21y, lh “)
Also the energy balance around the cylinder is:
dv drf
= —_—= - 5
Qf = pL It 2mplLrg It ®)

Substituting equation (1) into (5), we get:
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2 IL drf Tf — Too
mplLri— =
P f dt ln(rout/rin) + ln(rf/rout) + 1 (6)
2mlkey, 21Kk 27ri,lh

By using first order separation of variables for a homogeneous
linear differential equation, the solution would be:

1
Ep]-‘rf2 [kcyksol + I'inhksolln(rout/rin) + r'inhkcy *

1
(ln(rf/rout) - E)] = I.inhkcyksol(Tf - Too)t +C (7)
By using the following initial condition in order to find the constant
C in equation (7):
rf=ryoy at t=0 (8)

The equation (7) becomes:

t = pL(er - r'outz) < 1 n ln(rout/rin) _ 1 )

Z(Tf - TOO) rinh kcy 2ksol 9

2 (9)

e P e rew)
nire¢/r
stol(Tf - TOO) t/ "out

If we assume that

L 1 In(ryye/Tj 1
C1= p < + ( (o] t/ 11‘1)_ > (10)
Z(Tf - Too) I‘inh kcy stol
— pL
CZ B 2Ks01(Tf—Too) (11)
The time equation (9) becomes:
t= Cl(rf2 - I.outz) + Czln(rf/rout)rf2 (12)

2-2. Average convective heat transfer coefficient.

To solve equation (11), we need to obtain the heat transfer
coefficient form a flow inside a cylinder, [10] recommends the
following relations for the heat transfer coefficient:

17
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if Re; < 2300
(0.19RePr 4/, )08 (13)

1+ 0.117(RePr 4/} o467

if 2300 < Re; < 10%,5 < Pre < 500

Prf
and 0.05 < (P_> < 20

r'W
Nu = 0.012(Re;*®” — 280)Pr** «
2

1+ (7) 1er/pren

The fluid properties, in this case, are taken from ref [16] and
evaluated at the free-stream temperature (T,,) .

Nu = 3.66 +

(14)

2-3. Results

We will show the relationship between Radial Interface Position
(Solidification Phase Thickness) and the time. The thermos-
physical properties shown in Table (1) are used in eq. (12).

Figure (2) shows the relation between solidification phase thickness
(6) and time. At (t = 0), the solidification starts at the cylinder
outer surface (6 = 0). The thermos-physical properties of Ethylene
Glycol (EG) which is the heat transfer fluid are taken from
ASHRAE [16]. Figure (2) shows a solidification phase thickness
after 8 hours equal to 4.2 (cm).

Table (1): Thermo-Physical Properties.
Water Solid Properties
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Water initial temperature

273.15 (K) = 0 (°C)

Thermal conductivity of solid

1.88 (W.m-L.K™1)

PCM
Density of solid PCM 1000 (kg.m™3)

Heat of fusion 334000 (J/kg)
HTF (EG) Properties

VVolume Concentration 40%
Velocity 1.0 (m.s™1)
N 261.15 (K)
Initial temperature = 12 (°C)
Cylinder Materials
Radius 2 (cm)
Thermal conductivity 110 (W /m.K)
Wall Thickness 1 (mm)
0.045 —— .
0.04}- _— =
0035} -
! B
003 //'/
. 0025 > 3
?Eg 0.02} /// Material of cylinder: Brass ]
thickness ; 1 (mm)
0015 / 1=0.02(m)
ool / PCM: Water
L/ T, =261.15(K)
(J7 . . .
0 1 2 3 4 5 6 7 8

t(h)

Fig. (2) The relationship between solidification phase thickness and time.

3. Numerical solution

19
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The numerical solution was done by ANSYS program, we used The
thermos-physical properties shown in Table (1) Figure (3) shows
the relation between solidification phase thickness (8) and time. At
(t = 0), the solidification starts at the cylinder outer surface
(6 = 0). The thermos-physical properties of Ethylene Glycol (EG)
which is the heat transfer fluid are taken from ASHRAE [16]. table
(2) shows a relation between solidification phase thickness and
time every hour. the solidification was after 8 hours equal to 3.8

(cm).

Table (2): Relation between solidification phase thickness and time.

solidification

phase Time

thickness
(cm)

0.7
1.4

=

2
2.6
3
3.4
3.6
3.8

IO |G| W N |-
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Fig. (4) Temperature distribution by the program after 2 hour.

me R et i | S|

Fig. (5) Temperature distribution by the program after 4 hour.
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Fig. (6) show the temperature distribution by the program after 6 hour.

B [ O [t e

Fig. (7) Temperature distribution by the program after 8 hour.
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4. Experiment

The experimental solution was done by used a glass box containing
a brass tube of length 1 m. The outside tube diameter was 2.2cm
and the inner diameter 2 cm. The glass box was 10 x 10 x 100 cm,

fig. (8).

Fig. (8) Experimental water tank.

During the ice formation process, the cooling fluid was a glycol
solution of 40%wt concentration whose inlet temperature was —12
°C and a flow rate of 0.5 m3-h—1.

Table (3) shows the relation between solidification phase thickness
and time. The solidification phase thickness after 8 hours was equal
to 3.7 (cm).

23
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Table (3): Relation between solidification phase thickness and time.

solidification

phase Time

thickness
(cm)

0.6

=

1.3

1.8
2.5
2.9

3.1

3.4

0N | O || W N |

3.7

5. Conclusion

The main objective of this research is to find a relationship between
the thickness of the solid phase formed (ice) when using water as a
phase change material with time. Thermal resistances method was
used to find the analytical solution. ANSYS15 program was used to
solve the equations of the problem by the finite volumes method,
and the results between the two previous methods were close with
an error of 9.5% in the thickness of the solid phase formed after 8
working hours. To find out the accuracy of the theoretical solutions,
an experiment was done using an ethylene glycol solution as a
secondary cooling medium (heat transfer fluid). The error in the
thickness of the solid phase formed with time after 8 working hours
between the analytical and experimental methods was 13.5%, and
between the numerical and experimental methods was 2.7%.

Fig. (9) Shows the relation between thickness of ice (meter) and
time (hours) for Analytical, Numerical and Experimental Methods.
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o —

~{ Experimental solution
~Or~Numaorical solution
—&— Analytical solution

004

0035

T r T T

003
- 0025
E
= 002k Material of cyfindor: Brass 4
r thickness : 1 (mm) 1
00154 1,=0.02(m) 4
001+ 2 PCM: Water 4
H/ 7 T =261.15(K) 4
0.005 a

Q
V
I =

!

t(h)

Fig. (9) Relation between thickness of ice and time for Analytical, Numerical
and Experimental Methods.
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Nomenclature

Q¢ heat flux (W)

L latent solidification heat (J. kg~?1)

VvV volume (m?)

r;, internal radius (m)

Toue  €Xxternal radius (m)

interface radius (m)

solidification phase thickness (17-75,,) (M)
thermal resistance (K. W 1)

thermal conductivity (W.m™1. K1)

convective heat transfer coefficient(W.m=2 . K1)
temperature (K)

phase change temperature (K)

T, free-stream temperature (K)

t time (s)

[ length of cylinder(m)

C, specific heat(J.kg='.K~")

g  gravitym.s™2

vner  heat transfer velocity (m.s™")
EG ethylene glycol

HNSE D oS

Greek symbols

p  density (kg.m™3)

u  dynamic viscosity(Pa.s)

v kinematic viscosity(m?2.s™1)

a thermal Diffusivity (m2.s71)
Subscripts

sol solid

h  free convection on external radius
cy cylinder

Dimensionless numbers

2hR
Nu Nusselt number Nu = Te
. 2VR
Ra rayleighnumber Ra= Te
C.
Pr  Prandtl number r = g = %
2

Re Reynolds Number Re = ————=
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Selecting the Optimal Classification
Threshold Dynamically in Early Anomaly
Detection Systems Based on Deep Learning

Eng. Ali Yassin, Dr. Kamal Al-Salloum, Dr. Wassim Ramadan

Abstract

Anomaly detection is still an important subject for many
researchers. It has a crucial role in solving real-world problems such
as detecting abnormal cases, including defects in industrial systems,
and fraud detection...etc.

The research aims to build a general system for early anomaly
detection, which can be used to reduce the large losses caused by
abnormality in the system data.

The main problems facing current anomaly detection systems are
their inability to 1) extract features from high-dimensional, multiple
data, 2) selecting the optimal classification threshold dynamically.

In order to solve the problems above, the research employed an
LSTM-Autoencoder network to extract the most important features
and capture the temporal dependencies of the occurrence of
anomalies within the data series. In addition to Chebyshev's theory
for selecting the optimal threshold dynamically.

The proposed system was applied to the problem of paper breaks
in paper factories, where it was able to detect 53% of the anomalies
four minutes before its occurrence, with a rate of false alarms that
did not exceed 9%, and reduce the costs of loss by 54%. This
confirms the ability of the proposed system to adapt to the issue at
hand in detecting anomalies and minimizing its effects

Keywords: Anomaly Detection Systems, Feature Extraction, Chebyshev Theorem,
High-Dimensional Multiple Data, Time Dependencies, Threshold Classification,
LSTM-Autoencoder.
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fe = U(Wf [ht—1»xt]) + bf (4)

& Basasall Claglaall (Filter) mijeS aodivs (Tensor) Jiga @ fy ccus
oAl the gt dlaalll 8 sl il dls i x, Sigmoid ali: o (i) dls
=1 ool S adall Al @l

L Al Gles 0 dedll Q& G 1 5 0 W Al 24 0sS
o Opn Al e 1 Al e Lay (JelS (S (Internal State)

Update Gate (JAa) Gusail) g .2

Aaidpal) 3l mans Lol o3 A S 1 JASY) Dlgy (2) SBI sl il

Baaall LAl dlls 8 gy BlaadU sl Jaall (Candidate)
¢ = tanh(we [he_y, x.]) + bc (5)
ir = o(w; [he—1, %)) + by (6)

&5 G .z 3sall (Regulates) adas Loee daf (e Tanh bl aasiug
AN Al ) bl oS ) (V) sl OS e (ot dgatie wlill oo
Al laglaall cale aan Sigmoid al aladiul e Caagll (56 iy 3aaal)
Mgl ol g Balaay) 2y )

Output Gate 7z Al 4y .3

el Al ) cpg Al el Al Cuaas (4) bl el 8 K
padl) ddla) 3 ey el Dy mydn Al LA G DA (e ¢ Baaall
DAY dgs e Al aaall Ayl

Ce=fe*Cat i *c (7)
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Jsudl o LAY Dlgll o3 (& o i hAY) Dl (3) Gl apal) Jidd
¢ Ry suanl) LI Al 23 05 Cages Iila )
0; = oW, [he—1, %] + b,) (8)
h; = 0, * tan h(c;) 9

Autoencoder Network ¥ jujill 4<ué -2-5

«(Unsupervised) il deala je cclihll 5adaie diigrac A<

by zba) Ay (Jaa) dada e o< L (Feed—Forward) dasiie 430 &l
L o . (Latent Space) (IS ¢laiy ((Decoder) uji ¢iiag «(Encoder)
A Oag ediall lily degens (Features) e e 03Se glads 4SSl Jaa
AaeYl Al Cupx & Lopal) dide 6 g el 1 1) sale) e AShall Jasd
(Loss Function) s)lus a5 ((Backpropagation) alall L) cilu))lss
Error!  ~all ek A plad el Bale] e dailll pleall Cilual

.JIReference source not found.[27

Y el ASud Jas Ay 4y —1-2-5

dala)ll e AlCha 3gag Autoencoder ASud duy araal vie Ay (o
A AL LY) cBlaaall bsiae JiS s lee ciaiid) i (Bottleneck)
e Jad Cua 5kl oY) @ld cllall Glegana 3 Taa dlie AS0AN iad
o bld) LSl Al laglaally LaliiaY ae )M\ bbbl i)

Error! i, clis€e &M oo osSo 4Kl of Bl LS LS
«(Code) sl ((Encoder) 323l : . Reference source not found.
Gl iyl el dayha seludl EDB ) zbas LS L(Decoder) uesll el
Bludll alis ¢ Saa il

ey cdedie L35 G dgrac A0S el ey Jadall e
SV ALY bl baay 23Rl sk Ll Led (Fully-Connected) Ja\SIL,
) el salely dlgiiadl L) e dlis Saell @lSie Jard L ¢ ral a0
dlee 8 saat 5 (9)Lid) anay AG0AD) 8 Basly Ak Sae sl Jid) - LeaY) laasd
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COAA Sy Al sda aaa oS8% G L(Aaladl e Load ew) )
el @l sang ) Lgwdas o ) dda graadl

S & Cay eyl AayeS UL daal Jajall e JAaY) Gl
sl dlblas a4l (52 asil) lSie ashy L el 2 ) Lghial uasll
Al G dhsiadl Gl o slaeVh oAl dah G Jad) £ el
oS ey cligaanl) dae (ui gally Jaa il 05 o gl i el
cyi LS Janl) & ladall alaal (e

) el ASud aladiul 390l Gildas) -2-2-5
L i Pa G () aail 3Sad dasials 3080 ge CadSl
sle 5 oyl dlee 2y AGAN Al LAekl) GUL) G sakeall B
Gl ae clly olall 8 QS Ly Al aa JS& Laplll UL ALy sale
(Reconstruction Error) ¢l sale] Uas Ll )l culilall Ll il Gas 530
3L Jalas (e 32 e e
LSTM Autoencoder (gaall dligh 8,81l cld V) jaasl) 4 —-3-5
A dglie 4y e alaeYL LSTM Autoencoder il aban (K
e S L (s LF'J\, [[28 Encoder-Decoder LSTM GM., «Autoencoder
Ham LSTM aladiil (e cingl (& LSTM 4<us s aesll elSiag jaial)
(Temporal Dependencies) dicjll claall Llall sa jaepll @<eag 3yl
cabilal) Sl faua
& llnaly bl sl Jis e LSTM Autoencoder aSus ac L
A pailiad alaaiuly bl 4K dud )l Glaglaally LliaY) ae sl a2
ladinly Jiay) dubual gall il Jahy sakeal) LYl (i.ij RNyl
dgaie GligSe o Sl e dbiladll (8 aelid WS gad) dlgh 38100 4504
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LSTM AUTOENCODER 4Sui aladiady dgddd) iléas) —1-3-5
@il sale) alefiy il dilee U Lok dumpdall cDlobuall AS0a)) aa LGS
i Leiad . cpuaiall saaxie Aiadl) Judbadl & 350l GlaS) e 5508 Lelaay Laa
S ol s IS0 gl sale] e 508 05 Y (3LY) pand e ey Lgudss
e 4 LS (Ll dabie cad 850D bl oY e ee 4l Akl 53y AS0)
LUl 3 Jalail paes Audaxt ool

Experiments and Results giliilly ulaill -6

Gl lahal Al claall el Lsjas Toay Doy puidl 130 (3 Gadeind

e e lsd alasials (sl S GLES) 3538 oo AN (Rl Al ol
ad Juadl aaatl 486l bl bawa culled e alaeYhy cdagizdll Gl
Sl K0 Gl Afe Aed aanl Chadandn Ak ccbiabld)

el iy il alpaiasd Caaagill

Model Creation sl ¢ly —-1-6
Data Preprocessing «llul) juadld .1

Ly an i) sl Gudd Alee U8 Ll umdls dalles
Ilais (Training and Test) ladly caps cilesens ) Ll clilll L
el ddee o) Ladh dpedall llall 7 liad cCandl (s dagiedll cludl) oY
Gl afd Gy dayg GLAY) Glily (m 83LEN il pes aag 25 Yol 1A
L“_\L:l:\.\]\ %) %20 JL\:\;Y\ E\L_Q,AM) _)L\:\;m %203 k_\i)i\ﬂ %80 él 2\:1:_“\.\23\

(3L bl (S + Al
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o & ccupall @l (Standardization) uad & il dlee 2y
Los ¢lgmanift a2 il Ul (ylamall Cibad¥ g Janssiall alasiuly HLaaY) by
Andaill o] Ay e e LAY cilily A4

Gy il ) anl Bl cigan J 350l GLES) ) Gl Gilgs
0585 Cuay 0§ lakar e ) dshal el Allaa) Ayl Adaal) Caveat dabl
i) Bang S Jd (€p) sl aUail) Allay gl e 50l cildiiadl)

Ct < CryyWheres =1,2,..... (10)
e 0 Zigall o i lee (Il Gl Gaa s =2 0pi &
ddec il (0883 Self IS ( Jemd) B2 4 Jlshe digas JE 3534 ad5
Yy ) by e S e daby)
Time Window 4.iqjl) 538U .2

O e 558 DA i)l Gledl) Bl e (& S g3l gliag
Ll (e de ganas Balial) o5 A1 a5l @l Gaa Luejl) L) e Ao 2
32U ezt L(Time Windows) duiajll Mlgll asgaae aladnnly dallidl duie)l
Chga oy ot all cigll Youms seli m AY Al Zpa)l Ll am asa
G iy Al Al canan e alaeYL ((Window Instance) sl i
-(cy) 2l

A0 Aalled BLYL dAgsuad)l ISl Cuyn 3 58 Qe 00300
aoes e 83U Ji oLis) P o ¢(Imbalanced Data) djgidll e ikl
Alall Alad) Ziel Ll (g o(c, = 1) sl Alal Al dyiejl) Salail
Ll Cagta G Gyl Jald Ls ¢(c; = 0) damaidal

Gl G AVl oyl bly e 53U Ailise asaa Guld 5
Agadl) Sl Bl e 506 00 A Gl by am =3,5,7,9 4
il e 328 6010,14¢18 o
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Tuning Hyperparameters 4&ildl) <)yia)ll) Jauaa .3
Sl 8 degane dlau) B L (S Sl) Lan Adee 3
Sadiall Gad) Ayl aladiad e Gl 13 385z dgaill ol Juadl 3325 )
Error! [[29 (Random Search) _lgdall il o} Cus (A& el Jasal
Sl Gl e ljiahlll (puads 8 5e S <] Reference source not found.
LA ykailly dan sl Aalil) ((Grid Search)
) Jle Gl elind G5 Laxie Jundl I8 Jlpdall Gl Jaag
L GAS G ABW) cliehlll Al LSl Ge S e e sgiaag
Al Jmdl Y Gl sl G Alsde degens Ghia lsdall i
Slo Lgall Gl cigll olb Ml o5l g 3saills dalall AU o el
bl e BB aae pe JBT ()5S daaniall de sandll
dal e ) laidiel Al 28l i ahll) gaead Huaite laay b Leg
3R z3sail) Jee sk
(Activation Function) Ja.&iil) &G e
S edaadl (Weights Weighted) Zigisd) ofys¥! Jigad 4l aas)
gl Lniill aolsh (o Al A gana dagy 38 2ya i Badas dad
Lazalyl) dasalls < [1,0] Jad) (pam z5A0 45 2aay :Logistic (Sigmoid) (1
:‘zg\:d\ J<all <2 ol
1.0/(1.0+e™) (11)
¢ [F1,1] Jadl pem oAl daé sasy :Hyperbolic Tangent (Tanh) (2
Ml JKEI L il Al dxsally
(e*=e™)/(e*+e™™) (12)
agall Jaay) 28 e Lils, @ Rectified Linear Activation (ReLU) (3
Tl Aiall LAl JSY) 8l e Jall Lslue A1 05 Lais
:‘zgtd\ J<all R el
max(0.0, x) (13)
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(Learning Rate) eh:d\ i o

pdy abas o L OhgY) Cuaat ve AN L) selad lake ) el
Jas Bhaa

(Batch Size) 4adu) aan o

23sal) aaall o Lipe € 8 g AN e 5 ) clinad) sae
2 23l Gilielas (e aaall 56S5 <32 58

(Dropout Rate) ciial) Jus o

e g B 0985 (Ally ddal) G dial) (ans Al A 2

(Epoch) dax e

degana o o) dal e AN asbian A gl ke Jidd
JeleSh il

(Nodes) aisll o

il G aaall s B AKA) Gl 8 Cligsasl) aas &
e b legan) dticliae & ey «Sa3Al B A0 Ak (S 8 Caaill ) 25l
G Clihs EDE e A35Se Aty 32 paa dal e (JBal s (a8 el
[32,16,8,8,16,32] It JSAll siall (5555 ¢ Spa il Sy 5234l

zisalll oy 4

ASud aladiuly 3LAl) Y e Sl Rl zisai el S o3 & LS
& 4blie & (e . (LSTM-Autoencoder) (saall dligh 581al @ly V) a5l
.(Autoencoder) Zulall V) a0l <05

LS il ge Sl Sualall CadSll Aagial) ikl dses @i
LS Jsaall b maage

o) fada da i) 7 dail) slanad 2 Jgaal)

Name Description

LSTM-AEDT LSTM-Autoencoder with a Dynamic Threshold

49



Gl @laill e L3I 390l e ySaell S dalail § Lsiolins kol Canuatl! ddis s

AEDT Autoencoder with a Dynamic Threshold

Threshold Selection 4l Lass .5
OERY ol Asally 53U eV G deadll (T) canaill dfe a3
o (alion Aal) pan3 A i) Aadal 2o 3 Lage g0 Apulic A8 dad
dad e alaeVh e laal) dgata 53 ¢p Al alail) Alla Caisd 2kl HUail)
:gjtd\ JSEIL Baaal) ddall
¢ @ normalife, <T

c; = anomalyife, >T

zisall) L) .6
LS ) gitilie wiag 33aY) Al sl

Jealgd (23S) e 3508 i€ alai olid Jaad) dalye M Laladall (ol
[z sl e auki JEeS 34
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Sl e gana el B
Read the Data Set

-

; Aadlaall | ;
Preprocessing S Al
l Split Data l

4l SAR A gana JLEAY) Sl 48 gana
Training Dataset Test Dataset
S i T
Standardization e Standardization
il 4pacd dat 3) | e} g 4a )
Moving Class Label Moving Class Label
v v
Ada 3 28 gl Aallas Agla 3 A8 930 Aadlea
Time Window Processing Time Window Processing
|
Loz adli ely | 7 ,
> LSTM-Autoencoder |
el ) LGA) | ‘ ,
1
g s
; 2 > KPR R | Ry el
el aiall pyaad Early Failure Detection Performance

3g2aal) CALAISY yaal) aliast) 2 Je
Performance Evaluation ¢} anii -2-6
LSTM-AEDT zisai —~1-2-6
5L ddhide asas AA8ALL AFRAN Zasall ol Al e Gl K
Ay o s ) ey RS A g0 U8 e Lyl (e i e lllg cdial
Adall Jualing el 438Ua 55 (pag oz dgaill il Ao DU Aall ol el o8 sl

Aagsal) Ganladl Ao slasY
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A& el s (1
z3sall A8l el ClingSs Juadl  3ggaad) 3 ATl bl el
Ligyll 53U agan Jal ey A8 el Jaa aladiuly (LSTM-AEDT

LAalid )
LSTM-AEDT 7 igail 42l ciallall 3 gaad)
Hyperparameters Configurations z
Neurons | #Epochs | #Batch Leam Dropout | Activation E ‘%
Rate

32 200 256 0.001 0.0 Tanh 3
32 50 128 0.01 0.0 Relu 5
32 50 32 0.01 0.0 Tanh 7
32 50 32 0.001 0.2 Tanh 9

(Threshold Tradeoff) 4l Jals (2

st e Caagdl OIS 13 bl dapds Caza Afall a8 o Jalall S
il 48 e €l g B3 Nl e S 508 ST e la i (i
Capinatll 283 (55 Ledie Lol .Recall il dad duadl gaad ) 4520 jlas)
S .Precision (ulial dad Juail il all A8 jlas) b asls g Slle
(i 4y Juadly 53D VWD) e 58 S g lagia) il Gallall aes
F1Score Lulal das dumil 323l 452l Hlas) PlA e

Wl Cagll 05 el G 5l Gyl S i€ ol ) gl
Absh cleld eV Gl Lola  usll eVl e oSl 58 ST plajiul s
Gigin (e duiahy ke 2 Bl clgina e XUy A asd fe) Au Cua
osi 32 (FPR) Ziblall clylady) daw jalam Vi sy dilaall oS8 ¢ s

A (A ga
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m =3 58U aaa Jal (0 @
L) & LSTM-AEDT zisai oldl 4dgaall 8 Al mibul) gl
il 458 3385 gk g 3sall O dgand) DA e LS (sl eS) 35040
1.7 5 dgall dnal 56¥) dail) 0.2 of G ([0.2,1.7] Jlaal) Gaia Salinn I
s obaall Lol a

m = 3 Jal ;s LSTM-AEDT zigai il 4Jaal

Threshold F1Score Recall Precision FPR Run Time
Default:(.2 0.54 0.59 0.54 0.74

0.5 0.56 0.54 0.58 0.27

0.8 0.53 0.52 0.56 0.18 ]
2.5 min

1.1 0.54 0.52 0.60 0.13

1.4 0.54 0.52 0.59 0.11

Max:1.7 0.53 0.51 0.60 0.11

iads (T = 0.2) a8l e %59 ) Recall Gl dad Juadl Joad

F1Score (ulial dwaill Wi (T = 1.1,1.7) 4fall xie %60 I Precision

B i cilS Ly (T = 0.5) Al vie %56 ) Jodb dad Jonil o
(T = 1.7) 480 xe %11 o FPR &blall ol

M = 3 Lyie) 530 aas dal e 25l LSTM-AEDT 350 § Ui

Ly (Recall =0.51) Whsas (o @83 4 Jd &l ¥ e %51 Cais

aal) ey of Lle (T = 1.7) 42l xe (FPR =0.11) %11 Lkl bl

a8y 2.5
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m =75 58U aaa Jal (a0 @

pas ol 50 LSTM-AEDT zisai elal  5Jgaall b dual) sl gkl

Sl I8 Canall Afe 3385 sk zisall of Laadl Cus L om =5 530
el & 1.4 dnall Gpalid¥) el 0.2 of Wle [0.2,1.4] Jlad) (am

.« salanl)
m =5 Jal ;s LSTM-AEDT g igai il 5 aal)

Threshold F1Score Recall Precision FPR  Run Time
Default:().2 0.53 0.61 0.54 0.84
0.5 0.56 0.55 0.57 0.41

0.8 0.56  0.53 0.58  0.22 3.2 min
1.1 0.55 0.52 0.60 0.15
Max:1.4 0.54 0.52 0.60 0.10

dady (T = 0.2) 4l 2ie %61 ) Recall Ll dad duadl Jus

F1Score (ulial dwaill Wi (T = 1.1,1.4) 4fall xie %60 I Precision

L Ji culS Ly (T = 0.5,0.8) 4dall xie %56 1) Jsi dad Juadl (s
(T = 1.4) 45 xie %10 & FPR aiblall cilyla

M =5 die) 33U aaa Jal e =58l LSTM-AEDT »isai (3ia

Ly (Recall =0.52) hsas (0 @83 4 U8 &l a¥S e %52 Cais

M (g i) Jilaadly T = 1.4) 42l xie (FPR =0.1) %10 aibls iyl

A283 3.2 )z sl
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m =7 58U aaa Jal (0 @
pas ol 50 LSTM-AEDT zisai elal  6Jgaall b dinal) milial) gl
Sl IS8 Canail) A 2385 s zisal) of LSl Cua om =7 530
el & 1.4 dgall Gpalid¥) el 0.2 of Wle [0.2,1.4] Jlad) (am
+ oadanl)

m = 7 Jal 5a LSTM-AEDT zigaigilii 6542l

Threshold F1Score Recall Precision FPR Run Time
Default:().2 0.54 0.62 0.54 0.82

0.5 0.55 0.54 0.55 0.41
0.8 0.55 0.53 0.57 0.28 5.3 min
1.1 0.56 0.53 0.59 0.21

Max:1.4 0.54 0.53 0.58 0.09

dady (T = 0.2) adall xe %62 ) Recall (ulid dad Jadl st
ol F1Score (uliad duwall Wi (T = 1.1) idall xe %59 ) Precision
Glola DU dus Jil el Ly (T = 1.1) ddal) xie %56 ) dasi dad Juadl
(T = 1.4) 482 xe %9 » FPR &kL\al)

i€ am =7 dde) 38U aas Jal e LSTM-AEDT zisa s
) A (Recall =0.53) Whsas (e 382 4 Jid sl <V (0 %53
sl Maw ey i) Liw (T = 1.4) 4l xe (FPR =0.09) %9 abls
Aady 5.3 )

m =9 58U aas Jal e @
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pxs ol 50 LSTM-AEDT zisai elal 7 Jgaall b didl) i) jgdel

Sl IS8 Canaill Afe 3385 ask zsall of Ladl s om =9 53U

el & 2.0 Afall LY Al 0.2 o Ll ([0.2.2.0] dlad) (o
 oalaal)

m = 9 Jai ;s LSTM-AEDT g igai it 7 gaal)

Threshold F1Score Recall Precision FPR Run Time
Default:().2 0.53 0.6 0.54 0.81

0.5 0.57 0.55 0.57 0.4
0.8 0.56 0.53 0.59 0.24
1.1 0.57 0.53 0.6 0.19 9.7 min
1.4 0.56 0.53 0.61 0.16
1.7 0.55 0.52 0.6 0.13

Max:2.0 0.52 0.50 0.57 0.12

Lady (T = 0.2) 4l 2ie %60 J) Recall Ll dad duadl Jos
ol F1Score _uliad duwall Wi (T = 1.4) idall xe %61 ) Precision
Law Jil il iy (T = 0.5,1.1) &8l xe %57 ) Joai dad Juadl
(T = 2.0) &8 xie %12 & FPR aihlall clulad

i€ M =9 de) 33U aas Jal e LSTM-AEDT zisa s
) dswing (Recall =0.5) Whgas (e @iy 4 Jd & Y e %50
z3sall 2 (e 2y Le (T = 2.0) 42l xie (FPR =0.12) %12 dikls
4382 9.7 )

oo oSV ezisall ol uuad 8 Taga Thga 538U el of Cjlaall
Kol el z3gail) o Gam 53U anad ek 38 e ddadladll ang cgal dga
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53U ans Jal e 4l sl Jumil LSTM-AEDT Gia (s ana 2a Lo
(FPR  ashll «hiayls (Recall =53%) aidll 4w Gua (0 am =7
aan Jal eb (LSlas Kol = 7 838U aas 2ay 2 3sadl) Sl iy .=0%)
SV ALY chay) cadily %50 il duws cukily) gn= 9 sdl
%12

(Cost Benefit Analysis) xilsally calsill Julas (3
deliall Ham Glld) 5Ll e 38 25l 2 3sail) dealue a5 &
Al Bladlly OB bl o ol Cluaal & us L (Gysl) uS A<
10,000 Msns 5o Glee I8 4885 )y il lale (ALl eyl Gl e
QT b Syl V50 100 Msas clala 1) € A8 Lainy ¢ Sopal Y9
m = 330 Jal (e 7500 z3saill oigs @A) Bl Hlate 8 Joand) (i

ole IS A7
LSTM-AEDT g 3 gail 5uailallg 411 Jula3 8 Jgaal
ltem Gain (by TPR) Loss (by FPR) Remark
Aal<s 10,000% 100$ -
124x12month (2 minx30x24 hr.x365 d)-
eVl aae 1 year
=1488 1488=524112
YWl Jaee Recall=53% FPR=9% Test Result
A [AdS 7,886,400% -47,170%

syl 7,839,2309
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oo Sl Gad 2xe ae gl 23R LSTM-AEDT zisas of Laa3ld
Gsle 8 sal ciliay Bladll CallSs (g D Bt gy of ¢ Sl atl) e
Allaay) Hludl) e %54 Jaears 2l baa IS e Lgin Vs

AEDT zisai —2-2-6

Zisa el 8 Bl W) el 3K Hasid DA e Gl adgy
Seasll A8 e el Ghidl e A0 AW o A5k aa ) ccai)
el dnell Akl duhy o addd ) daailly cgaall dligha 3,13 @iy Y
e MY Dpesll A Sie Ladh

A& el s (1
z3sadl B el g ol 9dpanll b AnAl il gl
AW ) ahll Jaws alasaul AAEDT
AEDT 7 gail 4854 ciahldl 9 saadl

Hyperparameters Configurations

Learn Hidden Out Layer
Neurons #Epochs #Batch Dropout
Rate Activation Activation

32 200 64 0.001 0.4 Tanh Linear

(Threshold Tradeoff) 4l Jala (2
35080 GalaS) & AEDT zisas ell  10dgaad) b dsil) gibull gl
Canall) Afe 038% ash zisealll Of Joaadl DA e Laadl L3l g AKE
1.4 5 danldV) dadll & 0.2 of s ([0.2,1.4] Jlaall Gaa Saalins IS5
coebaal) Al o
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AEDT 3505 il 10528

Threshold F1Score Recall Precision FPR Run Time
Default:(0.2 0.49 0.56 0.50 0.84

0.5 0.52 0.51 0.53 0.42
0.8 0.52 0.49 0.55 0.25 1.3 min
1.1 0.51 0.49 0.56 0.15

Max:1.4 0.51 0.49 0.57 0.14

Lady (T = 0.2) 4l 2ie %56 ) Recall Ll dad duadl Jus
ol F1Score ubid dwally Wi (T = 1.4) 4dall xie %57 I Precision
i il il Ly (T = 0.5,0.8) idall v %52 ) Jusi dad il
(T = 1.4) 452D xe %14 o FPR Lhlall clula B

o G 4 UF Sl cVls e %49 (i AEDT i f Ui
il xe (FPR =0.14) %14 Zbla o)y 4 (Recall =0.49) lgisa
8 1.3 ) g3l 385 Ge) s L (T = 1.4)
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Improving the performance of l1oT
Trickle algorithm

Abstract

The Trickle algorithm that was introduced and standardized in RFC
6206 is gaining popularity as it can ensure fast and accurate
resolution of data inconsistency in distributed environments with low
maintenance cost, good support for scaling and increased network
density. It is for these attractive features that Trickle forms the basis
of many Internet standards and is deployed in many applications such
as reliable broadcasting, service discovery, distributed resources, as
well as routing protocols, including RPL, which is used in loT
networks. In this paper, we presented a new Trickle algorithm (New
Sys-Trickle) capable of reducing both the convergence time, the
number of control packets sent in the network, the amount of power
consumption and the amount of processor operating time at the same
time, and this is what distinguishes it from the previous algorithms
that were improving a standard at the expense of a standard Else. We
have combined three Trickle algorithms Trickle-F, Adaptive-k and
Trickle-plus with our improvements to each of them.

KEYWORDS: Trickle algorithm, Internet of Things, RPL
protocol,  distributed system.
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Apply Ensemble Learning in Medical
Decision-Making

Abstract:

It has been observed that as more data becomes available, the
increase in the use of machine learning algorithms will allow
organizations to consider a much wider range of data sets or
inputs than was previously possible. This provides an opportunity
to make better decisions — by combining human and machine
intelligence in an intelligent way.

It should be noted that the extent of future use of algorithms in
decision—making will vary according to their field of application, but
the main problem is the assumption that algorithms are close to
perfect, or will completely replace humans in all decision—-making
processes.

Algorithms are becoming increasingly important in decision—
making, and they may also enhance and support human decision-
making.

In this article, we present a study on the application of decision—
making using group learning, and we try to shed light on decision-
making in the medical field with the aim of assisting physicians in

general in making the appropriate decision for the case studied.
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gl Baseia e lad) Bpea 40561 Jlals Ly

Leledl cluhy 58185 Ak iy 9045 o bl degene (g5
194k s A< dliac

iglall CLIO dpugeatl) bl G gl s (e 23y ) Lgie IS e
Lisds Adpy S Gl o3 L ully avanally (S caiaal) cacldl caua) cp oSl
hiie Ga Opadinal) 2] Lkl U8 e Ll g2 sl dpad Wl e
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5y3a 36808 ) sl ants Sl Ao it o s Al cluhall el
Glily degaaaS Glilal) die ‘_5:’\3 Cuny Llgie (383l Byea 3197 5 4y
Alatie Clalae 4 @l desanas il degene foiegene (o) desdie

g Slala gl (iadly cupall) il Cile sane (e degane US

— train {data category}
— XR ELBON {study type}

patient00011 {patient}

L— studyl negative {atudy with label}
;'ngge'. rng {radiocgraphs}

E imageZ.cng
imagel3.png
— valid {data category}
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L— stu vl negacive {3tudy with label}
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image2.png
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US43 4l Jaain 558 elldg (el il
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paal lghigaty aaall 5y Hgua aladinl 23 ¢ IMmageNetcw)sll degana B
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& Uled 4zl L Ly ImageDataGenerator aladiuly CDLganll (yany
Horizontal Flip, Random Contrast, Random Gamma, Random )
(Brightness, Shift Scale Rotate, Resizing, Cropping
Batch Size = 32 e Ladic) WS
sl aa) e Aphaall cOLsal i e Jle V) S8 gy

Horizontal Flip Random Contrast Random Gamma

o [ O 0% XX & 0 100 » ) ) W ) ) X0 P

Cropping

Bnghtness Shift Scale Rotate Resizing

n

By3a e il Aidl) dallaal) @DLgad Gaaks dasi e Jbia 3(3) J<al

(Data Augmentation) «lilull due (4
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MURA 4l
Uiy b [19] dfsy d8)5 2)5hils dasls (B V) aladll degena il
ga clly degane ST e Baaly Cuedly dphll deledll geall Chiias
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A elkal LS ) Gl day A el peal) 8 clagdnl e CaiS))
el e ol daanha ) Ay OS Caiad 8 MURA Gl (e Cingl) IS5
csilis daala b ol bl ISy L5ygem IS g oAl <)
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wasty clagdill e adkll dnd 169 (e 435S DenseNet]169 4ils,
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Ganal) 138 slae) Aylh s Bdgiall Resnet a<us 73l (e 2D guaday Liad
) o3a ol 3l Ll b Lgie JSD 2 3gai Canpt (DAA (g
ResNet152V2 ay zila & & Lol Ld Al GlQa) ~ik
InceptionResNetV2 ,InceptionV3
i ER W SV PR ) I T4 B R Y P - S T BT POR B NP Y
oo Ol el Ly dalall 2 3sal) il Gl caandly fully Al e cansal
selilly ool luhy g taady) olbl dcalall mbal el (e d83) dals
eibasl oy e Sl ol lisdsany Lslall Z8)) culS (CSlly auaally
degane o ol gy i lee clilan] AVY @) cad LSl dasY)
cJafial) Lg«_\;.\ﬂcd.\; st A Jia il

:Residual Networks (ResNet)
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ImageNet ailue cjlé il CNN (AlexNet) o il 4w Jol e
diee dac A5 4 clihll e aiall 2aaY 5l A IS aadi 2012
se a3 ladie oSy ccladall (e Ji aae ae 138 dasag ladd) Jaes Julil
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| o) mea O 1 @25 -Vanishing/Exploding gradient
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ple & Microsoft Research & (gl ajdl lly ResNet . 2
.(Residual Network) dand) 4<all s saa 4052015

:(Residual Block) 4:igall 4!
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A oda b Akl AN sy Taas Losgae Ll 020 i o(gradient
cupall dads PlA e Jha¥) adiy oV lay) Jads cad 4 23350
AN Ak 5yile diallng Giligda sac (4

) i) Slalal) alati o e Yy 4l ga AW o3 b aadiusll il
sl Cpuanl) iy A5 mans ((Mapping)

F(X): = H(X) oL 30 asin o I el (H (X) Jsb e Yoy Sl
Lagiall ASY 4iy agy YV <Al JH (X): = F (X) + X Jamy 35 — X
(Residual Block)
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X
weight layer
F(x) l relu N
weight layer identity
F(x) +x
(Residual Block) dsigall 4l 4y :(4) J<al)
PAud) 4y

VGG— (1 Blagiue cilidall (10 230 (e A36% daale A5 4y A 28 a2
ast Cusy (shortcut connection) jLaid¥) Jlail dila) o4 Gws 19
aiiie A5 ) Al dasany sl laia¥l i L)

Convl Pool SR COMCA
Patch: 7x7 +———» Patch:3x3 +—» Conv: Il 64
Stride: 2 Stride: 2 SOy Ot
! L Conv: 1x1, 256
3 x Conv5_x 36 x Convd_x 8 x Conv3_x
Conv: 1x1, 512 Conv: 1x1, 256 Conv: 1x1, 128
Conv: 3x3, 512 Conv: 3x3, 256 Conv: 3x3, 128
Conv: 1x1, 2048 Conv: 1x1, 1024 Conv: 1x1, 512

Resnet]52 a<us d, :(5) J<a
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Patch:3x3 ——» Patch:3x3 ——» Patch:3x3 — Patch: 3x3
Stride: 2| Stride: 1 | Stride:1 | Stride: 2
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model 2 model 3
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Stride: 0 Logits
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|
v
Dropout Average 5 x Inception- L I Raiticaian.s
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Gl die e saaad) A0 7 3gah ey Lad Gany Joatie (a0 Zull
(e (S0 ananal) 438 e galiil) ) Jse (S0 g9 IS e dug sl
ety Ly gl US1 43 e daang (3l oon e IS0 aobia) 38 e

g yaall eVl JS) bl
0.00012
0.0001
0.00008
0.00006

0.00004

0.00002
—_—\

1 3 5 7 9 1113 15 17 19 21 23 25 27 29 31 33 35 37 39 41 43

#num of epochs

0

— |

K Ao daall JIa (Learning Rate) alaill Jaza sl esags :(7) I
Ag p2all gz 3Lasl

PN amdi  —

Lyl gl S aies @3 @ e e g )zl ol iy L
zisad oLt () andl) deganall z3san Lile ot LS laa Lt laes
A)lee g L (a=2dhumerus /) duhyall goil ZDEN =3l pladiul deganall
S eliieg d8al) (ubike slazindy elaY)

Ljlae i< il sl Ayl g5 e Gyl Lojdl z3laill elof of WlaaY

117



) AN i b o laall alail] Gaks

(Cohen’s kappa statistic) LIS (pasS (ubiia -

Aoy (Sl A A8l g wd MURA dilise 8 aodill (uliaall
& 3b a4l cddal) Bl e 58 ST Gubie say LIS (il i kappa
LAdas Sl 8N (e lgayha diaall 5u)da e A8V G LK) e
LS (S oo L

N alie Legia JS Cliay (pasall e (i) (e @YY LIS GaasS G
S el ag elld & Sl Al daph @l LAllie dijpas il
23] Uiy daumiai g o o) Gl gty (aA) Cpaall e Y Lolaie
Adaall Byl ge Osaiall lgd By 8 Al il

LS asS and

Blal dla o 0 dayal) e L (R0l) 0 o Ji kappa ded 0sS ol oSa
LOpeall Ll Bl @l o s T Al o s B eopaall o Wilsde
Aflstie daj pe i Bl lia o x5 0 e JBY) dayl) 8 (I

Rater 2
Corvect EcocTect
=
x

Orasiall il il Leadiall N x N 2<05 1(8) J<al)
Y ehal) ) Al an JSal)
Omiall O () Aama g cpdial S JB A Y s Jla) A
- (gadia
Rater 1 (Sl ¢ damia e g3 Rater 2 J& ) @¥lall JleaY) 2aall :B
s Al i ey Ldanaaa gl JB

118



Y e 3 ) s ddgd 2022 ale 8 axd) 44 alaal)l ) daaly Alaa

Rater 2 (Sl ¢ damia e g3 Rater [ J& )l cVal Jlal) 20l :C
s Al Lead (e sdag daaa L) J
Omaiiall of () Anaa e Lg) cpdiall DS JE Al Y e ) :D
- () 5da
iy 13a5) Y Adlaia) djee ) Vs £ s ckappa ded sladl daf o
Guob oo dauall sda GRS L Cusy (LAUEY) hi e spual) lalus
Gleal) 2l o lgad o Ogaall L 8 (Al LY sae dil)
(A +D)/(A+B+C+D) i )rgh (Jall Gy . Laad]
P. = Number in Agreement / Total

G aball 2o Jlaa] a5 Jlsdal) GEY) dudlaal alag) & LI sshaally
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InceptionResnetv2 Inceptionv3 Resnet152v2
Train test train Test train Test
0.9296 | 0.8562 0.9236 0.8578 0.8931 0.8562
0.9624 | 0.8544 0.9524 0.8504 0.908 0.875
0.9641 | 0.8546 0.9661 0.8646 0.9248 0.8681
0.9376 | 0.7702 0.9222 0.7831 0.8656 0.7849
0.9292 | 0.7546 0.9392 0.7746 0.8978 0.7902
0.9782 | 0.7917 0.962 0.7913 0.9424 0.7986
0.8802 0.791 0.8842 0.7909 0.8392 0.8036
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Js¥l Jsaal)

iGs el @ gl manll gl Al 4l el e 2
amall doealls SladY) dal o LIS Lulisad 4ed L InceptionResnetv2
& Resnet]52v2 iy Inceptionv3 zigeil LIS Jalaal ,SY) dall cuils
conbial 13gd i el e gl geany duall plg 3L

LS ulida 3\7\31.1' Cma ‘L.AJJAAS\ GO i) &1} :\.'Ulln @lﬁ (2) Jgaad
kappa static
InceptionResnetv2 Inceptionv3 Resnet152v2
Train test train Test train Test
0.9545 0.9577 0.9373 0.9207 0.896 0.8497
0.9541 0.9488 0.9418 0.9099 0.9384 0.895
0.99578 0.9299 0.99621 0.948 0.997 0.942
0.9997 0.85 0.9993 0.889 0.9863 0.8627
0.9675 0.6649 0.9572 0.9598 0.9535 0.9649
0.9379 0.9138 0.9204 0.8894 0.9337 0.9194
0.841 0.8191 0.8649 0.8224 0.8965 0.8826
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© #num of epochs
e=\/a|_accuracy e val-kappa-abs
A g oSl Ay Al LIS ABall oliie 8] oasiagi blads (3) Jaladal)
InceptionResnetv2
:(Ensemble Method) cleall alail) ddyla  gusdat
(Bl 0Ly cleall alaill &35 1) aaead 3adai & Al sda 3 5,81 kil
L ST DA e aaall g5 g bl OV s (e Jah Saaly o DN #3laill
Wby LIY) (s Bragh gends
(Ciiall) 483 Lali () M) £ 63 o olaad) alail) guudai il (3) Jgaad)
Chulall) 48 R
’ Al _
Avg InceptionResnetv2 Inceptionv3 Resnet152v2 3)135
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Test

0.85997

train

0.98253

ensemble

Test

0.8713
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