| SERITSR =2 X| J. Korea Inst. Intell. Transp. Syst.

243 =8 ¥4 GPS 94
EY

wfol 2z Qelte] 233}

Miniaturization of GPS Microstrip Antenna for Small Drone
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ABSTRACT

In this study, a miniaturized GPS band(Z,: 1.575 GHz) antenna that can be mounted on a small
drone is proposed. The miniaturization was designed by applying the perturbation method based on
the \/4 microstrip antenna and lengthening the current path at the edge of the patch. The miniaturized
antenna was fabricatred such that it could be attached to the surface of styrofoam(&=1.06, t=10 mm)
having a size of 10 mm X 9 mm X 10 mm (0.05 A x 0.05 A x 0.05 A\). The thickness and length
of the feeding line and the spacing between short stubs were adjusted for impedance matching. S,
was found to be -18.8 dB at the center frequency of the fabricated antenna, 1.575 GHz. The

radiation pattern measurement results show that the maximum gain of %, is 1.87 dBi in O directions
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in the xz-plane, and that Eo is an omnidirectional characteristic with an average gain of - 1.7 dBi
in the yz-plane. It was found that the antenna can be used as an ultra-small microstrip antenna, which
can be mounted on a small dron for GPS, and is capable of preserving a reduction ratio of 98.8%
(© 2022. The Korea Institute of as compared to a A/2 microstrip patch antenna.
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1.4 &
1.4 2
EEDrone & Aol A% B4 g, Aol FHoR 2% A Zeadd Aol tet 4%
£ WAEoZ ol 387 QA AFse 2019 dHIEE Sol2 ARHT, A T2 2

= =

T2 850y FHIole &8, AFE ol 52, FY 9 A8 52§ Okt BolE guHa
AT 53] HZolE <Fig. 1> e vk} 2ol A, %7 22 JE O] 24F S E(hitps://patentyogi.com)
23 A AZ AF 859 AT - Jldo] &g XJ%HL 2 THPhan et al., 2016; Jang, 2018).

A A E vl STolA AR = 2l SUY|(TELEDYNE FLIR, 2022)& Z°]7} 16.7 cm,
Al 33 goll = E3taL oW A] AlA, E 93 AlA, 11435 7hH2}, GNSS(Global Navigation Satellite System) U]
HAl0ld & i 715 8T & Us g REEo| A th dWHor =EL HgH, &
AZN(&ZF7D, A7 B o’ A2 FAE R 53] GPS(Global Positioning System)Al A= #1404 B
= AZE ol HgA o] FA HAE HIFY AoFE L F= AAE S8 WY TS AT GPS
T 2o A5 7lee] BEE QA3 olv] £ mm o]st A7]9f AlFE0] FEBE o, HEHve] B¢

A717F 3ol ojEHE EeF 540 wek ¥t B oy o] BEDh
o3, dntro® T8 HAE GPS HHvE 2AFR EirEolu tolE FHE AEshes B¢ 3719
Agolut o) &7l ol A i g e Aol S| Wil dRtH oz 7)7)d F2e] 41
Aol o o r A FFE HaFsr] Hs) i relaz2EY A AHUE ARSI 3
o} GPS 4! F3 1575 GHz S 71F 0.8 7|82l nfo] a2 ~E 9 %] ¢telute] Z7]& oF 85 mm (\2)
E 24% S @AsdE ofgwe] e oldd EAME A Hal AfdEs A 71H
< AH&St QS 23 skeke Wol o ol tElve] &8 Ast 9 FA 7 59 EAE op]
g ong FAAE o8 & A7 A wEhA, <Fig. 1>3 22 248 =28 Tl ®
At Y3 e 22 WA 52 53 gkl 4233 A7 sk (Kim and Woo, 2005; Kum and
Woo, 2017; Shin et al., 2017; Ryu et al., 2017)

B =gdAe 4% S8 JAF olstes AR A8 283 724 MAS 3 GPS o
(L, : 1.575 GHz, A=190 mm) v}o] A2 2EJ SHe|ube] 483} WH(Choi et al., 2020; Choi et al., 2022)°]l
thal Albstarat gt

Ll—l
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. kel A 34

T2 el o3 mo|AR2EY i3] belve] AYSHE skl <Fig. 2>o UERA AsHe dE
(Harrington, 1961)& #8-st3ith &Ml ¥2l= <Fig. 2()>°l e uie} o], Ajzo] <l 7HnlE] o]
AA B, AA H 7F A0S o) 3AFHEE o} 8k o] o, <Fig. 2(b)>9F o] A A7} B FHo)
AHg FEATNAY, AA AGAT7E 7 FE] AX S STHAA EUe FFI4E SHEAT= Ao
I &3 A () 2ol Wstd FFaFE A7 me A7 oUA Y A WstE vebd gl
/51 (DoA E2E-2 47 AREY A He T oduAE e, £ HMEE sing el 3
A A e ZAA oA et HA oA A5 vepdth. 1" A A e Ble) F2]8}
33 Fa As aRE A7) SaiAe AiF R A AZIZE A FEel W W3 (inward
perturbatlon)a 7Vl FAY, A7) Al717F 74gE Fioll 13k 3 (outward perturbation) < 7Fall FooF &

= Aze 23 4 o)

dz, oy U vlola22EY 3] QU] -9, SHEHY AiNIE] Yo FE REERE T3] Lo

£ wet A8k "‘o AR AT Zoll X e FYstAAE e AAZE EA skt Hlal, diF %
HIE] Fol Mo AAT} cosine BEZ 21, 2714 A7|17F BE¢E & 5 ok

uebx A7) A77F A BAE A Bl Y] 9zt WigF WEe
1, ol FY I FugolA Ut A E S A4S F Aok

O

fr of f ﬂ,

n

S
. Surface area of cavity AS' : Surface area change of cavity
: Unit vector perpendicular to the surface area 47' : Volume change of cavity

|7 3l

: Volume of cavity : Surface area of perturbed cavity

S
7 & Volume of perturbed cavity
FE: Electric field of perturbed cavity

Fy: Electric field of cavity

l

H,: Magnetic field of cavity
H: Magnetic field of perturbed cavity

(a) Original metal cavity (b) Perturbed metal cavity
<Fig. 2> Perturbation theory

o M AR el 1
/e ;

ap : Resonant frequency in cavity

@ : Resonant frequency in perturbed cavity
1 : Permeability

€ : Permittivity
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oj9} 2 AEE AHE3t, <Fig. 3> AT tH ko] 43 AL UYEPHITE <Fig. 3(>E 71E
o] H& M2 *L nfo] A2 ~EY A St T2E UEHI ST, <Fig 3(b)>E M2 71EE nlo]a22E
H AEUE o A= R A 78 ME 293 Evelth o8 HE &3358] fls) AL
|02 Ho] WHth <Fig. 30> AsH Aol wet M4 vpo] A2 2EF QtEuoll A A
2o AXe ZAaAZ F =S YA 224 B8 JAARF 7PRA st ol 2 Ao ¥
T TER t&%‘%}ﬁt}. ARE B ol GHUE FAsks FHE AAls] 98 22U rloja 22
Efe 34 #4S A &sanh AAAA v 271(AH)E B £Fset] flste], WA &7k
o YA 27ke] S Abolel] 37]9] iris T2E FACE HiA| s e AFESIAT ol Fuk Stk
HUR st 2 AAFIGNA ElUe A71E &A1Y AFolt

HFH O <Fig 3(d)> 2ol AZke] ol Fuet &S ST s A AT A3 F-
Y AXRS ST AR WA &7 F4 B2 & FA st on, A ouA e AA olvA Al
717F 3 Q] Rl 319 7 225 FTlet WA s 2] AR ARE SIS EFE <
HUE 2ot 233ete F22 WASAT 8, 0 ZS /713 ol Ud 5 4% EHoE o
Al g Aol EYoEN AAZE AT BEY AF A EHE FUSAFATE AVA, RS FLSH
3t w] GElUE F&etes R A Sl 23 rlolaR2EY Bl 54 HAE A8t

m[o

°l
E

Feeding Feeding
point i

(a) A/2 microstrip patch antenna (b) A/4 microstrip patch antenna

Decrease volume

of electric energy Decrease volume

Increase volume of ~ ©Of electric energy

magnetic energy
/ Shortstub  Feeding
point
@ % ‘ Short stub

Feedmg

L
L, -

X

7 Iris
(c) Miniaturized A/4 microstrip antenna (d) Subminiaturized A/4 microstrip antenna

<Fig. 3> Antenna design process
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M. ¢y AA 2 A2 A3
1. 7128 \/2 O0|32AER] T{Xx| QHE|L}

WA, 71E0] He N2 vlolARAEY A8 mlx tElUE Al EFolAste] I 54 AR A&
ol && CST jite] MWS(2021)S ©]&3tH 1 T4 F I+ GPS| thelQl 1575 GHzE A3ttt 2A =
QbE|LFe] FZE <Fig. 4(@>°ll YEPRSITE Wit nlo] a2 ~EY x| <HeVo] Al o] WA BExe
<Fig. 4()> ol ol YERA wie} o], Wataal oF oA A7 Hdjola, FdolA vl fok HAR
HlUE obeh HAHOERE Z28 FAAZT iz eV WA A7) 90 mm x 83 mm (0.5 A
x 045 MolH, HAHe] Z7]= 185 mm x 185 mm (1 A x 1 N)o|th o] w] 7] F-e& 2E|ZF (e, =1.06)S o] &
staom FAE 10 mmolth AAE A2 vie]AR2EF AF wix] A 5, 545 <Fig. 4b)>ol e
Wlon, 7 A= -17.8 dBE AUtk WA HE-2 <Fig. 4(c)>o YERA w9} o], Huj o5 9.6 dBiE
B3O, Eplane, Hplane ZF HIZTAO| =S EA4& AUt

z Feeding

10(0.051) I

Electric fields Fez’i‘llzg
distribution p
\ ‘ z
HHTH fTW H GTOUHd‘ .
Connector y

(@) Antenna structure and electric fields distribution

10
T~ —]
5 N yd )
10 \ / — 10
— g
Fg 15 \ gﬂ 20
— <
= °L -30
K 20 g
N 20
25 =
& -104
30
1.0 12 14 1.6 1.8 2.0 04
Frequency [GHz] 107
(b) s, (Simulation) (c) Radiation pattern(Simulation)

<Fig. 4> Antenna structure and characteristics of A/2 microstrip patch antenna
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2. M4 DO|F2AER! 2HH|Lt

<Fig. 5(2)>% A2 718 rlo] a2 2EHY GHUE Wo2 HE JHZE X 27| MR AY3S ¢H
v 725 Yehiith BAF 2740 29 HAES JHA Aol U™ FEY 725 7RIth Aol ¥
R JAdge] 44 8 44 AAE 24 dodx iy SAS 2S5 e, of W, Hol W
Y BE7A Q) dol7} F wAb 2ake] Zojrt "tk N4 A QY AR 271 90 mm x 185 mm
(05 A x 0.1 MolH, AL 7]+ 185 mm x 185 mm (1 A x 1 A)o|t}. o] uf 7]Fe 2E|2¥ (e, =1.06)S
o] &3t o FA= 10 mmolth

502, AT M4 o] AR 2ER X QU] 5, S-S <Fig. 5> YERCH, 1 A=

AA FA FHEA -175 dBE AUh AL SES <Fig. 5c)>ol YERA HEg o), 0°ollA HY o] 5
504 dBiE A oM, Eplane, H-plane EF HEZEA|E3 EAS AUtk AA] AFoA & & %ol 2
2 AA FaollA A2 718 mlolaR2ER Qb AR HF oiH] 787%<] AFsES AT

18.5 mm (0.1\)

Feeding
point
Short Electric fields z
| Ground stub me H - distribut‘ion .
Connector —4 y

(a) Antenna structure and electric fields distribution

0 p— 10+
. \\ // o]
10 = 104
= \ @, 20
% -15 g 7
- b -
E 20 = %
N
25 T
& -104
-30
1.0 1.2 1.4 1.6 1.8 2.0 0+
Frequency [GHz] 107
(b) s, (Simulation) (c) Radiation pattern(Simulation)

<Fig. 5> Antenna structure and characteristics of A/4 microstrip patch antenna
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3. ‘c’-8 =48 EC|E Oj0|T2AEZ OHHIL}

249] M4 v AR 2ER QMU I7|E B AYsslr] Y% ‘v y FUT mlo]la22EF QMY
o] FZF <Fig. 6(a)>° YERAATE. HARZ 7174A o] W A 2249 298 JAHA FPshA <t
o2 o] Yo FxE, WA Axe] A WAE TS FAAZ F Utk o] W, AAH teve] WH-L 20
mm % 9.1 mm(0.1 A x 0.05 A) °|™, A2 7|23 vlo|ARXEY HeUeke] F7] B EA HWE 98 2
10 mm =02 AAsAth ZEFYPY vo|AZ2ER- R F4E AT 78S FR4(e, =44, F71=0.8 mm)S
ARgsEA T AlEE Ol AAE <Fig. 6(b)>oll Yetlon, S4F3t 1.575 GHzolA - 168 dBY 5, 5
AL AA WAL HEE <Fig. 6(c)>oll UERA ule} 2Eo], 0° Wkl A xz-plane?] Eo7F H o5 2.86 dBiE
YeERN L, 0° Wakol A xy-plane?] Eo2] ©]5-& - 134 dBiE AUk HAHY =277 248 7]7]0] @A
7} A3t =2 A% 50 mm x 50 mm (0.26 A x 025 A)°| 22w HlE) AiH o g F7] uio nE
o] AL E e S AL E EAS el HF A Ad, 2 A FakgolA A2 71EE wlo)
AR2EFY QMU AR HH thy] 97.6%9] AFSES AT

50111m

(a) Antenna structures

—— xz-plane Ee 0 —— xz-plane Es
xy-plane Es xy-plane Es
yz-plane Eo 0 yz-plane Eo

Realized gain [dBi]
5

Realized gain [dBi]
3

= Simulation
—— Measurement

1.0 12 14 1.6 1.8 2.0 N //
Frequency [GHz]

Simulation Measurement
b s, (c) Radiation patterns

<Fig. 6> Antenna structure and characteristics of ‘=’ type folded microstrip antenna

eI AZHE 0.4 mm FAY FHE o] &3l <Fig. 6(a)>oll UERA ulel Zo) A X4t Z A2k T
A2 QbElU= A2 712 vlo]AZ2ER QHELbete] A7) B B4 HIwE 98 22 10 mm®] ol 7}
7tk FR4 7|#e] FAAR} QHeUe] FAMARE, FAWY @t 2EBE diste] FA319th <Fig.
6b)>oll= AlEdeld 2 54 ARE vluste] ettt 54 A, T4 T34 1.575 GHzollA - 122 dB
o mjH EAS ANt AMIE AL SEUlgn QY A4 AR FRkA SA A A st
SHel|LFe] WA E =4 A3, xzplaneoll Al Eg7) 0° WaFoll A A ©]5 1.2 dBiE YENN AL, yz-planeol Al
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S —

E7F0° &AM 09 dBiE LUtk AlEH A EAA A o] 5 @ 2xk9k 03 dBio| 57 eak= SHEHlV
A2 A5 HASHA A a9 FHARE S 8 et = J&% o} &3 xy-planel A Ege 0° &l A
0.96 dBiZ xz-planedll A Eg7} 90°] ©] 5342l 0.71 dBig} 0 A5 Btk AlEY ol Az} npzirA|

0.25
2wl vl Aol 27] wiZe] dAHoz F7} A Y= S4< 2tk

4. =2 OI0|32AEEF QL

AAH Y A ADE B 2 ﬁ}om slatel, <Fig. Twpsh ol WAk 2e) T WA &
o) 9%l Aolol] 39| iris FEE FH o2 WA WHE AeAATE ol 4

e HAFAGAA e 3718 & ﬁw 717 SIgelek. Iis A%l BE 3
<Fig. 710> HERIRT Irisel 57 WAkare] BROR F7b85% FUFs
Ehiom, o 24 ge Fusl A el 2718 23842 4 USE &+ 9

Sn [dB]

_ | =——Basic
15| —ris 1 ea l l
Iris 2 ea I
Iris 3 ea

=20
1.0 12 14 16 18 20
Frequency [GHz]

(@) Antenna structures (b) s, (Simulation)

<Fig. 7> Antenna structure and characteristics of ‘=’ type folded microstrip antenna with Iris

FHo=, AAe] &old Fro £YE&S F7HINY] %’4611 ZA ANUA Ty A FE] AHE F7)
T UEE <Fig. 8(a)>%} 2ol WAL 2] F7 Bo] & FA|, AA AR e} AA oUAZE F3E
T2 FE 3709 AAE FTst] VS Hot iﬁéﬂo}f T2 WASAT AAE gEY P
k9] WAL 10 mm x 9 mm (0.05 A x 0.05 A)olH, A2 7|EF wlo]ag ~EY SHELbele] 7] @ EA
22 10 mm £0]5 7FAth HAHE =7]7F 50 mm x 50 mm (026 A x 025 V)Y W], Al E# ]
A¥}, Hit o]5L 1.19 dB, WA E&2 88 % & AUk
A3 1575 GHzol A 5, 2 <Fig. 8(b)>°ll Yebliglon, 34 A3+ -38.6 dBE -10 dB thHF2 13
MHz(0.8%)E 43Tt <Fig. 8(c)>oll= AZ3 SHevte] WAbullel 54 A3E Yepf Atk A2 QHe| e
WA E A 2, xzplanedl A= Eo7t 0° BEol A o]5 1.87 dBiE YERIAL, E3, xy-plane®| A Eo=
-17 dBiB] o]5& ATk A AAT HAHo] FAH FEH U} v AR gt nls)| FAHo| Z7]
o] T WAE 3A Yeiue 548 Rt

AR oz, N2 7|EF vpol AR2EY EUe WA Hlue W, 988%2 £F3ES AT o=
A, diF oz 71 717t 73Rk F2ell W ¥ (inward perturbation) & 71l =AU, A7172] Al717}
733k BBl 9)&F W& (outward perturbation)S 718l Fo] I Fuk AdE A0S = AEHY 9EYE 3

ofy
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28 =2 B GPS tY olo|Z2AER oke|Ltel AFst

&stal, A 7P 2] AR B2 S ERERH AHVe] 27|AHHE 238 5 e 2ES
528 F vk o] ZAES <Table 1> A5ttt

B =TolA AR tEve @by, HF 2¥skd <tEue] 4 o] o]5o] 12 dBi, HE
o o] 52 0 dBi el SA4S stEsth Rt

9
7]
rO

Ty
(o3
oX
olr
tio
fo
-
ol
R
52
S
ol
r
>
A
©
ofj
M
211‘
(o r
T
=
5]
frut
okt
rlr
72}
Z
A
ox
tio

Increase volume
of magnetic energy 10 mm Decrease volume of
electric energy

o
50 mm e
y

(a) Antenna structures

xz-plane Ee 0 ——xz-plane Ee
1 xy-plane Ee 109 ——xy-plane Es
0 0 yz-plane Ey 0 yz-plane E;
ok -10 104
52 5>
E N ,;é‘ j«; én zz- 70 %
; 3 20 ﬂz E 204
30 '1: ':
=-=--~- Simulation 10 10 21
40 Measurement . o
1.0 12 1.4 1.6 1.8 2.0 < S y
Frequency [GHz] T
Simulation Measurement
b s, (c) Radiation patterns
<Fig. 8> Antenna structure and characteristics of small microstrip antenna
<Table 1> Characteristics of the designed antennas
. . . . o
Antenna Structure N2 rmcrostnP N4 rmcroslnP . . type folded ' . Small
patch antnena(Sim.) patch antnena(Sim.) | microstrip antenna(Meas.) | microstrip antenna(Meas.)
Resonant frequency 1.575 GHz
Radiating element size 90 mm x 83 mm 90 mm x 18.5 mm 20 mm * 9.1 mm 10 mm x 9 mm
-10 dB Bandwidth 89.7 MHz 74 MHz 5 MHz 13 MHz
Realiazed gain(Max.) 9.6 dBi 5.04 dBi 1.2 dBi 1.87 dBi
Miniaturization rate - 78.7 % 97.6 % 98.8 %
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v. 2 &
B =EdAe 4% =8 gt ThsdtEs &% §}§ GPS W4(L; : 1.575 GHz, A=190 mm) Plo] A2
2EY dEUE 111%8}9114 HA, A2 vl AR 2EF 9% AHUE HAlSt 71E 54& Edsta, 2

7] Hlal 7]E0 2 ARG Ty o R, \2 718 HM A22EY QHUE Wo g HE JHYES o] &3}
WAL A71E NAR 435 VY] 25 UEIITE AL Ak E9E A WS /A Aol
Fejo =& 7}111:}. Ze A FopolA N2 718 E nlo] AR 2~EY QHEVe] AL WA ti]
78.7%°] A¥SES AUATE M4 vl ARZ~ER QMU A& U AF38r] fE HAHFA A
Aol Wi AL &zbe] Edhs AHAEH B or Hol ¥ Fx2=, YA &9 1A HHe 6%
Z2AZ =y FYE wo] AR 2EF HUE ARFSIATH ol A2 712 nlo]AZ2~EY QHEVe] W
Azt A ] 97.6%°] AFSES AT FHH R, AAAL MY A7|AHA)E B 2P
ated, ‘o ZHE vlo]AR22EY QHEV AR 2xbe] Ekat WAL &b SiW Abelof 3719 iris T3
FH oz WX she WS A& ole Fa S HUE st 22 A FupgoA HELe]
A71E &FSAT17] Aol Iis 729 M7t A 22be] i g FrtEas FFa7) skt
T EAS Yehon, o254 e FugoA U] A71E 28 F deS ¥ F At
HFHOoE, A2 ol Fro} AFSES TNV A AA ARV FF FE AFE FUt
AN F AEF YA aAbe] 7t 529 £& FA, AA ouA e} A A7 3 3 2 370
Z ) A g Bd 4F G S FUHEHY FEUE BS 233ske 729 24F npo]a®
2EY EHUE Astdth. FAFI 1575 GHzolA 5,2 =4 3= -38.6 dBE -10 dB Y Z-2 13
S Atk HAME 2 A, 00 WA xzplaned] Eg7t 015 1.87 dBiE YEFMN L, 3 xy-plane
o Es= -17 dBi9] o]52 A3tk 1 A3 A2 718Y wo]AZ2EY <FHlL tin] 988 %9 WAL 24

]
_‘

l“lN
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