
































Transmit Power (dBm)

Transmit Antenna Gain (dB)

Transmit Cable Loss (dB)

Transmit EIRP

Path Loss (dB) (5 GHz, 25 NM)

Atmospheric Loss Margin (dB)

Multipath Loss Margin (dB)

Receiver Antenna Gain (dB)

Receiver Cable Loss (dB)

Received Signal Power (dBm)

Thermal Noise @290 K

Receiver BW (dBHz) (20khz &320Khz)

Receiver Noise Power (dBm)

Carrier-to-Noise Ratio (CIN)( dB)

Implemented Loss Margin

Safety Margin (dBO

Required CIN (dB) with Convolution Code

Command Telemetry

Ground to VA VA to Ground

30 32

28 -10

-2 -2

56 20

-138 -138

0 0

-20 -20

-10 28

-2 -2

-94 -92

-174 -174

2 2

43 55

-129 -117

35 23

-4 -4

6 6

12.5 12.5
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Scenario 1 LOS COMMAND CS-1 to Vehicle Top and Bottom Antennas: No Rain,
20mm/hr,90mm/hr

Scenario 1 LOS Telemetry CS-1 to Vehicle Top and Bottom Antennas: No Rain, 20mmlhr,
90mmlhr

_Top: None

_ Top: 20mmlhr

_ Top: 90mm/hr

--Bottom: None

_Bottom: 20mm/hr

_Bottom: 90mm/hr

--Top: None

--- Top: 20mrnlhr
-.- Top: 90mrnlhr

-- Bottom: None

3 dB antenna on
telemetry Ground

$! ~
0 ...... ...... ...... ...... N

r<-: i:fj i:fj i:fj i:fj i:fj i:fj i:fj i:fj
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~ ~

Scenario 1 Mobile Cruiser
~ ~

Scenario 1 LOS COMMAND Mobile Cruiser to Vehicle Top and Bottom Antennas: No
Rain, 20mmlhr, 90mmlhr

Scenario 1 LOS Telemetry Mobile Cruiser to Vehicle Top and Bottom Antennas: No
Rain, 20m/hr, 90mm/hr

:.. ..r'~1rY/...- :...
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85 -,--'-----.,.------------------------,
80 +---------------------------.1
75 +----------~------------___=___=_-'-_J.,
70.--------------------------.,
65 ....--------------------------..J
60 .------------------------.., ,--- _
55 .. ....., ...... Top: None

iii" 50 +I~--------~~----------------- ...., -.-Top: 20mmlhr
::!. 45 +-1..,.----------------------------,..-.., __ Top: 90mmlhr
o
~ 40 --Bottom: None
w 35

30 +--,,..----------------------INI'--__j
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-.-Boltom: None

__ Boltom: 20mm/hr

-.-Boltom: 90mm/hr
__Top: None

__Top: 20mm/hr

__Top: 90mm/hr
12.5 dB required
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• •
• Scenario 1 - Results
• There were many links calculated for this and the other scenarios. The rain was analyzed for

99.9% availability with rain rated of none, 20 mm/hr and 90 mm/hr at a height of 5 km out to 25
NM. This was done for each scenario for LOS and for BLOS links for Scenario 5 and 6.
Scenario 1 was a LOS-only scenario.

• Use of two 3 dB Antennas on both ends. The CS2 was unable to maintain a control RF Link
during the flight. The largest access gap periods between object top and bottom UA antennae
were caused by terrain (ridges and hills). The CS Antenna was changed to High Gain
Directional Antenna, all three CS maintained lock on vehicle.

• There were RF dropouts between the top and bottom UA antennae caused by aircraft
obstructions (fuselage, wings, wheel assembles, etc.). Note that for this study antenna locations
were placed on top and bottom center of the UA body. Future study should include actual UA
antenna locations on the aircraft providing manufactures are willing to provide information.

• The importance of CS location(s) was demonstrated for primary or backup CS. With a second
backup CS placed in a suitable location the UA was able to maintain an overall RF link. The
actual location of both backup CSs required the antenna location to be place 150 ft above ground
in order to establish a RF link between the UA and CS.
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Scenario 5 LOS COMMAND from Bakersfield to Vehicle Top and Bottom Antennas: No Rain,
20mmlhr,90mmlhr
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Scenario 5 LOS Telemetry from Vehicle to Bakersfield Top and Bottom Antennas: No Rain,~ ~ ~
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Scenario 5 BLOS COMMAND from Bakersfield to Geo and from Geo to
Vehicle: no rain, 20mm/hr, 90mm/hr
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~ ~

Qualnet Land Line
~ ~

Qualnet was used on this scenario to analyze if there was any dropped packets and what the delay would be. This was a
very high level approach to this analysis and will be further explored in the addendum to this report.
It was found that the delay were reasonable for a link to a GEO satellite, which the RF propagation is .128 seconds. The
GEO to UA had a high jitter that resulted in a 1 packet loss. This will take more detailed analysis to determine why this was
so since the signal strength was about the same for UA to GEO. IPropagaMnd"lay 125 seconds I

BLOS

Command Telemetry

Average Delay

Jitter

Maximum Delay
,

Packet Dropped

I

CSto GEO

0.13298
I

0.00260

0.13041

,

I

i GEOtoUA

2.30570

0.20400

0.40470

UAto GEO

0.13638

0.00343

0.47267
,
I

I ,

GEO to CS

0.13298

0.00260

0.38816

,
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Scenario 6 LOS Telemetry from Vehicle to Syracus Top and Bottom Antennas: No
Rain, 20mm/hr, 90mm/hr
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I ScanEagle & Raven Telemetry Links between CS-1

• •









I Raven Command & Telemetry Link to CS-1 (Antenna Height)
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RF Link Gaps
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~ ~

Future Work
~ ~

• Add more realistic antenna patterns, The report used a 3dB held
hemispherical antenna top and bottom

• Add landlines for each scenario using Qualnet.

• Bring in real weather data as well as real time weather data.

• Look into the lower level communication items, like transmitters and
receivers. This is possible if Matlab is added to STK.

• Model other links: ground crew, terminal

• Model BLOS with hand-off between satellites

• Need to model RF link between ATC and CS. Both Relay and Non­
relay for nationwide (voice, data, video)

• Review other RTCA SC203 -CC architectures

• Study to Model Urban propagation in detail.
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