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ABSTRACT

This Thesis presents Tissue phantom-based breast cancer detection using UWB by
neural network, with the purpose of studying the characteristics of the signal from the
transmitting antenna and the signal from the receiving antenna in different positions. The
signal transmission uses a short pulse sinewave signal, causing the transmitted signal to
have a wide frequency. Suitable for human breasts that are not the same as each person's
constant, causing frequency that passes the breast is different. Then bring the data were
analyzed to find the location of Tissue phantom-based breast cancer by neural network,
which through the process of the bring the signal to find relative to identify the location
of Tissue phantom-based breast cancer. This project will be able to identify the location

of Tissue phantom-based breast cancer.
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lilasaeulnsataosfiuananeiu awnsaldanuldndieiuls Tneslasinisideonuasanaans
U Wae93uUluY Lieldaudy IDE vesaules anngudniviily Arduino 1uflensnn (Jumsns

FaNALISNITUT A UaIsalan laws

U 2.9 Arduino MEGA

= (1
2.11 5188 (Relay)

Jugunsaifiasundsnulniibidundsouwiman wsldlunisfsganirdudaves
AouuvAbilUasuanz lnensdsunssudliiiliduueain ievinmsdavseanidulanane
U A ea & a o= o o o J |
Auainddannsedng g usraunsadnsiadluuszendld lun1saauanaeasaneg Tuaueis
a a ¢
dinnseiind

2.11.1 drulsznauvadiiag

1 . A o ° o Y o v 1 < 4

1. druvesunadn ( coil ) wlieasinseuan viminiassauuudvanluiily

wnulanglunsevsinthduiasionu vaulaenissulssiiuanaeuendensoufiunain

wilenil LilevuaaIalAsuLs I L(ATLS NS EABIN1STUA U ARAL T UA LTI KER
uun) szinauwivaninivihliunulangiululunseidiuunindudaneiu

2. dwveanthduda ( contact ) innihiimleuaindanenssualnlviiugunsain

LSIADINTITUULDS

g‘d‘ﬁ 2.10 Relay module
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2.11.2 YasalfuNINTgIY
1. 9af® NC g811271 normal close yuneaNUINUnfala %58 windsluanelv

TWanarand snhmirdudassfadu lnsialuisndegadidndueUnsainge
wnedldliiihiidesnsliinunasaiian

2. 3asia NO 8811370 normal open nu1eANLIIUNAWR n3emndaliielv
Tiuaarmnienimindudaszldfady Taeialuisindegadidifuaunsainge
wesasldluihfiFeanseueunsliaUaiulaslwausimioniiiy

3. qasia C §811N9IN common ABYNSINFBNIINUEITIELN
My -
o3
NC?
AsaInotioUADuGy “ C
P e ®)
NO
l o

dounmoildsSusaaalu

cos

NC l
Adadnadalasudu l l e
O

oI oivAmSurasait

I

il

—0

s

., . S

JUR 2.11 lassasenelusiad
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2.12 Recurrent Neural Network (RNN)

Recurrent Neural Network (RNN) n1sldaundng deriioldeududoyaiifidnvausifu
816U (sequence) LW video (sequence of images) 38 text (sequence of words) Aoy
W lanwN15v9ues RNN 998n@19819n15% sequential data lnguaifiguiunisenunilids

vosauinseunilsdestudy sequential data egnsls

-———— H

sU# 2.12 vdenlaezunsuvos RNN
1ngn
H

1

hidden layer yt = output 3710 RNN fivian t

X¢ = input data ﬁwa’l t h; = hidden state ﬁLaa’l t

CY | [ o Al 1 Y < v A & | = o
HUADA1AUVDIAINGBY AU (sequence of words) LIa1UNETUNTINADN Iz B UTIaZ A
¥ a v Y1 ;:1' o w 1 ) P [y < =
ngrelunn Msisaunsasisedladiussleaninmaseutduieiiuesls 1518158
ndsiiseunuluudl (13971 hidden state %39 state nauUM) WNENAUAIALTLNLE 1Y
U (input data 0 AMILIINIAIDIU U fout) st e ludiunssindssula
F3 RNN Aldudnnisideniu fie n15Usuguwuuwes Neural network 1u tiveliianunsaien state
a P ) Y ) A A o v a
WIBANN3NOUNIY 11UINAU input data Milvaifiiinan wevihanudilaluisesy
913U 2.12 nsdauansliiuind loop Aaunauidundl hidden layer 489 Neural
Network #sd1Aty@smilavos RNN @a hidden state AounwI wag input data nouilu Uselevi
nan9 9049 loop dudliitefazyn hidden state ApuntnauLlIlY (M301519199%18991 RNN
Juffe Neural Network 9151 memory Win@uan Liiaiiuan hidden state Ailaawiaienlineu
v | a & a A ] v oA o 2 &
win) daluguin 1 mevnduguindsunesdigesnuiudiietaninisiauduiiazdunsu
(Manuadunisuans RNN fafgafunun uaiuaniaudu sequence aanun)

A1n15989 Recurrent Neural Network Liayansusiy

h(t) = x(OW;, + b
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Whidden |

STt 2.13 venlaozunsudunsnues RNN
Tun1sAwIn h(t) TURINannse t = 1 98154970 input A7 1 Faagduun [m,n] waz
. ~ = o & o . aa o o saa
YuInYed Win sgdaunidy [n,al na39intiuuinaag bias Afivwan [1,a] azlanaansndvwin

¥
=]

[m.a] @asnazthnagnsildldly Activation function tanh il outasArannnszuIunsh uaz
output fieeninfie y1 Jusrazanusaliidumasinemsdeannaeils wisagia yi iy
A1 input Y04 hidden layer aialy L oV Y Wi, g1y model 81a9zdlA1A
wslugiagy
#un13989 Recurrent Neural Network Lﬁanmﬁiam
h(t) = xOW;, + h(t-1)W; + b

A ! \
\ |
\

4

Whidden Whidden
h 1W h2 Wi

H =

U 2.14 vdenlaszunsuiiledstoyalun hidden state dald
semnavidunisfuani t >1 aviuinnisitayfuan hidden state finan t Aineluiu
ganunldtiu h(t) fvzdedld 2 fauusddaie hidden state Aouwii (ht-1) was input data o
noutiu x(t) Tned Yu1Aued x(t) A0 [m.n] LALYUIATEs Win Ao [n.a] aLldnadnindannasel
U [m,a] nEsantiuungess bias fitluune [1,a] wagA1ain hidden stage ApunTE Rt

[m,a] Fegnanmag Wt Ndvuin [a,b] aglanadnyindauin [mx] fusiagimadnidlyldlu
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Activation function tanh tilauwUasA191nnSEUINASH Wag output Alaeenuie1aazinluin
W input Tuduseludls vieavihluidunadndiiiedrluldanuas

@UN13v89 Recurrent Neural Network LﬁaL’Ja’lz'jﬂﬁ’la

3UT 2.15 vdonlaesunsudugniie
1 < o P v < 1 a o . a 4

AD1AZLUUNITAIUIUY t 4ANIY AZLUIINITNIZATUIA hidden state VLA t dane
dueenuila ht) Aagaedld 2 dudsd1Afe hidden state neuntin h(t-1) uag input data wu
AaUNY x(t) Aagaving 1aen vuInved x(t) Ao [m,n] kagauinved Win e [nal aslinadns
N899 NA 39 TU [m,a] NaI91NTUUINGETIE bias NHVLIA [1,3711704 class] kagA1aIn hidden

| v A =~ Y aa ° v o eaa
stage foUMNINTVUIN [mx] Fagnanaie W, Aflvun [a, 37133 class] Aglanadnsniiauin
glanaansnivun [m,31u3as class] Fas1azinuaansilulaly Activation function softmax

dl' J &z | o Y @ ' o sa o v
L‘WEJLL‘U@QF’TWWﬂﬂi%U’J‘uﬂ’ﬁULU‘HﬂW‘WLi']ﬂ’mumﬁﬂl’lL‘UUFﬂNaaWﬁWLi?ﬁ]%ﬂ’ﬂﬂhﬁ’]u

AT 2.12.1 FULUUYBY RNN

Usetanvad RNN nMndsznau

One - to - one

L

a<0‘> —
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One - to - many &
g<l> g<2> ﬁ<ly>‘
t t f
a<0> —
t
T
Many - to - one
i
_ f
' |
N r
> < 2<Te>
Many = to - many Lol D,
AZ1> A<2> a<Ty>
Y y yr
Zin— L !
a<0> _’I - —- —
<> <> 7<Te>

2.13 Backpropagation through time
Backpropagation fis T8n1sneadamansildlunisiuineyiusuasnsussyndleng

1 v 6

anlgoyius i eflazlidaneifinveaiswannaA1Usuugean weight lulasetomiequeas
\laflazanteianainuasdaneIivlriosiian

Backpropagation through time #anN15AR18A1591197UV09 backpropagation watlu
mMsfunRadnseiamanynnadnsLuUaratluuiaiaan $59gr19an backpropagation

Aa | ) . a
V]ﬂ@ﬂausﬁ'lﬂ L’Ja'ﬂ,ﬂ LIATVAUILALIRTLRN YT
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softmax — softmax softmax softmax

unfold
by-/ Wyh L

b/ i b 1 p—
4 Whn Whn Whn Whi

b-/ Wan by Wxnl b Wxnl b:/ Wan l

-

£
(
S

4

3‘1]171 2.16 vdanlpezunsuea Backpropagation through time

e
X A9 input data h fie hidden layer
o fe hidden layer ‘E?uzjmﬁ'm { fio AfielIu softmax wan
L Ao msiiteura § AUy y Ao ﬁwé’wﬁ‘ﬁgﬂﬁmummﬁ

75113 Backpropagation through time
1. %1113 train waw propagate WulassuneUsyaviioniieulildnadnsen
wilaoonin
2. wWisuiflsunadnsiimnnisallitunadnsiininliuagmundofionain
3. Auneyiusvesdefiananiifedatuiniinetere
4. Wudwminiieandeianann
5. Y%
Tunsvinszurunsigmasnildduiionnivldavifiuindives weight aviinisusu
Mnluieuaruuludnashlifoysludisusnoravsiteanarnldandanaifiui lnedia

weight waa511ue19agdAanniuluns atasanniuluala
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2.14 Vanishing/Exploding Gradients 11 RNN

AR N Y

H -—————

60606 o

gﬂﬁ 2.17 WAves weight iawin Exploding Gradients
Vanishing Gradient Problem fin Jgynitinluuiaag 151muI1luseninen1sinsu

Gradient fivunadnassos 4 auwiniu 0 Vil Weight ligndwandnsely vilillumainsusie

v ~

ile F98199N3UN 2.17 dusrflvuinasuteyafienininiazen weight TA1T08ATUANIYIN

Y
gaualasybidanainurousvvaulauavoyangnd LU IuanIz ¥ Iaving Nt ung1za)

Y Y

weight 1n15UsUagnaan widayatudiansnieaasliinisusuaeiioninan weight Aignds

Y

' = I3 a
soddauinaniiuly

oY o
7 SR \)
T @T hz. T @ hie |

H

——===> H

J (- N I8~ - AN -

3U1’7‘i 2.18 UWIAVBT weight Wiaiiin Vanishing Gradients

Exploding Gradient Problem @a Tgy#1m 53010 U Vanishing Gradient Problem 151
wuinluszninamsimsu Gradient fvwialvaiudes 4 2wy Infinity w3e Not a Number
(NaN) vanedls daaufuiissuuagsulm dlilunamsusolild dos Reset linaa wdusumsy
Tuiad

n13UATUgYun Vanishing Gradient Problem uag Exploding Gradient Problem @115
it ldlagld weight initialization #5831 Xavier initialization %30 Glorot initialization
Suduanaaiildimualiidu 0 Houamiounouiiviinesieunsoutuiieifie iesinia

foansiiwadUsyainiaazeiin1syinvinfsneiuly setusiazdesdanunanaiaiy Beuinds
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A wivnAmuandnisusundadu 0 nuawitdulmnwadagdnisanuiaiimieutun

Qe

Aawsnsn werausuaminfszgnusululuiamadesiunun Wevndumiloudu nisiivwad
Uszammaneinluneliiauszlevderls LAewmenanagliandminsududu o luld nee

weight 71l@a1n Xavier initialization adin1nTzan8ee 9@t LELD
1

Xavier
1 2 3 4 5
1 2 3 4 5
500000 4
80000
70000
400000 4
60000
300000 4 50000
| 40000 -
200000 4
30000
|
100000 | 20000
I 10000
0
0 10 10 10 10 1 0

o 1 0 3 1 0 10 1
JUN 2.19 nsvdudrenanstien weight Suduiu 0 waznsmdueuansds weight Busiuluy Xavier

initialization

2.15 Underfitting tag Overfitting

Ay

X

-

5Ul 2.20 Underfitting

'
oA

JamntiAnannisilueaislianunsaiinduteyalanviniingg Senitlumall Bias #se
Tupatu Underfit Inglunwaziiuinluealdainidundnisdndula wilulaudunitu (@uyfin

wnuAmeudn 19" naulideyadunslszam ilY og wasnauiu lulsuwes Aliveyaduidueg

NALH?
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anvinveslaym Bias Indne il
1. foya Train set fvunmdniuly Tunadslsifl information iemefiazSous
J1A59e Parameter wihlndsasinlanudeyadiuinn
2. M58 Hyperparameter Liivsngauiuteya iy &1 Learning rate ganuly
niemsfesuunsilunis iterate doaniuly (@emamieusunsvsiulilnna
NneAN13YINeIUABUAmMUA ¥l Algorithm lai@nu15011 Global minimum wu
o
3. 158014 Algorithm filsitvsne fudeya viervualasaaina Algorithm sl
wingiuteya laefianududoutios w3a Neural networks 39143 Layer Uay
31w Neuron Tuusiay Layer liifiganeiuaududeuvesdeya
Fnnsudlaiadowanil wu nsiusuu Training set, N15an Learning rate, N13i@on

Algorithm YIaNg @

X

>

Ul 2.21 Overfitting
HaymidiFondn Tuwaad Variance g4 vieluiaald Overfit doya Faidnwagnduiuiy
Usym Bias/underfit naAe Tuwaneneny "57" unuly mensiiadueadriudeyaly Train
set vin9 MeMIveagndes wimsvhegsilildulaihueuamnssndulafiAniuasfintudeya
3 Muwaliveiu Jaeaeuldainnisneinsaidae Test set
anvsveslaym Variance fividn? il
1. foya Test set Tuunmdniuly vililidusumuilunsveasy
2. o3y Train set uag Test set {dnwAIEA15NTEIBRIAUANAIITULIN T
199ginansllédudauen Train set / Test set ag19gnRosRtusinIn nio

maiiuteua Train set AUAZASY MSRINAUALUNAINNAY Test set
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3. 97U Feature 3nLAuld v lvluwaianududeauawiudndu enaudse
1380 Feature idnalilddmasnuadnsaen Lwiﬁl,?{aammmﬂé’afmfjw
Feature InudAgunniley
4. Algorithm wavselallaldnalnniseawetdmth Ai3enih Regularization
Fafu msuAAeldRansandn Test set Svunniiismenioly wazdnisnszaedumilou
Train set wislyl dhaostladeiiinu fundannsldinaia Recularization

Regularization ABLnAlANTS "sALTEUIREA" V89 Parameter 61199 Tuluwna Feazvinli

(%
o LY

Untinweg Parameter A4 anad danaliluwmaananududouas Jaaulonianluinaazaiuisn
findudeyailinenauiiu gy Test set lounTu tneazdl 2 Ussianfe Lasso regression(L1)
WAy Ridge regression(L2)

AUNT9VDY Lasso regression(L 1)

n m m
2
§ i — E x;ijW;)® + A E |W;l
i=0 =0 =0
@uN1504 Ridge regression(L2)
n m m
2 2
E Vi — E xi; W)~ + A E W;
1=0 ]:O ]:O
Founnsiadfinyseing Ridge recression k4 L2 regularization iU Lasso regression i
4 L2 regularization fifie Lasso fwwiltinesn Feature fianuddyiosning eonluiae 398

Aensansuau Feature dalusfiunus asafuduiu Ridee agsnwn Feature sanunls
SnmileiEnsudlufie Dropout Wumnadianisiivanudly Overfitting 4 nnsiisnld
parameterlun1sinsuunniuly aulunadugdouiuly uninaglidansfiwesivdetes a1tes
Auld Aezdedaymn underfitting Aelunadeiuluaunsuldldd duiu sidsudtgmie
Dropout anvuATasnTiimesuisdiuadly Tnslunndumeunts Train azdinisimunninm
Yrazidu p i adn parameter ponlulalildlunas Train WWud 5195 p = 0.5 wanedn

parameter lona 50% faglilaldlunis Train
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Neural Net (b) After applying dropout.

31]17; 2.22 Dropout

a

(a) Standar

Ay

U 2.23 Taiaadi

ifeInswanilesidudrugniesiannsasansulavialu Train set uaz Test set

2.16 IaUs2aN5nIN Model a1n Confusion Matrix

Confusion Matrix Aon157198718 5y 1UN1TIAAIUEINIT0U89 machine learning Tuns

uAtgyy classification
e{' o v AVYY o & Y A o a a ! ! J =
ﬂ']iV]"Ugu’ﬂlllﬂaisﬁﬂ"lugﬂiﬂlﬁuu ‘-mL‘U‘lm’e]\mﬂ’li’mﬂiza‘lflﬁmwimﬂa ﬂ@u’g'ﬂlll,@auuu

Uszansnniieanenagidunwanl wie dluldauniusisg gensinussans nmidudiulvey

Y

o

3¥inA191nlu Table Yoyanil ( Confusion Matrix )
Actual Values

Positive (1) Negative (0)

Positive (1) TP FP

Negative (0) FN TN

Predicted Values

31J17I 2.24 WEMIANUFUNUSTENING Actual values iU Predicted values
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True Positive (TP) Ao AilUsunsuvhuied “a3¢” uaziandu « a5¢ 7

True Negative (TN) i Aslusunsuviunedn “liese” wazdian  luiese 7

False Positive (FP) Ao AafilUsunsuviuied “a3e” undiandu “liese”

False Negative (FN) fie Asfilusunsuviunesn “liese” uadanu “ase”

TnevhaluudaedishiantenldfulumAdowaznmsihausng og 3 A1 wazaunis fe
1.Precision \Hun1sinnnuuiugivedeya Inefinnsanueniiazaaid

TP
TP + FP

2. Recall Lﬁumii’mmmgﬂéfawm Model Tngfiansaneniiayaand
TP
TE + FN

3. Accuracy Humsinanugnaesres Model Inefiasansiuynaand

TP+TN
TP+TN+FP+FN

F1-Score ABALAAELUY harmonic mean %179 precision way recall @579 F1 YU

~ I . . Ao 1Y =Y 1 ..
WoLdu single metric 1inauaNITaveslung (lUAvudaansenag precision, recall lws1y
waglian)

precision * recall
F1 =2 * —
precision + recall
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< o
3.1 UAaNlABLLNSUSZTUUNISNINIU

35115ALHUU

] ar ar = ] oW ow A <

edyiad || dendeiasudyg || inudeyaviniinua
= o o8 w ) o '
Astayavnalay > tdayaluuszuiananiaiumnis

U7 3.1 udenlagsunsusyuun1svinnu

SUAUINAITBF Y 1uiadAIIND 5.6 GHz wun 1 1aa peak to peak TzHz1817113

d4 8.04 ns MoVTlIGNAGY WaIINUUNAEING LED & KEY Lailianyesa1nnmssudyaiad n13na

tuazaduresdyanalufiazdes imuadiua 9 fsudyg i dianudoyalild asudiumn

o | a A ~ | o ° = v A o a ¢
FIELAUN LLaﬂw{meLaaulﬂwaz“ua:lamwiyﬂm ﬂgmqﬂqiﬂﬂm@%aLW@‘UWI‘U?L@?W%‘VT

3.2 vdanlaazunsunisindeyaluussaiana

Tnandaya

h 4

17 AU

AU LAY

v
Yvda
3

ssﬂe%’agamu

GREGTTRLY

N5 Train model

y

MUIYNA

gﬂﬁ 3.2 ‘uﬁaﬂ"l,mazLLﬂimamwsﬁﬁagalﬂﬂwmawa

SusuIIntayaiivanszysulsliasy 17 sumimaainiuiisteyaidu Train

Wway Test WL lLAALAZYINUNUNE
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3.3 wUlAsIEs19luLAa

He |—» H, |» - H | — H
[ ] [ ] [ ]
[ ] L ] [ ]
L J [ [
H, H; H;

sUT 3.3 wwilaseadne Model

Input vzdiviania 9 ladyan Insudazadyanzissuiniuusastundudiuo Hn

(% '
U I

FunazITugavneazinsawaihwsveadidyaiululisnadyain uazeenuaandidu

o
Y

AuvtsgnvegslagninusLazgnadeiniue 9 leandayeya

3.4 N13NLUUEIUDINTA

AVidih

Flare opening

5UN 3.4 YuInvesAngeINA



JUN 3.5 angenanlgvinnisnegaes

A131991 3.4.1 YUINVDIAIYDINF

26

faUs A1 (mm) AawUs A1 (mm)
Length (L) 51 Opening rate (R) 0.04
Width (W) a2 Stub Radius (R1) 9

Flare Height (Hf) a1 Stub angle (deg) 180
Flare length (Lf) 38 Cavity Diameter (Cd) 8
Slotted area (Sa) 36 Cavity Distance (C0O) 0.76
No slotted area (Sna) 15 Tapered Width (Tw) 3.5
Slot-line width (Sw) 0.5 Tapered Length (TL) 13
Coupler width (Wc) 1.4 Quadrilaterals inner (P2) 5.07
Coupler Length (Lc) 9 Quadrilaterals height (h) a4
Slot-line length (SL) 1.5 Quadrilaterals cross (d) 6.08
Quadrilaterals outer(P1) 11.15 S1 ax3
S2 8x3 S3 12x3
sS4 14.5x3 S5 14.5x2.5
X-axis 3.5




0 — ——Proposed

-
P

@
?

Reflection Co;efficient (dB)
N
L

Non-Slotetd
~ Upper Sloteed

S
r

5U# 3.6 duUsz@ivonisagyiou (S11)

A5199 3.4.2 dusyansnisagviou (S11)
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Funuy 479a2A (GH2)
Reflection coefficient (511) without slots 3.40-6.08
Lower slots reflection coefficient (S11) 3.04-6.70
Upper slots reflection coefficient (S11) 3.00-6.70
Proposed (S11) 2.80-7.00

3.5 29AIAIUANYBINI9TUYDIA Y0

O
r
C
r
4
D
4
;
C
r
C
Ut
C
r
L
.r
4
@

UM 3.7 2993AUANtIm T uYedya
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AWLI N] o
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JUN 3.8 2995AUANTRISTUvasdaaldnanes

M157991 3.5 MITIUARINITABINATAIUANYBINIT U I8M

Arduino Mega JQC-3FF-S-Z Arduino Mega JQC-3FF-S-Z
5V VCC 6 relay5
GND GND 7 relay6
2 relayl 8 relay7
3 relay2 9 relay8
4 relay3 10 relay9
5 relayd 11 relay10
Arduino Mega LED&KEY Arduino Mega LED&KEY
5v VCC 38 CLK
GND GND a0 DIO
36 STB z -
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3.6 sULUUNSITVUARIUVILIYR L TAdINaa LA ALLaLEN FUF Y

3UN 3.9 Munisuesgaddnassuasiiurinansudyay o
¥

Dunsssysmunisasdsdiyanasaziasudygiasiamnniourisusnduniseinis

AAaduziSTanuduavds 0-16 Inesiunus 0 Asliilfauuzise
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3.7 linAduANYRINITUVD I

v

#include <TM1638plus.h>

const int relayl = 2;

const int relay2 = 3;
const int relay3 = 4;
const int relay4 = 5;
const int relay5 = 6;
const int relay6é = 7;
const int relay7 = 8;
const int relay8 = 9;

const int-relay9 =.10;
const int relayl0 =will7

const int |STB = _36;

censt, int CLK = 38;
const) int/ DIO & 403
ing ¥,=/0}

sUT 3.10 1A munr1ves LEDRKEY TM1638
Tandunsnagidunisusynia library 909 LED&KEY TM1638 uaviunisiviua Digital
Pin uuvuasa Arduino

voidisetup () —f
Serial.begin(9600);
tn.displayBegin();

pinMode (relayl; /OUTPUT);
pinMode(relay2, 'OQUTPUT) ;
pinMode(relay3, OUTPUT) ;
pinMode (relay4,-OUTPUT);
pinMode (relayS, OUTPUT);
pinMede (relay6, QUTPUT);
pinMode (relay7, OQUTPUT) ;
pinMode (relay8; OUTPUT) ;
pinMode (relay9, OUTPUT);
pinMode (relayl0, OUTPUT);

pinMode (STB, OUTPUT);
pinMode (CLK, OUTPUT);
pinMode (DIO, OUTPUT);
pinMode (S1, INPUT) ;

5UN1 3.11 1A miun Pin udagsn

zdunIsiInuale Pin wsazdd Magldidu OUTPUT %S INPUT



void loop() {
if(S1 = HIGH) {

S L8
tm.di
tm.di

(SRR R. T N R N
ot
2

10:tm.di
default: break;

SUTI 3.12 ThnmauAnnIsuansraul LEDRKEY TM1638 uaz Relay

v q

t("00000001"); digitalWrite (relaylO,LOW); digitalWrite (relayl,HIGH); break;
t ("00000002"); digitalWrite(relayl,LOW); digitalWrite (relay2,HIGH);
("00000003"); digitalWrite (relay2,LOW); digitalWrite (relay3,HIGH);
tm.displayText ("00000004"); digitalWrite (relay3,LOW); digitalWrite (relay4,HIGH);
ayText ("00000005"); digitalWrite (relay4,LOW); digitalWrite (relay5,HIGH);
ayText ("00000006"); digitalWrite (relay5,LOW); digitalWrite (relay6,HIGH);
playText ("00000007"); digitalWrite (relay6,LOW); digitalWrite (relay7,HIGH);
tm.displayText ("00000008"); digitalWrite (relay7,LOW); digitalWrite (relay8,HIGH);
9: tm.di a t ("00000009"); digitalWrite (relay8,LOW); digitalWrite (relay9,HIGH);
layText ("00000010"); digitalWrite (relay9,LOW); digitalWrite (relaylO,HIGH);

break;
break;
break;
break;
break;
break;
break;
break;
i=0;

31

break;

Junsdimsemunuiiionaaindaznszyiinisiansiavul LEDIKEY uaziln Relay
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3.8 laan1sinusazlddoya

| savefilem ¥ |

= |

1 3% 1 pylE

al= clear all; clese all;iclcy =

3 - ¢ = physconst{('LightSpeed"): % Spesed of Light

4 — waveform.nScan = 1;

S[= ScanNo = waveform.nScan % -

[

7 - Scope = wisal('agilent"*GRIBL::1:-INSTR");

g — Scope.InputBuffersize = 2e6:; % set buffer size

Gil= Scope.Timeout =(207 % set output time =
10 — Scope.Byteorder| = 'littleFEndian’; & Set byte arder

11 — fopen (Scope); % open -

= 1% I = i
g‘U‘VI 3.13 1ARN13A9AINISITaNAD
b2 1
[ v 1 1 o a s a A v 4
Jun1sasAges GPIB analalludsmauiiunasuavilnnisisousiorudigunsal

1c _
13 — dx = str2double (query(Scope, 'WEMOutpre:XINcr?')); %% query timeperdiv scail

14 — dy = str2double (query (Scope, 'WEMOutpre:YMUlt?')); %% query voltperdiv scail =
15

16 — waveform.Points = str2double (query(Scope, 'WEMOutpre:NR Pt?')); %%Number of Range —
17|= yoff = str2double (query (Scope, '"WEMOutpre:YOF£?')); %% query volt offset -
18 — yori = str2double (query (Scope, 'WFMOutpre:YZEro?')); %% -
19 — N = waveform.Points; -
20 - SecPerDiv = N*dx/10; =
21 %VoltPerDiv = (N+1200)*dy/8; o
22 - VoltPerDiv = 10e-03; u
23 -
24 — t = 0:dx:N¥*dx-dx;
25(= dt = (max(t) - min(t))/N;
26 v

U7 3.14 lAassenainatoya
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28 —
29 —
30 —
31

32 -
33 —
34 —
35 —
36 —
37 -
38 —
39 —
40 —
4ill=
42 -
43

43

44 —
45=
46 —
47 —
48 —
4Ell=
50 —
Fill=
Edl=
Esil=
)
EE=
56 —
57 =
58 —
59

60 —
el —
62 —
63 —
64 —
es

figure
fprintf (Scope, "DAT:

fprintf (Scope, "D
fprintf (Scope, 'CURVE?

Data_Tx A 1 = binblockread(Scope,'intl6€'); %%
Data Tx & 1 = (dy*(Data Tx A 1-yoff))+ yori;
waveform.

waveform.dt=dt;

waveform.Tx=Data_Tx_A_1;

plot(t,Data_Tx_A_1)

title('Tx', 'Fontname', 'Times New Roman', 'FontSize',16):

es New Roman', 'FontSize',16):
7 Roman', 'FontSize',16);

xlabel('Time [s]', 'Fontname','T
ylabel ('Volts [V]','Fontname','Times N

set (gca, 'Fontname', 'Times New Roman', 'FontSize',16);

32

grid on
sUTt 3.15 Tafudeyasdsdamin
Junsidendosmne CHL waviudayaandaayiomiad tiuelilu Data_Tx A 1
Y7 )y 121 | VgD (AR | Is] A | -
figure

fprintf (Scope, 'DATa:ENC
fprintf (Scope, 'DATa
fprintf{scope, 'CURVe?*); -&% -graph dataycollect]
Data Rx A 1 = binblockread(Scope, "intl6')
Data Rz B 1 = (dy*(Data Rx A 1-yoff))+ yori;
waveform.t=t;

g _SRIbindry'):;(%% acquire data format

CH3'); %% channel determination

axis tunable

waveform.dt=dt;

waveform.Rx=Data Rx A 1;

plot (t,Data Rx_A 1)

title (!Rx', 'Fontname'/'Timés New Roman','FontSize';16)s

xlabel (ITime [s]',iFontname}, 'Times New Roman', ‘Eonts

ylabel (!{Wolts, V]!, 'Fontname","Pimes New| Roman", ' Font
set(gcay'Fontname', "Times New Roman';‘FentSize',16);
grid on

v v

JUN 3.16 laniiudoyassudyayio

o

Junmdendoss CH3 wariudoyaaindisudyana wivelilu Data Rx A 1

fprintf (Scope, '*CLS')
fclose (Scope) ;

delete (Scope) ;

clear Scope;

save('A 1.mat')

YunAvositdsdey g

)]
ee
)
c
2
2
)
2




- T Data TxA 1;
= Rx = Data RxA 1;
— [pks,locs] = findpeaks(Tx,t):;
plot (t,Tx,locs,pks, 'or') o
= hold on

@ 0 s W N
|

= thr = 0.02;
9 — ythard = wthresh(Rx, 'h', thr):
10 — plot (t,ythard)
1l = hold on
121 = [TF11,P11] = islocalmin(ythard):
13|= plot (t7ythard, t (TF1l1) ,ythard (TEI1), 'or"') =
14 — a = t(TFll)>
A51= disl = a(l)-locs(1l) =
1161 = title('time|domain /1') =

sU# 3.18 Taamslidoya
Anddadygalunmenaan uaziirndsudyaalsuteyalimuing

WAEYNATENER NAIINTATsaRNaUU LitanssezIa

3.9 m3thdayaluuszalananifunislagldislasasneuseamiien

~ Load data //need

[] _data = pd.Excelfile('/content/drive/MyDrive/Prodc/Position_16.xlsx",engine="openpyxl")

[ 1 none = pd.read_excel(data, 'None®, index col=None, header=None)

df11l = pd.read_excel(data, 'C11', dindex_col=None, header=None)
df12 = pd.read _excel(data, 'C12', index_col=None, header=Nons)
df13 = pd.read_excel(data, 'C13', index_col=None, header=Nons)
df14 = pd.read_excel(data, 'C14", index_col=None, header=Nong)

df21 = pd.read_excel(data, 'C21", index_col=Hone, header=None)
df22 = pd.read_excel(data, '€22', index_col=Hone, header=Nons)
df23 = pd.read_

df24 = pd.read_excel(data, 'C24", index_col=None, header=Nons)

excel(data, 'C23', index_col=None, header=None)

df31 = pd.read_excel(data, 'C31°, index col=None, header=None)
df32 = pd.read_excel(data, 'C32', index_col=None, header=None)
df33 = pd.read_excel(data, 'C33", index_col=Hone, header=None)
df34 = pd.read_excel(data, 'C34°, index_col=None, header=Nons)

df41l = pd.read_excel(data, 'C41', index_col=None, header=None)
df42 = pd.read_excel(data, 'C42", index_col=None, header=None)
df43 = pd.read_excel(data, 'C43", index_col=None, header=None)
df44 = pd.read_excel(data, 'C44", index_col=Hone, header=None)

[ 1 data = pd.ExcelFile('/content/drive/MyDrive/Prod4c/Clas.xlsx",engine="openpyxl")
¥ = pd.read_excel({data, 'Clas', index_col=None, header=None)

JUN 3.19 lAnmseudeyaanlue

81UTBLAYY 17 AIUVUL LAY IUAITBUDIA LIS



~ One hot //need

[1]

[1]

[1]

¥ = np.asarray(Y)

def one_hot_matrix(Y,Max):
N=Y.shape[@]
max_value=Max+1

one_hot_matrix = np.zeros([N, max_value])

for i in range(N):
3=Y[4]
one_hot_matrix[i,j]=1
return one_hot_matrix

¥_hot = one_hot matrix(Y,18)

g‘d‘ﬁ 3.20 1An One-Hot encoding

aiedayadnnuiuiaieluimunteyavesdoynyiu

cli= [1
cl2= []
cl3= [1]
cld= [1
c21= []
c22= [1
c23= []
c24= []
c31=[1]
c3z= [
c33= [1]
c34= []
cal= [1]
c42= [1]
c43= [1]
cda= []
c_none

for 1 in range(len(dfl1 Tran)):
df Tran@ = np.append(none Tran[1],Y_hot[e])
_none.append (df Trand)

for 1 in range(len(dfil Tran)):
df_Tranl = np.append(dfll_Tran[1],Y_hot[1])
c11.append(df_Trani)

for(i in)range(len(df12_Tran)):
df Tran2 = np.append(dfi2 Tran[1],Y hot[2])
€12, append(df_Tran2)

for 1-in range(len(df11 Tran)):
df_Tran3 = np.append(dfi3 Tran[i],Y_hot[3])
€13. append(df_Tran3)

for 1 in range(len(df1l Tran)):
df Trand = np.append(dfi4 Tran[il,Y hot[4])
c14.append (df_Tran4)

for i in renge(len(dfll Tran)):
df Trans = np.append(df21 Tran[i],¥_hot[5])
c21.append (df Trans)

for 1 in range(len(df1l Tran)):
df_Trané = np.append (df22 Tran[il,Y_hot[6])
c22.append{df_Trans)

for idn'range(len(dfll Tran)):
df Tran7 = np.append(df23 Tran[1il,¥_hot[7])
c23.append{df_Tran7)

for 1 in range(len(dfll_Tran)):
df_Trand = np.append(df24 Tran[i],Y_hot[8])
c24.append(df_Trans)

for i in range(len(df1l Tran)):
df_Trand = np.append(df31_Tran[11,Y_hot[2])
€31.append{df_Tran3)

5UN 3.21 Tansiedayariue

[J o

for i in range(len(dfl1l_Tran)):

df Tranle = np.append{df32 Tran[i],Y_hot[1@])

c32.append(df Tranl@)

for d in.range(len(dfll Tran})):

df Tranll = np.append(df33 Tran[i],Y hot[11])

€33.append(df_Tranll)

fordrin range(len(df11 Tran)):

df _Tranl2 = np.append(df34 Tran[i],Y_hot[12])

c34.append(df_Trani2)

for i/n range(len(dfll_Tran)):

df_Tranl3 = np.append(df4l Tran[i],Y hot[13])

c41.append(df_Tranl3)

for-di-in range(len(dfll_ Tran)):

df_Tranl4 = mp.append({df42 Tran[i],¥_hot[14])

c42.append{df_Tranl4)

for i in erange(len(dfll_Tran)):

df Tranl5 = np.append(df43 Tran[i],Y _hot[15])

c43.append{df_Tranls)

for i _in range(len(dfll_Tran)):

df_Tranle = np.append(df44_Tran[i],¥_hot[16])

cd4 . append{df_Tranl6)

o

AUALILS
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[16] train_stop
test_start
test_stop
cut_sam =

[17] RX1_train
RX2_train
RX3_train
RX4 train
RX5_train
RXG6_train
RX7_train
RX8_train

RX2_train

RX1_test =
RX2_test =
RX3_test =
R¥4 _test =
RX5_test =
RXG_test =
RX7_test =
RXE8_test =
RXS test =

Ei

=8
= 18
5888

= [1
= [1
= [1
= [1
= [1
= [1
= [1
= [1
= [1

[1
L1
[]
[]
[1
L1
[1
[1
L1

def rx_train{li,a,b,time):

for

ii in range(time):

def rx_test(ll,a,b,time)d:

for ii in range{time):

35

for 4 in rangefa,b):
R¥1l_train.append{lifi]}

a = a+1a

b = b+12

for 4 in rangefa,b):
R¥2_train.append{l1i[i]}

a+1a

b+1a

a =

b =

for 4 in range(a,b):
R¥3_train.append{l1i[i])

a = a+1@

b = b+18

for 4 in rangefa,b):
R¥X4_train.append{l1ifi])

a = a+1a
b = b+18
for 4 in rangefa,b):

RX5_train.append{li[i])

a = a+l1a

b = b+1a

for 4 in range(a,b):
R¥&_train.append{1ifi]}

a = a+1a

b = b+12

for i\ in/ /range(a,bl:
RX¥_train.append{1ifil?)

a = a+19

b = b+1@

for i in rangefa,b):

R¥E, train.append{14i[i])
a = a+ia
b = b+18

for [ACin rangefa, b):
RX9_train.append{lifi])

a = a+1a8

b = b+18

for i in range(a,b):
R¥l_test.apoend (110113

a = a+18

b = B+ld

for 4 in rangela,bl:

R¥2 test.append(li[il)
a = a+la
b = b+l8

for 4 in rangela,b):
RMG_test.append (Li[1])

@ = a+la

b = b+18

for i in range(a,b):
RH2_test.append (11[1])

a = asld

b = bBel@

for & im range(a,b):
RXS_test.oppend (1i[i])

a = a=l@

b = p+la

For 1 in range(a.b):
R¥E_test.append(1i[i]])

@ = a+la

b = b+18

for i in range(a,b):
RX7_test.append(1i[i])

& - prld

b = beld

for 8 in rangela,b):
R¥E_test.append (110113

a = arlB

b = Deld

forr 4 in rancela.b):
RNO_test.append(1i[i])

& = a+13

b = pb+181

JUN 3.22 Mdauustoyaiiiotly Train uag Test

UUsUaYa 80% vewisnuall Train Wazdn 20 % nly Test wagaziUdguaindiumie

17 sumislilushsudyanasts 9 # RX1 — RX9

[26] RX1_train_x
RX1_train_y

[1;
{1

RX2_train_x
RX2_train_y

{1
[1;

RX3_train_x
RX3_train_y

[1;
{1

RX4_train_x
RX4_train_y

{1
[1;

RX4_train_x
RX4_train_y

[1;
{1

RX5_train_x
RX5_train_y

{1
[1;

RX6_train_x
RX6_train_y

[1;
{1

RX7_train_x
RX7_train_y

{1
[1;

RX8_train_x = [];
RX8_train_y = [];

RX9_train_x
RX9_train_y

{1
[1;

3
ndeyavesusiaviandsy

[25]

RX1_test x
AX1_tezt_y

AXZ_test x
RXZ_test_y
RX3_test x
A¥3, test

R¥d_test_x
R¥A_test y

RMA_test_x
RX4_test_y

AXS_test_x
REE_test_y

RYE_test_x
RXE_test v

RXT_test x
RXT_test_ vy

RXB_tesT_x
RYE_test_y

AX9_test_x
RXS_test v

£13
¥

[1;
[1;

[l
(W

[l

For 1, in rangs(Ten(R01_Eradn)):

A%k train . append{RX1_tradn[ij[e:cut_sam])
Y train_yv.append{RN1_¥rain[i][Se08:5417])

REZ train_sippend{RE2 trainfd][0:cut_san})
mx2_traln v.appenalre2_train[i][5eee:5817])

RX3_traln_x.append{R3_train[i][ecut_san])
RX3 train_y.append{RKI_tredin[i ][5008: 5817 )

A4 _train_x.append({R¥4_tredn[i][@:cot_sam])
RXA_train y.append(REA_trainfd][5008:5017])

RXS_train_x.append({RN5_train[i][@:cut_san])
AXS_train_y.append{Rx5_train[i][>e@8:5017])

RXE_train_x.append{R¥E_train[i][@:cut_sam])
R¥E_train_y.sppend{RNE_tredin[i][5808:5817])

RXT_train_x.sppend{RK?_trein[i][@:cut_sam])
RET_traln_v.append{RN7_traln[i][5808:5817])

REE_traln_s.append{R¥E_traln[i1[8:cut_saml)
RXS_train_v.append{R8_train[i][5e@8:5017])

AxS_train_x.append{Rx3_train[i][@:cut_sam])
RXS_train_y.append(RN9_train[i][5808:5817])

UM 3.23 lAnuuateyaoenaindiuni

for 1 dn range[len(RX1_test)):

AXi test x.append(RX]_test[i][8:cwt_sam])
RXL. test_y.append(RX1_test[i][5eee:58171)

RXZ_test_x.append({RX2_test[i][8:cut_sam])
PRI test_y.append(RXZ_test[i][5200:5817])

AX3 test_x.appendRX3_test[i][8:cut_sam])
RX3_test_v.append(RX3_test[11[5800:58171)

AX4_test_x.append(RXd_test[1][8:cut_sam])
R4 test y.append|R¥d_test[1][5808:5817])

RXS_test_x.append|RXS_test[i][8:cut_sam])
RX5_test_y .append(RX5_test[1][5808:5817])

AXE_test_x.append(RXE_test[1]1[8:cut_san])
RX¥6_test_y.append|RXE_test[1][5808:5817])

RXT_test_x.append (RX7_test[i11[2: cut_sam])
RXT_test_y .append(RX7_test[1][5808:5817])

RXE_test_x.append(RXE_test[L1]1[8:cut_sam])
RXE_test_y.append{RXE_test[i][580a:5217]1)

RXS_test_x.append(RXS_test[i1[2:cut_sam])
RXD_test_y.append(RND_test[L][3808:5217])

gIaMeNANMILRLSANIUALY WotmseadT Train model



mean_RX1_Train = meandnorm(RX1_train_x)
std_RX1_Train = stdd4norm(RX1_train_x)

RX1_Train_norm = standardization(RX1_train_x, mean_RX1_Train, std_RX1_Train)
RX1_Train_meannorm = meanNorm(RX1_train_x, mindnorm(RX1_train_x), max4norm(RX1_train_x), meand4norm(RX1_train_x))

mean_X_Test = meandnorm(RX1_test_x)
std_X_Test = stddnorm(RX1_test_x)

RX1_Test_norm = standardization(RX1_test_x, mean_X_Test, std_X_ Test)
RX1_Test_meannorm = meanNorm(RX1_test_x, mindnorm(RX1_test_x), max4norm(RX1_test_x), meandnorm(RX1_test_x))

JUN 3.24 landnguuuurestoya
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TugUwuuiduussingruiieandeyanidndousenty

adj =200

node = {}

node[1]=adj

for i in range(2,5):
adj-= int(adj*1)
node[i]=adj

inp = cut_sam
out = 17
H#network wl ,Bl

Wl = np.random.randn{inp,nade[1])*np.sart{2/{inp + node[11)}

B1 = np.random.randn(1,node[1])

#network w2 ,B2

W2 = np.random.randn(node[1],node[2])*np.sqrt(2/(node[1] + node[21))

B2 = np.random.randn(l,nodef2])

W3 = np.random.randn(node(2],node[3])*np. sqrt(2/(nodef2] + node[3]1))

B3 = np.random.randn{l,node[3])

W& = np.random.randn(node[3],node [4])*np. sqri (2/{node[3] + node[4]1))

B4 = np.random.randn(l,nodef4])

W5 = np.random.randn{node[4],out)*np.sqrt{2/ (node[4] + out)}

B5 = np.random.randn(l,out)

UM 3.25 lAnaT1a weight Wag bias 13umu
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MN1383579 weight Lag bias lag weight fauwsnazdaunadu input uay eentduniu

J1UIUreY adj Lledwaly layer raluuazii layer TugnvngzaanuuIAnusIALFe 17 &8

N weight 9iin13%11 Normalization ¢ Xavier Litalinisgueilinszansaniull

A@ = RX1_Train_norm
A3 test = RX1_Test_norm

train_y = RXI_train_y
test_y = RX1_test y

N = RX1_Train_norm.shape[@]
N_val = R¥1 Test_norm.shape[8]

5UT 3.26 1én Feed forward Tutandaya

Z1 = np.dot{AB,W1)+BL
Al = tanh(Z1)
diff_A1 = df_tanh(Al)

72 = np.dot(Al,W2)+B2
A2 = tanh(Z2)
diff_A2 = df_tanh(A2)

73 = np.dot(A2,W3)+B3
A3 = tanh(Z3)
diff_A3 = df_tanh(A3)

74 = np.dot(A3,W4)+B4
A4 = tanh(Z4)
diff_A4 = df_tanh(A4)

Z5 = np.dot(A4,W5)+B5
A5 = softmax(Z5)

imsthdeyadyaaluusasianluiumntuuareonidu output 17 dumus



Errors = train_y-AS#awinetworkinga
W5 = W5S+(1r/N)*np.dot{A4.T,Errors)
EZ

Errord= {np.dot{Error5,W5.T))*diff_Ad4
k4 = Wa+(1r/N)*np.dot{A3.T,Errord)
B4

Error3= (np.dot(Errord,W4.T))*diff_A3
W3 = W3+(1r/N)*np.dot{A2.T,Error3)

B3 = B3+({1r/N)*np.dot{1l,Error3}.sum(axis=a,keepdims=True)

Error2= {np.dot{Error3,W3.T))*diff_A2
W2 = W2+(1r/N)*np.dot{Al.T,Error?)

B2 = B2+(1r/N)*np.dot{1,Error2).sum{axis=8,keepdims=True)

Errorl= (np.dot(Error2,W2.T))*diff_Al
W1l = Wi+(1r/N)*np.dot{A@.T,Errorl)

Bl = B1+(lr/N)*np.dot{l,Errorl).sum{axis=2,keepdims=True)

error = (-train_y#np.log(A5)}.sum() /N
error_list.append{error)

3‘1]1'7; 3.27 1A Back propagation Tutandgyeyia

BS+(1r/N)*np.dot{1,Errors).sum{axis=0,keepdims=True)

B4+(1r/N)*np.dot{1,Errord).sum{axis=8,keepdims=Trus)
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Z1 validate = np.dot{Ad_test,kl)+B1
Al wvalidate = tanh{Zl walidate)
diff Al walidate = df_tanh(&1_validate)

Z2 validate = np.dot{Al_validate,l2)+B2
A2_validate = tanh(Z2 walidate)
diff 42 validate = df tanh(42 walidate]}

Z3_validate = np.dot(A2_validate,W3)+B3
A3_validate = tanh(Z3 validate)
diff 43 walidate = df tanh(&3_validate)

Z4_validate = np.dot{A3_validate,bd)+B4
A4 _validate = tanh(Z4 validate)
diff 44 walidate = df_tanh(&4 walidate}

I5_validate = np.dot{A4 _validate,Ws)+BE5
AS_validate = softmax(Z5_validate)

error_test = (-test_y*np.log({AS_validate}).sum()/N_val

error_test list.append(error_test)

5UT 3.28 1 Validation Tuendyaios

Tusendn9i Feed forward Wag Back propagation 981101511 Weight wag bias #eglu
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for i in range(epoch):
ZH1 = np.dot(TS1_train,W1)+B1
HT1 = tanh(ZH1)
diff_HT1 = df_tanh(HT1)

ZH2 = np.dot(TS2_train,W2)+B2+np.dot(HT1,WH1)
HT2 = tanh(ZH2)
diff_HT2 = df_tanh(HT2)

ZH3 = np.dot(TS3_train,W3)+B3+np.dot(HT2,WH2)
HT3 = tanh(ZH3)
diff_HT3 = df_tanh(HT3)

ZH4 = np.dot(TS4_train,W4)+B4+np.dot (HT3,WH3)
HT4 = tanh(ZH4)
diff_HT4 = df_tanh(HT4)

ZH5 = np.dot(TS5_train,Ws)+B5+np.dot(HT4,WH4)
HTS = tanh(ZHS)
diff_HT5 = df_tanh(HT5)

ZH6 = np.dot(TS6_train,W6)+B6+np.dot(HT5,WH5)
HT6 = tanh(ZH6)
diff HT6 = df_tanh(HT6)

ZH7 = np.dot(TS7_train,W7)+B7+np.dot(HTE,WHE)
HT7 = tanh(ZH7)
diff_HT7 = df_tanh(HT7)

ZH8 = np.dot(TS8_train,W8)+B8+np.dot(HT7,WH7)
HT8 = tanh(ZH8)
diff_HT8 = df_tanh(HT8)

ZH9 = np.dot(TSO_train,W9)+B9+np.dot(HT8,WH8)
HT9 = tanh(ZHE)
diff_HT9 = df_tanh(HT9)

ZNN = np.dot (HT9,WN)+BN
ANN = softmax(ZNN)
ZNN_list.append(ZNN)
ANN_list.append(ANN)

35U 3.29 1dn Feed forward Mniadiyaamilsludniandeysyamila
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W9 softmax

Error_M = RX1_train_y-ANN
WN = Wh+(1r/N)*(np.dot (HTO.T,Error M)+ Lamb,/ N} *LN)
BN = BM+(1r/N)*np.sum{Error_N,axis=8,keepdims=True)

Error8 = np.dot(Error N,WN.TY*diff HT9

W9 = W9+({1r/N)*(np.dot(T59. £train.T,Erron9)+{1lamby/N})*k9}
B9 = B9+{1r/N)*np.dot(1,Errord).sum{axiz=2,keepdims=Trusz)
WHB = WH8+(1r/N)*(np.dot(HT&.T,Ecrord)+(1lamb,/M)*kWHE)

Error8 = np.dot(Errord,WH8.T)*diff HTS

W8 = WB+(1r/N)*(np.dot(TS8_train.T,Errcrd)+{1lamo/N)}*WE)
B8 = BB+(lr/N)*np.dot(l,Errord).sum{axis=0,kespdims=Trus)
WH7 = WH7+(1r/N)*(np.dot(HT7.T ,Errors)+(lamo,/M)*WH7 )

Error7 = np.dot(Errorg,WH7.T)*diff HI7

W7 = W7+(1lr/N)*(np.dot(TS7_train.T,Error?)+{lamb/N}*W7)
B7 = B7+(1r/N)*np.dot{l,Error7).sum{axis=4,keepdims=True)
WHE = WHE+(1r/N)*(np.dot(HT6.T,Error7)+(1amb,/M)*kHE )

Erroré = np.dot(Error7,WH6.T)*diff HT&

W6 = W6+(1r/N)*(np.dot(TS6_train.T,Errors)+({lamb/M}*W6)
B6 = B6+(1r/N)*np.dot{l,Errore).sum{axis=8,keepdims=True)
WH5 = WH5+(1r/N)*(np.dot(HT5.T,Errore)+(1lamb,/N)*kH5)

Errors = np.dot{Errorg,bHs.T)*diff HI5

WS = WS+ {1r/N)*(np.dot{T55_train.T,Erron5)+(lamb/N)*W5)
BS = BS+{1r/N)*np.dot(1,Error5}.sum{axis=a,keepdims=True)
WHA. = WHA+(1r/N}*(np.dot (HT4.T,Errors)+( lamb,/MN)*WH4 )

Errord = np.dot(ErrorS;hHa . T)*diff HT4

We = W4+{1r/N}*(np.dot (T54_train.T,Errord)+( lamb/N)*4)
B4 = Ba+(1r/N)*np.dot(1l,Errord). sum{axis=8,keepdims=Trus)
WH3. = WH3+{1r/N)*{np.dot (HT3.T,Errord)+{lamb/N)*WH3)

Error3 = np.dot(Errord,WH3.T)*diff HT3

W3 = W3+(1r/N)*(np.dot(T53 train.T,Error3)+({lamb/N)*K3)
B3 = E3+(1lr/N)*np.dot{1,Error3}.sum{axis=8,keepdims=Trus)
WHZ = WH2+(1r/N)*(np.dot (HT2.T,Error3)+(lamb/MN)*WH2)

Error2 = np.dot(Error3,WH2.T)*diff HT2

W2 = W2+{1r/N)*(np.dot(TS2 train.T,Error2)+{lamb/N)*W2)
B2 = B2+(1r/NY*np.dot{1,Error2).sum{axis=0,keepdims=Trus)
WH1 = WH1+(1r/N)*(np.dot(HT1.T,Error2}+{lamb/N)*WH1)

Errorl = np.dot(Error2,WH1.T)*diff HT1
M1l = Wi1+{1r/N}*(np.dot(TS1_train.T,Errorl)+{lamb/N)}*K1)
Bl = B1+(lr/N)*np.dot(1l,Errorl}).sum{axis=8,keepdims=True)

) =%

L Ag )

5UN 3.30 1éin Back propagation annwandeysyraunialuBniandeysyraumila
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A_ANN = np.argmax(A5,axis=1)

A Y = np.argmax(train_y,axis=1)
acc_train=100+%(A_Y==A ANN).sum{)/N
acc_train_list.append{acc_train)

A_ANN_val = np.argmax(A5_validate,axis=1)
A_Y_val = np.argmax(test_y,axis=1)
acc_val=100%(A_Y_val==A_ANN_val).sum{)/N_val
acc_val_list.append(acc_val)

plt.subplot{2,1,1)
plt.plot{acc_train_list, label='Training')
plt.plot{acc_val_list, lshel='Validation')
plt.title('Accuracy')

plt.legend()

plt.show()

plt.subplot{2,1,2)

plt.plot{error_list, label="Training")
plt.plot({error_test_list, label='VWalidation")
plt.title('loss')

plt.legend(}

plt.show()

print('Train', 'epoch’,i#1,",", "Accuracy: ' ,acc_train;"%", Loss:',error)

print('Test *,"epoch’',i+1,","', "Accuracy:’,acc_val,'¥",'Loss: ' ,error_test)

clear_output{wait=True)

100

Train epoch 408 , Accuracy:
Validastion epoch 488 , Accura:
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Accuracy

= Training
Validation

300 350 400

— Taining
Validation

—

0 50 100 150 200 50 00 B0 200

5.52941176470568 ¥ Loss: @.6517742379273436
cy: 35.294117647858826 % Loss: 1.7474381178985237
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0

Proposed

Non-Slotetd
~— Upper Sloteed
Lower Slotted

—
o

\
1

r
-4

©
?

Reflection Cosefficient (dB)
N
2

-4

=

~.
-

. 3 Fl"‘equency5 (GHz) 6
UM 4.1 fuUsgavsnsazvieuanng v

| 4

STCh  7.088 0da D88 =

START  2.890 089 000 Or=

3UM 4.2 dulszAvsmsagiouannnIsnaaes

7

A1519% 4.1 LARIANUFUNUSTENINIAUUTZANTNNT ALY DUNUTIANUD

¥23A9148 (GHz) mnvmwfj Proposed (dB) IMNNNNAY (dB)
2 -1 dB -2 dB
3 -15 dB -9 dB
a4 -20 dB -5 dB
5 -25 dB -10 dB
6 -13 dB -8 dB
7 -8 dB -5 dB
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4.2 JUNNRANIINAADIIASLYLWI95ENINe Transmission wag Receiver tilaly

Receiver A7 5

Distance 11 ¢cm between Tx and Rx
T T T T T 1

X 3e-10 A [
Y 0.0072 - | /

2 \
= v Vv | X468e-09 | |
= -0.005 — I, \| ¥ -0.007047

-0.01 — 1
0015 I 1 1 | | | | 1 1
0 0.1 0.2 03 04 0.5 0.6 0.7 08 0.9 1
Time [s] =10
Distance 12 ¢em between Tx and Rx
LD T T T T T T T T
”
[ X 2.8e-10 | |
¥ 0.007 [ f

- [ 468000
¥ -0.0068 \/
" \
-0.01 v
sois -4 ! - — I AR VASEE " SAINVANVEA o — W
0 0.1 0.2 03 04 0.5 0.6 0.7 08 0.9 1
Time [s] x10%
Distance 13 cm between Ty and Rx

001 [ ' 4 . ¥y i W7 TAUNIA \ly ' » n — . I T

” N \

X 3e-10 \ \

0.005 1~ /"y 5porazs o N A N
=N Pl —
«_E P | [ “ . /
> -0.005 = L 1%4. 742409 | \ ] \ -

\Y-000807 | \
Y \ [ \
001 — / B
b5k I I 1 | | | I 1 I
0 ol 0.2 Q.3 0.4 0.5 0.6 0.7 0.8 0.9 1
Time [s] *x10%
Distance 14 em befween Tx and Rx
(wa T T T T T T
.
,F X 3e-10 1y
0.005 1 || ¥ 0007975 (¢ A
\
= | (A
= \ i\
Z 0 A N
= y \ K | ) ‘
\ | | /
-0.005 — || X 478609 | o
|| Y-00078 | {f
.01 = : : — :
0 03 0.4 0.5 0.6 0.7
Time [s]
Distance 15 em between Tx and Rx
(L] T T T T T
X 3e-10

001~ yo.o0076 7

0.005
= \
= Vd
£ /
= | | X 4.8e-09 |\

-0.005 - \| ¥-0.0074 |\
-0.01 — -
0015 1 I | 1 I | | I 1
0 0.1 02 0.3 0.4 0.5 0.6 0.7 0.8 0.9 L
Time [s] x10®

3UM 4.3 n719Nan1sVAaeeinTeeeineues Transmission Wag Receiver
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28219 (cm.) L8LIan peak to peak (ns)
10 4.38
11 4.40
12 4.42
13 4.44
14 4.48
15 4.50

4.3 JUiNHaNI5NARRIINaIATIIAII9 581 I19 Transmission Wag Receiver Liig

14 Receiver #2% 5

0.02 T T

-
:,’_: 0 p f‘\\ 7N 7‘*—*—:‘,—--’*:—:-—*\*7‘ T -—*-‘f\-*— + ’A.\‘—-‘Q'v\;_f amn—
) \/ y e v
> v
_().()2 1 1 1 1 1 1 1 1 1
0 0.5 1 1.5 2 2.5 3 35 4 4.5 5
Time [s] %107
oXE Angle between Tx and Rx 45 degree
3 O\ e~ :~--\:f-—7f11‘~-«— -.,‘—;,;r «L—\- AN~ A AT
& “ |
_0.()2 1 1 1 B | 1 1 1 1 1
0 0.5 1 1.5 2 2.5 3 35 4 45 5
Time |s] %107
oiol Angle between Tx and Rx 90 degree
—/—a /'n" "/\I
é 0 "L/ I1l U v e L /—"/‘ N WJ”V,/ %'K\v/‘ =
».C ) 'l v“' . lw ,'"
L -0.01 V 1 I I 1 1 ! | 1 Vo
0 0.5 1 1.5 2 2.5 3 3.5 - 4.5 5
Time [s] %107

JUN 4.4 nemluansinunizosLaNNEYALlaaImuAnsTl

A13197 4.3 uansrnaduiusseninsunagladaEn

yu (841 ) Tadgegn (mV)
0 10.44
45 8.151
90 1.552
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J &g

JUT 4.6 n15inesAnile Receiver 1 45 aapn

JUN 4.7 n5inasandle Receiver 10w 90 a3
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4

4.4 Guiinuan1snaaadvas Receiver waazAllasudgayraiaindananeiidu
2INA

4.4.1 mssudgaananatsiliiuennie aeld Receiver Aafl 1

6 4

U7 4.8 wuudaesmsiudygramndnaniidueinia lagld Receiver il 1

time domain 1
0.03 T

0.02 |

0.01 ﬁ
0
-0.01 U

-0.02 -
-0.03

-0.04

005 . L . . , . . . .
0 0.1 02083 04 05 06 07 08 09 1

%108
JUN 4.9 nsmluansnssudyaranindinaisiilueinia tngld Receiver fail 1
6

a v 1 Y Ao v . P
A15199 4.4.1 LanIRNNELUSTR LAl uLAasASITIINISVNaDs tnely Receiver 91 1

ASsi 1381 (ns)
1 4.0280
2 4.0400
3 4.0320
a 4.0880
5 4.0760

BER 4.0528




4.4.2 mssudgaandnarsiilueinie Iagld Receiver fafl 2
T

6 il

[y
' = 1 1
U7 4.10 wuudaemsiudyaianndinaniiidueinia laeld Receiver fail 2

time domain

1
0.025 T T T T T T

0.02 1

L& @
0.015 8 %
0.01 ! | .

0.005

I i
Sl ‘ ]

|

0.005 | | | i
i \ 1l

00894 3 il il

-0.015F

-0.02 @ §

-0.025 X g J g : 7 ; : ‘
0 0.1 02 03 04 05 06 07 08 089 1

%108
JUN 4.11 nsmluansnissudyaanindinaniiiiueinia leeld Receiver fifl 2
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A1519% 4.4.2 WANIANNALNUSVD A I ULFRLATINININNTNAaDY e lt Receiver 1 2

ASsi 1381 (ns)
1 4.2320
2 4.1840
3 4.2040
4 4.2280
5 4.2160

wde 4.2128




4.4.3 mssudygaandanarsiidueinie Tagld Receiver daf 3
X

6
5

JUT 4.12 wuudaeansiudyanamndinaniiidueinia laeld Receiver fail 3

time domain

4

1
0.02 T T T
0.015

|
0.01 | |

0.005 |

-0.005

-0.01 1

-0.015 @

-0.02 L I L L L |

0 0.1 02 03 04 05 0.6

JUN 4.13 nsmluansnssudayaanindinaniilueinia leeld Receiver fifl 3

0.7 08 0.9
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a R ] & Ao v . a
M1919% 4.4.3 LLaﬂﬂﬂ'J']llallWUﬁ‘U@ﬂL’Ja'ﬂuLLfﬂagﬂiﬂ‘VW]']ﬂ']i‘Vlﬂa@ﬂ IG]EJIGU Receiver 1 3

AN

1381 (ns)
1 4.3080
2 4.3320
3 4.3440
4 4.3480
5 4.3440
wae 4.3352
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4.4.4 nssudygaandnatsiilueinie Iagld Receiver fafl 4
TX

6 4
' 5 1 1
JUT 4.14 wuudhaemsiudyaranndananiiilueinia lneld Receiver fil 4
time dc:;ma\in1
0.025 :

0.02 r 1
0.015 @ f 1
0.01 1 |

0.005

e
-0.005
-0.01r

-0.015 | 7
o)

0.02 . \ . . . . . . .
0 0.1 0.2\ 08 sm=f) 4_=0.5 06 07 08 0.9 1

%1078
JUN 4.15 nsamluansnissudayaanndinaniiiueinia ngld Receiver 637 4

15199 4.4.4 LARIANNALNUSTR A lULAaLAININNNTNAad Laeld Receiver 91 4

ASsi 1381 (ns)
1 4.4000
2 4.3680
3 4.3800
4 4.3880
5 4.3960

\fe 4.3864
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4.4.5 nssudygaaindanarsiilueinie Tagld Receiver dafl 5
T
9 1

6 q
5
U7 4.16 wuudhaemssudyaranndinariilueinia lneld Receiver fft 5

time dmmain1

0.02 T T T T T T T : .

0.015

o
[ ' ——
=¥V

0.01 |

0.005

-0.005 | '|

001} |

-0.015 . . . . . . . . .
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

%1078
JUN 4.17 nsamluansnssudyaanndinandiiueinia lngld Receiver 637 5

A1519% 4.4.5 LARIANNALNUSVR A lULAaLATININNISNAaDY tneld Receiver 91 5

ASsi 1381 (ns)
1 4.4000
2 4.3960
3 4.4240
4 4.4280
5 4.4320

\de 4.4160
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4.4.6 nssudygaandanarsiilueinie Tagld Receiver daf 6
1B

6 4

5
U7 4.18 wuudhaemsiudyaranndinariilueinia tneld Receiver #3 6

time dc:malin1

0.025 T T T . . T .

0.02 1
0.015 rg |
[
0.011 1

0.005

&
|

ot

-0.006

-0.01 1

-0.015 ' 1

002 . . : . . | . . .
0 0.1 02 03 04 05 06 07 08 0.9 1

%108
JUN 4.19 nsmluansnissudyananindinandiiueinia lngld Receiver 637 6

a R ] & Ao v . a
MN1919N 4.4.6 LLaﬂﬂﬂ'J']llallWUﬁ‘U@ﬂL’Ja'ﬂuLLfﬂagﬂiﬂ‘VW]']ﬂ']i‘Vlﬂa@ﬂ IG]EJIGU Receiver 1 6

ASsi 1381 (ns)
1 4.4200
2 4.3880
3 4.4120
4 4.3840
5 4.4120

BED 4.4888
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4.4.7 mssudygaandanarsiilueinie Tagld Receiver dafl 7
T

[
-

-

U7 4.20 wuudhaeansiudyaramndinaniiiiueinia laeld Receiver fafl 7

time domain

1

0.025

0.02

0,015 -

0.01 r

0.005 r

0

-0.005

-0.01

-0.015

-0.02
0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8 09 1
<108

JUN 4.21 nsamluansnssudaaanindinansiidueinia teeld Receiver fift 7

A1519% 4.4.7 WANIANUAUNUSVDIIA I ULFREATINININNTNAaDY Wneld Receiver A1 7

ASsi 1381 (ns)
1 4.3240
2 4.3560
3 4.3040
4 4.3200
5 4.3080

1ade 4.4032
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4.4.8 nssudygaandanarsiilueinie Tagld Receiver daf 8
T

6 4
5
JUT 4.22 wuudhaeansiudyaranndinaniiiiueinia laeld Receiver fail 8

time dcmain1

0.03 T T T T T T T : :
|

0.02 r

0.01 ¢

-001

-0.02

_003 i 1 1 1 1 1 1 1 1
0 0.1 02 03 04 05 0.6 0.7 0.8 0.2 1

%1078
JUN 4.23 nsamluansnssudayaanindinaniilueinia leeld Receiver fifl 8

A1519% 4.4.8 LAMIANUALNUSVD LA I ULFRLATINININNTNAaDY gLy Receiver 91 8

ASsi 1381 (ns)
1 4.2000
2 4.1960
3 4.2120
4 4.1920
5 4.2000

BER 4.2000
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4.4.9 mssudygaaindanarsiilueiniea Tagld Receiver dafl 9
T

6 il
5

JUT 4.24 wuudhaemsiudyaranndinariiilueinia tneld Receiver #3f 9

time domain1
0.03 T T — : . . y

0.02 ¢

0.01

|
I
K
001} H
002} |

4

I
]_| é
-0.03 X q . & i . : r
0 0.1 02 03 04 05 06 07 08 0.9 1

%108
JUN 4.25 nsamluansnissudyananindinandiiueinia lngld Receiver 637 9

a R ] & Ao v . a
M1919% 4.4.9 LLaﬂﬂﬂ'J']llallWUﬁ‘U@ﬂL’Ja'ﬂuLLWa%ﬂiﬂVW]']ﬂ']iVl@la@ﬂ IG]EJIGU Receiver 1 9

ASsi 1381 (ns)
1 4.0640
2 4.0680
3 4.0600
4 4.0720
5 4.0560

\dy 4.0640
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4.5 JUNNNANITNAABIYBY Receiver wAAZALIDTUAYYINIINVINUIATURTA

v o W

Aasudeygnns 1 lwuRlUAT dazuInulEuRIUANENaS 3.9 LGURALUNAS

4.5.1 YU NTATUSYyan 1

T

6

c

-

Y U o o

35U 4.26 wuudaesiunisvedvindmidsudyaun 1

[y

i Y a s Y o ]
MNI19191 4.5.1 HaN1TNAADILUDAINAWUYINUIRUINITU EUEUTEUN 1

U 191288 (ns)
3 4.0304
4.9328

4.3840

4.4344

4.4730
4.3990
43010
4.1900
4.0424

O |0 | N[O | A W IDN
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4.5.2 ¥39UrNvtifsudyyiam 2

X

6

5

JUN 4.27 uuuiaasinuviuesinimidsudyaui 2

U v

i Y a s Y v v o a
M1 4.5.2 1aN1T1Aa 9Ll AN NUYIAUIRUINITU EUBUTEUN 2

Sudya LIaaRe (ns)

1 4.0480

4.1800

4.3752

4.4160

4.4190
4.4304

4.4316
4.4202
4.0624

O | OO | N[O O] B VLN
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4.5.3 ¥aaurnnifaSudyyan 3

5

JUT 4.28 uuuiaawiuvtuesinimidasudyaui 3

U v

i Y a s Y v v o a
M99 4.5.3 HaN1TNNARILUBDAINAWNUYIAUIAUINITU EUBUTEUN e}

UG YU aLady (ns)
1 4.0512
4.1960

4.3450

4.4110
4.4130
4.4608
4.4310
4.4199
4.0496

O |00 | N[O 0| Al W IDN
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4.5.4 ¥InuUrNnfaSudyyan 4

X

6

5

JUN 4.29 uuuiaesiuviuasinimidiudyayiui 4

U v

i Y a s Y v v o a
M99 4.5.4 {aN1TNAaRILUDAINANUYIAUIRUINITU EUBUTEUN 4

UG YU aLady (ns)
1 4.0480
4.2104

4.3320

4.4176
4.4750
4.3760
4.3104
4.2016
4.0592

O |00 | N[O 0| Al W IDN
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4.5.5 ¥anurnnifaSudyyam 5

5

JUT 4.30 Uuuinaawinuyta s Ininnthdiudyg i 5

U v

i Y a s Y v v o a
M99 4.5.5 HaN1TAa 9Ll AINANUYIAUIRUINITU EUBUTEUN 5

TUE YN 1aade (ns)
1 4.0512
4.2232

4.3120

4.3730
4.4780

4.3950
4.3184
4.1880
4.0510

O | O N | O | | B W |DN




58

4.5.6 YIUINMTRTUSYY10uN 6

5

JUT 4.31 uuuinaawinuyta s Ininthdsudyaui 6

U v

i Y a s Y v v o a
M99 4.5.6 HaN1TNAARILUBDAINAWNUYIAUIAUINITU EUBUTEUN 6

LT OTRTRL I8y (ns)

1 4.0568

4.2176

4.3216

4.3576
4.4400
4.4470
4.2940
4.1864
4.0432

O |00 | N[O 0| Al W IDN
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4.5.7 ¥anurnenifaSudyyan 7

5

UM 4.32 uuuiaasiuvtuesinimihdasudyaui 7

U v

i Y a s Y v v o a
A9 4.5.7 HaN1TNAARILUDAINAWNUYIAUIRUINITU EUBUTEUN 7

5UE YU 1281288 (ns)
1 4.0544
4.2160

4.3224
4.3608
4.4010

4.4520
4.3460
4.1824
4.0656

O |00 | N[O | A W DN
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4.5.8 ¥InUINenfaSudyyaun 8
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4.6.1 ArAMULIUgNTUNS train model wag test model Y84 Receiver A 1
‘0 loss
\ —— Training
35 | Validation

30 \
25
20
15
10
05

————
0.0

0 20 40 60 B0 100

Train epoch 188 , Accuracy: 96.32352941176471 % Loss: 0.13966173899340426
Test epoch 180 , Accuracy: 32.35294117647959 % Loss: 2.8095167354812815

JUN 4.39 n3mluanenuduiugseninedi Loss Uag Epoch 483 Receiver il 1

A1519% 4.6.1 wansAIANULLugluns train model kag test model U89 Receiver §7 1

Model Accuracy Loss
Train 96.3235% 0.1397
Test 32.3529% 2.0096

4.6.2 AnAMULIUg1TUNIS train model wag test model Y84 Receiver A 2

loss

| ==\ Training
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0 20 40 60 80 100

Train epoch 180 , Accuracy: 94.11764705882354 % Loss: ©.2034916588582418
Test epoch 180 , Accuracy: 32.3529411764705% % Loss: 2.0890258016029035

JUN 4.40 n3MlLanIANNEUNUSTENINGAT Loss Uay Epoch ved Receiver #ail 2

15197 4.6.2 WARNIAIANLLUEIIUNNT train model kag test model U89 Receiver AN 2

Model Accuracy Loss
Train 94.1176% 0.2035
Test 32.3529% 2.0890
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Train epoch 160 , Accuracy: 188.8 % Loss: 0.08509483357716445
Test epoch 168 , Accuracy: 38.23529411764706 % Loss: 2.128818751815269

JUN 4.41 n3wllansnnuduiussendnee Loss Uay Epoch v8e Receiver fail 3

M990 4.6.3 LaAnIANANLLLUEN NS train model wag test model U89 Receiver a9 3

Model Accuracy Loss
Train 100.0% 0.0851
Test 38.2353% 2.1288

4.6.4 ArANuLiug1luns train model wag test model a4 Receiver A 4

loss

35 | —— Training
| Validation

05 T —

0.0
0 20 40 60 B0 100

Train epoch 1688 , Accuracy: 98.52941176470588 % Loss: ©.12643806378689887
Test epoch 188 , Accuracy: 29.41176478588235 % Loss: 1.969026661443713

JUN 4.42 n3mluansnnuduiussendnes Loss uag Epoch 189 Receiver fafl 4

A1519% 4.6.4 wanIAANULLUEN LN train model way test model U89 Receiver $9 4

Model Accuracy Loss

Train 98.5294% 0.1264

Test 29.4118% 1.9690
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loss

35 —— Training
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Train epoch 1680 , Accuracy: $3.38235294117646 % Loss: 9.331062918306981084
Test epoch 188 , Accuracy: 32.35294117647059 % Loss: 2.4438998635904228

JUN 4.43 n3wllansnnuduiussenined Loss uag Epoch 983 Receiver ffl 5

M990 4.6.5 WanIANANLLLUENUN1T train model way test model W9 Receiver fiaf 5

67

Model Accuracy Loss
Train 93.3824% 0.3311
Test 32.3529% 2.4439

4.6.6 AANULIUENTUNS train model wag test model ¥ag Receiver fq¥ 6
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00

Train epoch 100 , Accuracy: 100.8 % Loss: ©.86294432095365282

Test

JUN 4.44 n3mluaninnuduiussenines Loss uag Epoch 983 Receiver Al 6

15199 4.6.6 wanIAIANULLUENTUANS train model kag test model U89 Receiver $ 6

0

20

loss

~— Training
\alidation

60 B0 100

epoch 188 , Accuracy: 26.478588235294116 % Loss: 2.201687465991289

Model Accuracy Loss
Train 100.0% 0.0629
Test 26.4706% 2.2017




4.6.7 AAMULIUGNTUNTS train model waz test model a4 Receiver A 7

loss

- Training
Validation
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Train epoch 18@ , Accuracy: 1808.8 % Loss: ©.06607749375645
Test epoch 188 , Accuracy: 47.85882352941177 % Loss: 1.9272386042832579

JUN 4.45 nsmluansnnuduiUsIEndnee Loss Uay Epoch 84 Receiver fail 7

15199 4.6.7 wansAANuLLugluns train model kag test model U89 Receiver § 7
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Model Accuracy Loss
Train 100.0% 0.0661
Test 47.0588% 1.9272

4.6.8 AMANULIUGNTUNS train model wag test model Y89 Receiver #q¥ 8
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Train epoch 180 , Accuracy: 94.8529411764786 % Loss: ©.15143908628365232
epoch 188 , Accuracy: 32.35294117647059 % Loss: 1.967331863813143

Test

JUN 4.46 n3MlLanIANUEURUSTENINNAT Loss Uay Epoch ved Receiver #ail 8

A1519% 4.6.8 wanIAIANULLUENTUANS train model kag test model U89 Receiver #79 8

Model Accuracy Loss
Train 94.8529% 0.1514
Test 32.3529% 1.9673
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loss

- Training
Validation
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Train epoch 18@ , Accuracy: 88.97058823529412 % Loss: 0.28921136811068454

Test epoch 10@ , Accuracy: 44.11764705882353 % Loss: 1.83253595501632

JUN 4.47 nsmliansnnuduiussenined Loss uag Epoch 983 Receiver i 9

M990 4.6.9 LanIANANNLLUENIUN1S train model way test model Uad Receiver fiaf 9

69

Model Accuracy Loss
Train 88.9706% 0.2892
Test 44.1176% 1.8325

4.6.10 A1ANWIUENTUNNS train model waz test model ¥89 RNN

11 node output U84 Receiver YNMNALIFDLUU RNN

Accuracy
100 -ttt
o Trathing
M ‘@hidation
J S{( )7
100 U 300 400 20 660
loss
30
25 &4
& |
20 a
Tratnang -
Validation <
15 ~
0 100 200 300 400 500 600

Train epoch 600 , Accuracy: 19@.8 ¥ Loss: 1.4955897979501868
Test epoch 688 , Accuracy: 50.9 % Loss: 2.2359712716616127

3U17i 4.48 N3 MLLARAY Accuracy ey Loss U3 RNN

A1519% 4.6.10 WAAIAIANULLLUEUNNS train model kag test model 989 RNN

Model Accuracy Loss

Train 100.0% 1.4956

Test 50.0% 2.2359
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4.7 GuNnuan15nnasan f1_score Tun1s train model wag test model v¥a4
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191115 train model uas test model 151azldiAnUasidusues Accuracy {1 F9157
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4.7.1 A1 f1_score Tuns train model uag test model ¥a4 Receiver i 1

Training set's F1 Score: 0.9632 Testing set's F1 Score: ©.3235
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Training set's F1 Score: 8.9853
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Testing set's F1 Score: 8.2941
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Testing set's F1 Score: 8.3235

12 3 45 6 7 8 9 18 11 12 13 14 15 16 © 1 2 3 4 5 6 7 8 9 10 11 12 13 14
0 0 MNWedA0,0 0 00 0 6N 2O\ 0 b=l 0 00 0000O0CO0CWOLD 0O 0O 0 0 O
8§ 00000DO0DO0DO0LO0O O 0 0O 0 0 0 1. 0200000000 0 0 0 0 O
o70100000 0 0.0 0.0 0 2004100 0000 0 0 0 0 0
0o00800O0O0OO0CD0O O O O 0 0 0 3 o0o02000O0CO0OCO0CTOC O O 0O O
00088 00O0CO0OBLO0O. 0 0 O O 0 0 O 4 001 10000O0OO0CTUO O O O O
0Oo0OO0O0B80O0O0CO0 O O O 0 0 0 O s 00bO0O0O1TTOOOD O OO O O
0o o0oo0OO0OCOS8O0O0OO0O OO0 0 0O OO0 0000000101 0 0 0 0 0
0o0DO0OOQOCODS8SODOO0 O O O O 0 0 0 7 000O0O0COO0OCTOO OC O 1T 0O O
0000O0O0ODO0OS80 O OO 0O 0 O O 8 00O 0OOOOODODOOTT O 1 0 0 O
0 0OO0OOQOCOODOOS8 O 0O 0 OO O0CO 9 000CO0OCO0COO0CO0CTT O 0 0 0 0
o0ooODODODOOOOD & 0O O O O 0 O 1MWWO0OO0COCODCO0OOOOCOZ2 0 0 0 0 O
000O0O0O0O0ODO0ODO O 8 0 0 0 0 O Mmo0ooo0ooO0OO0OCOTOODOD 1T 0 0O 0 O
o 0OO0OOQDO0OCOOOOD OO 8 0O 0O 0C 0O 120000000002 0 0 0 0 0
ooooo0oo0o0O0O OCOOTO S 0 00 1WOO0OODODODOOOTO 1T 0 0 0 0
0o 0OODODO0OOOODOD OO OO & 0 0O M400000O0O0CO0COO0C OC OO O 1
oooooo0oo0o0o0 o0 O OOTO OSSO WBWOODODODOODODODOO0O O 0 0 0 1
oo0oo0OQ0QOODOO O OO OO 0O 8 16000000O0OCO0COC OC O 0 0 1

35U 4.53 A519uanA9e f1_score ¥8aNTT train model uag test model 484 Receiver #ail 5

72

15 16

o o o o o o o o o o o o o O O

[
]

- o o o o o o o o 9 o o O O 9=

= J—

—

o o o o o o o o o o o o o

[
[

o o o o O o o o o <o oo O o o O =



4.7.6 f1 f1_score Tuns train model uag test model ¥4 Receiver §3fi 6

Training set's F1 Score: 1.0000 Testing set's F1 Score: 8.2647
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1.1Aan1sAedaya

clear all; close all; clc;
¢ = physconst('LightSpeed"); % Speed of Light
waveform.nScan = 1;

ScanNo = waveform.nScan % Scan Number

Scope = visa('agilent',GPIB1::1::INSTR);
Scope.InputBufferSize = 2e6; % set buffer size
Scope.Timeout = 20; % set output time
Scope.ByteOrder = 'littleEndian'; % set byte order

fopen(Scope); % open

dx = str2double(query(Scope, WFMOutpre:XINcr?")); %% query timeperdiv scail
dy = str2double(query(Scope, WFMOutpre:YMULt?")); %% query voltperdiv scail
%dyl = 1.5625e-06 %%10mv/div

%dy = 0.78125e-06

%dy = 0.59854925e-06 %%5mv/div

%dy = 0.28601487e-06 %%2mv/div

%dy = 0.76555754e-06

% Points = str2double(query(visaObj,' WFMInpre:NR_Pt?")); %%Number of Range

waveform.Points = str2double(query(Scope,' WFMOutpre:NR_Pt?); %%Number of
Range

yoff = str2double(query(Scope, WFMOutpre:YOFf?)); %% query volt offset

yori = str2double(query(Scope,' WFMOutpre:YZEro?"); %%

N = waveform.Points;

SecPerDiv = N*dx/10;

%VoltPerDiv = (N+1200)*dy/8;

VoltPerDiv = 10e-03;

t = 0:dx:N*dx-dx;



dt = (max(t) - min(t)/N;

figure

fprintf(Scope, DATa:ENCdg SRIbinary"); %% acquire data format
fprintf(Scope,' DATa:SOUrce CH1'); %% channel determination
fprintf(Scope,'CURVe?"), %% graph data collection

Data_Tx = binblockread(Scope,'int16'); %% rawdata

Data_Tx = (dy*(Data_Tx-yoff))+ yori; %% axis tunable
waveform.t=t;

waveform.dt=dt;

waveform.Tx=Data_Tx;

plot(t,Data_Tx)

title('TX','Fontname', Times New Roman’,'FontSize',16);

% xticks([0:0.5e-8:max(t)])

xlabel('Time [s]',Fontname', Times New Roman','FontSize',16);
ylabel('Volts [V], Fontname', Times New Roman',FontSize',16);
set(gca, Fontname', Times New Roman', FontSize',16);

grid on

figure

fprintf(Scope, DATa:ENCdg SRIbinary'); %% acquire data format
fprintf(Scope,' DATa:SOUrce CH3'); %% channel determination
fprintf(Scope,'CURVe?");, %% eraph data collection

Data_Rx = binblockread(Scope,'int16"); %% rawdata

Data Rx = (dy*(Data_Rx-yoff))+ yori; %% axis tunable
waveform.t=t;

waveform.dt=dft;

waveform.Rx=Data_Rx;

plot(t,Data_Rx)

title('Rx,'Fontname’, Times New Roman',FontSize',16);
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xlabel('Time [s]',Fontname', Times New Roman',FontSize',16);
ylabel('Volts [V],Fontname', Times New Roman',FontSize',16);
set(gca, Fontname', Times New Roman', FontSize',16);

grid on

fprintf(Scope, *CLS");
fclose(Scope);
delete(Scope);

clear Scope;

save(Rx_1.mat)

21AnUszunaNa

load('A_4.mat’)

Tx = Data TxA 4;

Rx = Data RxA 4;

thrl = 0.01;

xth = wthresh(Tx,'h',thr1);
[pks,locs] = findpeaks(xth,t);
plot(t,xth,locs,pks,'or)

hold on

thr = 0.00001,

ythard = wthresh(Rx,'h',thr);
plot(t,ythard)

hold on

[TF11,P11] = islocalmin(ythard);
plot(t,ythard,t(TF11),ythard(TF11),'or')
a = t(TF11);

dis1 = a(1)-locs(1)

title('time domain_1')



3.1AAN1AUANINRTVRIMN ST Uy a
#include <TM1638plus.h>

const int relayl = 2;
const int relay2 = 3;
const int relay3 = 4;
const int relayd = 5;
const int relay5 = 6;
const int relay6 = 7;
const int relay7 = 8;
const int relay8 = 9;
const int relay9 = 10;

const int relay10 = 11;

const int STB = 36;
const int CLK = 38;
const int DIO = 40;

inti=0;

void setup() {
Serial.begin(9600);
tm.displayBegin();

pinMode(relay1, OUTPUT);
pinMode(relay2, OUTPUT);
pinMode(relay3, OUTPUT);
pinMode(relayd, OUTPUT);
pinMode(relay5, OUTPUT);
pinMode(relay6, OUTPUT);
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pinMode(relay7, OUTPUT);
pinMode(relay8, OUTPUT);
pinMode(relay9, OUTPUT);
pinMode(relay10, OUTPUT);

pinMode(STB, OUTPUT);
pinMode(CLK, OUTPUT);
pinMode(DIO, OUTPUT);

pinMode(S1,INPUT);

void loop() {
if(S1 = HIGH){
i++;
}
switch (i)
{
case 1: tm.display Text("00000001"); digitalWrite(relay 10,LOW); digitalWrite(relay 1,HIGH);
break;
case 2: tm.displayText("00000002"); digitalWrite(relay1,LOW); digitalWrite(relay2,HIGH);
break;
case 3: tm.display Text("00000003"); digitalWrite(relay2,LOW); digitalWrite(relay3,HIGH);
break;
case 4: tm.display Text("00000004"); digitalWrite(relay3,LOW); digitalWrite(relay4,HIGH);
break;
case 5: tm.display Text("00000005"); digitalWrite(relayd,LOW); digitalWrite(relay5,HIGH);
break;
case 6: tm.displayText("00000006"); digitalWrite(relay5,LOW); digitalWrite(relay6,HIGH);
break;
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case 7: tm.display Text("00000007"); digitalWrite(relay6,LOW); digitalWrite(relay 7,HIGH);
break;

case 8: tm.display Text("00000008"); digitalWrite(relay7,LOW); digitalWrite(relay8,HIGH);
break;

case 9: tm.display Text("00000009"); digitalWrite(relay8,LOW); digitalWrite(relay9,HIGH);
break;

case 10:tm.displayText("00000010"); digitalWrite(relay9,LOW); digitalWrite(relay 10,HIGH);
i=0; break;

default: break;

}

4. Tamsihdayaluuszananamiunislasldislassaiisssamiion
#Action function
def Relu(2):
A i = Z%Z>0)
return A i
def df Relu(A i):
df ai = (A i>0)
return df ai
def tanh(2):
A i = np.tanh(2)
return A i
def df tanh(A i):
df ai = 1-A i*2
return df ai
def sigmoid(2):
A i = 1/(1+np.exp(-2))

return A i



def softmax(2):
A i = np.exp(Z)/np.exp(2).sum(axis=1,keepdims=True)
return A i

def mindnorm(Data):
_min = Data.min(axis=0)
return _min.reshape(1, -1)

def maxdnorm(Data):
_max = Data.max(axis=0)
return _max.reshape(1, -1)

def meandnorm(Data):
_mean = Data.mean(axis=0)
return _mean.reshape(1, -1)

def stddnorm(Data):
_std = Data.std(axis=0)
return _std.reshape(1, -1)

def eddnorm(Data):
_ed = np.sgrt((Data**2).sum(axis=0))
return _ed.reshape(l, -1)

def minmaxNorm(Data, min, max, a=0, b=1):
Data _norm = (Data - _min)*(b-a)/(_max - _min) + a
return Data_norm

def meanNorm(Data, min, max, mean):
Data_norm = (Data - _mean)/(_max - min)
return Data_norm

def standardization(Data, mean, std):
Data_norm = (Data - mean)/ std
return Data_norm

def SUL(Data, ed):
Data_norm = Data/_ed

return Data_norm
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def de_minmaxNorm(Data_norm, min, max, a=0, b=1):
Data = Data_norm*(_max - _min)/(b-a) + min
return Data

def de_meanNorm(Data_norm, min, max, mean):
Data = Data_norm*(_max - _min) + mean
return Data

def de_standardization(Data_norm, mean, std):
Data = Data_norm* std + mean
return Data

def de SUL(Data_norm, ed):
Data = Data_norm* ed

return Data

#lLoad data

none = pd.read_excel(data, 'None', index_col=None, header=None)

df1l = pd.read excel(data, 'C11, index_col=None, header=None)
df12 = pd.read_excel(data, 'C12, index col=None, header=None)
df13 = pd.read_excel(data, 'C13', index col=None, header=None)
df14 = pd.read excel(data, 'C14', index_col=None, header=None)
df21 = pd.read_excel(data, 'C21', index col=None, header=None)
df22 = pd.read_excel(data, 'C22, index col=None, header=None)
df23 = pd.read_excel(data, 'C23', index_col=None, header=None)
df24 = pd.read_excel(data, 'C24', index col=None, header=None)
df31 = pd.read_excel(data, 'C31', index_col=None, header=None)
df32 = pd.read_excel(data, 'C32, index_col=None, header=None)
df33 = pd.read_excel(data, 'C33', index_col=None, header=None)
df34 = pd.read_excel(data, 'C34', index_col=None, header=None)
dfdl = pd.read_excel(data, 'C41', index_col=None, header=None)
dfd2 = pd.read_excel(data, 'C42', index_col=None, header=None)
dfd3 = pd.read_excel(data, 'C43', index_col=None, header=None)

92



dfdd = pd.read_excel(data, 'C44', index_col=None, header=None)

Y = pd.read excel(data, 'Clas', index_col=None, header=None)

#0One hot
Y = np.asarray(Y)
def one_hot_matrix(Y,Max):
N=Y.shape[0]
max_value=Max+1
one_hot_matrix = np.zeros([N, max_valuel)
for i in range(N):
j=Y1]
one_hot_matrix[i,jl=1
return one_hot_matrix

Y _hot = one_hot_matrix(Y,16)

#Label data

for i in range(len(df1l Tran)):
df TranO = np.append(none Tranlil,Y hot[0])
c_none.append(df Tran0)

for i in range(len(df1l Tran)):
df Tranl = np.append(df1l Tran[il,Y_hot[1])
cll.append(df Tranl)

for i in range(len(df12_Tran)):
df Tran2 = np.append(df12 Tran[il,Y_hot[2])
cl2.append(df Tran2)

for i in range(len(df1l Tran)):
df Tran3 = np.append(df13 Tran[i],Y_hot[3])
cl3.append(df Tran3)
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for i in range(len(df11 Tran)):
df Trand = np.append(df14 Tran[il,Y hot[4])
cld.append(df Trand)

for i in range(len(df1l_Tran)):
df Tran5 = np.append(df21 Tran[il,Y_hot[5])
c21.append(df Tran5)

for i in range(len(df11l Tran)):
df Tran6 = np.append(df22 Tran[il,Y_hot[6])
c22.append(df Tran6)

for i in range(len(df11_Tran)):
df Tran7 = np.append(df23 Tran[il,Y hot[7])
c23.append(df Tran7)

for i in range(len(df11 Tran)):
df Tran8 = np.append(df24 Tran(i],Y _hot[8])
c24.append(df Tran8)

for i in range(len(df1l Tran)):
df Tran9 = np.append(df31 Tran[il,Y hot[9])
c31l.append(df Tran9)

for i in range(len(df11_Tran)):

df Tran10 = np.append(df32_Tranli],Y hot[10])

c32.append(df Tran10)
for i in range(len(df1l Tran)):

df Tran11l = np.append(df33 Tranl[il,Y hot[11])

c33.append(df Tran11)
for i in range(len(df1l Tran)):

df Tran12 = np.append(df34 Tranli],Y_hot[12])

c34.append(df Tran12)
for i in range(len(df1l Tran)):

df Tran13 = np.append(dfd4l Tranlil,Y _hot[13])

cd4l.append(df Tran13)

94



for i in range(len(df11 Tran)):
df Tranl4 = np.append(dfd2 Tran[il,Y hot[14])
cd42.append(df Tran14)

for i in range(len(df1l_Tran)):
df Tran15 = np.append(df43 Tran[il,Y_hot[15])
c43.append(df Tran15)

for i in range(len(df11l Tran)):
df Tran16 = np.append(dfdd Tran[il,Y_hot[16])
cdd.append(df Tran16)

#UU4 data train test
train_stop = 8

test start = 8
test_stop = 10
cut_sam = 5000

def rx_train(li,a,b,time):
for ii in range(time):
for i in range(a,b):
RX1_train.append(li[i)
a=a+l0
b =b+10
for i in range(a,b):
RX2_train.append(li[il)
a=a+l0
b =b+10
for i in range(a,b):
RX3_train.append(li[il)
a=a+l0

b =b+10
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for i in range(a,b):
RX4 train.append(lifi])
a=a+l0
b =b+10
for i in range(a,b):
RX5_train.append(lifi])
a=a+l0
b =b+10
for i in range(a,b):
RX6_train.append(lifi])
a=a+l10
b =b+10
for i in range(a,b):
RX7 _train.append(lifi])
a=a+l0
b =b+10
for i in range(a,b):
RX8_train.append(lili])
a=a+l10
b =b+10
for i in range(a,b):
RX9_train.append(li[il)
a=a+l0
b =b+10
def rx_test(li,a,b,time):
for i in range(time):
for i in range(a,b):
RX1 test.append(li[i])
a=a+l0

b =b+10
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for i in range(a,b):
RX2_test.append(li[i])

a=a+l0

b =b+10

for i in range(a,b):
RX3_test.append(li[i])

a=a+l0

b =b+10

for i in range(a,b):
RX4 test.append(li[i])

a=a+l10

b =b+10

for i in range(a,b):
RX5_test.append(lifil)

a=a+l0

b =b+10

for i in range(a,b):
RX6_test.append(li[i))

a=a+l0

b =b+10

for i in range(a,b):
RX7_test.append(li[i])

a=a+l0

b =b+10

for i in range(a,b):
RX8 test.append(li[i])

a=a+l0

b =b+10
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for i in range(a,b):
RX9 test.append(li[i])
a=a+tl0

b =Db+10

#uondoyaua label iowwsunisiild Train model
for i in range(len(RX1_train)):
RX1 train x.append(RX1_train[i][0:cut_sam])
RX1 train_y.append(RX1 train[il[5000:5017])
RX2_train_x.append(RX2_train[il[0:cut sam])
RX2_train_y.append(RX2 train[i][5000:5017])
RX3_train_x.append(RX3 train[i][0:cut_sam])
RX3_train_y.append(RX3_train[il[5000:5017])
RX4 train x.append(RX4 train[i][0:cut _sam])
RX4 _train_y.append(RX4 train[il[5000:5017])
RX5_train_x.append(RX5_train[i][0:cut_sam])
RX5_train_y.append(RX5._train[il[5000:5017])
RX6_train_x.append(RX6_train[i][0:cut _saml)
RX6_train_y.append(RX6 _train[i][5000:5017])
RX7_train_x.append(RX7_train[i][0:cut sam])
RX7_train_y.append(RX7_train[i][5000:5017])
RX8 train_x.append(RX8 train[i][0:cut _saml])
RX8 train_y.append(RX8_ train(i][5000:50171)
RX9 train x.append(RX9_train[i][0:cut_sam])
RX9 train_y.append(RX9_train[i][5000:5017])

for i in range(len(RX1_test)):
RX1 test x.append(RX1_test[i][0:cut_sam])
RX1 test y.append(RX1 test[i][5000:5017])
RX2_test x.append(RX2_test[i][0:cut_sam])



RX2_test y.append(RX2_test[il[5000:5017])

RX3 test x.append(RX3_test[i][0:cut_sam])
RX3 test y.append(RX3 test[i][5000:5017])
RX4 test x.append(RX4 _test[i][0:cut_sam])
RX4 test y.append(RX4 test[i][5000:5017])
RX5 test x.append(RX5_test[i][0:cut_sam])
RX5 test y.append(RX5_testlil[5000:5017])
RX6_test x.append(RX6_test[il[0:cut sam])
RX6 test y.append(RX6 test[il[5000:50171)
RX7_test x.append(RX7 test[i][0:cut sam])
RX7_test y.append(RX7 testli][5000:50171)
RX8_test x.append(RX8_test[i][0:cut sam])
RX8_test y.append(RX8 testli][5000:5017])
RX9 test x.append(RX9_test[i][0:cut sam])
RX9 test y.append(RX9_ testlil[5000:5017])

#Normalization

mean_RX1 Train = meandnorm(RX1 train x)

std RX1 Train = stddnorm(RX1 train x)

RX1 Train_norm = standardization(RX1_train x, mean RX1 Train, std RX1 Train)
RX1 Train_meannorm = meanNorm(RX1 train_x, min4norm(RX1 train x),

maxdnorm(RX1_train_x), meandnorm(RX1 train_x))

mean_RX2 Train = meandnorm(RX2_train x)
std RX2 Train = stddnorm(RX2_train_x)
RX2_Train_norm = standardization(RX2_train_x, mean_RX2 Train, std_RX2 Train)

mean_RX3 Train = meandnorm(RX3_train_x)

std RX3 Train = stddnorm(RX3 train x)



RX3 Train_norm = standardization(RX3 train_x, mean RX3 Train, std_RX3 Train)

mean_RX4 Train = meandnorm(RX4_train x)
std_RX4 Train = stddnorm(RX4 _train_x)
RX4 Train_norm = standardization(RX4 train x, mean RX4 Train, std _RX4 Train)

mean_RX5 Train = meandnorm(RX5_train x)
std RX5 Train = stddnorm(RX5_train x)
RX5_Train_norm = standardization(RX5 train x, mean_RX5 Train, std _RX5 Train)

mean_RX6 Train = meandnorm(RX6 train x)
std RX6 Train = stddnorm(RX6_train x)
RX6 Train_norm = standardization(RX6 train X, mean RX6 Train, std RX6 Train)

mean_RX7 Train = meandnorm(RX7_train x)
std RX7 Train = stddnorm(RX7 train_x)
RX7_Train_norm = standardization(RX7 train_x, mean RX7 Train, std RX7 Train)

mean_RX8 Train = meandnorm(RX8_train x)
std RX8 Train = stddnorm(RX8 train x)
RX8 Train_norm = standardization(RX8 train x, mean RX8 Train, std_RX8 Train)

mean_RX9 Train = meandnorm(RX9_train x)
std RX9 Train = stddnorm(RX9_train_x)
RX9 Train_norm = standardization(RX9 train_x, mean RX9 Train, std RX9 Train)

mean_X_Test = meandnorm(RX1 test x)
std X Test = stddnorm(RX1_test x)
RX1 Test_norm = standardization(RX1_test x, mean X Test, std X Test)
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RX1 Test_meannorm = meanNorm(RX1 test X, mindnorm(RX1_test X),

maxdnorm(RX1 test x), meandnorm(RX1 test x))

mean_RX2 Test = meandnorm(RX2_test x)
std RX2 Test = stddnorm(RX2_test x)
RX2 Test _norm = standardization(RX2_test x, mean RX2 Test, std RX2 Test)

mean_RX3 Test = meandnorm(RX3 test x)
std RX3 Test = stddnorm(RX3 test x)
RX3 Test norm = standardization(RX3_test x, mean RX3 Test, std RX3 Test)

mean_RX4 Test = meandnorm(RX4 test x)
std RX4 Test = stddnorm(RX4 _test x)
RX4 Test norm = standardization(RX4 test x, mean RX4 Test, std RX4 Test)

mean_RX5 Test = meandnorm(RX5 test x)
std RX5 Test = stddnorm(RX5 test x)
RX5_Test _norm = standardization(RX5_test x, mean RX5 Test, std RX5 Test)

mean_RX6 Test = meandnorm(RX6 test x)
std RX6 Test = stddnorm(RX6 test x)
RX6_Test_norm = standardization(RX6_test x, mean RX6 Test, std RX6 Test)

mean_RX7 Test = meandnorm(RX7_test x)
std RX7 Test = stddnorm(RX7_test x)
RX7 Test norm = standardization(RX7_test x, mean RX7 Test, std RX7 Test)

mean_RX8 Test = meandnorm(RX8_test x)
std RX8 Test = stddnorm(RX8_test x)
RX8 Test_norm = standardization(RX8_test x, mean RX8 Test, std RX8 Test)
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mean_ RX9 Test = meandnorm(RX9 test x)
std RX9 Test = stddnorm(RX9_test x)
RX9 Test norm = standardization(RX9_test x, mean RX9 Test, std RX9 Test)

#Train model
N = RX1 Train_norm.shape[0]
N val = RX1 Test norm.shape[0]

A0 = RX1 Train_norm
AO test = RX1 _Test norm

train_y = RX1 train_y
test y = RX1 test y

adj = 200

node = {}

node[1]=ad]

for i in range(2,5):
adj = int(adj*1)
nodeli]=ad]

iNp = cut_sam ###FHFHHHHHAHARAHAH TR AR
out =17

W1 = np.random.randn(inp,node[1])*np.sqrt(2/(inp + node[1]))
B1 = np.random.randn(1,node[1])

W2 = np.random.randn(node[1],node[2])*np.sqrt(2/(node[1] + node[2]))
B2 = np.random.randn(1,node[2])
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W3 = np.random.randn(node[2],node[3])*np.sqrt(2/(node[2] + node[3]))
B3 = np.random.randn(1,node[3])

W4 = np.random.randn(node[3],node[4])*np.sqrt(2/(node[3] + node[4]))
B4 = np.random.randn(1,node[4])

W5 = np.random.randn(node[4],out)*np.sqrt(2/(node[4] + out))

B5 = np.random.randn(1,out)

error_list=[]

error_test list = []

acc_train_list= []

acc_val_list=[]

epoch = 200
r=0.01

HAHAHHHH A A R R
Train
for i in range(epoch):

Z1 = np.dot(AO,W1)+B1

Al = tanh(Z1)

diff Al = df tanh(Al)

Z2 = np.dot(A1,W2)+B2
A2 = tanh(Z2)
diff A2 = df tanh(A2)
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Z3 = np.dot(A2,W3)+B3
A3 = tanh(Z3)
diff A3 = df tanh(A3)

Z4 = np.dot(A3,W4)+Bd
Ad = tanh(z4)
diff A4 = df tanh(A4)

Z5 = np.dot(A4,W5)+B5
A5 = softmax(Z5)

Error5 = train_y-Ab
W5 = W5+(lr/N)*np.dot(Ad.T,Error5)
B5 = B5+(lr/N)*np.dot(1,Error5).sum(axis=0,keepdims=True)

Errord= (np.dot(Error5,W5.T))*diff Ad
W4 = Wa+(lr/N)y*np.dot(A3.T,Errord)
B4 = BA+(lr/N)*np.dot(1,Errord).sum(axis=0,keepdims=True)

Error3= (np.dot(Errord, Wa.T))*diff A3
W3 = W3+(lr/N)*np.dot(A2.T,Error3)
B3 = B3+(lr/N)*np.dot(1,Error3).sum(axis=0,keepdims=True)

Error2= (np.dot(Error3,W3.T))*diff A2
W2 = W2+(lr/N)*np.dot(A1.T,Error2)
B2 = B2+(lr/N)*np.dot(1,Error2).sum(axis=0,keepdims=True)

Errorl= (np.dot(Error2, W2.T))*diff Al
W1 = WI+(lr/N)*np.dot(A0.T,Error1)
B1 = B1+(lr/N)*np.dot(1,Errorl).sum(axis=0,keepdims=True)
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error = (-train_y*np.log(A5)).sum()/N

error_list.append(error)

HHHHHHH A A R HH
#Validate

Z1 validate = np.dot(A0_test,W1)+B1
Al validate = tanh(Z1_validate)
diff Al validate = df tanh(Al validate)

Z2 validate = np.dot(Al validate,W2)+B2
A2 validate = tanh(Z2 validate)
diff A2 validate = df tanh(A2 validate)

Z3 validate = np.dot(A2 validate,W3)+B3
A3 validate = tanh(Z3 validate)
diff A3 validate = df tanh(A3 validate)

Z4 validate = np.dot(A3_validate,W4)+B4
A4 validate = tanh(z4_validate)
diff A4 validate = df tanh(Ad validate)

Z5 validate = np.dot(Ad validate,W5)+B5
A5 validate = softmax(Z5 validate)

error_test = (-test_y*np.log(A5 validate)).sum(/N_val

error_test_list.append(error_test)

HAHHHHHHF A A R R R
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A ANN = np.argmax(A5,axis=1)
A Y = np.argmax(train_y,axis=1)
acc_train=100*(A_Y==A_ ANN).sum(/N

acc_train_list.append(acc_train)

A ANN val = np.argmax(A5_validate,axis=1)
A Y val = np.argmax(test_y,axis=1)
acc_val=100*(A_ Y val==A ANN_val).sum()/N_val

acc val_list.append(acc val)

plt.subplot(2,1,1)
plt.plot(acc train list, label="Training")
plt.plot(acc val list, label="Validation)
plt.title('Accuracy’)

plt.legend()

plt.show()

plt.subplot(2,1,2)

plt.plot(error_list, label="Training)
plt.plot(error test list, label="Validation')
plt.title('loss')

plt.legend()

plt.show()

print(‘Train','epoch’,i+1,',/Accuracy:',acc_train,'%',Loss:',error)

print(Test ''epoch’i+1,,'Accuracy:,acc_val,'%',Loss: error_test)

clear_output(wait=True)
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#RNN
inpl = 17
inp =17
adjl = 200
adj = 200
out = 17

W1 = np.random.randn(inp1,adj1)*np.sqrt(2/(inp + adj))
B1 = np.random.randn(1,adj1)
WH1 = np.random.randn(adj1,adj1)*np.sqrt(2/(adj + adj))

W2 = np.random.randn(inp1,adjl)*np.sqrt(2/(adj + ad})))
B2 = np.random.randn(1,adj1)
WH2 = np.random.randn(adj1,adj1)*np.sgrt(2/(adj + adj))

W3 = np.random.randn(inp1,adj1)*np.sqrt(2/(adj + adj))
B3 = np.random.randn(1,adj1)
WH3 = np.random.randn(adj1,adj1)*np.sqrt(2/(adj + adj))

W4 = np.random.randn(inp1,adj1)*np.sqrt(2/(adj + ad}))
B4 = np.random.randn(1,adj1)
WH4 = np.random.randn(adj1,adj1)*np.sqrt(2/(adj + adj)))

W5 = np.random.randn(inp1,adj1)*np.sqrt(2/(adj + adj))
B5 = np.random.randn(1,adj1)
WHS5 = np.random.randn(adj1,adj1)*np.sqrt(2/(adj + adj)))

W6 = np.random.randn(inpl,adj1)*np.sqrt(2/(adj + adj))
B6 = np.random.randn(1,adj1)
WH6 = np.random.randn(adjl,adj1)*np.sqrt(2/(adj + adj))
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W7 = np.random.randn(inp1,adj1)*np.sqrt(2/(adj + ad)))
B7 = np.random.randn(1,adj1)
WH7 = np.random.randn(adj1,adj1)*np.sqrt(2/(adj + adj))

W8 = np.random.randn(inp1,adj1)*np.sqrt(2/(adj + ad})))
B8 = np.random.randn(1,adj1)
WH8 = np.random.randn(adj1,adj1)*np.sqrt(2/(adj + adj))

W9 = np.random.randn(inp1,adj1)*np.sqrt(2/(adj + ad)))
B9 = np.random.randn(1,adj1)
WH9 = np.random.randn(adj1,adj1)*np.sqrt(2/(adj + adj))

WN = np.random.randn(adj!,out)*np.sqrt(2/(adj + out))

BN = np.random.randn(1,out)

TS1 train = np.array(A5 RX1 train)
TS2 train = np.array(A5_RX2_train)
TS3_train = np.array(A5 RX3_train)
TS4 train = np.array(A5_RX4_train)
TS5_train = np.array(A5_RX5_train)
TS6 train = np.array(A5 RX6 train)
TST7 train = np.array(A5 RX7_train)
TS8 train = np.array(A5 RX8 train)
TS9 train = np.array(A5 RX9 train)

TS1 test = np.array(A5_RX1 test)
TS2 test = np.array(A5_RX2 test)
TS3 test = np.array(A5_RX3 test)
TS4 test = np.array(A5_RX4 test)



TS5 test = np.array(A5 RX5 test)
TS6_test = np.array(A5 RX6 test)
TS7 test = np.array(A5 RX7_test)
TS8 test = np.array(A5 RX8 test)
TS9 test = np.array(A5 RX9 test)

for i in range(epoch):
ZH1 = np.dot(TS1_train,W1)+B1
HT1 = tanh(ZH1)
diff HT1 = df tanh(HT1)

ZH2 = np.dot(TS2_train,W2)+B2+np.dot(HT1,WH1)
HT2 = tanh(ZH2)
diff HT2 = df tanh(HT2)

ZH3 = np.dot(TS3 train,W3)+B3+np.dot(HT2,WH2)
HT3 = tanh(ZH3)
diff HT3 = df tanh(HT3)

ZH4 = np.dot(TS4 train,Wa)+Bd+np.dot(HT3,WH3)
HT4 = tanh(ZH4)
diff HT4 = df tanh(HT4)

ZH5 = np.dot(TS5_train,W5)+B5+np.dot(HT4,WH4)
HT5 = tanh(ZH5)
diff HT5 = df_tanh(HT5)

ZH6 = np.dot(TS6_train,W6)+B6+np.dot(HT5,WH5)
HT6 = tanh(ZH6)
diff HT6 = df tanh(HT6)
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ZHT = np.dot(TS7_train,W7)+B7+np.dot(HT6,WH6)
HT7 = tanh(ZH7)
diff HT7 = df_tanh(HT7)

ZH8 = np.dot(TS8 _train,W8)+B8+np.dot(HT7,WHT7)
HT8 = tanh(ZH8)
diff HT8 = df tanh(HT8)

ZH9 = np.dot(TS9_train,W9)+B9+np.dot(HT8,WHS)
HT9 = tanh(ZH9)
diff HT9 = df tanh(HT9)

ZNN = np.dot(HT9,WN)+BN
ANN = softmax(ZNN)

ZNN _list.append(ZNN)
ANN_list.append(ANN)

Error N = RX1 train_y-ANN
WN = WN-+(lr/N)*np.dot(HT9.T,Error N)
BN = BN+(lr/N)*np.dot(1,Error_N).sum(axis=0,keepdims=True)

Error9 = np.dot(Error N,WN.T)*diff HT9

W9 = WO+(lr/N)*np.dot(TS9_train.T,Error9)

B9 = B9+(lr/N)*np.dot(1,Error9).sum(axis=0,keepdims=True)
WH8 = WH8+(lr/N)*np.dot(HT8.T,Error9)

Error8 = np.dot(Error9,WH8.T)*diff HT8
W8 = W8+(lr/N)*np.dot(TS8_train.T,Error8)
B8 = B8+(lr/N)*np.dot(1,Error8).sum(axis=0,keepdims=True)
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WH7 = WH7+(lr/N)*np.dot(HT7.T,Error8)

Error7 = np.dot(Error8 WH7.T)*diff HT7
W7 = W7+(lr/N)*np.dot(TS7_train.T,Error7)

B7 = B7+(lr/N)*np.dot(1,Error7).sum(axis=0,keepdims=True)

WH6 = WH6+(lr/N)*np.dot(HT6.T,Error7)

Error6 = np.dot(Error7,WH6.T)*diff HT6
W6 = W6+(lr/N)*np.dot(TS6 train.T,Error6)

B6 = B6+(lr/N)*np.dot(1,Error6).sum(axis=0,keepdims=True)

WH5 = WH5+(lr/N)*np.dot(HT5.T,Error6)

Error5 = np.dot(Error6, WH5.T)*diff HT5
W5 = W5+(lr/N)*np.dot(TS5 _train.T,Error5)

B5 = B5+(lr/N)*np.dot(1,Error5).sum(axis=0,keepdims=True)

WH4 = WHA+(lr/N)*np.dot(HT4.T,Error5)

Errord = np.dot(Error5 WHA.T)*diff HT4
Wid = Wa+(lr/N)*np.dot(TS4 _train.T,Errord)

B4 = B4+(lr/N)*np.dot(1,Errord).sum(axis=0,keepdims=True)

WH3 = WH3+(lr/N)*np.dot(HT3.T,Errord)

Error3 = np.dot(Errord, WH3.T)*diff HT3
W3 = W3+(lr/N)*np.dot(TS3_train.T,Error3)

B3 = B3+(lr/N)*np.dot(1,Error3).sum(axis=0,keepdims=True)

WH2 = WH2+(lr/N)*np.dot(HT2.T,Error3)

Error2 = np.dot(Error3,WH2.T)*diff HT2
W2 = W2+(lr/N)*np.dot(TS2_train.T,Error2)

B2 = B2+(lr/N)*np.dot(1,Error2).sum(axis=0,keepdims=True)
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WH1 = WH1+(lr/N)*np.dot(HT1.T,Error2)

Errorl = np.dot(Error2, WH1.T)*diff HT1
W1 = WI+(r/N)*np.dot(TS1_train.T,Errorl)
B1 = B1+(lr/N)*np.dot(1,Errorl).sum(axis=0,keepdims=True)

error = (-RX1_train_y*np.log(ANN)).sum()/N

error_list.append(error)

HEAHHHHHFHAH AT A R R A AR R A

ZH1 validate = np.dot(TS1_test,W1)+B1
HT1 validate = tanh(ZH1 validate)
diff HT1 validate = df tanh(HT1 validate)

# ZH2 validate = np.dot(TS2 test,WH1)+B2+np.dot(HT1 validate,W2)
ZH2 validate = np.dot(TS2_test,W2)+B2+np.dot(HT1 validate,WH1)
HT2 validate = tanh(ZH2 validate)

diff HT2 validate = df tanh(HT2 validate)

# ZH3 validate = np.dot(TS3_test,WH2)+B3+np.dot(HT2_validate,W3)
ZH3 validate = np.dot(TS3 test,W3)+B3+np.dot(HT2 validate,WH2)
HT3 validate = tanh(ZH3_validate)

diff HT3 validate = df tanh(HT3 validate)

# ZH4 validate = np.dot(TS4_test,WH3)+Bd+np.dot(HT3_validate,W4)
ZH4 validate = np.dot(TS4 _test,Wd)+Bd+np.dot(HT3 validate,WH3)
HT4 validate = tanh(ZH4 validate)

diff HT4 validate = df tanh(HT4 validate)



# ZH5 validate = np.dot(TS5 test,WH4)+B5+np.dot(HT4 validate,W5)
ZH5 validate = np.dot(TS5_test,W5)+B5+np.dot(HT4 validate,WH4)
HT5 validate = tanh(ZH5_validate)

diff HT5 validate = df tanh(HT5_validate)

# ZH6 validate = np.dot(TS6_test,WH5)+B6+np.dot(HT5_validate,W6)
ZH6 validate = np.dot(TS6_test,W6)+B6+np.dot(HT5 validate, WH5)
HT6 validate = tanh(ZH6 validate)

diff HT6 validate = df tanh(HT6 validate)

# ZH7 validate = np.dot(TS7_test,WH6)+B7+np.dot(HT6 validate,W7)
ZH7 validate = np.dot(TS7_test, W7)+B7+np.dot(HT6 validate, WH6)
HT7 validate = tanh(ZH7_validate)

diff HT7 validate = df tanh(HT7_validate)

# ZH8 validate = np.dot(TS8 test,WH7)+B8+np.dot(HT7 validate,W8)
ZH8 validate = np.dot(TS8 test,W8)+B8+np.dot(HT7 validate,WH7)
HT8 validate = tanh(ZH8_validate)

diff HT8 validate = df tanh(HT8 validate)

# ZH9 validate = np.dot(TS9_test,WH8)+B9+np.dot(HT8 validate,W9)
ZH9 validate = np.dot(TS9 test,W9)+B9+np.dot(HT8 validate,WH8)
HT9 validate = tanh(ZH9_validate)

diff HT9 validate = df tanh(HT9 validate)

ZNN validate = np.dot(HT9 validate, WN)+BN
ANN_validate = softmax(ZNN_validate)

ZNN validate list.append(ZNN validate)
ANN validate list.append(ANN_validate)
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error_test = (-RX1_test y*np.log(ANN_validate)).sum()/N_val
error_test list.append(error test)

HAEAHHHHHH AR R R A
A ANN = np.argmax(ANN,axis=1)

A 'Y = np.argmax(RX1_train_y,axis=1)

acc_train=100*(A_Y==A_ ANN).sum(/N

acc_train_list.append(acc_train)

A ANN val = np.argmax(ANN validate,axis=1)
A 'Y val = np.argmax(RX1_test y,axis=1)
acc val=100*(A Y val==A ANN val).sum(/N_val

acc_val_list.append(acc val)

plt.subplot(2,1,1)
plt.plot(acc_train list, label="Training’)
plt.plot(acc val list, label="Validation')
plt.title(Accuracy)

plt.legend()

plt.show()

plt.subplot(2,1,2)

plt.plot(error_list, label=Training)
plt.plot(error_test list, label="Validation")
plt.title('loss')

plt.legend()

plt.show()

print(Train','epoch’i+1,',,'/Accuracy:',acc_train,'%/,'Loss:"error)

print(Test ','epoch’,i+1,',/Accuracy:,acc_val,'%',Loss: error_test)

clear output(wait=True)
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#e) f1 score
f1 score_train = f1_score(A Y,A ANN,average="micro")
confusion_matrix_train = pd.DataFrame(confusion_matrix(A_Y, A_ANN,

labels=[0,1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16]))

f1 score val = f1_score(A Y val,A_ANN_val,average="micro')
confusion_matrix_val = pd.DataFrame(confusion_matrix(A_Y val, A ANN val,

labels=[0,1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16]))

print(Training set\'s F1 Score: {:.4f} .format(f1 score train))

confusion_matrix_train

print(‘Training set\'s F1 Score: {:.4f} format(f1 score val))

confusion_matrix_val

#Dropout
keep prob = 0.5
HAHAHAHAH R HA A AR A AT R A R AR
for i in range(epoch):
Z1 = np.dot(AQ,W1)+B1
Al = tanh(Z1)
D1
D1
Al =A1*D1
diff Al = df tanh(Al)

np.random.rand(Al.shape[0], Al.shape[1])

D1 < keep prob

Z2 = np.dot(A1,W2)+B2

A2 = tanh(Z2)

D2 = np.random.rand(A2.shape[0], A2.shape[1])
D2 =D2 < keep prob
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A2 = A2 * D2
diff A2 = df tanh(A2)

Z3 = np.dot(A2,W3)+B3

A3 = tanh(Z3)

D3 = np.random.rand(A3.shape[0], A3.shape[1])
D3 =D3 < keep prob

A3 = A3 * D3

diff A3 = df tanh(A3)

Z4 = np.dot(A3,W4)+B4

Ad = tanh(z4)

D4 = np.random.rand(A4.shape[0], Ad.shape[1])
D4 = D4 < keep prob

Ad = A4 * D4

diff A4 = df tanh(Ad)

Z5 = np.dot(Ad,W5)+B5
A5 = softmax(Z5)

Error5 = train_y-Ab
W5 = W5+(lr/N)*np.dot(Ad.T,Error5)
B5 = B5+(lr/N)*np.dot(1,Error5).sum(axis=0,keepdims=True)

Errord= (np.dot(Error5,W5.T))*diff Ad

Errord= Errord * D4

Errord= Errord/keep prob

Wa = Wa+(lr/N)*np.dot(A3.T,Errord)

B4 = B4+(lr/N)*np.dot(1,Errord).sum(axis=0,keepdims=True)



117

Error3= (np.dot(Errord, Wa.T))*diff A3

Error3= Error3 * D3

Error3= Error3/keep_prob

W3 = W3+(lr/N)*np.dot(A2.T,Error3)

B3 = B3+(lr/N)*np.dot(1,Error3).sum(axis=0,keepdims=True)

Error2= (np.dot(Error3,W3.T))*diff A2

Error2= Error2 * D2

Error2= Error2/keep_prob

W2 = W2+(lr/N)*np.dot(A1.T,Error2)

B2 = B2+(lr/N)*np.dot(1,Error2).sum(axis=0,keepdims=True)

Errorl= (np.dot(Error2, W2.T))*diff Al

Errorl= Errorl * D1

Errorl= Errorl/keep prob

W1 = W1+(lr/N)*np.dot(AQ.T,Errorl)

B1 = B1+(l/N)*np.dot(1,Errorl).sum(axis=0,keepdims=True)

error = (-train_y*np.log(A5)).sum()/N

error_list.append(error)
HAHHAHHHF A R R R R
#Validate

Z1 validate = np.dot(A0_test,W1)+B1

Al validate = tanh(Z1 validate)

diff Al validate = df tanh(A1 validate)

Z2 validate = np.dot(Al validate,W2)+B2
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A2 validate = tanh(Z2_validate)
diff A2 validate = df tanh(A2 validate)

Z3 validate = np.dot(A2_validate,W3)+B3
A3 validate = tanh(Z3_validate)
diff A3 validate = df tanh(A3 validate)

Z4 validate = np.dot(A3 validate,W4)+B4
A4 validate = tanh(z4_validate)
diff Ad validate = df tanh(A4 validate)

Z5 validate = np.dot(Ad validate W5)+B5
A5 validate = softmax(Z5_validate)

error_test = (-test y*np.log(A5 validate)).sum()/N val

error_test_list.append(error test)

HHHHHHAHHHHH AR T R R R AR

A ANN = np.argmax(A5,axis=1)
A Y = np.argmax(train_y,axis=1)
acc_train=100*(A Y==A ANN).sum()/N

acc_train_list.append(acc_train)

A ANN val = np.argmax(A5 validate,axis=1)
A Y val = np.argmax(test y,axis=1)
acc_val=100*(A_Y val==A ANN_val).sum()/N_val

acc_val list.append(acc val)

plt.subplot(2,1,1)



plt.plot(acc_train_list, label="Training)
plt.plot(acc val list, label="Validation)
plt.title('Accuracy’)

plt.legend()

plt.show()

plt.subplot(2,1,2)

plt.plot(error_list, label="Training’)
plt.plot(error_test list, label="Validation')
plt.title('loss')

plt.legend()

plt.show()

print(Train','epoch’,i+1,',Accuracy:’,acc_train,' %', Loss:'error)

print(Test ''epoch'i+1,"Accuracy:',acc_val,'%',Loss: error_test)

clear_output{wait=True)

#Regular L2
lamb = 0.01
HHHAHH R R
#Train
for i in range(epoch):
Z1 = np.dot(AO,W1)+B1
Al = tanh(Z1)
diff Al =df tanh(A1)

Z2 = np.dot(A1,W2)+B2
A2 = tanh(Z2)
diff A2 = df tanh(A2)
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Z3 = np.dot(A2,W3)+B3
A3 = tanh(Z3)
diff A3 = df tanh(A3)

Z4 = np.dot(A3,Wa)+Bd
Ad = tanh(Z4)
diff A4 = df tanh(A4)

Z5 = np.dot(Ad4,W5)+B5
A5 = softmax(Z5)

Error5 = train_y-Ab
W5 = W5+(lr/N) * (np.dot(A4.T,Error5) + (lamb/N)*W5)
B5 = B5+(lr/N) *np.sum(Error5,axis=0,keepdims=True)

Errord= (np.dot(Error5,W5.7))*diff A4
Wi = Wa+(lr/N) * (np.dot(A3.T,Errord) + (lamb/N)*W4)
B4 = B4+(lr/N) *np.sum(Errord,axis=0,keepdims=True)

Error3= (np.dot(Errord, Wa.T))*diff A3
W3 = W3+(lr/N) * (np.dot(A2.T,Error3) + (lamb/N)*W3)
B3 = B3+(lr/N) *np.sum(Error3,axis=0,keepdims=True)

Error2= (np.dot(Error3,W3.T))*diff A2
W2 = W2+(lr/N) * (np.dot(AL1.T,Error2) + (lamb/N)*W2)
B2 = B2+(lr/N) *np.sum(Error2,axis=0,keepdims=True)

Errorl= (np.dot(Error2, W2.T))*diff Al
W1 = W1+(lr/N) * (np.dot(A0.T,Error1) + (lamb/N)*W1)
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B1 = B1+(lr/N) *np.sum(Error1,axis=0,keepdims=True)

L2 =
(np.sum(np.square(W5))+np.sum(np.square(Wd))+np.sum(np.square(W3))+np.sum(np.squa
re(W2))+np.sum(np.square(W1))*(lamb/(2*N))

error = ((-train_y*np.log(A5)).sum()/N) + L2

error_list.append(error)

HHHHHHHH A R
#Validate

Z1 validate = np.dot(A0_test,W1)+B1
Al validate = tanh(Z1 validate)
diff Al validate = df tanh(A1l validate)

Z2 validate = np.dot(Al validate W2)+B2
A2 validate = tanh(Z2 validate)
diff A2 validate = df tanh(A2 validate)

Z3 validate = np.dot(A2_validate,W3)+B3
A3 validate = tanh(Z3 validate)
diff A3 validate = df tanh(A3 validate)

Z4 validate = np.dot(A3_validate,Wa4)+B4
Ad validate = tanh(Z4 validate)
diff Ad validate = df tanh(Ad validate)

Z5 validate = np.dot(Ad_validate,W5)+B5
A5 validate = softmax(Z5_validate)
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error_test = (-test_y*np.log(A5_validate)).sum()/N_val

error_test list.append(error test)

HEAHAHHHFHH AT A R A R AR R

A ANN = np.argmax(A5,axis=1)
A 'Y = np.argmax(train_y,axis=1)
acc_train=100*(A_Y==A_ ANN).sum(/N

acc_train_list.append(acc_train)

A ANN_val = np.argmax(A5_validate,axis=1)
A 'Y val = np.argmax(test y,axis=1)
acc val=100*(A_Y val==A ANN val).sum()/N val

acc_val list.append(acc val)

plt.subplot(2,1,1)

plt.plot(acc train_list, label="Training’)
plt.plot(acc val list, label="Validation’)
plt.title('Accuracy’)

plt.legend()

plt.show()

plt.subplot(2,1,2)

plt.plot(error_list, label="Training)
plt.plot(error_test list, label="Validation')
plt.title('loss')

plt.legend()

plt.show()

print(Train','epoch’i+1,',,'/Accuracy:’,acc_train, %', 'Loss:"error)
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print(Test '/epoch'i+1,','Accuracy:'acc_val,'%',Loss: error_test)

clear_output(wait=True)
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