How Does Santa Navigate?

How to get from A to B whilst airborne.

The importance of precision...




So how does he do it?




Five methods of aerial navigation:
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Pilot Navigation
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Pilot Navigation
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Pilot Navigation
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Pilot Navigation
Suitable for Santa?

Straightforward

Night-time issues

Number of maps needed

Lines on the map
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Five methods of aerial navigation:

I!‘\_|

&)

Pilot Navigation

Astro Navigation

Inertial Navigation

®

Radio Navigation

%,

Satellite Navigation

Astro Navigation

“Sextant

A 2

‘7:.' o~ £ O % 4

T o ~ =

e e S
. ?«C_ . "%:n
sy R

S
'] =

Chart

Ay

Astronomical

Almanac

Almanac




. Astro Navigation

Astronomical
Almanac

. Astro Navigation
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] Astro Navigation

Suitable for Santa”
e Ground features not required v
e Cloudy skies X

¢ Time consuming and inaccurate X
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Radio Navigation

Radio Beacons

Non-Directional Dil;éctidnal Hyﬂberbblic
Beacons (NDB) Beacons Systems

Radio Navigation

Radio Beacons

Non-Directional
Beacons (NDB)




Radio Navigation
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Transmits on 198KHz

Droitwich Transmitter

Radio Navigation
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Transmits on 545KHz

Lichfield NDB




Radio Navigation

Droitwich Transmitter

Radio Navigation

Airborne Instruments (Avionics)




Radio Navigation

Radio Beacons

Directional

Radio Navigation
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VHF Omni-Directional Radio (VOR)




Radio Navigation

Airborne Instruments (Avionics)
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Radio Navigation

Radio Beacons

Hyperbolic




Radio Navigation

LORAN-C System

Slave Station Master Station Slave Station

Radio Navigation

Aeronautical Chart

Hyperbolic Position Lines




Radio Navigation

LORAN-C

Radio Navigation
Suitable for Santa”?

Ground features not required
Cloudy skies

Fairly accurate

Need a power supply

Need specific antennae




Five methods of aerial navigation:

Pilot Navigz

Inertial Navigation Satellite Navigation

Inertial Navigation

Gyroscope




Gyroscope Accelerometer




Inertial Navigation

Inertial Platform

A[ e Gyro Stabilised
e Kept level with respect to the

Earth’s surface

® Measures acceleration in all
three axes

Inertial Navigation

Operation

\ e Tell it where it is

' @ Allow it to align

INS will then calculate its position and speed by measuring each acceleration.




Inertial Navigation

\ ® Enter coordinates of waypoints
| ® INS will calculate desired track

® No updates required

Inertial Navigation
Suitable for Santa”?

e Self contained system
e Operates anywhere

¢ Limits to accuracy

x X < S

e Requires a power supply




Five methods of aerial navigation:

Pilot Navigz

Inertial Navigatio Satellite Navigation

%, Satelllte Navigation

: S

;‘\l




Ky Satellite Navigation

Each Satellite:
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& ® Contains an atomic clock
' ® Transmits precise time data
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POSITION:

N55° 27.5°

'W058° 16.9'
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Airborne GPS Receiver

Ky Satellite Navigation

Y Satellite Navigation
Suitable for Santa”?

Ground features not required

Cloudy skies do not matter
Extremely accurate

Easy to use

Real-time readout

Works off batteries
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Five methods of aerial navigation:

Pilot Navigation

Astro Navigation Radio Navigation

Inertial Navigation Satellite Navigation




