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ABSTRACT

This paper investigates using small UAVs as communications relay nodes for expanding
communications links and improving communications quality, primarily for a fleet of
ground or navy vessels. An airborne relay in ground/maritime space can effectively
connect to units operating over the horizon, beyond normal communication range, or
under limited satellite communication environment. Even if the equipment development is
mature for communications relay, where to locate UAVs for efficient relay is still a
pending question. With this background, this paper will develop high-level deployment
algorithms to optimize the location of UAVs for improving the connectivity of a wireless
network among a fleet of ground or navy vessels.
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Fig. 1. Equipments for VHF/UHF
communications relay of Northrop
Grumman (a), LMAR of Thales (b)
[captured from the websites of
Northrop Grumman and Thales]

A7EQL AApgst A ote g 5§
1SAE A S s &R
4 F AE A2 vug Az A
sotth g FAFFIIE ol &3 FF A
F A= @A Predator, ERMP (Extended Range
Multi Purpose UAV), Fire Scout, Hunter9} %
S HAeEw FAFE7 AREEHL de 71EY
A dAE = AY2]. Fig 1(@)°lA =
A8k Northrop Grumman®] SJAlF4 AHl=
VHF (Very High Frequency)®} UHF (Ultra
High Frequence) tigel = HF A 43S
A 75 vl B2l AZEd O] 22 A
495 ATt 9 AdEe FANEE =94
%l AREo] ZhsstH, AWA/ FUE/ AN E A
£ 93 AEE A4 & 5 Jdvh w3, AARE
FdH 2 1 Holy FAs A% ER
L-Band ZA712 T35t At} Thaleso A=
9= Watchkeeper ZZ13-&  9]3] LMAR
(Lightweight Multiband Airborne Radio)®] #-&
HAS Zidstar 9lem, ol Fig. 1(b)ollA &
B g g F U AV RES SHA)] 7

TAE ARSI AY AR220Y FAeE A
A & AEF AAH U

H

of

23

> ~{1I
o 2

ATF4e H Dragon Warriorgt= 3
AgqE7E ol &std B} Ao FEHF
& e o FAFAE F55HI
sASA SHF
A7 =8N Fig. 29 2t
FE¢TFATLA o8] AEol
TASA ARE &&= 3]

o
i

BN X oX,
Og‘:,“
ﬂ(}ﬂ
=
e
(o
&
f

>
rr
M

o =
i
¥o 9
o X
=0

rd > 10 oo Y e HI 2

ofN ¥ it ofy
© [o fu

4

ok

o

o

re

-

B~

2

>

fr

N

)

n

off LS &L

23 Abolol N RGFIE o §
=

Objective Performance:

- Comms range: S0 nmi (90km)

- Internet Protocol rate: 1 Mbps
- 28-35 pounds in payload weight

Fig. 2. Dragon Warrior's objective performance
and the operational concept [captured
from the website of the US NRL]
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Fig. 4. An example of the minimum
spanning tree[11]
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Table 1. Communication module “MM2”
specifications

Frequency Range |902-928MHz
Transmission power 1w
Range @LOS 96km
Received noise -103dBm
power @115.2kbps
Weight 149

Table 2. Communications parameters

Parameters Value | Dimension
Transmission power P, 30 dBm
Received noise power N -103 dBm
SNR requirement -~ 10 daB
Propagation loss factor o 3 N/A
Antenna gain constant Cj; 1 N/A
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Fig. 6. The MST connection of a fleet of
eight naval vessels with a single
UAV engaged for communications
relay
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