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Overview

® Background
® Global Navigation
® Augmentation

® Rationale
L0 Shortcomlngs in tradltlonal




Global Navigation Satellite Systems

® Orbiting satellites
transmit signals to Earth

® Receivers analyse signals
from several satellites to
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Global Navigation Satellite Systems

® Usedin
® |and,air & sea navigation

® Surveying

® Geology




GNSS Precision

® Accuracy is affected by
z Geometrical dilution of
factors such as o WA i oo

o tropospheric and
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Local Area DGPS (eg. LAAS)

® A precisely-surveyed ground
station (GS) receives GPS

signals and generates a position
estimate
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Wide Area DGPS (eg. WAAYS)

® Many precisely surveyed wide area ground | %
reference stations (VWRS) observe the % P,
GNSS signal

® A wide area master station (VWMS) analyses
the data from the WRSs and generates o
correction information




DGPS over Radio: Shortcomings

® Operating over a radio link, all DGPS systems require a
dedicated, discrete channel

® |ncreases cost
® Monetary hardware cost

® Power consumption
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Another option: DGPS over IP

® Many devices with GNSS

functionality already have access —
to an IP channel (JTRS,WiMAX, |

GPRS, IEEES02.1 I, etc)

® Typically more robust, faster, |
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Lightweight GNSS Support Protocol
(LGSP)

® The Lightweight GNSS Support .
Protocol (LGSP) provides for transport ||| L AN
of a variety of GNSS support data over

an Internet Protocol (IP) channel,
~including
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Some Advantages of
LGSP

® A pre-existing, robust IP channel can be used for
acquisition of GNSS data - Automatically protected
by any jam-resistance provided by the |IP channel

® GPS start-up time can be reduced as almanac
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LGSP Messaging

® | GSP specification defines messaging
formats for:

® GPS family messaging (eg. GPS NAV

messages, almanac pages, LAAS and

WAAS messages) oy
® messaging for the European Gallleo
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Other LGSP Features

® Sophisticated channel protection for use over
rudimentary/insecure channels: Encryption and
Forward Error correction

® Provides ‘best effort’ protection even when
running over ‘casualty mode’ channels

® Redundant hierarchical architecture with
mirroring
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ECCM/EPM - Jam Resistance

Resistance to jamming is conferred by the Physical and

Datalink Layer designs of the channel which is carrying
LGSP traffic.

n military applications it is envisaged that LGSP will run
over established military networks and datalinks.

Eg: JTIDS/MIDS/LET susceptible to repeater mode jamming
which degrades throughput; JTRS expected to be more
resilient.

LGSP optimisations for ECM intensive environments based
on the use of stateless transactions allowing rapid recovery
from packet loss.

If heavy jamming of the physical/datalink layers occurs,
LGSP will not be driven into an unrecoverable state by loss
of packets.




LGSP Summary

® Providing a transport for GNSS support data
over an |IP channel, instead of a dedicated
radio link, allows for usage of channels that
are mature and often already in place

- . v 5 o . £ ’ 3 \ Vi e « ’ ¥ - 4 , ¥ £ L M M v ke N s,
5 7 D T > A i sy ’ o e N LR A R i S A o 4 T N A, ¥ L b are? S satde g Fe A "
o5 i) S’ VYV g S N e 3 o i e R R o ! Lol X i 'y ‘e b P L3 & 2 0 e
2 AR T L B ey B o L ¥ hoy i} iy e I SC I Rl RiNa 2Ly s “ pese Aty > f’ B4 00

5 P IT S IS aa WO ST G e vt ! A R B : P o A B P
Ry AR S T e ; s S LT AT L s el e R o8 Sy At Ly A Skl o) e Sk o il o X
g 1) fon B s 5 3o Al B S ! - il s B Ny W N A ¥ > E e N cot b iy e 35 e N » TRt Y 8 - T s S

ke £ l‘x 5 ':'f‘!'j‘ i \ ¢ o L}‘.g;"""' b ~ NPT e ‘,’.‘. s PG X 0 st s e e S A s TG A I DA RS Ty S MY o RO DR IOy 2 s U0 O

el S R S N e P L AR e




LGSP Summary

® | GSP provides an alternate means for
obtaining GPS almanac data

® Much faster start-up times from a cold
start
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LGSP Protection

® | GSP designed for operation
over many different channel

types

® Need d t tecti
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LGSP Protection

® Message exchanges in
Protected Mode \ LGSP
encapsulated in D-TLS, AR e
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LGSP Architecture Example

Station Nodes



LGSP Architecture: Master Station Nodes

® L GSP Master Station Nodes

Can connect to GNSS master stations, local area DGPS feeds,
forward data from GNSS SVs, or auxiliary information from a
network source

Accept connections only from LGSP Mirror Nodes

GNSS
master stations

GNSS SVs

Network

LGSP Mirror
Nodes

Local Area DGPS
feed




LGSP Architecture: Mirror Nodes

® LGSP Mirror Nodes

Provide distribution for data from LGSP Master Station nodes (load
bearing, security, redundancy)

Can also provide local DGPS feed data, and forward data from
GNSS SVs, independently of a connection to a LGSP Master Station

LGSP Clients

master stations

GNSS SVs

Local Area DGPS LGSP Mirror Node
feed




