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Abstract

In the military, where the importance of Manned-Unmanned Teaming(MUM-T) technology has recently been
emphasized, the need for a downsizing and lightweight antenna that can be easily mounted on aircraft while
providing stable data-link is increasing. To meet this demand, it is essential to optimize the required specifications by
minimizing unnecessary margins through reasonable analysis at the system design. In order to optimize the required
specifications of the antenna, this paper proposes a method of obtaining the driving specifications required for the
antenna drive unit from the mechanical viewpoint and the 3dB beam width specification required for the antenna
radiator from the electromagnetic viewpoint in consideration of the system link budget and the movement
characteristics of the target platform. In addition, the level of optimization is evaluated by calculating the downsizing
rate and the lightening rate through comparison of the specifications of the product that is currently under
development based on the proposed method and the similar product that was previously developed.
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Table 1. System link budget

Group | Primary datalink
[tem Downlink type 1
Distance (km) 40
Bit rate (Mbps class) 22
Bandwidth (MHz) 28.80
Transmit output power (dBm) 36.5
Transmission cable loss (dB) 25
Unmanned vehicle antenna gain (dBi) 21
Manned vehicle antenna gain (dBi) 21
Path loss (dB) 14796
Receiving cable loss (dB) 035
Atmospheric/Rainfall loss (dB) 8.95
Noise figure (dB) 6.5
SNR (dB) 4
Receive sensitivity (dBm) -87.41
Link margin (dB) 6.18
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Table 2. Spedifications of mounted antenna with a similar system

Group
ltem REF
Product number Ue+(Q751
Common Manufacturer Hanwha systems
specifications Size @100%x275
Weight 2.7 kgf under
Rotation type 2 axis
Rotation | Azimuth | 360° (Continuous)
range Elevation -5° ~ +85°
Mechanical | Maximum | Azimuth 120 deg/s over
specifications %%éli?; Elevation | 30 deg/s over
Maximum | Azimuth N/A
angular .
accel%ration Elevation N/A
Frequency Ku-band
Electro- Gain 21 dBi over
magnetic Polarization Vertical
specifications 3B Azimuth 125° over
beamwidth | Elevation 6.5° over

. QL AQKIH x|Xst M
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Table 3. Target platform movement specifications

Group Manned Unmanned
[tem platform platform
Model name LAH (symbol H) [MUAV (symbol U)
Maximum velocity 242 km/h 360 km/h
Maximum altitude 46 km 13 km
Maximum climb rate 89 m/s N/A
Maximum descent N/A 342 m/s
rate (Estimate)
-20° ~ +20°
Fol NA (Estimate)
Posture tilt | . -20° ~ +20°
range Pitch N/A (Estimate)
Yaw -180° ~ +180° | -180° ~ +180°
(Continuous) (Continuous)
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¥ Assume that all vehicle move constant velocity
at full speed Altitudinal Range :

0 ~ 13.0 km

100 m/s

(360 kmph,

=100x sin 20")

Altitudinal Range:
0 ~ 4.6 km

67.2 m/s (242 kmyh)

a8 1. BRI ZEE J|SH e D2t SEE iRz
Fig. 1. Worst case layout considering movement
specifications of target platform
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ggmf:.m R Group Required driving specifications
g S0 soom Maximum angular | Maximum angular
<= 9 5 00 s 200 250 200 Direction velocity acceleration
Time(sec) . o
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L= |
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Fig. 4. Rotation driving graph of azimuth plane
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§::ZZZ T Table 5. Target drive specifications
2 E [
% of \\ Group Target driving specifications
> L ' ' L L L L . .
0 50 100 150 200 250 00 350 400 Maximum angular Maximum angular
- e Direction velocity acceleration
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Table 6. Typical error values of manned/unmanned vehicle

Group Manned vehicle | Unmanned vehicle
Direction (symbol) (symbol)

GPS | Azimuth | About 20m (G, 4.) | About 1.0m (G )
eror | Elevation| About 10.0m (G, )| About 5.0m (G, )

(
Rol | 05 under (Z;,) | 03 under (7,
g\r/lrloJr Pitch | 05 under (Z,,) | 03 under (7,,,)
Yaw | 10" under (Z;,) | 06 under (7,

Antenna) Azimth | 0.1° under (A, ,.)| 0.1° under (A,,,.)
rotation

error |Elevation| 0.17 under (A ,;5) | 017 under (A4, )

o 9% mAES HAs
Skl _/1:3 HE-& ALkt g A %/—?*?_710 £
Azt A Ha HAAE 150m2 A
& AE FY F&3h v/—rd7]4 GPS 2AtAE
o] w& CEP(Circular Error Probable) zzy 27
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FACE Oxs u, o2 A 9_%}7_}% A=
6, 78 20l 0,9 ¢py o2 HERE F ST
 OCyar < 2)

[m]

O(Gy.az % 2)
[m]
J% 6. GPS 274 z(ol ofst =0 2XH24 (2he|2t HH)
Fig. 6. Maximum error angle due to GPS error (Azimuth
plane)

A O(Gy.1x 2)
[m]

,/"}1’5.51

Dy (= 150m)

OGrrx2)\
[m] \ ~

J% 7. GPS 2x4zloll ofst =0 2AZHZ HH)
Fig. 7. Maximum error angle due to GPS error (Elevation
plane)
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Fig. 8. Azimuth maximum error angle according to
horizontal distance
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Fig. 9. Elevation maximum error angle according to
vertical distance
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Table 7. Maximum error angle based on GNSS tracking
technology

Maximum error angle

Group (Dy= Dy, = 150,gn) Required
3dB

Directiol [GPS] error [GPeSr;r(Llr\/IU] [grl?ts]ﬂe,\r/lrg: beamwidth
) 1.15° 2.15° 2.25° .
Azimutt (0 54.) (G,HEAz) (6" wEa) 449
) 405 455 465 .
Elevation (QSEEI) (QS,HEEZ) (¢/ ,HEE) 9.31
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Table 8. Patch array antenna specifications according to
element arrangement structure

iU Case 1 Case 2 Case 3
[tem
Example | |o oo oo o] [T bl Framsaeieeey
shape S Io oFe ol
Array 6 x 6 4 %8 2 x 16
structure

Size  [110mm x 11Q0mm| 80mm x {14Qmm | 50mm x 270mm

Gain 21 dBi over | 21 dBi over | 21 dBi over
3dB | Az 8" over 6.5 over 3" over
beam
width | El. | 8 over 1257 over 24" over

AW
1313:] o]l‘:— H]s@;{ﬂ_,] zsleﬂoﬂ
- #olE Wil A 0 ~ 360°
(Con), 17} -5 ~ 85" WHYZ QY 75 A 8
TS HAagsta, ol Fe dHA S o dYs
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o oldle A7 Sl 1z(r2]) WEe] welg
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Table 9. Comparison of specifications of mounted
antennas with a similar system

Group REF PAU

Product number|  Ux=+0751 HMUT21000
Common Manufacturer |[Hanwha systemsHanwha systems

ltem

spec. Size @193 x 275 @170 x 160
Weight 2.7 kgf under | 2.3 kgf under
Rotations type 2 axis 2 axis
Rotation |Az| 360° (Con.) 360° (Con.)
range | El.| -5° ~+85° -5° ~ +85°
Mecha-| Maximum | Az| 120 deg/s over | 65 deg/s over
nical | angular
spec. | velocity |El| 30 deg/s over | 20 deg/s over

Maximum | Az, N/A 50 deg/s® over

angular
acceleration| E- N/A 5 deg/s® over
Frequency Ku-band Ku-band
Electro- Gain 21 dBi over 21 dBi over
magnetic|  Polarization Vertical Vertical
Spec. 3dB Az| 125 over 12.5° over
beamwidth | EI. 6.5" over 6.5 over
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