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UAV O|O|E{2 3 MHAH N2FALS

-> HO|H &3 A|AHEIO] 37|, A M2
Zhd| 2| EF(EO/SAR imagery, Motion Imagery, Elint,
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(=2017| 2871El?)
& Cllo|[EHZE 1t 55/ (00bps, G&f, CO[H...)
24(s-band, c-band....)

/'™ (CRC, RS, Viterbi, Interleave...)

OLE|RH Y, H|SH(FH, DSSS, RS2,4,5, IDEA, AES,...)

‘4 Ct =& (FDM, TDM,...)
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Link Budget Analysis
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Link Budget

900MHz LINK BUDGET ANALYSIS

UPLINK

Parameter Value
Operating Frequency (Fo)
Wave-Length(Lambda)
Operation Range (Ro)

-0
x

pall
i
> OH O
Ral
>
>
o
o
>
ol
pal

o
oy
l__é
[0
9.'—'
Ao
of
> o
N

Transmitter Section

N \d

o
N
0X
o

Transmitter Output Power

Diplexer Insertion Loss
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EIRP (Effective Isotropic Radiated Power)

FREE SPACE LOSS(32.5+20logFo+20logRo)
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Frequency Designation Chart
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~ Atmospheric Absorption
A Y=

Airplane

‘ ) DD

____Cloud and Fog

up fo Scintillation —

30km

Rain Attenus
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Attenuation of Oxygen and Water Vapor (density 7.5 gfms) Zenith Attenuation of Oxygen and Water Vapor (density 7.5 g/ma)
for a Horizontal Path (1 - 30 GHz) for a Vertical Path (1 - 30 GHz)

T
'

.
t

=
£
=
g
[is]
-
=
c
e
®
=
c
=
I

Zenith Attenuation (dB)

Frequency (GHz) Frequency (GHz)
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ATMOSPHERIC ATTENUATION

Tropical
Downpour

Heavy Rain

Medium Rain

Light Rain

/ - g e T Drizzie
Rainfall rate
{mmvhr)

Attenuation (dB/km)

-

Frequency (GHz)

—e— BPSK/QPSK
—&8— 8-PSK
—&— 16-PSK

1 L

2 e 6
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Azimuth(Yaw gt}
2h)

Elevation(Pitch gtsk) Elevation(Roll &}k

Phi=180 Phi=270
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RF Connector M A| &F

Connector Type Normal Impedance Frequency Range Insertion Loss Connector Durability

MCX 50 Q DC ~ 6 GHz 0.06,/ f|GHz| dB 500 Cycles

MMCX 50 Q DC ~ 6 GHz 0.06y/ f[GHz] dB 500 Cycles

SMA 50 @ DC ~ 18 GHz 0.05,/ f|GHz| dB 500 Cycles

SSMA 50 Q OC ~ 40 GHz 0.04 /flGHZ dB 500 Cycles

DC ~ 4 GHz(@50Q)

50 Q, 75 @ o0 o
DC ~ 1 GHz(@75%) 0.2y /|GHz| dB ycles

DC ~ 10 GHz(@50Q)
50 Q, 75 Q 500 Cycles
DC ~ 1 GHz(@75Q)

DC ~ 6 GHz 0.6 dBmax 500 Cycles

DC ~ 4 GHz(@50Q)
50 Q, 75 Q 0.2y f|GHz| dB 500 Cycles
DC ~ 1 GHz(@75Q)

50 Q, 75 Q DC ~ 4 GHz 0.2\ f|GHz] dB 500 Cycles

Note : X|Z=ALEH ALYO| CHE = Q=2
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S 41742[ : 200km

04 1 14.9GHz

K| &FOtE| L = 0] : 2m

HMEZIF:

27{2| Vs. EAH|IEIE

72l(km) | EH g DEm) | 1 E;Z?Ssegrf)one

o | 2 @/ 0o
| 60 | 203 | 29 0000
| 80 | 37 | 00003 0000
| o0 [ 451 | 0 3 0000
| f70 | 1619 | 23 00
200 | 2232 | 0
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CHE st/
ALHS 2t
(MUX/DEMU

/523
(Encoder/Decoder)

QIE{ 2| H/C| 2B 2| H

(interleaver/deinterleaver)

H/2 s
(Encoder/Decoder)

Cf oietat B/ 2

—7 =
(spread, modulator/demodulator)

218 2| B /C| 2 Ef 2| H

(interleaver/deinterleaver)

o/orEHE 7|

(Up/Downconverter)

FEEVOEICES
(spread, modulator/demodulator)

y

SH/NYSSET|
(Up/Downconverter)

/s ety
(Up/Downconverter)

v

4

O|5&47]
(Duplexer)

OHE{|LE ZEIA|
(Antenna Ass'y)

D=H/NYBSET]
(Up/Downconverter)

A

o|s&47|
(Duplexer)
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28 7

A172| : LOS 50 km
sl EREEPEEICHETVEER 2L EE
| RH5 =5 : GPS 7|2t Q| X| =X

[ E417{2]: 50km LOS ]

Copyright 2020 DUTA Technology




1 24 GHz & 5.8 GHz H| &) CHS! AF H7
7| 2150 kg X1} : TS| O AFR HD

SHELIZZHE/ |  So[ArY H| 2
OHE]|L}0| S

10mW/Miz, 6 dBl  SLAG|O|E & H| o5
(B]Th 1 Werr)  MAIAES

0.5Mhz OI** 26Mhz 0|3}

ML 1 10mW/Mhz O|3})

5030~5091 Mz 250 kHz O|LH 51718
(A=)
5091~5150 Mz 20 Miz O| LY 2 5718

(5100,5120,5140 (Als=)
MHz =4 14.5 BW) K| SR O =

5650~5850 Mz 80 Mz O] LY 10mW/Miz, 6 dBi 2 MO0l & H| O &
(5650~5725 Mz, (X[CH 1 W) R E =
5725~5825 Mz,

5825 ~ 5850 MHz)

=N ICTeg
2020 4l
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Modulation
Availability (%)
Mz
TDD Data Rate (kbps)
Frequency (MHz)

AIS A ZE(MH2)

Path Loss (dB)

HitE 2 (dB)

99% O] At

5

76.8kbps

5091
0.25
+33

-1.0

2.0

MB0[=0{L 20.4dB@50km
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Modulation

Availability (%)

95% 0|4t

Uz ZE (FER) %

5

Data Rate (Mbps)

10

Frequency (MHz)

M= Y Z(MHz)

0|=0{ L 15.3dB@50km
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Ethernet
RS-422
RF/IF
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2

UHF-Band
UHF-Band —~y
RF TDD
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=2l 3(C-band)

|

I

T 1152kbps >
RS-422

C2S(UHF) Bypass
1152kbps 7|

I
I
4_:
I
I

RS-422

|__GNSS=Z3F
19.2kbps

RS-422

CA Status

I

I

|

I

I
19.2kbps

I

Uplink
C2(19.2kbps) |

GNSSE & (19.2kbps) |

Downlink
|  Status(19.2Kbps)

| CA Status(19.2kbps) )

2 %2 3(UHF)

Uplink
< C2(19.2kbps) |

| Status(19.2kbps)

Downlink >

HIO2E3

Video(5Mbps)

Ethernet

«+——~C2S

<4+—GNSSEF

——CA Status+—»
Video

Stream

Ethernet

C2S(UHF)
Bypass

GNSS T & —

—CA Status»

ADT : Airborne Data Terminal

C2S : Control Command and Status

DGPS : Differential GPS

FCS : Flight Control System
GCS : Ground Control System
GDT : Ground Data Terminal

GNSS : Global Navigation Satellite System
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gadlo Aubu]7pAA J’W
28 Alo]o]| o] Fo]A = A
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& - OIO|EHZE A= OF

Celluar Communicaton(LTE, 5G)
Satellite Communication
WiFi & Long Rage Air to Ground Communication « BVLOSH|&H 7}&
H|H3S| | P2P Ad Hoc Network « A EH
ANZE-21K| 5712} 8

Digital Network
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Global Hawk Data Link

Global Hawk of 2= |3 Communications HI0|E{&3 HZE A

ZHAd E3 “H|Z7FAM F3

Z=It%= : X-band = =1} : Ku-band

e e

Data rate 200kbps « Data rate 200kbps

Viterbi Coded(R=1/2, K=7) « Viterbi Coded(R=1/2, K=7)
Interleaved e Reed Solomon R=192/208
BPSK e Interleaved

DSSS » QPSK/BPSK

steraa

Data rate : 10.71/137/274 Mbps » Data rate : 1.544 ~ 50 Mb/s
Viterbi Coded(R=1/2, «Viterbi Coded(R=1/2, K=7)

K=7)(10.71 Mbps rates) « Reed Solomon R=192/208
Interleaved(10.71 Mbps rates)
« Interleaved

Offset QPSK « QPSK/BPSK

— X|&H1IT
;(l))vVatt(T WTA — Zlaim} « 400Watt(TWTA — I3}
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Design of UAV Systems

UHF SATCOM
Command & Control System

gue g

& I

Common Data Link
Line of Sight System

L3 Communications
Integrated Communications System
Ku-Band SATCOM System

TeE s

Ku-band antenna
Diameter =1.22 m

Operational issues

 Link availability

« Bandwidth availability

* Logistics

- Transportability
* Operations and support cost

Copyright 2020 DUTA

Design issues

* Transmitter, receiver
- Size
- Weight
- Location
 Antennae
- Ditto
* Power and cooling
» Cost and complexity




Design of UAV Systems

B . S b naytheo;l

communications

-

Global Hawk GDT
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Design of UAV Systems

UHF SATCOM L3 Communications
Command & Control System Integrated Communications System

- - SATCOM System
e ‘ w ¢ Ku-Band . )
TN

UHF LOS Command &
Control System

LAY

& 3J

Common Data Link
Line of Sight System

NORTHHOW GRUMMAN

Apgeowad tor Puisle Rebaase [Disintuhion Unbrmited
August 12, 19%%
A2 A5 3048 cgf 1)
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Global Hawk Data Link
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