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GNSS & Electronic Navigation
Making sense of  the Acronyms
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GNSS
ǒGlobal Navigation Satellite Services

» Began with Transit launched in 1960. A polar orbiting (LEO) 

satellite that passed over head every 106 minutes. 

» 2 UHF timing signals transmitted from a stationary satellite with 

satellite orbital data and static ionospheric corrections

» A good fix was within 400 meters, nominal fixes were 600 -700m. 

Today we òexpectó GPS to be 3-5 meters!

ǒGPS ðGenerally Practical Services ða true utility!

http://www.rvyc.bc.ca/Cruising/index.php
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How does it work?
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Dilution of Precision (DOP)
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DOP is not a measure of  accuracy!     What factors affect DOP?

No GPS receiver can autonomously measure itõs own accuracy 

DOP is a geometry measure, the lower the DOP the higher the 

quality of  the position estimation

http://www.rvyc.bc.ca/Cruising/index.php
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What is transmitted?

http://www.rvyc.bc.ca/Cruising/index.php
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GNSS in orbit

ǒ Navstar Global Positioning System (GPS) ðUS 

ǒ Global'naya Navigatsionnaya Sputnikovaya Sistema 

(GLONASS) ðRussia 

ǒ Galileo ðEuropean Union (FOC - 2014)

ǒ Compass ðChina (estimated IOC - 2012)

http://www.rvyc.bc.ca/Cruising/index.php
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The GNSS system components

Space Segment 

Control Segment 

User Segment
Augmentation Systems

GPS Space Segment ð8-10 satellites visible from 

anywhere on earth with repeatable accuracy ~100m 

(2d RMS) initially. Improves to 30m 2d RMS without 

SA, practically 8m horizontally and 12 m vertically. 

SA is not available on Block IIF satellites. CEP 

improves with # of  satellites.

Control Segment ðmonitors system performance 

and improves accuracy vertically and horizontally 

through geo stationary corrections. 

User Segment ðthereõs a whole manual on this! 

http://www.rvyc.bc.ca/Cruising/index.php
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SBAS with Geostationary Satellites 
Space Based Augmentation Systems i mprove integrity 

and accuracy, both vertically and horizontally through 

continuous corrections. Not all GNSS receivers are 

equipped. Satellites are low elevation and therefore 

not always visible. Monitored from ground stations ð

max outage is 3s!

FAA Wide Area Augmentation (WAAS) ðfully 

operational in 2003, this augmentation system is 

interoperable with SBAS capable receivers. Aviation 

requires RAIM for integrity, marine AIS also use RAIM 

European Geostationary Navigation Overlay Service 

(EGNOS) operational Oct 1, 2009 will improve the 

availability and accuracy of  GPS and Galileo in 

Europe.

Multi -Functional Satellite Augmentation System 

(MSAS) or Quazi -Zenith Satellite (QZSS) both good 

Japanese and Asian solution, not yet built.  Began in 

1997, restarted in 2004. QZSS currently in vogue.

Telesat

107 W̄

PanAmSat

133 W̄

Do wide area signals have to 

be Satellite Based?

http://www.rvyc.bc.ca/Cruising/index.php
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FAA

WAAS Accuracy  

Performance 
FY2008 data

GPS

Standard

GPS

Actual

WAAS LPV-200

Standard

WAAS LPV-200

Actual

Horizontal 95% 36 m 2.74 m 16 m 1.08 m

Vertical 95% 77 m *3.89 m 4 m 1.26 m

http://www.rvyc.bc.ca/Cruising/index.php
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DGPS
Differential GPS (DGPS) is a 

Canada wide system based at the 

coasts. Monitors up to 60 °N .

DGPS compares  PR accuracy

based one receiver at a òknown 

positionó and transmits it to the 

òroveró.   Does not send position.

Base Stations are surveyed and 

continuously monitored, they 

transmit at 300kHz to an automatic 

receiver which applies corrections.  

Corrections degrade with distance 

but slowly over time . In close to the 

station the accuracy is ~2m (<20km) .  

Multi -path is local, not corrected.

http://www.rvyc.bc.ca/Cruising/index.php
http://www.ccg-gcc.gc.ca/folios/00021/images/figure6-eng.jpg
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GPS and GLONASS

GPS and GLONASS started as similar by distinctly 

separate òtimation ó systems due to military origins; 

today they work together due the large disparity in 

the user community sizes.

GLONASS has 21 satellites in 3 orbital planes, 

today there are 19, with a plan for up to 30.

Å One primary ground control station located in Moscow, 

and 3 monitoring stations  are located within the bloc 

countries

Å Dual Frequency system operating a slightly lower 

altitude with  5 satellites in view at any one time

Å Instead of  all transmitting different codes, the satellites 

are frequency agile and select different frequencies for 

transmission. This allows more use of  Doppler.

Å Uses PG90 as the datum, instead of  WGS -83

http://www.rvyc.bc.ca/Cruising/index.php
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GPS versus Galileo

GPS and Galileo are much more similar than 

GLONASS and GPS.  Receivers already exist.

Å Galileo has 3 orbital planes (9 operational 

satellites and one active spare per orbital 

plane)  vs 6 planes with 4 or 5 each for GPS.  

9 satellites improves carrier phase tracking

Å Galileo has two bands, at 1200 MHs and at 

1585 MHz. Receivers will achieve an 

accuracy of  <4 m horizontally and <8 m 

vertically  

ÅGPS + Galileo ðMultiple systems with 

several signals can provide a more robust 

capability and greater accuracy

Will the existence of  2 independent GNSS 

options make older receivers obsolete in 2015?

http://www.rvyc.bc.ca/Cruising/index.php
http://upload.wikimedia.org/wikipedia/en/b/bf/Galileo_logo.svg
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GPS Modernization Plan

GPS III (Block III)
ÅIncreased accuracy 

ÅIncreased A/J power

ÅSignal integrity

Search and Rescue

ÅL1C civil signal common 

w/Galileo, QZSS, & 

possibly GLONASS

Legacy (Block IIA/IIR)
Std Service (Ò 6 meters 

RMS SIS SPS URE)
Single frequency (L1)
Coarse acquisition (C/A) 

code navigation
Precise Service (Ò 2.6 m 95% 

URE PPS at Zero AOD)
Y-Code (L1Y & L2Y)
Y-Code navigation

Modernized (Block IIR -M)
2nd civil signal (L2C)
M-Code signals (L1M, L2M)
Anti -jam flex power

Space Segment

Modernized (Block IIF )  
3rd civil signal (L5)

Upgraded (AEP)
ÅIIR-M IIF TT&C
ÅWAGE, AII, LADO
ÅNMCS/AMCS

Modernized (OCX V1)
ÅNew Architecture
ÅSignal Monitoring

Legacy
ÅTT&C
ÅL1 & L2 monitoring

Ground Segment

http://www.rvyc.bc.ca/Cruising/index.php
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External GPS Errors

Tropospheric errors vary regionally

Ionospheric errors are due to Solar 

Cycles approximately every 11 years:

ÅSolar flares impact satellite orbits

ÅSun spots are a good predictor of 

activity and they will peak in Oct 2011

ÅGeomagnetic storms cause 

variations in the ability to accurately 

measure corrections. Last major 

ñstormò was Dec 5, 2006. Lasted 11 

minutes.

http://www.rvyc.bc.ca/Cruising/index.php
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Questions:

Are there any questions about  

terminology, or GPS  nomenclature?

http://www.rvyc.bc.ca/Cruising/index.php
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Chart Plotters

GPS plotters include both dedicated marine equipment, 
called chart plotters, and computers running plotting 
software.  Some handheld GPS units also are plotters, if 
they show the position of the boat on a chart. The chart  are 
may be:

Á1) Exact representation of a paper chart - a raster  image 

Á2) A layered graphic representation called a vector image

More sophisticated plotter screens show photographic 
views, bottom contours, a radar overlay, and so on. 

The boatôs position is shown in real time against the chart 
and show route projections. 

The plotter allows the entry of waypoints with a cursor or as 
latitude and longitude. Waypoints are the basis of much of 
the functionality of a plotter.

Pre-plotted waypoints should always be verified

http://www.rvyc.bc.ca/Cruising/index.php
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Electronic Plotters versus ECDIS
Traditional Charts (Raster) ECDIS (usually Vector charts )

Provides Static Data, even if  

displayed on an ECS (electronic 

charting system)

Dynamic Data with automated 

decision aids  for avoiding other 

vessels, charted objects, aids -

to -navigation, and hazards

Fixed projection and scales Smooth scale changes and 

coordinate system adjustments

Difficult to change chart 

features and add information

Can overlay as many different 

layers as the database can 

support

Updates require re -drafting Updates can be real -time

Usable as paper or digital 

display. Vessel must carry paper

ENC can only be digitally 

displayed

Not approved for òpaperlessóMeets SOLAS requirements

http://www.rvyc.bc.ca/Cruising/index.php
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MMSI Number 

Location (GPS) 

Name of  Ship 

Radio Call Sign 

Speed 

Vessel Type 

and moreé

http://www.rvyc.bc.ca/Cruising/index.php
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AIS ðAutomatic Identification System

http://www.rvyc.bc.ca/Cruising/index.php
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AIS Class B 
Transmit or Receiver Only?

Class B targets  are seen five or six miles, which 

generally becomes 8 -12 miles on open ocean. A Class B 

receiver will pick up Class A devices at 12 -15 miles.

Biggest variable is the height of  the antenna and quality.

Why canõt I turn OFF the transmitter on a Class B?

http://www.rvyc.bc.ca/Cruising/index.php
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AIS will soon be required for entering a VTS

AIS Binary messages will reduce bridge workload and VHF comms

http://www.rvyc.bc.ca/Cruising/index.php
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eNavigation

PURPOSE:

ÅAvoid overload

ÅPrioritise information

ÅCoherent presentation

Changes to expect:

ÅNew common 

symbology

ÅMore use of  LRIT

ÅAtoN with AIS

ÅAIS for smaller vessels

ÅAIS required in all VTS 

and on major 

waterways

http://www.rvyc.bc.ca/Cruising/index.php

