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Navigation is not one screen or one position source.

It is a chain of sensors, data, charts and judgement.

Reliability comes from comparison, independence

and the ability to continue after partial failure.
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GUIDE OVERVIEW

What marine navigation systems are
designed to do
A navigation system combines position, chart, heading, speed, depth, radar, traffic and voyage information to
help the crew understand where the yacht is, what is around it and what action is required.

SCOPE
This guide covers owner-level understanding of integrated navigation on cruising yachts. It does not teach
collision regulations, radar plotting, chartwork or formal passage planning. Equipment fit and carriage
requirements vary by vessel, flag and operating area.

By the end of this guide, you should be able to:
● Trace each displayed navigation value back to its source, power supply and network path.
● Distinguish position, heading, course over ground, speed through water and speed over ground.
● Recognise chart, sensor, antenna, data-quality, alarm and integration problems.
● Understand why multiple displays are not independent when they share sensors, networks or power.
● Ask better questions during purchase, survey, sea trial, passage planning and offshore preparation.

CORE PRINCIPLE No single sensor or display should be accepted without comparison. Safe navigation uses independent
observations, suitable charts and human judgement to challenge the electronic picture.

Safety
Navigation equipment can be convincingly wrong. Do not allow route guidance, radar overlays, AIS targets or autopilot commands
to replace a proper lookout, position cross-checks, safe speed and awareness of chart or sensor limitations.
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SYSTEM ARCHITECTURE

From physical sensors to the navigation
picture
The displayed picture depends on antennas and transducers, sensor processing, data networks, chart
databases, displays, power supplies and the crew's interpretation.

SENSORS

GNSS, heading, depth,

speed, radar and AIS

DATA NETWORK

NMEA, Ethernet or

proprietary links

PROCESSING

Filtering, source selection,

overlay and alarm logic

DISPLAY / CONTROL

Chartplotter, radar, MFD

and route tools

HUMAN DECISION

Lookout, comparison,

planning and action

Layer Purpose Owner focus

Physical sensor Measures position, heading, water depth, speed or target
information.

Know location, power, environmental exposure and
calibration.

Network and gateway Carries data to displays, autopilot, alarms and recording
systems.

Identify single points, termination, power and fault
isolation.

Processor or display Combines data and applies chart, overlay and alarm settings. Understand source selection, software, configuration and
limitations.

Chart and database Provides mapped hazards, aids, depths and route context. Keep appropriate coverage and updates; know datum and
quality.

Power supply Maintains sensors, networks and displays. Assess essential supply, backup duration and breaker
separation.

Crew interpretation Compares information and decides what it means in current
conditions.

Use independent checks and avoid automation bias.

A COMPLETE PICTURE

CAN HAVE ONE HIDDEN

SOURCE

Two chart displays may show the same incorrect position, heading or depth because both receive data
from one antenna or gateway.
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MAIN COMPONENTS

What owners should be able to identify
A navigation-system diagram should identify antennas, transducers, heading sensors, radar scanners, AIS,
network backbones, switches, gateways, displays, breakers and backup equipment.

POSITION / TIME

GNSS receivers and
antennas

HEADING / MOTION

Compass, rate sensor and
motion reference

ENVIRONMENT

Depth, speed, radar and
weather inputs

TRAFFIC / DISPLAY

AIS, chart system, MFDs
and route tools

Owners should know which data source each display is actually using, not merely what equipment is fitted.

Component or area Why it matters Owner focus

GNSS receiver and antenna Provides position, time, course and speed over ground. Antenna view, cable, source identity, accuracy status and
alternate receiver.

Electronic chart display Shows position and voyage information against a chart
database.

Chart source, update status, scale, safety settings and
backup.

Heading sensor or compass Provides heading to radar, autopilot, AIS and display. Deviation, alignment, magnetic interference, rate output
and alternate compass.

Depth and speed transducers Measure water depth and speed through water. Offset, fouling, installation, blanking plug, calibration and
low-speed limits.

Radar and AIS Provide target and traffic information using different principles. Antenna or scanner, heading and position inputs, target
settings and independent use.

Network and power equipment Connect and energise sensors and displays. Switches, terminators, gateways, breakers, essential bus
and spares.

SOURCE IDENTITY

SHOULD BE VISIBLE
A display should make it possible to determine whether position or heading comes from the primary
sensor, backup sensor or a stale network value.
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POSITION, TIME AND CHARTS

GNSS position, chart data and route
context
GNSS gives a calculated position and time. The chart gives a representation of surveyed information. Neither
proves the yacht is safely clear of every hazard.

SATELLITE SIGNAL

Antenna receives multiple
navigation constellations

POSITION SOLUTION

Receiver calculates position,
time, course and speed

CHART DATABASE

Provides mapped features,
depths and warnings

CROSS-CHECK

Radar, depth, visual marks and
independent receiver

Position accuracy and chart survey quality are separate issues; a precise fix can still be plotted on imperfect chart data.

Area What matters Owner focus

GNSS accuracy status Indicates solution quality, satellites, integrity or estimated
accuracy.

Do not rely only on a position symbol; review status and
alarms.

Antenna location Needs a clear sky view and protection from interference or
damage.

Inspect mounting, cable, water ingress and nearby
transmitters.

Chart coverage Must include the intended area at suitable scale and detail. Verify licences, update status and offline availability.

Chart datum and offsets Position and chart need compatible reference. Be cautious with older local charts, imported waypoints and
survey uncertainty.

Safety contour or depth settings Drive grounding warnings and visual emphasis. Configure for actual draught, squat, tide and margin.

Route and waypoint data Guide planning and steering systems. Check source, units, waypoint order, leg geometry and
unintended imports.

ZOOMING DOES NOT

ADD SURVEY DETAIL
An electronic chart can be enlarged beyond the scale and quality of the underlying survey, creating a false
impression of precision.
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HEADING, SPEED AND DEPTH

Understanding values that are often
confused
Heading describes where the bow points. Course over ground describes the direction of movement over the
seabed. Speed through water and speed over ground are also different.

HEADING

Direction the bow points
from compass or sensor

COURSE OVER GROUND

Direction of movement over
the earth

SPEED THROUGH WATER

Movement relative to water
from log sensor

DEPTH

Measured beneath transducer
with configured offset

Wind, tide and leeway can make heading and course over ground differ significantly.

Area What matters Owner focus

Magnetic or true heading Reference depends on sensor and display settings. Confirm consistent true or magnetic presentation and
variation handling.

Rate of turn Supports autopilot and radar target processing. Watch for unstable or implausible values and shared-sensor
dependency.

Course over ground Derived from GNSS movement. Unreliable at very low speed and not a substitute for
heading.

Speed over ground Measures movement relative to earth. Differs from through-water speed due to current.

Speed through water Supports current estimation, performance and some collision
calculations.

Fouling, calibration and bubbles can affect transducer
output.

Depth and offset Can display below transducer, below keel or below surface. Know the configured reference and confirm after software
or transducer work.

DEPTH WITHOUT AN

OFFSET DEFINITION IS

INCOMPLETE

The same transducer reading can be displayed as depth below surface, below transducer or below keel.
The crew must know which convention is active.
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RADAR AND AIS INTEGRATION

Combining independent tools without
assuming they agree
Radar detects reflected energy from objects and weather. AIS receives transmitted identity and movement
data. Electronic-chart overlays depend on accurate position and heading.

RADAR RETURN

Physical reflection from
land, vessel or weather

AIS REPORT

Broadcast identity, position,
course and speed

CHART CONTEXT

Mapped coast, aids and
planned route

OVERLAY / COMPARE

Heading and position align
the information

A target can appear on radar and not AIS, or on AIS and not radar. Neither system sees everything.

Area What matters Owner focus

Radar overlay on chart Helps compare charted and detected features. Requires accurate heading, position, timing and display
alignment.

AIS target display Adds identity and reported motion. Data may be absent, delayed, incorrect or deliberately not
transmitted.

Radar target tracking Estimates relative motion from measured returns. Own-ship heading, speed and manoeuvre affect
calculations.

Charted aids to navigation Provide planned reference positions. Physical aids can move, fail or differ from chart status.

Target alarms Highlight CPA, TCPA or guard-zone conditions. Settings must suit speed, traffic and sea room without
creating alarm fatigue.

Sensor disagreement May reveal heading, position, timing or calibration fault. Investigate rather than forcing overlays to appear correct.

OVERLAY ALIGNMENT IS

A DIAGNOSTIC CLUE
A consistent offset between radar coastline and chart may indicate heading, position, timing or
chart-reference error.
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NETWORKS AND DATA QUALITY

NMEA, Ethernet, gateways and stale data
Integrated navigation reduces duplicate cabling but can make one network, power supply or software issue
affect position, heading, AIS, radar overlay and autopilot simultaneously.

SENSOR BUS

NMEA or proprietary data
from instruments

GATEWAY / SWITCH

Translates or distributes
data

NAVIGATION NETWORK

Carries radar, charts,
AIS and control

DISPLAYS / AUTOPILOT

Use selected data sources
for operation

A stale value should be identified as invalid; a frozen heading or position can look convincing on a busy display.

Area What matters Owner focus

NMEA-style data bus Shares lower-bandwidth sensor data across equipment. Termination, power, device addresses, cable and connector
condition.

Ethernet navigation network Carries radar, chart, sonar or video data. Switch power, water ingress, IP configuration and spare
hardware.

Gateway or multiplexer Converts protocols and can select or filter sources. Configuration backup, fault indication and manual bypass
options.

Time synchronisation Aligns sensor, radar, AIS and event data. Check source and behaviour after GNSS or network loss.

Data validity and age Shows whether a value is current and credible. Understand invalid, lost, stale and substituted-source
indications.

Software and configuration Controls source priority, alarms, units and overlays. Version control, backups, licences and careful update
testing.

A NETWORK FAULT CAN

IMITATE SEVERAL

SENSOR FAILURES

Before replacing multiple instruments, determine whether they share one gateway, switch, bus power
supply or data source.
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POWER AND REDUNDANCY

What remains after one source, display or
network fails
Navigation resilience depends on independent sensors, essential power, local fallback and the crew's ability
to use equipment without the full integrated picture.

PRIMARY SYSTEM

Integrated sensors, displays
and networks

SECOND SOURCE

Independent GNSS, compass,
depth or radar

ESSENTIAL POWER

Battery, UPS or emergency
bus keeps core equipment live

NON-ELECTRONIC BACKUP

Paper or offline charts,
compass and manual methods

A tablet powered from the same USB outlet and using the same onboard position feed may not be an independent backup.

Area What matters Owner focus

Second GNSS receiver Provides alternate position and time. Separate antenna, power and source identification improve
independence.

Second display Provides access after one MFD or screen failure. Check whether it shares processor, chart database,
network and power.

Independent compass Maintains heading after sensor or network loss. Readable, corrected and accessible from the steering
position.

Independent depth or lead line Supports grounding avoidance after network or transducer
failure.

Know practical limitations and safe deployment.

Portable or offline navigation device Provides chart and position capability after central failure. Keep charged, updated, waterproof and operational
without internet.

Emergency power Keeps essential sensors, lights and communications available. Demonstrate runtime and avoid excessive non-essential
display load.

COUNT FAILURE PATHS,

NOT SCREENS
Three displays connected to one processor, network switch and heading sensor may offer less resilience
than one integrated display plus one genuinely separate portable system.
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ROUTE PLANNING AND CHART MANAGEMENT

Turning equipment into a safe passage plan
A route should be checked for chart coverage, hazards, margins, weather, traffic, draught and contingency
rather than accepted because software generated a line.

GATHER INFORMATION

Charts, notices, weather,

tides and local restrictions

BUILD ROUTE

Waypoints, legs, speeds and

safe margins

CHECK

Scale, depths, hazards,

traffic and abort points

MONITOR

Position, depth, radar,

weather and progress

ADAPT

Change route or speed as

conditions develop

Area What matters Owner focus

Chart updates Incorporate current corrections and database changes. Confirm completion and coverage before departure.

Safety settings Control contour, shallow alarm and look-ahead presentation. Match actual draught, loading, tide and operating margin.

Waypoint placement Defines the planned line and turns. Keep clear of hazards and avoid placing points on
unverified chart features.

Route validation Checks geometry, chart coverage and hazards along and beside
the route.

Review at suitable scale and do not rely solely on automatic
checking.

Contingency planning Identifies diversion, abort, holding and safe-water options. Prepare before weather, traffic or equipment failure
reduces choices.

Route transfer Moves waypoints between displays or autopilot. Verify format, datum, waypoint order and active leg after
import.

A ROUTE LINE IS NOT A

CORRIDOR OF

GUARANTEED SAFE

WATER

Chart quality, vessel position error, tide, draught, squat and steering performance all require margin
around the planned track.
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FAILURE RESPONSE AND DEGRADED NAVIGATION

Continuing safely after partial or complete
electronic loss
The first response is to reduce risk: slow down, move toward safe water where appropriate, establish an
independent position and decide whether the passage should continue.

RECOGNISE FAILURE

Loss, stale data, mismatch or

implausible picture

REDUCE DEMAND

Slow, increase lookout and

move away from hazards

SELECT BACKUP

Independent position, compass,

radar, depth or charts

REBUILD PICTURE

Cross-check and record a

new reliable baseline

DIVERT / CONTINUE

Choose the lowest-risk plan

with available capability

Failure Immediate alternative Avoid

GNSS position lost Use independent receiver, radar ranges or bearings, visual fixes
and dead reckoning.

Following a frozen symbol or continuing close to hazards at
normal speed.

Heading sensor fails Use magnetic compass, manual steering and independent radar
presentation.

Trusting radar overlay or autopilot that still uses invalid
heading.

Chart display fails Change to independent display, offline device or paper chart
and record position.

Attempting complex software repair while approaching
hazards.

Depth data lost Increase under-keel margin, slow and use chart, alternate
sounder or lead line where appropriate.

Continuing into poorly surveyed or confined water without
an alternative.

Network-wide failure Separate power or network segments and use local standalone
modes.

Resetting every device repeatedly without preserving
known-good data.

Complete navigation blackout Stabilise steering, lighting and communications and seek safe
water or assistance.

Continuing a high-risk approach because the destination is
near.

SLOW SPEED CREATES

TIME
Reducing speed lowers closure rate, grounding energy and workload while the crew confirms what
information remains trustworthy.
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TESTING AND CALIBRATION

Demonstrating sensors, networks, alarms
and backup capability
A sea-trial test should compare sensors under manoeuvre, confirm source selection and alarms, and prove
that backup navigation remains usable after controlled power or network isolation.

PREPARE

Record versions, charts,

sources and normal settings

COMPARE SENSORS

GNSS, compass, depth, speed,

radar and AIS

MANOEUVRE

Turns and speed changes reveal

heading and latency issues

FAIL / TRANSFER

Isolate a source, display or

network under control

RESTORE / RECORD

Return settings and retain

results or defects

Test What it demonstrates Limitations / owner focus

GNSS comparison Shows agreement, source selection and antenna or integrity
differences.

Compare independent receivers, not two displays of one
source.

Compass and heading check Shows alignment, deviation and dynamic response. Use suitable reference and repeat after magnetic or
structural changes.

Depth and speed check Confirms offset, calibration and performance at several speeds. Account for tide, transducer position and aerated water.

Radar alignment and range check Shows heading line, range and overlay consistency. Use known targets and competent radar methods.

Power or network transfer test Shows what remains after one breaker, switch or gateway is
lost.

Plan to preserve safe navigation and avoid accidental
software changes.

Alarm test Confirms GNSS, shallow, route and sensor-loss alarms reach the
watchkeeper.

Review thresholds and acknowledge or reset behaviour.

BACKUPS MUST BE

USED, NOT MERELY

SWITCHED ON

The crew should practise establishing position, heading and route context on the backup system without
relying on the failed primary display.
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MAINTENANCE, RECORDS AND SUPPORTABILITY

Keeping navigation data current and
equipment recoverable
Maintenance should preserve antennas, transducers, cables, connectors, network hardware, batteries, chart
coverage, software configuration and crew familiarity.

Area Good maintenance evidence Why it matters

Antennas and scanners Secure mounting, clear view, sound cable, seals and no water ingress. Maintains sensor quality and prevents intermittent
faults.

Transducers and compass Clean, aligned, calibrated and free from magnetic or structural
interference.

Preserves heading, depth and speed accuracy.

Networks and power Connectors, switches, terminators, breakers, UPS and essential supply
tested.

Avoids common-mode loss across several systems.

Charts and software Coverage, licences, updates, version records and backups current. Prevents missing data and update-related
configuration loss.

Configuration and waypoints Source priority, alarms, units, offsets and route data backed up. Allows rapid restoration after replacement or reset.

Crew competence Primary and backup systems used during drills and passages. Reduces dependence on one display layout or
software workflow.

Practical onboard provision
● Current navigation-system and network diagrams.
● Offline or paper chart coverage and appropriate publications for the route.
● Independent portable GNSS, compass, lighting and charging arrangements.
● Configuration, waypoint and route backups plus software licence information.
● Selected network connectors, fuses, power supplies or switches where replacement is realistic.

SUPPORTABILITY

INCLUDES DATA AND

LICENCES

A replacement display may be readily available while chart licences, radar compatibility, network
configuration or proprietary sensor support are not.
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BUYER AND SURVEY PERSPECTIVE

Assessing resilience, integration and
practical usability
A buyer should evaluate the full data and power architecture, not simply the age or number of screens.
Sea-trial comparison and controlled failure testing reveal more than a marina demonstration.

Area Questions or evidence

Architecture Can every position, heading, depth, speed, radar and AIS source be traced to displays, networks and power?

Independence Which backup sensors and displays remain after one antenna, switch, gateway or bus failure?

Charts and software Are coverage, licences, updates, versions and configuration backups current and transferable?

Calibration Are compass alignment, depth offset, speed calibration and radar overlay credible?

Power resilience Which essential equipment remains during blackout and for how long?

Human use Can the crew operate radar, route tools and backups without one preferred display?

Supportability Are scanners, displays, gateways, charts and proprietary network parts available?

Evidence worth requesting
● Navigation and network architecture diagrams.
● Sea-trial sensor comparison and radar-alignment results.
● Chart-update, licence and software-version records.
● Essential-power and backup-runtime evidence.
● Configuration backups and a list of obsolete or unsupported equipment.

NEW SCREENS DO NOT

GUARANTEE A

RESILIENT SYSTEM

A recent refit may still depend on one old heading sensor, one network switch or one unsupported
gateway hidden behind the console.
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OFFSHORE READINESS

Questions before relying on navigation
systems offshore
A ready navigation system provides trustworthy position and environmental data, independent cross-checks,
current chart context and a practised route to degraded operation after partial failure.

Area Question to resolve

Position Which independent receivers and methods can establish position after the primary GNSS or network fails?

Heading Which compass or sensor remains if the primary heading source is lost?

Depth and hazards What independent evidence supports grounding avoidance in confined water?

Power and network Which sensors and displays remain after one bus, switch or blackout?

Charts Is suitable current coverage available offline for the route and diversion areas?

Crew response Can more than one person navigate safely on the backup arrangement?

Quick readiness check
Readiness statement

□ I can identify the source of every displayed position, heading, depth, speed, radar and AIS value.

□ Independent position, heading and chart capability exists outside the primary network.

□ Depth offset, compass alignment, source priority and alarm settings are understood.

□ Charts, licences, software and configuration backups are current.

□ Controlled source, display, network and power-failure tests have been completed.

□ There are no unresolved stale-data, overlay, calibration or recurring network faults.

□ The crew have practised degraded navigation and know when to slow, divert or stop the passage.

□ Current diagrams, spares, offline charts and support contacts are available.

KEY TAKEAWAY
Dependable marine navigation combines trustworthy sensors, current chart context, resilient power and
networks, independent comparison and a crew able to continue safely when the integrated picture is
incomplete.

Guidance to consult
Use current vessel navigation, network and electrical drawings and the installed GNSS, chart, heading, depth, speed, radar and AIS manufacturers'
instructions, together with official charts and publications, applicable flag-state or coding requirements and appropriate navigation training.
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