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This research presents a wideband beam-switching antenna operating at a
frequency of 2.6 GHz, capable of switching its main beam in four directions: 0°, 90°,
180°, and 270°. The beam switching is achieved by short-circuiting specific edges of
the antenna and controlled via a microcontroller system. A single antenna element is
used to maintain a compact size and reduce production costs. In addition, machine
learning techniques are applied to predict the main beam direction and bandwidth of
the antenna. The algorithms used include Decision Tree, Random Forest, and K-Nearest
Neighbors (KNN), utilizing simulated data obtained from CST Studio Suite. The input
features for the prediction consist of four parameters: the total number of holes drilled
into the antenna, the number of short-circuited holes, the positions of the short-circuits,
and the radius of the circle. The prediction results show that the Decision Tree algorithm
provides the highest accuracy in predicting both the main beam direction and
bandwidth, compared to the simulation results. Furthermore, when the antenna was
fabricated, it operated successfully at 2.6 GHz with 380 MHz and was able to switch
its beam in all four directions as designed and measured. This demonstrates the
effectiveness of machine learning in antenna design, offering fast and accurate

performance, thereby reducing the design and prediction time.
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wafidusl 1nAIAING1HAT 100% uaRIIuLLANAeIa N TRTN e ldatagnAaanIn

WAZAIANINARNALAARULRAS (Mean Absolute Error: MAE) 14415U5AANNARIALARSL
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TEIANNUNLEN 1AZAIAITNARIALARELLRALTIANARNTIANZEY K B

A1514 2 A1 Hyperparameter 1898aNa3NNY9 3 WLy

AANDINN Hyperparameter AR

Decision Tree random_state 42

Random Forest n_estimators 100
random_state 42

KNN n_neighbors 7
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4. NANISYINUILUBINISITEUSURILATRY 3 DANATAN
annsaenuuLNsiFeusaaseTasingla ldaanasnu 3 uuy laln Random Forest,
K-Nearest Neighbors (KNN) wag Decision Trees ialdlunnsvinuiafiAnieanmaunan
¥ a ¢ ° dl dl v ¥ ¥ o dl %
LazANNTNLILEINANEaINAARRTA AR BLALANTN S Tnelaldgndayadiaasnlé

@ [y . . [ o a o dl o

udeyaainilsunsn CST Studio Suite N1 1l WN1IMIUIENANINAIARUNAN LAY
Annsauaulng lFaeeing 10 Fatine @9 10 faateildlunisvinuneldateud (Input)
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ANINAT WATFANTRI9NAN ANE98an (Output) A1UAIU 2 AN AR ANTIANI9TBIANAAUNAN
a ¢ o di dl kY dl = 1 1 %

1894188 NNAFINTAIAAULDL AN DNT19Te N n e uaIA LA TATAINAF LU
a ¢ © dll dl v dI = 1 a & o v

A18D1N1AGINTANAAULDLANDNA TN MRe N9 InsnanisnnuIefAaeng

THnATANIIELIBATEIANEANEINNIY 3 UL HANANWRLEN Al

4.1 uanavinunadanasnuuiLnsgui s (Random Forest)
AINNNINIUILRANIRIARUNANHATAINN LN UL 91.78% NAIAIH

AANALARBILAAE 30.24 B4AT LAYNNTNIUIEANNNTILALR AR LU 98.54% HAN

ANHARIALARDULRAEL 5.25% FILAAI 11NN 3

F1974 3 HANIITEaanasNN LN egutInlsl (Random forest)

AR A1lauLd (Input) Adeaan (Output)
'ﬁ’ﬂuqugﬁy’wum '5’11&’314!317; AU SANURY NANIY ANNNINY
i YINnn1g NN 1NAN URIA way
LRNEUY AN ANNAT @RAWAT)  ARUVAN  (wnzidead
A18AINA (m9An) )
1 36 3 1 70 25 170
2 32 8 1 68 155 170
3 28 3 1 67 25 160
4 32 1 2 72 165 160
5 32 8 2 68 85 170
6 20 2 2 65 155 170
7 20 2 3 70 165 170
8 32 8 3 68 155 170
9 24 3 4 65 255 160
10 32 8 4 68 265 170
AR NN U 1BINTVINUNER AR ST ARUNAN (%) 91.78
ANAMNARIALARAULRAEURINITYNUNERANNIIDIRIARUUAN 30.24
(29AN)
ANAMANLNUSITRINITYINTUIEAITNNINWDL (%) 08.54

ﬂl’1ﬂ'ﬂ&lﬂi‘ﬂI'ﬂLﬂEQULQEﬂTﬂQﬂﬁﬁ‘V‘I”]u’]ﬂﬂ‘?ﬁNﬂ’sj’NLLD‘LI (%) 5.25
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4.2 LANIMNUNERANEINNKUL K-Nearest Neighbors (KNN)
AINNITN VIR ANINATARUNANTATAITN LN UEN 43.33% HATAINY
ARIALARALLRAE 30.28 B4AN LAZNITNIUNLAINNNANLDUNANAINN LN UEN 56.67% HAN

ANHARAIALAADULRAEL 6.68% FILAAI1UMAIINT 4

R399 4 RANIVNUNEPANEINNKLL K-Nearest Neighbors (KNN)

AR A1aud (Input) Adeaan (Output)
ﬁﬁuqugﬁy’wuﬂ 'a"']u':ugﬁ Fwsedl SANURY NANIY AINNING
i Yinng Yinng 2NNAN URAIA Ay
LRNSUU ANIIAF ANNAT (HRALNAT) ARUVAN  (unzidsad
A1821NA (GN )] )
1 36 3 gl 70 25 180
2 32 8 1 68 155 170
3 28 3 K| 67 25 160
4 32 il 2 72 115 160
5 32 8 2 68 85 170
6 20 2 2 65 155 170
20 2 3 70 165 170
8 32 8 3 68 85 170
9 24 3 4 65 155 160
10 32 8 4 68 155 160
ANANNLNLENIRINTNUNE RANIIRIEIARUNAN (%) 43.33
ANANARNALARAUIRAEIRINSYNUNE RANIIRIEIARUNAN 30.28
(m9A")
ATAMANLNUENUBINITYINUIE AN (%) 56.67

ﬂl’1ﬂ'ﬂ&lﬂi‘ﬂI'ﬂLﬂEQULQEﬂTﬂQﬂﬁﬁ‘V‘I”]u’]ﬂﬂ‘?ﬁNﬂ’sj’NLLD‘LI (%) 6.68
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4.3 N@ﬂ’]ﬁ‘ﬁ’]u’mﬁ@ﬂﬂ?ﬁmmu Decision Tree
AINNITN VIR ANINATARUNANTATAITN LN UEN 94.56% HATAINH
ARIALARALLRAL 20.12 B4AT LAZNITNIUNLAINNNANLDLNANAIIN LN UEN 99.03% HAN

ANNARIALAADULRAEL 3.50% FILAAS1UA1FNTN 5

1919 5 mm@ﬁmmﬁ@n@?ﬁmmu Decision Tree

AR A1aud (Input) Adeaan (Output)
'ﬁ’ﬂuqugﬁy’wum 'ﬁﬁuqugﬁ Funiei SANURg NANIY ANNINY
i N3 INnN1g 1NAN URAIA way
R AT ANNAT ANI9AT (NAALNAT) ARUVAN  (unzidsad
A8 INA (GN )] )
1 36 3 1 70 25 170
2 32 8 1 68 25 150
3 28 3 1 67 15 170
4 32 1 2 72 65 160
5 32 8 2 68 85 150
6 20 2 2 65 65 170
20 2 3 70 165 170
8 32 8 3 68 155 150
9 24 3 4 65 275 160
10 32 8 4 68 265 150
ANANNLNLENIRINTNUNE RANIRIENARUNEN (%) 94.56
ANANARNALARAUIRAEIRINSYNUNE RANIIRIEIARUNAN 20.12
(m9A")
ATAMANLNUENUBINITYINUIE AN (%) 99.03

ﬂl’1ﬂ'ﬂ&lﬂi‘ﬂI'ﬂLﬂEQULQEﬂTﬂQﬂﬁﬁ‘V‘I”]u’]ﬂﬂ‘?ﬁNﬂ’sj’NLLD‘LI (%) 3.50
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faatine uazANndeuaulagn 8 Aaetne danea3linuwuy Random forest A11190M1Y
fAn1eaesaIAaUUANAYN 5 Aaating wazaundeunulagn 6 Aaating uardanes NN
KNN @418190911U1 87 AN19ae9a1nauuanlagn 4 soaes wazaaiundisunuldgn 4
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AN9NUNTadSanasnd laatinedaian wanannilgalsziduainaAtAutdue 1un191une

PRITANNAIARUNANLAZAMNNINUAL AIR1319T 6

v
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R399 6 NANIINNUIEAANINIBIANARUNANLATAIINNTILOLTBING 3 Fane TN
wWreueuAuldsunss CST Studio (Fauu : nansinuengdanmaaesniullswnss CST

Fauna : an1nunei liganasaariulilsunsn CST)

A1AU CST Decision Tree Random Forest KNN
a1 AYINNING a1 AYINNING a1 ANNNING a1 AYNNING
ARY oL ARY waw AR waw ARY waw

s a o, s a o s a o, s a o,
uan  (WNNzLEgad)  wan  (WNNSLESAT)  wan  (LBNNSLETAE)  uwan (WNNSLESHT)

(a49A) (a49M0) (24A) (m49M1)
1 23 170 25 170 25 170 25 180
2 25 170 25 150 155 170 155 170
3 15 170 15 170 25 160 25 160
4 63 160 65 160 165 160 115 160
5 90 160 85 150 85 170 85 170
6 116 170 65 170 155 170 155 170
7 174 170 165 170 165 170 165 170
8 158 150 155 150 155 170 85 170
9 272 160 275 160 255 160 155 160
10 260 150 265 150 265 170 155 160
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o a KR Z’/ 2 o o‘d‘ 1 1 dl U 1 o 1
FANAINNIY 3 wuy WiNaswsnuanA19aInAINtaanTlsunIN CST UAINNTIINITNIUIEAN

y 4 . - o A4 . . o A, .
AYNINNFIUDY HBIAINANTBTI AN NAIAAUUANLT U@L A LTI NNNTI9IN1TNTEA 86N
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Accuracy =100~ ( PredictedValue — ActualValue| y 100) (3.6)

360 |

WAYNITNNUILATIAINARIALAADULRAE (Mean Absolute Error: MAE) TdmamAasuansng
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INuUe

NANNRIAFUUAAN (%)

ATAMNARIALARDULRALIUD 559 8.40 8.41
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ANNNILLAL (%)
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N1SRUILAMNNINNLAL (%)
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