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Mount Location Simulation of UHF-Band Omni-Directional
Antenna for Smart UAV
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ABSTRACT

Omni-directional antennas of UHF-Band are located on the top and bottom side of the Smart UAV in order
to connect a link always. Therefore one of each antennas should be connected to a ground antenna. Because the
communication link of the omni-directional antennas is influenced by the objectives around aircraft, the clearance
of LOS(Line of Sight) should be achieved in order to avoid a loss of link. In this paper, the analysis results on
the influence of the complex objectives placed around the antenna on the communication link are presented
according to the change of attitude angles. The best positions of antennas are selected based on the
electromagnetic analysis using XGTD tool which supports the modeling of antenna pattern. The flight tests of

the Smart UAV were successfully performed with the selected antenna position.
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Aol AR ol okEl FAIR =] Fnr)
derow g E)h ke, Awe] 3 9 Aoz}
A2 o] FAR)A] of=rhd FdETI7F AT
sl B wAZE HAF Flolrk ofel] 71l
ga7leldE AT & ode BAlEEY] F50)
P o ufefF o} Flc

B o=FlAe 20129 Tl Tl ollA]
7t gkgxl AvpEFQl7|(Smart UAV) H|3)A el
AHE31AL 9l UHF-Band 74134 ghelve] &)
AAell whste] wlshAl HAF = w]RpAel] w2t
UHF-Band §A17FA]4(Line Of Sight : LOS) °33F
A& AEHolAd d1o] Smart UAV gheLe] ]3]
= AR sy

Smart UAV A|2~8] SAAAE 28] 12| Smart
UAVEAIA 28] Aol Ro] 8535
wel  FE4 83(Ku-Band), HE  EAlE=
(UHF-Band), 454 &322 72¥coh =3k ~
nlE Folgkyy] B4 ¥z 25 dolee] A
nhakel el AR EAE vlsgAle] 2 glAle]
HES vaAle AFehs A4 =(Up Link) 9}
AN 53 v)s) 2 dAa] Al ol
A4 ARE AHFshs s =(Down Link)=
Agit). Smart UAV dlo|Ej3 3= -89
/37 LOS7E R A|Hefx At FAA~"T}
H|eA|7kel| FAl B 3274d0] 7FssiRict.

e

Ground Control

Station Local Tower Control

a7 1. 2rtESRl] A aE AR
Fig. 1. Smart UAV Communication system configuration
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. XGTDE OI88t SUAV UHF-Band
StIIIM(LoS) AlE3[0lH

Smart UAV UHF-Band F-*|3F4 Slevb= 1))
A a2 el Azt shiy AAEe] 2 A
UHF-Band SAIE=E A $ls8] ARS=ch
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{Mounted Antenna>

<Ground Antenna>

2] 2. Smart UAV A& TAHE
Fig. 2. Smart UAV Simulation configuration
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7Hke] AAp| B4 =79l XGTDE AHS3le] vl
A {AF 2wl ofgt 7 ket AlE0]
A1 91AellA LOS <deAdE Elsldr) AlEHelA
E28 Smart UAV 2] UHF-Band <Y A=
Aol diste] wlgA] PAF E w]RpAl] 9
UHF-Band §A413=9] J3dS AlEHA 3o
Smart UAV UHF-Band F-#|34d olelule] 91x|=
ARz Aotk AlEHelA A2 I 2004 X
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2.1. SUAV UHF-Band Simulation -4

1) UHF-Band Uplink : #*|4} UHF-Band SFellu}
o4 #%%¥ UHF-Band 83 A3/} &)
UHF-Band &MY} 7+ Simulation $]%] )4
nlsiA Ak 2 nlsizAlel| tiste] Al hs
gk UHF-Band $4141% #1388 A3t

2) UHF-Band Downlink : §= UHF-Band SFe|
t} 7t Simulation $]%]¢l|4] UHF-Band Al3%
AE & 735 vlaAl A 2 nlsibAlel] o
sle] 24} UHF-Band StelUE E3le] 541
7Fs&t UHF-Band 41413 AH-S 43k

2.2. Smart UAV UHF-Band Simulation Z=Z4

£ AlEde|ad vl a) 2 u|eziAlel] €]
3k LOS <d3AdS BAFel7] flste] wlsiA| AL
ol & wlEoR TFEsisick AlEdleld e
o] Algrldtel] <] w]diA] Blade HE-S Al<lgh
FAS] A dleleled disixRt AlEdleld sl
™, RF A$A1s B4 F LOS FrAle 2 2%
o] Aol °Jgk RF AEEA F-inks AlEdelA
o A-g-=dck

Z 1. AEdeld =4
Table. 1. Simulation Condition
Before change After change
Item Ground UHF | Mount UHF | Ground UHF | Mount UHF
Cc icati | Cc icati | Cor i | Communicati
equipment i i i
E-plane half power| g 90 |10923 | 57.77
E-plane first null | 9, | 180 | 170.00 | 160.00
beamwidth
AlEHolAd  FAM T wE beamwith WA}

o2 E-plane half-power beamwidth®} E-plane

first null beamwidths ¥ 13} o] FAslFom,

984

B A EHo|de] ARE 2AE ®o vl =3k
elz] 2 x4k UHF ¢Hellv} Radiation Patterns L

2 33 722 40 vhehgick

E 2. AEHeA =4
Table. 2. Simulation Condition

Item

Ground UHF
Communication
equipment

Mount UHF
Communication
equipment

Antenna Type

Omni-Directional

Omni-Directional

Antenna Gain(dBi) 4.1 1
Antenna
Mounting 1 2
quantity(EA)
Transmitter RF
50 25
Output(W)
Radi
adiated 47 44
power(dBm)
E-plane half-power 109.23 57.77
beamwidth <fig. 3> <fig. 2>
E-pl first null
piane Hrst nu 170.00 160.00
beamwidth
Transmission cable 8 4
loss(dB)
Antenna height(m) 9.4 <Table. 3>

Test Frequency
(MHz)

459.99

Bandwidth(KHz)

150

180°

T2 3. 2] UHF <tellu} Radiation Pattern
Fig. 3. UHF Antenna mounted Radiation Pattern
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40 1180 [\ Al i L 1o
210 ) 7 330

240 300
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T2l 4. AAF UHF gt} Radiation Pattern
Fig. 4. UHF Antenna ground Radiation Pattern

2.3. Smart UAV UHF-Band Simulation EHXH
QHEILE %]

e gt AlEHe)Ad YA ke A

[e)

&
2o
R0
o

nai] A=A AeAw) Apte] rhgsl 9]F| ol
UHF $54lel] 3t 7o 2 gddsl= 9135 &3
o Ay sldom, 91x= 11 59 19 69} 7ol H]

A Abwsl wlala) sprel 27k 3 Al aledel

B 3. AEdHeld A slElv $14
Table. 3. Simulation mounted antenna position

Division | Location Vehicle location Remarks

Point 1 Vehicle in front

Top vehicle Vehicle center

Point 2 fig. 5
A3 places) of the top 2

. Top of aft wing

Point 3
om Vehicle left horizontal
Point 4 Lower Vehlc%e
left front portion
Lower

vehicle Point 5 .LOWCI Vehlc]? fig. 6
(3 places) right front portion

. Lower vehicle
Point 6
rear center

[l Point 1(0.06,2.00,10.8)
| Point 2(2.08,2.00,1.58)
|

/

22| 5. vl A s ket 915
Fig. b. Vehicle mounted antenna position to the top

W roint 6(3.10,2.0,0.67)
Point 4(0.90,2.1,0.675) .

|
/
Point 5(0.90,1.9,0.675)

a2 6. HIgA s s <kE 914

Fig. 6. Vehicle mounted antenna position lower

2.4. Smart UAV H[|&ix| x| L KMol st
Simulation Z=71

1) vlgA Az vgA P 2 Bz 2§
B AlEdlolde|nE Ao &gk daA
& ABdeld W] ohln Ahf-grkael
Aelel wjE e Al ola b
e AelE Yol Hkm 43

2) M]3 % H|siur} UHF S4lel vl

o:h‘%LCL ;(]Udoﬂ/q 1212_ A=) o‘[;‘d—

|

O

¢

L

A= RN i

>
o
<

3)
F Hrle vISA A, s, #A3E,
A5 Al wAZE dEEE 71201l o
B Fwo <’k HkAl BLOS(Beyond
Line of Sight) &% 5°| UHF Als T4l
o °odks F gglelu@ mlPA| A F
Roll +45, -45 degree <} Pitch +45, -45¢]
dafant Aleeold 2How 83k

o

AlEellolde] 242 vIgA -8 /Nd4d UHF
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E 4. Smart UAV H]3A] ]2 2 Aol gk AJ&Ho)Ad
S

Table. 4. Smart UAV simulation conditions for aircraft
position and attitude

Vehicle location | Vehicle Attitude

Classif DI Remarks
S istance | . ;
ication (GDT Flight | Roll | Pitch

SAV) altitude| Angle | Angle

Conditi IKm 8m 0° 0° Tak.eoff and
on 1 landing mode
Conditi o o .
1Km | 500m 0 0 Cruise mode

on 2
Conditi 1Km | 500m | +45° 0° Left turning
on 3 mode
Conditi 1Km | 500m | -a5° 0° Right turning
on 4 mode
Conditi Km | 500m 0° +45° Up turning
on 5 mode

— D :
Conditi Km | 500m 0° 45° own turning
on 6 mode

M. Smart UAV UHFZ4! Simulation
MSEI} oifM Zn}

2 AlEelA qElv AR AR 3704, 3
i 370l A] wsA el whE 2t AlEEleld =4
67}#]ell dsled UHF Uplink ¥ Downlinkel] ti3}
o] se3foick wlsdAl 72, 3%, Roll, Pitchel wh
£ 6714 Simulation =33t A3} BLOS7} A3}
= QHEIY $1A= AR AR A AllERedc 1)
3JA| UHF <Felvt 912 AAH7ia sHivlael] dhs)
] vsA| Az, 3%, Roll, Pitchel W& 6714 %=
7ol oighk AlEHelAd agh Ay 3 53 2k

E50l Be] 7+ AlEEe|Ade] Az Feld
LOS &xAME, RF 54 2 RF 72148 525
nlwsle] kgt Ay} v AbFollA= Point #3
o] n|dA| FHolX= Point #67} 71 ®Al 34
o] of53t 7o ERIEGIck 1373 138l =
FE50] FoARl 671K A dF AsA] U Al

Aol Ha) vieele.
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(dBm)

T2 7. Up-Link RF #5484l
Fig. 7. Up-Link RF transmission loss and received power

Power
(dem) =

72! 8. Down-Link RF %54l 4 440149
Fig. 8. Down-Link RF transmission loss and received
power

v. & E

E AlEe] el WlsiAl UFH-Band A3/
okeLte] 7+ $x]ellA XGTDE AlMgsle] H|A
Al 2 w)sapAlel] o3t Zb gt AlEH oA $
Z|ellA] LOSE] <d3d-S Ealslsich

% A&l Z3} Smart UAV  UHF-Band
FAEA gkt Ak AlEwelAd AR NE v
A A= 18 99] Point #37}, 3ol 18 10
2] Point #65-Ee] 7P A3kgE ElER AH3sirt
= A4S vgick

Smart UAV H|8§A] UHF ZZAA9NXZS A3}
2, AAZE Smart UAV v|8§Alol] AFF-oll 73] 11
°] Point #3 A& Smart UAV B[S Aol 3]
18] 129] Point #6 A|Ael SHEUE w3 243}
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AlEolA

5. Smart UAV UFH 41 Al&do]Ad

* e7E A A
Table. 5. Smart UAV UHF transmission performance evaluation simulation analysis recreation

Division Top vehicles Down vehicles
Conditi{|  UPlink
ondit 1n. Item Point 1 Point 2 Point 3 Point 4 Point 5 Point 6
on /Downlink
Loss(dB) 87.890 87.890 87.890 87.890 87.890 87.880
Received
Uplink ecetve -37.790 -37.790 -37.790 -37.790 -37.790 -37.780
power(dBm)
) LOS 0 0 0 o 0 0
Loss(dB) 92.730 100.180 88.890 82.440 83.960 85.930
Downlink Received -47.630 -55.080 -43.790 -37.340 -38.860 -40.830
power(dBm)
LOS 0 0 0 0 0 0
Loss(dB) ; ; 90.140 90.120 90.120 90.120
Received
Uplink ecetve ; - -44.870 -44.850 -44.850 -44.850
power(dBm)
) LOS x X o o o 0
Loss(dB) - - 94.950 88.940 88.940 87.280
Downlink Received - - -49.850 -43.840 -43.840 -42.180
power(dBm)
LOS x X 0 o o 0
Loss(dB) 87.820 87.820 87.810 - 87.820 82.820
Received
Uplink ecetve -39.720 -39.710 -39.710 - -39.720 -39.720
power(dBm)
5 LOS R 0 0 x 0 0
Loss(dB) 89.190 87.230 87.880 87.450 - 88.260
oo
Downlink cceived -44.090 -42.130 -42.780 -42.350 : -43.160
power(dBm)
LOS o 0 0 o > 0
Loss(dB) - - 118.370 118.270 118.240 117.330
oo
Uplink cceived - - 72.270 72.170 72.140 71.230
power(dBm)
A LOS x X 0 o o 0
Loss(dB) 107.090 97.690 108.160 99.840 102.560
Received
Downlink ecetve ; -61.990 -52.590 -63.060 -54.740 -57.460
power(dBm)
LOS x 0 0 o 0 0
Loss(dB) 91.250 91250 90.320 91.240 91.240 90.320
Received
Uplink ecetve -43.150 -43.150 -39.120 -43.140 -43.140 -39.120
power(dBm)
S LOS 0 0 0 o 0 0
Loss(dB) 91.250 88.730 91.420 83.060 88.800 89.990
Received
Downlink ecetve -46.150 -43.630 -46.320 -37.960 -43.700 -44.890
power(dBm)
LOS 0 0 0 o 0 0
+1(dB) 91.290 91.300 91.300 91.280 91.280 91.290
. Loss(dB) ~43.190 ~43.200 ~43.200 ~43.180 ~43.180 ~43.190
Uplink Received
eeerve 0 0 0 o 0 0
6 power(dBm)
Loss(dB) 91.290 104.770 91210 91.270 91.290 87.800
Received
Downlink ecetve -46.190 -59.670 -46.110 -46.170 -46.190 -42.700
power(dBm)
LOS R 0 0 o 0 0
987
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T2 9. wIgA A e HFAA S1A

Fig. 9. Final selection of the top point vehicle location

T2 10. wlEiA s ERlE 2FAA 91

(1]

(2]

(3]

Fig. 10. Final selection of the lower point vehicle location

(4]

(5]

% 11. Smart UAV B34 A 2 E oke} 53
Fig. 11. Smart UAV Arcraft with a top point antenna
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(6]

(7]

(8]

T2l 12. Smart UAV B]3A 35 2 E ghe} -zt
Fig. 12. Smart UAV Arcraft lower mounting point antenna
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