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Frequency Coverage

« Antenna has to cover appropriate frequency spectrum
» Also L-band frequency used for commercial augmentation services

* More signals = wider bandwidth = more complicated design
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Gain Pattern

Important aspect of antenna design

|deally want the gain would be uniform UUT Upper Band Radiation Pattem

90° L1-RHCP
0 dB

————— L1-LHCP
G1-RHCP
----- G1-LHCP

Not ideal for GNSS

— Multipath on low elevation SV’s

— Typical to have gain roll-off to
suppress multipath

Issues with combined GNSS and L-
band

— Trade-off in performance

180°

— Issue working at high latitudes

— Use separate antennas for GNSS
and L-band

Gain Pattern for NovAtel 730-GGG Antenna
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GNSS Patch Antenna Element Helix Antenna Element
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Circular Polarization

* GNSS uses Right Hand Circular Polarization (RHCP)

— To prevent signal fading or poor reception

« Antenna’s not perfect and will pick up LHCP signals caused by multipath
— When GNSS signal reflects off an object the polarization will be inverted
(RHCP — LHCP)

 Important to know how well antenna suppresses LHCP
— Indication of how antenna will mitigate multipath

» Ratio by which polarization is suppressed v another polarization

— Know as Cross-polar suppression or Axial Ratio (AR)

— High quality antennas have AR = 1dB at zenith

— Important to have good AR over entire antenna hemisphere
— Implications on antenna design
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Multipath

« Caused by signals reflected off surfaces close to antenna

» Degrades the position solution

* Receivers can help mitigate multipath but antennas also designed to help

— Gain pattern can help suppress multipath (low gain @ low elevation)
— Good Axial Ratio also required to reduce LHCP signals

« Examine antenna (and receiver combination) to check multipath
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Interference Handling
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» Receiver technology can help combat interference

* Proper antenna design can keep out signals that cause interference

— Use of filters to keep out un-wanted signals

* Inmarsat Sat-C is a system that can affect GNSS systems
— Some antenna’s incorporate a 5t order filter to reduce impact of Sat-C

transmissions

— Work out theoretical link budgets to ascertain interference
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Sat-C Interference
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» Work out link budgets to see how well antennas cope with Sat-C interference

— Frequency spectrum 1626.5 to 1628.5 MHz

» Work out ‘theoretical’ minimum separation distance

» Based on assumptions

— Does not take into account receiver performance

— Interfering signal at the LNS input = to GNSS antenna -1dB input compression point

ADA491 AD410
Antenna Gain at zenith 5.0 dBi 5.0 dBi
Antenna Gain at 0° elevation -10dBi -10dBi
LNA gain at 1575 MHz 45dB 42.7dB
Filter rejection See Previous Slide
Estimated -1 dB output
compression point at 1575MHz -30dBW -30dBW
GNSS Antenna Parameters

Sat-C

Nominal EIRP at 5° elevation 14dBW
Gain at 0° elevation relative to 5° -0.5dB

Inmarsat Sat-C Parameters
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AD491 Antenna Characteristics

Units Frequency of Interferer

MHz 1626.5 1627.5 1628.5 1629.5 1630.5
Wavelength of Interferer m 0.1844 0.1843 0.1842 0.1841 | 0.1840
Capsat ERIP (nom 5°elevation) dBW 14.0 14.0 14.0 14.0 14.0
Est. Gain of Capsat Antntenna relative to 5°
elevation in the direction of the GNSS dB 05 05 05 05 05
antenna
Est. Gain of GNSS Ant. in direction of
Capsat Ant dBi -10.0 -10.0 -10.0 -10.0 -10.0
-1dB input compression point of AD491 at
1575MHz dBW -75.0 -75.0 -75.0 -75.0 -75.0
Filter rejection dB 45.0 49.0 53.0 49.0 46.0
Est input compression point of AD491 at
freq of interferer dBW -30.0 -26.0 -22.0 -26.0 -29.0
Minimum loss to operate at -1dB
compression dB 44.0 40.0 36.0 40.0 43.0
Minimum free space loss between antennas

dB 33.5 29.5 25.5 29.5 32.5

Minimum separation distance to operate
ADA491 at -1dB compression m 0.69 0.44 0.28 0.44 0.62
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AD410 Antenna Characteristics

Units Frequency of Interferer

MHz 1626.5 1627.5 1628.5 1629.5 1630.5
Wavelength of Interferer m 0.1844 0.1843 0.1842 0.1841 | 0.1840
Capsat ERIP (nom 5°¢levation) dBW 14.0 14.0 14.0 14.0 14.0
Est. Gain of Capsat Antntenna relative to 5°
clevation in the direction of the GNSS dB 05 05 05 05 05
antenna
Est. Gain of GNSS Ant. in direction of
Capsat Ant dBi -10.0 -10.0 -10.0 -10.0 -10.0
-1dB input compression point of AD410 at
1575MHz dBW -73.0 -73.0 -73.0 -73.0 -73.0
Filter rejection dB 2.50 2.65 2.80 2.95 3.10
Est input compression point of AD491 at
freq of interferer dBW -70.5 -70.4 -70.2 -70.1 -69.9
Minimum loss to operate at -1dB
compression dB 84.5 84.4 84.2 84.1 83.9
Minimum free space loss between antennas

dB 74.0 73.9 73.7 73.6 73.4

Minimum separation distance to operate
ADA410 at -1dB compression m 73.56 72.26 70.98 69.72 68.48
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Antenna Installation

» A lot of issue can be prevented by proper installation of antenna
« Badly installed antenna will directly affect system performance

» Several aspects need to be considered
— Location, Location, Location
— Clear line of site to the sky
— Minimization of multipath
— Near-field interference which can affect gain pattern
— Cables and connectors which will influence signal attenuation
— REF over fibre for long cable runs

RG213 RG223 LMR400 LDF4-50 Heliax
Impedance 50Q 50Q 50Q 50Q
Attenuation
dB/100ft @ 9.6 16.8 5.1 2.8
1500MHZ
Attenuation
dB/100m @ 31.5 54.9 16.8 9.2
1500MHZ
Minimum Bend " ’ ’ "
: 5.0”/127mm 1.0”/25mm 1.0”/25mm 5.0”/127mm
Radius
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Antenna Installation

BT N s ul
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Radio Spectrum
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GNSS Frequencies
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In-band Interference

 Typically caused by GNSS receivers themselves!

» Re-radiate the local oscillator from the receiver
— Faulty antenna
— Breakdown in shielding of coaxial cable

 Continuity lost between antenna and receiver

» Coaxial cable acts as antenna for local oscillator

— Picked up by other GNSS receivers causing loss of lock

« Can be caused by
— Water ingress and corrosion
— In-correctly terminated cables
— Symptoms can be intermittent
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In-Band Interference Systems

« General navigation receivers
— Ships GMDSS equipment e.g. Furuno, Thrane & Thrane, Leica, JRC etc.

« Communications domes using GNSS receivers for orientation

— Inmarsat, (B, C and BGAN) from Thrane & Thrane, NERA and Furuno etc., KU
and C Band V-Sat, and TV systems from Caprock, Schlumberger-DMS etc.

* Doppler speed logs such as SatlLog etc.

« Automatic Identification Systems (AlS)

« GPS Heading Sensors

* Plotter systems or ECDIS with integrated GNSS

« High Accuracy commercial augmentation services

« GNSS receivers integrated into a vessel DP system

» Survey & seismic receivers inc Heading Sensors and Tailbuoy Tracking

 Precision timing equipment used to time survey systems
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Intentional GNSS Jamming
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* Intentional jamming of GNSS signals
* Technology previously utilized by
governments but now commercially
available to anyone
 Effective range depends on power of
transmitter
— Range from meters to kilometres

Reported issues:

— Newark Liberty international airport

— Used by thieves to defeat GNSS tracking

system on vehicles
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Out-Band Interference

 Interferer outside GNSS band cause interference

 Typically a stronger signal swamps the antenna & drives the antenna LNA into
saturation thus blocking the GNSS signals

* This can be cause by several devices:
— Microwave data links
— Radar systems
— TV antenna amplifiers or transmitters
— Communications Systems
— Telemetry Systems (data or video)

« Systematically test systems to find cause of interference (or change vessel
heading)
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GNSS Interference on a Vessel

 Offshore construction vessel reported issues with loss of GNSS positioning
which was happening at random times

» Logged data from the vessel was analyzed and showed that the signals levels
dropped during these periods

* Engineer sent to the vessel to inspect the system and during this visit the
engineer re-terminated the antenna cables and tested everything which
checked out ok

» A few weeks later, the vessel reported the same issues with further data
analyzed showing the same symptoms as before

* It was also ascertained that all GNSS systems were being affected and it was
concluded that there must be a GNSS re-radiating onboard
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Interference Example on Vessel

 Following systematic approach was use to identify interference

Identify all equipment that contained GNSS receivers
Switch on all equipment containing or likely to contain GNSS receivers

Systematically switch off one system at a time and check if all other systems are
operating correctly, if so then switch the system back on

When a system is switched off and all other systems recover, ensure the problem
is repeatable by switching the interfering system off and on several times over a
period of time.

To verify that the interfering system has been correctly identified it should be
confirmed by disconnection of the antenna at the receiver and all other systems
should operate as normal.

* Issue was with a Doppler Log which had a GNSS receiver was re-radiating that
caused interference with all other GNSS positioning sensors on the vessel

Re-termination of the antenna cable solved the issue

Random nature of the fault was down to the fact it was only used by certain
DPO'’s in certain operational situations
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The Future

» Technology always evolves

e Protection of GNSS

— Receiver design
— Antenna technology

« Adaptive antennas

— Digital Jamming

— Adaptive Beam-forming

« Commercial solutions available
— NovAtel GAJT antenna
— Altering antenna pattern to nullify jamming signals

NovAtel GAJT Antenna

— Similar to noise cancellation headphones
— How does it handle Sat-C or local oscillator interference

* Integration of other sensors such as INS
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