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MONTREE BUAPHUEAN : THE DESIGN OF HIGH POWER JAMMING
SYSTEM FOR UNMANNED AERIAL VEHICLE (UAV) AND DISTANCE
THREATS PREVENTION. THESIS ADVISOR : SUMRUN SANTALUNAI

Ph.D., 86 PP.

HIGH POWER JAMMING SYSTEM

Nowadays, Unmanned Aerial Vehicle (UAV) or Drone. Is an aircraft that can
be controlled remotely and automaticly control. Currentiy, drone is being as widely
used in agriculture, commerce, high angle view, traffic conditions, disaster assislance
and sending the trade. Unmanned aerial Vehicle control system is used to control by
using the radio from the ground or the used of computenzed fight by using computer
controller. In addition, a navigation and a guidance system are an important part of the
UAV. In current, the navigation and the guidance mostly use GPS at ISM band to
control the system. The bringing a lot of UAV but no better control that may resolt in
threals to come. There are the use of UAV to terrorism or spying the landmark of the
cantry such as the government and the a rmies of the country. Tcriminal uses UAV for
the terroist or the spy becaused the UAV is device that can be controlled
automatically, controlling with the long distance and clearly camera images.

Thus, the researchers have realized the importance for the security and stability
of the country. To study and find way to control UAV from the criminal, the usability
high-power radio frequency jamming in a method to control and surveillane as well.
That is high power radio frequency jammer worked by sending waves with the same
frequency as UAV that is used to communicate. The signal jammergennertor gererates

the jammer signal to annoy the radio spectrum at the ground controlled



output. The signal jammer genneratro is designed to geneartr the frequency that the
amtchs the frequency of UAV and ther was enough to send both signal cancel each
other completrly. To stop the opration of UAV to be motionless, the UAYV is forced by
using the radio frequency jammer. The research team designs the high power radio
frequency jammer generator to control the threats from UAV for military stability,
consisted of two jammer wave generator. There are the frequency of ISM band
consisting of high power supply, high power oscillator, high power amplifier and high

power applicator.
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Mmesnedudnualazmde

= amplitude
C = capacitor

= resistance
ic = integrated circuit
F = focal length

= output impedance

PE = power efficiency
k = efficiency factor
S-parameter = scattering parameter
P = heat power source density
Sy = input reflection coefficient
D = diameter of the parabolic reflector
d = antenna depth
w = width of the microstrip line
f = frequency
A = wavelength
UAV = Unmanned Aerial Vehicle
GPS = Global Positioning System
LNB = low-noise block downconverter
IEEE = the Institute of Electrical and Electronics Engineers

PCB = printed circuit board
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A(s) uaz F(s) Wudasrvere@uritii (Forward) Hazons1versdoundy (feedback)
v 4
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v Vo
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doyanugdland Feginsaivenssinuegludiudadu (Linear mode)
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24 HANNISUAZNGHHINDIVENSMAINNNDING (RF Power Amplifier)

1993981011890 ING (RF Power Amplifier) viandeon lUdren11uusauinaz i

Y H
v I

Y ! Y ' 0o q Y YA A 9 A A Y 2
Tenunsaaelaszeznmalna mwa‘nﬂw"l,ﬂ‘wu‘wmima%fnm@qu‘wummamqumwmﬂmu
o w Aa . < { o { o w
Ni}iﬂjmﬂmmmma’mqﬁ% RF Power Amplifier (PA) Hu9snininnvensgda
o a A < ~ A 2 1 ~ 1 [ ) [
mgnpmeuwwnmummﬂcl,ﬁ’mumlfwMJmﬁuﬂaumzmaaﬂ”lﬂmawmmﬁ amsulu
Y
a I~ v W % o w ) [ o @
qmnaﬂgﬂuizum@ﬁtynunmmmummﬁmu"l%'ﬂuwmmﬁmqammuﬂmﬂuﬂaﬂﬂﬂm
9 ] = a a o a a 4 =
szay lna g lugiunud 1.575 Nnedsas (GHz) 1ag 2.4 nnzigsass (GHz) taglivuia
v

o o o da =2 9 o g 4 o vy X = v
ﬂ’]ﬁ\?ﬁ\?fﬂ\i @Nuu'Nﬁ]ﬁsllﬂ?ﬂﬂ?ﬁﬂﬂ?]ﬂﬂ?ﬂq%ﬂ@]@ﬂ‘ﬂ']ﬁu']‘lflsllfnﬂﬁmuﬂ]u']mslﬁqqmu i'JllthJﬂ\WlﬁN

= ) A o AA 9 Y
1]ﬂ']'j@]@l]ﬁu’ﬂ\iﬂ'luﬂj]ﬂﬂﬂﬂﬂjTNﬂﬂi%qqu@jﬂ

Input Output

519 2.5 nanmsveredygIaves RF Power Amplifier
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{ < @ a A
%']ﬂg‘l]ﬁ 2.5 Lﬂumiﬂlmaﬁmmﬂmﬂlugﬂﬂﬁ ﬁf] !Nf]llﬁﬂl 1mﬁllmmaﬂlflmn‘1/lmmn!ﬂn

o

(Input) Power Amplifier 9 1M 111M1v810F Y Y12 00NN19ATUVID 0N (Output) 1H TR

Y
winaiuanuaz ldinannudamsuvesdayaa ualunal§ia luawnsadu 'l 1dmws e

Hfadwou q M lddyaanduvesnalaoull

a

v

24.1  MauLIANA (Output Power)

[ J = o

mauedna ae masllihinssveremdinnud Ingaunso Tounie lds

Y I a s o o o o Y
Iﬂﬁﬂvlﬂlﬂu‘W'lﬁ'lllL@]ﬂiﬁﬁ'lﬂﬂlflﬂﬂ']iﬂ@ﬂllﬂﬂ?\?ﬂﬁﬂ]ﬂ'lﬂﬁmm'lm W']ﬂ’)\ﬁ]iﬂ]ﬂ'lﬂﬁﬂlﬂl'lmclﬁ
b \W(]"lﬂﬁ] ‘VI'IGlWﬁ'mﬂl'lmﬂﬁ\ihlﬂﬁ'lﬂ@'lﬂ']ﬁuﬂﬂ f’f\?WﬁGlWﬂ'lﬁﬂﬁ f‘l]']flﬁillﬂl']ﬂ!llﬂ‘wuﬂﬂﬁﬂﬂﬂﬁﬂ
9 [ @
wesaulde mmgﬂw 2.6 LﬂJ@LiﬂﬁLmaQi]18W@Q\11uﬂlaﬂﬁﬁﬂiﬂlﬂ1ﬁlﬁﬂluﬂlu1m (Power Supply)
A A 1 ' = o = .ooA a
uArnanalan1nile 2sveedyauazlasuulasnszua i, Nivaa R auaune
A 9 =2 o Y a o 1 A o w 4 o
nloudnnlulsstunldifaussduanasounInaa (V) tagmaueidwaaiunsosiuos

Tannaumsn 2.3

(Vout x Iout ) (23)

RFC RFC

10
l&

Input Network |~ R
Ps Network

|
s i _“_B l:\v Output P § +
L

51071 2.6 0as1lsznouYENVEY Power Amplifier
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242 9N9UENY (Gain)
PAT1UL18130 Gain AD HUIYIAANUAIWITOVOINI TV BT YYIUVDI Power

. = ] I o Y [ dy
Amplifier Tieilu dB Tasennsamiuia ldanaumsdail

Gain[dB] = Py [dB] (2.4)
P, [dB]
Taii P, o masdgaiuniaaiuaid (Input)

A Mav aumunmmaﬁ’mmaaﬂ (Output)

Tagnfasanuluniiig dB @nsomulIa an

Power [Watt]
P[dB]=10log,, ————— 2.5
[dB] Oio 1[Watf] (2.5)
3o
Power [Watt]
P[dBm]=10log,, —————— 2.6
[dBm] 91 1[mWatt] (2.6)

@

A A o w @ = 1 I J
149 Power A9 NANUDIT YY1 Irnaduiag (Watt)

243 UszanEmn (Efficiency)

[

a A I a J o
Useansan (Efﬁciency) 6U’f]\?’Nﬁ]'ﬁ"’lJEJ'IEJﬁ’fo‘fJU'lf],!!f]J‘l«l“l/\l'lﬁ"lllm’f)i mu’d@ﬂu

g 9

i
9 o

{ @ < Il o
519 2.7 MuANudAy lunseenuuuIvI VBT YR UBE1NIN NINIDIVEBT YR

e

2

a A o o I Y o A o A o 9 [ 1A o Y =
1I°1Ji$fff‘1/l‘ﬁﬂTWﬁ1%$ﬂ11ﬂ1@0ﬁ31%81ﬂﬂﬁ111‘! mmz‘nmmhwawmmnﬂnﬂﬂmjﬂgmﬂ
(4 2 9 1 a A
W’cNQm"lﬂiugﬂuuummwawmmmmmmu Gl,ufﬂiﬂ383J'lﬂ!ﬂ?ﬂ‘i$ﬁ1/l‘ﬁﬂ1‘1/‘l"l]f]ﬁ’)ﬂ%‘i"lj8'IEI

doyanTagna ldudrnzinsan 2 sUunude



DC Power
Pdc

RF input Power
Pin

> ——

RF output Power
Pout

——

= a J o [ o a a .
311 2.7 mslwesdmsumsmuamsz@nsnm (Efficiency)

Power Efficiency (PE)

Pout 4 Pin

PAE =

DC

Power Added Efficiency (PAE)

13‘10

DC

& A
1o Py, A9

PDC :VDC IDC

2.7)

(2.8)

(2.9)
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2.5 WanmsuaznguneIveInumgeINa

251  meomdlalwna

= I~

arwo1malalna (dipole antenna) 1Y ueee1N AN Insaaiadiengaiiaiy

q

=

I Y < o 1]
Usznouiluduataaeaduninimer L nuiluuunduasedegli 2.8 Tagganinaisves
[l 9 o d‘ 1 [l I o Lﬂ' 1 d‘ [ [

laTwavzgnaoinuniesdelasdioduiludinarslunisiyenaoniosdevziig
Y Y )

daaa Iidinszuaadyulddiaroernia nszuavesdaaimiloz lvalideinnila
Y Y g‘/ é Y] é A Aa Y 9 @

vo4laTwanaz lnandumdemilsvedlaTna adwdaslugil 2.9 Felinaneasanudiuny

' Y
nan1svesnszuandaludsiiusnveslalnanisuasgivosnsziud (current distribution)

Y < . @ v A a 2
ﬂzl!ﬁﬂ\iiﬁlﬂuﬂlu']@ (magnltude) "U@Qﬁ'iyiy’lmﬂjgllﬁﬁaﬂﬂLﬂﬂ%u@]ﬂ@ﬂﬂ')']llEJ']')GU’E’]Q?”EJ@']T—]']?{

=~

R A o A y A g S 1 A 1A 2 A
Vlﬂiwa%\ﬂ\lﬂﬂumWﬂ‘ujﬂfJ‘VI‘]JEHEJ‘VIQE‘T’N%Z‘JJ?]WL‘]Juijl{ule,mi]$Nﬂiij{ﬂq’ﬂ@g%i}ﬂﬂﬁﬂaNWi@%%ﬂ

Q

] Y Y Y 1 H
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U

d‘ o
ITONTY

1 2.8 awermelaTna

laTwagauad (ideal dipole) luaooimeaauydaaaldilss Toxiilunsdnun

q

a A a Y < J <
T INIATUADU 9 ﬁ’lll’liﬂWﬁ]’limTiﬂlﬂuﬁjuﬂigﬂﬂﬂlﬁﬂ 9 sll’f]\‘]ﬂ?'lﬂfl'lﬂllﬂIWﬁ
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(infinitesimal dipole) Afim3nvsglvesnszuafivhiuaaeannuenguUdnYULMINgUG VoS
laTnagauadvzdszuraliiamia i fuasenialaInafifiviadn o Ta
wuu3Umsurnszaeiidsnuiemsuansguuuvesdidenuiininszneeenain
Frawormaduzam 3 BafisaldluuSnuauinszes Ina (far field region) Amau1A
ATUANTLIIEAIGINUYDIT 18911708 WA FUYDINAAITFIA UM U (space coordinates)
vinavesauwszezlnafe winai Inadissmed miumssanuugdmsurnssnefideny
éwx”lajﬁuag:ﬁ’mzﬂzmq flegriannasemanuuglmsurnsznefdinuvesdee e
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2D?
R > (2.10)
A A
Wwe R A0 SzuzURITUNTLEL INa
D A9 ANUYIIGITAVOIA1BDINF
A A9 ANUIIUAAUVDITIIDINA

] o w <3| [ 2 o
nuugUmsurnszaeMasnuezitludinaaiiinisnszaendsueen i
7o a o A =2 = Y v o ¢
auilanduvesiamivesdyaaidosn lnameenmadauaadiszauanudunnsve
o w {1 L J v a Y o 1 o 4 A
maanuindsesn i) Futlulsndusesnama dafdusaz 19 “mssuadn” Tunsaiiilu
12 4 = 9 [ . . =2 9 1
A1891NIATUAIAINNGHYN1I2IDUNA Y (reciprocity theorem) D43 31001 1 3 1)
] o o A o < J v aa 1o 9 [ ~ aa
nmsurnszateiasianysalazduiledsuuuy 3 46 uana Tz 1dauduiiios 2 4a
< P Y { A a @ ' aa Y '
MilganeNIzUonguanymzvosdisomaniinaniild mstalunsaziavzialunnay
4% v A A [ A [ 1 <
sznunaamnny Aesznunvinuivauy idwazszununvnusuauustinian Tne
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{ o Y I Jd o 4 I ¥ v o w {
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51 2.9 szuvawn duazszuuauumivan vesaeermslalna

{ Y 1 o w
51U 2.9 lduaasunuzUmsuinszoiemasauluszurauinlidh (E-plane) voslana
a o w dy Y 3 1 a g’/ A a 9 1
ganaAuuUgUmInszaeiay deaaslimui laTnalugauaanuiinamieaie msiz
] o w 1 < ~ % dy
mMsurnsza1emasuluguinniman Hplane) Tanaasliluzdn 2.10 e luguuus

MIUANTEBMAINUIZIMAUNNNAN

90° Y

-3dB
0dB

1 2.10 sovgUmsurnszeidanuluszuuau i (E-plane) voelaTnalugaund
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{ ad ] 4 a 1
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0dB
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252 msinalsdvesmeeimalalna (Dipole Antenna Polarization)
o a a
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MINN 3.3 HAAINANTNATDUINITVNET YV NANND 1.575 GHz

Power Amplifier
Input power Output power Watt Gain
dBm dBm mW dB
-20 -9.63 0.10 10.37
-15 -4.48 0.32 10.14
-10 1.12 1.30 11.12
-5 6.33 4.30 11.33
0 11.34 13.6 11.34
5 16.53 45.10 11.53
10 22.02 159.20 12.02
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M3NN 3.6 LAAIHANMINATOUNITV BT YD1 NAND 2.4 GHz

Power Amplifier
Input power Output power Watt Gain
dBm dBm mW dB
0 12.03 16.0 12.03
2 14.21 26.4 12.21
4 16.58 45.5 12.58
6 18.88 77.3 12.88
8 20.46 111.2 12.46
10 22.58 181.1 12.58
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air-layer substrate
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Parameter Dimensions(mm)

a 52

b 60

d 39

G, 90

G, 80

G, 45
h 3

w, 4

W, 14
Aluminum grond plane thickness 2

Copper mount thickness 0.5
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71U 4.1 madanamanaassgaiuiianaunudey 1.575 GHz

M3N 4.1 WanInado AR IIAAAUAMNALIY 1.575 GHz

53

vV, (V) Ir (A) dBm Watt
5 1.10 30.00 1.00
6 2.38 34.07 2.55
7 2.90 35.75 3.75
8 3.17 37.26 5.32
9 3.42 39.01 7.96
10 3.76 40.81 12.05




31U 4.2 Mmadanamanaasyatulianaun1unEIU 2.4 GHz

AN 4.2 WanInado VAR ITanANANUAGIY 2.4 GHz
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Vy (V) 15 (A) dBm Watt
10 2.18 30.00 1.00
11 2.73 33.88 2.44
12 3.34 36.38 4.34
13 3.90 38.20 6.61
14 4.45 39.72 9.37
15 4.96 41.51 12.61
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A1397 4.3 HAAINANINATOUIITVNIT YA I NANWD 1.575 GHz

Power Amplifier

Input power Output power Watt Gain
dBm dBm w dB
30.00 41.03 12.67 11.03
34.07 45.96 39.44 11.89
35.75 46.58 45.49 10.83
37.26 48.86 76.91 11.60
39.01 50.22 105.19 11.21
40.81 51.30 134.89 10.49
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M3 4.4 UAAINANINATOVIITVNST YYD NAND 2.4 GHz

Power Amplifier

Input power Output power Watt Gain
dBm dBm W dB
30.00 42.86 19.32 12.86
33.88 45.23 33.34 11.35
36.38 48.78 75.50 12.40
38.20 50.50 112.72 12.30
39.72 51.69 147.57 11.97
40.02 52.79 190.12 12.77
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log MAG 10 dB~/
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REF @ dB
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DUAL-BAND AND HIGH GAIN U-SHAPED ANTENNA FOR JAMMING
THE UNPRECEDENTED UAV

'MONTREEBUAPHUEAN, ’SAMRANSANTALUNAL *THANASETTHOSDEEK ORAPHAT,
‘CHANCHAITHONGSOPA, "NUCHANARTFHAFHIEM

1234Gchool of Electronic Engineering, Department of Electronic Engineering, Suranaree University of Technology, Nakhon
Ratchasima, Thailand
3Department of Telecommunication Engineering, Faculty of Engineering and Architecture, Rajamangala University of
Technology Isan, Nakhon Ratchasima, Thailand
E-mail: 'montree.bua@ gmail.com, *samran.sa@sut.ac.th, *nuchanart fa@rmuti.ac.th

Abstract - This paper proposes the dual band wide beam and high gain antenna at frequencies of 1.540-1.575 GHz and
2.35-2.45 GHz for jamming the unprecedented Unmanned Aerial Vehicle (UAV). The proposed antenna is composed of
U-shaped antenna and U-shaped ground plane. The U-shaped is designed to increase the half power beam width and the
antenna is etched to cover the bandwidth of applications. In addition, the U-shaped antenna is fed by using 50 ohms SMA

connecter that is fed through a hole in the ground plane.

Keywords—Dual Band, U-Shaped, UAV

L. INTRODUCTION

Nowadays, UAV or drones technology is an unnamed
airborne vehicle that hasenormously benefits the
photo survey used in areal support information. Such
information can vary from mapping management of
agriculture and forestry landscape and earth surface
alteration. As a result, environmental issues, impacts
of natural disasters, and agricultural damage can
potentially be evaluated much effectively. However,
there are unprecedented users who take advantage of
this technology in inappropriate fashions that include
drug smuggling operation, unsolicited photography,
or droning activities in violation of rule and
privacy.The UAV is equipped with GPS, wireless
transceivers  andcomputationalcapabilities. ~ With

increased popularity of the UAV and the continuous
usage in  variety of UAV  applications
[1-3].theunprecedented UAV  also  followed.
Therefore, the principle of high frequency
interference system can be jam to control the
operation of unprecedented UAV. An antenna is
considerable component that can increase the
efficiency of jamming, necessitates the need tohigh
gain, covering usage frequency and also wide
beamwidth for jamming the unprecedented UAV.
Nevertheless, there are presented numerous
techniques particularly implementing ranges of the
drone’s frequencies. Researchers have offered
multi-frequency dual band to control multiple
communication systems using only

feed probe

ground plane

air-layer substrate

e G

Figure 1.Geometry of the Dual-Band U-Shaped Cross Section Antenna on a U-Shaped Ground Plane

one signal[4-6]. To reduce the size of the equipment
and reduce production costs,high gain and multi band
[7-9], Dielectric resonator antenna[9-10], circularly
polarized monopoleantenna [10,14], the design of
miniature circularly polarized antenna[15].We have
implemented technological use cases of the antenna

in WLAN application which enables antenna to
perform interference to the 2.4 GHz frequency, the
range that is normally used for an UAV controlled
from the distance, and 1.5GHz frequency, the range
that is normally used for navigation of automatic
flight control. The U-shaped antenna discourages

Dual-Band and High Gain U-Shaped Antenna for Jamming the Unprecedented UAV
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uses of the drones in any unintended area or
effectively within the desired radius since dual
frequency operation of antenna is largely necessary in
recent wireless communication system for mentioned
systems like GPS and WLAN applications.
Dual-Band U-Shaped Cross Section Antenna on a
U-Shaped Ground Plane acts as the solution for the
discussed issue.

This researchdevelops a U-shaped antenna[l5-18].
with considerable and extensive efficiency that allows
itself to work on dual frequencies simultaneously, for
dual band antenna that can function in the frequency
ranges within Wireless Local Area Network (WLAN,
2.39-2.41GHz), and Global Positioning System

(GPS,1.515-1.605GHz).

= 5‘5"@?
5 SWEDISH PATTERN SUPERIOR KE

J%"' u :Tn 1" :2’ i w"’%

Figure 2. Fabricated prototype of the Dua]-Band‘l.‘I‘-gliaped
Cross Section Antenna on a U-Shaped Ground Plane

Parameter Dimensions(mm)
a 52
b 60
d 39
G, 90
Gy 80
G. 45
h 3
W, 4
w, 14

TABLE L. TABLE TYPE STYL PARAMETERS OF THE
DUAL-BAND U-SHAPED CROSS SECTION ANTENNA ON
A U-SHAPED GROUND PLANE ES

The materials used to assemble can be easily found
from the local market and are inexpensive. As a
result, the cost of making the antenna is highly
affordable. The measured bandwidth of the return
loss is 100 MHz (VSWR<2:1) at 2.4 GHz between
the frequency range of 2.39 - 2.41 GHz and 90 MHz
(VSWR<2:1) at 1.575 GHz between the frequency
range of 1.515 — 1.605 GHz.

II. DUAL-BAND ANTENNA DESCRIPTION

The depiction of proposed dual band U-shaped cross
section antenna on a u-shaped ground plane is
developed from the previous paper [15-18] that the
geometry of the proposed antenna is shown in Figure
1. The antenna is divided into two parts. The first
primary section operating as a radiator and
electromagnetic wave sender has a thickness of 0.5
mm and is etched into the shape consisting of central
and side strips as shown below. The central strip of
the etched copper has the width of w, and the strips
on both top and bottom ends have the width of w,.
The length of this part is a, the width of b, and the
height of d. The copper element also contains a hole
at point e where connected with 50 SMA connector
makes a way through

[Parametric Plot] [Magnitude in dB]

—51,1(3=50)
==+51,1(a=55)
e $1,1 (a<60)

14 16 18 2 22 24 26
Frequency / GHz
Figure 3: Simulated S11 of the U-shaped antenna with reflector
plane when length (a) of U-shaped antenna is varied.

—51,1(d=34)
.| ==+S1,1{d=35)
51,1(d=38)

i

40+ i
14 16 18 2 22 24 26

Frequency / GHz
Figure 4: Simulated S11 of the U-shaped antenna with reflector
plane when length (d) of U-shaped antenna is varied.

the ground plane and to the ground. The secondary
section is consisted of U-shape folded reflector
ground plane which is made from aluminum and it
has the length of G,, width of Gy, and height of G,.
The ground plane section has the thickness of 2 mm.
Consideration to Figure 2, the fabricated prototype of
the Dual-Band U-Shaped Cross Section Antenna on a
U-Shaped Ground Plane is shown. The total size of
the dual band antenna is 90 x 80 mm”.

III. SIMULATED AND MEASURED RESULTS

The analysis is carried out by utilizing
Finite-Difference ~ Time-Domain ~ methodology
(FDTD). Given the fact that dimension of sizes and
shapes of the antenna affect different frequency
outcomes considerably, the antenna designs have

Dual-Band and High Gain U-Shaped Antenna for Jamming the Unprecedented UAV
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been tested and simulated numerous times in order to
achieve the most desirable shape. By varying
parameters as needed in CST Studio Suite software,
the result shows favorable size of the antenna that
yield operational 1.575 GHz and 2.4 GHz frequency
ranges as illustrated in Table 1.

To illustrate physical alteration in accordance to the
S11 value parameters of the antenna, we have
displayed the change in size of some parameters that
reflects the change in S11 value. From figures 3to
figure 5, the SI1 value is adjusted to resonance
frequency at 1.575 GHz and 2.4 GH. When changing
parameters of a, d, Gy, other parameter value remains
the same as shown on Table 1.

[Parametric Plot] [Magnitude in dB}

2 —51,1(Gy=76)
---51,1 (Gy=82)

=511 (6y=88)

14 16 18 2 22 24 26
Frequency / GHz

Figure 5: Simulated S11 of the proposed antenna when height

(Gy) of reflector ground plane is varied.

Return Loss (dB)

~=Simulated
-30 ==Messured
-40
14 16 18 2 2.2 24 26

Frequency (GHz)
Figure 6: Simulated and measured results of S11

Figure 3 is shown the modified parameters when
varied the parameter a, the frequency bands move to
the left at the frequency 1.575GHz and the S11 value
is gradually increased.Considering to S11 at 2.4 GHz,
the frequency band move to the left saw until getting
the appropriate value when a is 55 mm, it get the
most suitable frequency at the resonant frequency at
1.575 GHz and 2.4 GHz. The S11 of both frequencies
is higher than -25 dB.

In addition, figure 4 is plotted to modify the length of
the U shaped antenna which is parameter d. When the
parameter d is 34 mm, the frequency band at 1.575
GHz moves to the left and the S11 value is increased,
while the 2.4 GHz frequency is fixed. Moreover, the
appropriate parameters of two frequencies are d is 36
mm and the S11 of both frequencies is higher than
-25 dB. The change in the U-shaped ground plane

affects the resonance of the two frequencies at 1.575
GHz and 2.4 GHz is illustrated in figure 5. The
parameters G, is the length of the U-shaped ground
plane, it is adjusted from 76 mm to 88 mm. From the
results found that when adjusting parameters G,
increases the 2.4 GHz frequency band moves to the
left. And the S11 value will decrease continuously.
Considering the frequencyof 1.575 GHz, the band
will move to the left but the S11 values fluctuate from
the parameter adjustment. The most suitable G, is 82
mm at the both resonant frequency.

From figure 6, the simulated and measured S11 of the
proposed antenna are done using an HP 87220
Network

180 ==-Mezsured 1Mo ==eMeasured

——Simulsled ——Simulated

E-plane H-plane

180 == Meaed ;RA'; meMimug

= Sitiiulled —smulated

E-plane H-plane
(b)

Figure 7: Simulated and measured results of radiation pattern
when(a) 1.575 GHz and (b) 2.4 GHz.

Analyzer (50 MHz - 40 GHz). For the dual-band
U-shaped cross section antenna on a U-Shaped
Ground Plane for jamming the unprecedented UAV
applications, the measured bandwidth of the return
loss is 100 MHz (VSWR<2:1) at 2.4 GHz between
the frequency range of 2.39 - 2.41 GHz and 90 MHz
(VSWR<2:1) at 1.575 GHz between the frequency
range of 1.515 — 1.605 GHz. The substantial
explanation of different results from the simulated
and measured tests can be further clarified by using
50 ohms SMA connecter whereas the program
typically tests with much greater precision and
accuracy. The far-field radiation patterns are
simulated and measured for the Dual-band antennas
at 1.575 GHz and 2.4GHz, plotted in Figure 7. The
simulated E-plane (xz-plane) and H-plane (yz-plane)
patterns of Dual-band U-shaped cross section antenna
on a U-shaped ground plane are measured using HP
8722D Network Analyzer. It is found that the
front-to-back ratios are greater than 15 dB for all
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considered frequencies. The half power beamwidth in
the E plane are 70°and 90° the H plane at frequencies
of 1.575 and 2.4GHz the E plane are 50°and 72° the
H with directional radiation patterns. The antenna
gain 7.5 dBi at 1.575 GHz and 9 dBi at 2.4 GHz.

[51

[6]

IV. CONCLUSION

7
The objectives of this paper aredesigned and
fabricated the Dual-band U-shaped cross section
antenna on a U-shaped ground plane for jamming the (g
unprecedented UAVapplications.From the results, we
found that the antenna has the measured bandwidth of
90, 100 MHz frequency at 1.575 and 2.4 GHz
(VSWR<2:1). The HPBW are 70°for E plane and 90°
for H plane at the frequencies of 1.575 and 2.4GHz
the E plane are 50°and 72° the H with directional ~ [10]
radiation patterns, respectively, while antenna gains
are 7.5 dBi at 1.575 GHz and 9 dBi at 2.4 GHz.

91

Front-to-back ratios are greater than 15 dB across the
band with the U-shaped cross-sectional ground plane
of 90 mm x 80 mm. and thicknessis 45 mm. The
advantages of this antenna are dual-band, wide
beamwidth, high gain, easily to fabricate, and  [12]
low-cost. The antenna is suitable for using as a

jamming system to jamming the unprecedented UAV.
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