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This research aims to predict the beam switching direction of an ultra-
wideband spiral antenna using seven machine learning algorithms: Decision Trees,
Random Forest, K-Nearest Neighbor (KNN), Naive Bayes, Neural Network, Logistic
Regression, and Support Vector Machine (SVM). Due to the lack of a clear correlation
between the slotting position and the beam direction, a spiral antenna was designed to
generate a dataset. The input features include the spiral turn and slotting angle, while
the output is the main beam direction group. After training and testing all seven models,
Decision Trees and Random Forest achieved the highest overall accuracy of 90% and
perfect prediction on 10 test samples. Further performance evaluation showed that
Random Forest had the highest weighted precision, weighted recall, and weighted F1-
Score. To validate the predictions, three physical antennas were fabricated: one
baseline case without short-circuiting and two other cases based on prediction results.
The measured beam directions from the fabricated antennas aligned with CST Studio
Suite simulations and predictions from Decision Trees, Random Forest, and Naive
Bayes. These results indicate that Random Forest is the most reliable algorithm for

predicting the beam switching direction in ultra-wideband spiral antenna design.
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4.1.2 N13WRNLUTZNT (Classification)
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2. MIMTATaYARIEaINIATUNSINUNREAIUSLNISITEUSIRILATAY

nisvngadayaatsaIniAginssiunes§1uiun19FeuiIe9LATe BUAUAINNNT

1 |
1% o 2 A
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FI1974 2 Faaeiggadayas AU 1-20

AR 247l AuuIasAiLInzsa AAAUNAD AANGN
1 1 0 277 10
2 1 4 277 10
3 1 7 271 10
4 1 10 269 9
5 1 .5} 269 9
6 1 15 268 9
7 1 19 269 9
8 1 20 269 9
9 1 26 270 10
10 1 30 270 10
11 1 33 271 10
12 1 40 272 10
13 1 45 273 10

14 1 49 274 10
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AT 2 (p1D) ﬁq'ﬂﬂ"}\i‘qmﬁmﬂ@dqﬁuﬁ 1-20

[AL 24¥i AunusasAfilnzsa AARUNAN AANGN
15 1 50 274 10
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A9 3 NNIAANGUAIAAUNANLDA 88N AZLINTIAUIeY
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UNEPF - N199ANGNAIAAUNANT0aN88NA TlaNIsaulangudeyalnaaui
' o v -dl 1 o IS 1 ' g ¥ o o
windule iwesannuuugUnisuindsnuianliudueuluuiensil denagadeyadiniy

Hnaaulnsmiluvintu



24

3. NTRANUULNISIZAUSVRIATY 7 AANDINN
v a ¢ © d‘ o Y dl ¥ o N~ 1 ] [ [ &
angadeyanisaindainauluindanuan vnliviudnldaunsauipnuduiug

! o 1 ' a a i dl ¥ KR Y o o a KR a A o

sEnIngAusEnrsesuariAn1ensadndaaauls aclaindanesny 7 48 Aa Decision
trees, Random forest, KNN, Naive Bayes, Neural Network, Logistic regression bag SVM
da 4 _ , . A s o 4 y
Mmiudaunilaaed supervised learning 1o lun1svinuneianiIenisaindainan Ineld
Tdsunsu python 1afFiu 3.12.3 lun1saf19danasNNuw Visual studio code WNad 314
danasnuyldluga Sci-kit learn 1afiu 1.5.0 uazuthgadayaidungueaadiniunisin
waznaaaulngld train-test split kaznIn1maaaUAIINgnaAeadlatnisld accuracy_score

= o % !

eAfoudnretadeyane auauaeifeNIsmnzsasediuretuazaA T Id lunsEny

o

304 uarArdenantesgadeyanerdnaundn annisutsdesaiudacld sandeiinig
WARANAN Hyperparametermmu&imﬁ@ﬂﬂ?ﬁuﬁlﬁ’f NNNTANMUAAILEASTIAITIE 4 Lazin
NAANFAINNTNUIETRY 7 SanaITiuN T auTuN1331a89UL CST Studio Suite Ll
PIIAABLATINGNERITRIT AN TERRTA AR Imﬁ%umum@ﬁ’mummm@@mi’mm

wrassaudadluninilsznay 15

A1514 4 A1 Hyperparameter 189uAaZ8anas Ny

AANDINY Hyperparameter AR

decision trees random_state 42
Random forest random_state 42

n_estimators 400
KNN n_neighbors 40
Naive Bayes var_smoothing 1e-9
Neural Network hidden_layer_sizes 100

max_iter 500

random_state 42
Logistic regression max_iter 300

SVM kernal linear
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4.1 N@m?ﬁf]mmmm@zﬁmﬂﬂﬁ (Random forest)
VINNIIUNLANAIAR AN LAININ199ANgNATWIU 10 Fvating Taavinnisui

gannaauiilu 80% gannaauiilu 20% uariA1ANgneed 90% Auanslunisne 5

511979 5 Nan1sueaaInisguin el

NUMBER INPUT OUTPUT
Spiral Number Grooving Position Main Beam (Group)

1 1 3 10
2 2 187 16
3 4 7 7
4 5 50 11
5 5 236 9
6 4 211 9
7 2 233 11
8 3 2 14
9 1 357 1

10 5 100 11

a

4.2 uantannunsaassulanisfndula (Decision Tree)

1
=

YINNIIVUIEAIAIARUUANT LATINN193ANgHAIUN 10 fanting Taavinnisutls

gannaauilu 80% gannaauiilu 20% uaziA1ANgnses 90% Auanslunise 6

AN9149 6 NANTINUNEIadsulinAndula

NUMBER INPUT OUTPUT
Spiral Number Grooving Position Main Beam (Group)
1 1 3 10
2 2 187 16
3 4 7 7
4 5 50 11

5 5 236 9




A13749 6 () Han1Nuneaessulin1indnla
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NUMBER INPUT OUTPUT
Spiral Number Grooving Position Main Beam (Group)
6 4 211 9
7 2 233 11
8 3 2 14
9 1 357 1
10 5 100 11

4.3 uan1gvinuanIsuAdaya i Indlaesd

q

am (K-Nearest Neighbor)

YNNIV AIAIARUUANT LATINN133ANgHAIUN 10 fating Taavinnisuts

garnaauiilu 80% qanaaauiilu 20% uariA1ANYNERY 29% Auanslunnge 7

FIN319 7 NanIsiwansmAdayai inalpesiga

1
=

NUMBER INPUT OUTPUT
Spiral Number Grooving Position Main Beam (Group)
1 1 3 10
2 2 187 1
3 4 7 1
4 5 50 10
5 5 236 7
6 4 211 14
7 2 233 14
8 3 2 1
9 1 357 1
10 5 100 10
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4.4 HaNNINNUNELAY Naive Bayes
VINNIIUNLANAIAR AN LAININ199ANgNATWIU 10 Fvating Taavinnisui

gannaauilu 80% gannaauiilu 20% uariA1ANgNaed 27% Auanslunise 8

A1379 8 HANINUNEILAY Naive Bayes

NUMBER INPUT OUTPUT
Spiral Number Grooving Position Main Beam (Group)

1 1 3 10
2 2 187 16
3 4 7 7
4 5 50 9
5 5 236 11
6 4 211 7
7 2 233 1

8 3 2 7
9 1 357 10
10 5 100 11

4.5 nan13vinunezed Neural Network
YINNIIVUIEAIAIARUUANT LATINN193ANgHAIUN 10 fanting Taavinnisutls

gannaauiilu 80% gannaauiilu 20% uariA1ANgnsed 39% Auanslunisne 9

A1379 9 NANTTNNUIa8Y Neural Network

NUMBER INPUT OUTPUT
Spiral Number Grooving Position Main Beam (Group)
1 1 3 10
2 2 187 1
3 4 7 7
4 5 50 11

5 5 236 7




AN919 9 (FIR) HANTINUNLUed Neural Network
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NUMBER INPUT OUTPUT
Spiral Number Grooving Position Main Beam (Group)
6 4 211 7
7 2 233 1
8 3 2 14
9 1 357 1
10 5 100 9

4.6 NAN3YINUNEA8Y Logistic Regression

VINNIMUNANAIAR AN LEVIIN199ANgNATWIUN 10 Fivating Taavinnisui

gannaauiilu 80% gannaaiiilu 20% uaziA1AINgNERY 23% Aduans a1 10

A9 10 RANITNUNLUE Logistic Regression

NUMBER INPUT OUTPUT
Spiral Number Grooving Position Main Beam (Group)

1 1 3 1

2 2 187 10
3 4 7 7
4 5 50 7
5 5 236 7
6 4 211 7
7 2 233 10
8 3 2 7
9 1 357 1

10 5 100 7
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4.6 HANN9INUNEIARN Support Vector Machine
VINNIIUNLANAIAR AN LAININ199ANgNATWIU 10 Fvating Taavinnisui

gannaauilu 80% gannaauiilu 20% uariA1ANYNERY 45% Auanslunigng 11

A9 11 HANITNNUNLUR Support Vector Machine

NUMBER INPUT OUTPUT
Spiral Number Grooving Position Main Beam (Group)
1 1 3 1
2 2 187 1
3 4 7 7
4 5 50 11
5 5 236 11
6 4 211 11
7 2 233 1
8 3 2 7
9 1 357 1
10 5 100 11

5. HANTFVINUIENISITEUSDUATRULTELLTBUNUNANISAIa9LY CST Studio Suite
ANNIINIWANNFEEUUNLATEN 7 AaNasNH tAINan U usazdanas i
uanslssusuiunanisataesilaannldsunsy CST Studio Suite Lilavi1N19
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= o 3’/ o 1 ISP ¥ ' ] A o
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Bayes HAQ1MQNADBY 1 A28e19 Neural Network HA91ugN#Aad 5 A998 Logistic
regression HAINYNABY 1 A28EN9 WA Support Vector Machine (SVM) HAugnaas 4
FaEing AIRN9799 12 anRanIsvinugazliiulsdn Random forest waz Decision Tree &
£% ai =KX A v o . . z
ANNNYNABININTGA 39NN A NYNAaIRaTuTsunss CST Studio Suite Haux A
= > o a = o A 9 = o A o v =
1H89an 919 2 danesnuinisvinnuresllsunsunadnaaaeiu Aalaseainannsingula

o o :// ai % ! A d‘ [ v ai N L) dl [
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HANNSYINUNANITITEUSADIATRY 7 AANATHAN

CST Random  Decision KNN Naive Neural Logistic SVM
forest Tree Bayes Network regression
10 10 10 10 1 10 1 1
16 16 16 1 16 1 10 1
7 7 7 1 8 7 7 7
11 11 11 10 9 11 7 11
9 9 9 7 11 7 7 11
9 9 9 14 4 7 7 11
11 11 (K 14 16 1 10 1
14 14 14 1 7 14 7 7

11 11 11 7 9 9 7 11

6. N15IAUSEANENMWNSIFAUSUDILATEY 7 DANDINN

dl a a = 1% dl o a KR !
L‘W‘ﬂL‘ﬂuﬂ’]ﬁ‘ﬁ‘]ﬁ"ﬁ@@@Uﬂi‘t@%ﬁﬂqWﬂ@ﬂﬂ’]ﬁ‘Lﬁ‘ﬂugﬂ@\‘iLﬂ’a“ﬂ\i 7 2aNaTNH INA1N1TD
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A A

VUNEAANINIIAIRTA1AA BT AN BTNt el A9N13dnANgNFeITel

' |
o A

daneinuusazainlaeldA149 accuracy score 1aRIIAAALAYINYNABIUBINITTEUS
LAYATIAABLANNYNABITBINIINAADLLUANANHNITULgadayad 1 usuEnaauw 80%

AUFUNAARL 20% WaliunTauaudn 7 dane3nuinisiia Overfiting Nnniae
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~ o a | o A o ax Al Y A Iy
L‘WENI@ LL@z@@ﬂ@ﬁV]NiﬂuNﬂquQﬂm‘ﬂ\iﬂqﬂm’sﬁﬂ I@ﬂ’ﬂ@ﬂ’ﬂ?VINlmV]NﬂrJqNQﬂmﬂﬂVINﬂqﬁlﬂ@ 1

NINNQAADad18NeINNUUTAINYNFABININTGA LAZN19LAA Overfitting 414190

g |

v
wWrauaulaainan Training Accuracy wWazAn Test Accuracy 1ag1sd 2 AT ATUariula

1
¥ =

NNaz0a91in1g Overfitting Niiae WAG1NAIMNeAUNINazadndayatinng Overfitting

a

a

1IN AINAI3 13 Teaziiiulfdn Random forest way Decision Tree HA1AINNYNABIN
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InALAB9AUNIN Ws Random forest HA1AIINYNARITIgINGNa9T1891 Random forest &
AINYNABININNgATALAT Accuracy AN Weighted Precision Weighted Recall Wae

Weighted F1-Score @sn3aulsann

Number of Correct Predictions TP+TN (3.10)

Accuracy = =
4 Total Number of Predictions  TP+TN + FP+ FN

TP 7@ True Positive
TN Aa True Negative
FP @8 False Positive
FN fa False Negative

(3.11)

M=

(Precisionl. x Support, )

i

Weighted Precision =

ﬁ: Support,

i=l

(3.12)

M=

(Recalll. x Support,)

Weighted Recall = -

i Support,

i=1

N
> (F1,x Support,) (3.13)
Weighted F1—score =

i Support,

i=1

Fl = 2-Precision, -Recall, (3.14)

Precision, + Recall,

Support a8 AnuIusatingasalupag i



F11974 13 N19dnLlazAnEnInnnIFauireaAsed 7 danesn

AANDINN Training Test Weighted Weighted Weighted
Accuracy Accuracy Precision Recall F1-Score
Random forest 1.000 0.906 0.906 0.901 0.896
Decision Tree 1.000 0.902 0.897 0.901 0.893
KNN 0.230 0.294 0.183 0.294 0.225
Naive Bayes 0.310 0.274 0.192 0.274 0.205
Neural Network 0.470 0.392 0.380 0.392 0.353
Logistic regression 0.265 0.235 0.153 0.325 0.184
SVM 0.400 0.451 0.327 0.327 0.323
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