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

Bok-Sob Song’o, Hyeon-Cheol Lee’, Seung-Bum Kim"
e o

2mFERSI7](Smart UAV)S] UHF-Band 7R3 Slellu= vlsiA] AR 2 shtol] 22 shiy Abzks]e] o
SA4] UHF-Band 3A1¥9=ZE 74371918l A8tk UHF-Band 74|34 <telvle] SAlR =+ <helv A219]A]
o wel FAIZMA(Line Of Sight)®] <3k WA =w, 541 7MAA st G5 elck £ el 2ntE
Fel7] vl A 2 wjszpAle] ulE UHF-Band FAZFAAIS] od3ks- BAsldnh o]E flell B3kt A9
FHER7), A R B kel Aol wigE A4S Fesiedeh qhEuEA] od S|
2S¢ gl AHAP] B4 = XGTDE AREste] A&l slglow, FAlo] 71 £ EX]Ael gk
o] 9122 &Asle] I F AAR AntERQl|] Hgalo] AAbsich

-o- 7_;];((4){5].04 wnd

Key Words : Smart UAV, UHF, UAV, LOS, Uplink, Downlink

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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2.1. SUAV UHF-Band Simulation -4
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2.2. Smart UAV UHF-Band Simulation Z=Z1
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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, | 189 | 170.00 | 160.00
beamwidth
AlgHolAd  FAM T wE beamwith WA}

gt° 2 E-plane half-power beamwidth®} E-plane

first null beamwidths X 13} Zo] FAsloH,
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Aol

o AHeR 2Re st P wd
Z]AF UHF ¢Fellv} Radiation Patterng L

39} 23] 40 epigc

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

Ground UHF Mount UHF
Item Communication Communication
equipment 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
459.99
(MHz)
Bandwidth(KHz) 150

\180“

T2 3. 2] UHF <tellu} Radiation Pattern
Fig. 3. UHF Antenna mounted Radiation Pattern
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Fig. 4. UHF Antenna ground Radiation Pattern
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Table. 3. Simulation mounted antenna position

Division | Location Vehicle location Remarks
Point 1 Vehicle in front
i Vehicl t
Top vehicle Point 2 ehicle center flg 5
(3 places) of the top
. Top of aft wing
Point 3
om Vehicle left horizontal
Point 4 Lower Vehlc%e
left front portion
L
ov.ver . Lower vehicle .
vehicle Point 5 . . fig. 6
right front portion
(3 places)
Point 6 Lower vehicle
rear center

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

e

Wl Point 3(4.76,1.38,1.77) E

J2 5. BA AR 'R <k 93]
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 14

Fig. 6. Vehicle mounted antenna position lower

2.4. Smart UAV H|8H| 2IxX| L XtAof| 2fst
Simulation Z=71

1) vIA A=) wlsgA A 2wt oJ’t
Fepd AlEdoldolng Al <3 JIA
- AEHeld diide] opdn A
Aelel] whe A2 ARl o3 sl
b 72 ez 1kmE A3

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

b g AW P el o] 3% w
Ao wwolma Asebe} olurt ef

2 8mE A3k

A= wsEkel 2|3k UHF A5 5
B ke vlEA A s, 24,
A3 A wSAE SRR 7]Eold o
B #wo <’k "kl BLOS(Beyond
Line of Sight) 34} So| UHF A3 %41
o QS F= Qlo|nE u|PA A F
Roll +45, -45 degree <} Pitch +45, -459]|
A nt AlEee]d 271o® #-83h

3)

SN

(o3

Aleelolde] 242 vIgA -8 7Nd4d UHF

985



E 4. Smart UAV H]3A] ]2 2 Aol gk AJ&Ho)Ad
=7

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

Vehicle location | Vehicle Attitude
Classif
i R ks
ication D(lét%nfe Flight | Roll | Pitch emar
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 UHFZ4l Simulation
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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
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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 eceived - - 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 O 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
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O 9. mPA A EQIE HFAA 1A
Fig. 9. Final selection of the top point vehicle location

J& 10. vl&A 3 ZIE HFAA 91A
Fig. 10. Final selection of the lower point vehicle location

% 11. Smart UAV B34 A 2 E oke} 53
Fig. 11. Smart UAV Arcraft with a top point antenna
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3% 12. Smart UAV B|3JA] - ZE gk} -2
Fig. 12. Smart UAV Arcraft lower mounting point antenna

(1]

(2]

(3]

(4]

(5]

(6]

(7]

(8]

References

DoD, Unmanned Systems Integrated
Roadmap, FY2009 -2034, Apr. 20009.

B.-S. Song and J.-W. Kim, “IT convergence
in the Unmanned Aerial Vehicle(UAV)
industry,” J. Korean Inst. Inform. Sci. Eng.
(KIISE), vol. 31, no. 1, pp. 64-70, Jan.
2013.

B.-S. Song and J-W. Kim, “Location
simulation of Ku-band omni-directional
antenna for smart UAV,” in Proc. KICS Int.
Conf. Commun. 2013 (KICS JCCI 2013),
pp. 133(A13-3), Gyeongju, Korea, May
2013.

S. T. Kim, S. B. Kim, J. H. Yoo, and B.
S. Song, “A study for performance
improvement on the receiver’s selectivity
and RSSI by changing a conversion
structure of the receive frequency,” in Proc.
KSAS Int. Conf. 2013(2013 KSAS Spring),
pp. 88(FC9-1), Jeongseon, Korea, Apr. 2013.
K.-W. Seo and S.-C. Choi, “Revitalization
of Unmanned Aircraft System R&D for
export,” Korea Assoc. Defense Ind. Studies,
vol. 19, no. 1, pp. 124-152, June 2012.

S. M. Lim, “UCAV developments and
development plan,” Defense & Technologl.,
vol.345 , pp. 65-80, Nov. 2007.

Teal Group, World UAV Systems 2011
Market Profile & Forecast, May 2012.

S. W. Choi, M. K. Lee, S. H. Jang, and J.
M. Kim, Development of practical tilitor



= | 2PRESQl7]8- UHF-Band 72|34 qhelvhe] shaj9)2] Al E#Ho]A

UAV, KARI-AVT-RP-2012-004, Dec. 2012.
91 S. H. Oh, Trands of UAV System
Technology Developments, KARI-UMTTM-
2012-005, Dec. 2012.
[10] NextGen UAS Research, Development and
Demonstration Roadmap, Version 1.0, Mar.
2012.

& 5 & (Bok-Sob Song)

2005 24 ghivisla 7)57E
T3t =4

2007 29 ghgdishal AR5
Al sk Asresht
AL

2011 29 hgefshal A RE
Al AEdskd A5tk

2012 79 ~&A =Rkl Al
<ol elde7], SAlAm|s, ElolelEAl

&

0] & & (Hyeon-Cheol Lee)
198741 2 ZAHehsta Adx}
233} s}

s 7y 19891 29 ZAEehsta Ax}
o i 8t At
< 2001 129 Texas A&M

‘ - University 7] 5815} 1k}

Q 198911 2¥~1996\d 7Y =}
et T4 Al

2002 29~2003% 29 Texas A&M University
Z At} 3ukAl (Post-Doctorate)

2003 49~ =TTl AT

<FARol FAEAL <dAteleld

2 & ¥ (Seung-Bum Kim)

2008 249 <qlAdEtw A}
Fehat £4

2008 ~&A] (= H=
ERA dTA FIlT

989




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


