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Navigation

Navigation is a field of study that focuses

on the process of monitoring and
controlling the movement of a craft or

vehicle from one place to another.
(Wikipedia)
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Navigation includes:

- Determination of position (Where am 1?)
- Orienteering (Where Is the North?).

University of Pavia March 2017 3/65



Institute of Information and Communication Technologies .

JIICT N Bulgarian Academy of Sciences soessedefp

o B

p he

am |? Where is the North?

-

\ RIS
AN »
&

......

University of Pavia March 2017 4/65



Institute of Information and Communication Technologies P
m Bulgarian Academy of Sciences Iltllt.’ltﬁ.

Once upon a ti1 me (
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Orientation by local features

Pioneers returning from their journeys provided
travel instructions for those who wished to repeat
their journeys. They wrote descriptions of their
routes and made charts or maps pointing out
landmarks and hazards such as rivers, and
mountains on land or shoals and rocks at sea.
Mapmarkersdevised ajlobal coordinate system
using a grid oflatitude and longitudecircles, by
which the position of any place on the earth could

be defined.
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Orientation by local features
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Stars

Determininglatitude was relatively easy because it
could be calculated from the altitude of the sun at noor
or Polar star in the night.

Polar stV
s /G’Dlar star ™
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Predicting sunrise and sunset
with astrolabium
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Inventor Claudius Ptolemaeud¥
c.AD100ic .. 170
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Ballastella
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Compass

Chinisechariot with lodestone
figure, pointing to the North

University of Pavia March 2017 13/65



T

Institute of Information and Communication Technologies
Bulgarian Academy of Sciences e

s dife

North magnetic pole
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Finding the longitude

Finding an accurate and reliable method of determining
longitude took centuries of study, and involved some of tf

greatest scientific
longitude. Finding

minds in human history. Time equals
apparent local time is relatively easy.

The problem, ultimately, was how to determine the time a
distant reference point while on a ship. In 1612, having

determined the or
satellites, Galileo

pital periods of Jupiter's four brightest

oroposed that with sufficiently accurate

knowledge of their orbits one could use their positions as
universal clock, which would make possible the
determination oflongitude.Butthese observation were

complicated to be
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Until now we learnt how to orientate using local
features, how to find sunrise and sunset (the position
latitude), how to point North magnetic Pole and North
Pole. But we could not estimate yet our longitude. To
measure the longitude we have to measure by accurate
nronometerthe difference between the local time of the
orevious place and current local one.

n July 1714 the British Parliamentpassed the
_ongitude Act and this established a Board of Longitud
whi ch of f e rpdze forahe pe?son,wboicould
Invent a means of calculating longitude.
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Time, hronometer, pendulum

-Mechanical watchesvith gears -
were invented XdXII c., but X~
their precision was poor. They
were moved by largeeigthsat

the beginning and since XV c.
by springs.

- The sandglasses at that time
were more precisaronometers

University of Pavia March 2017 17/65



Institute of Information and Communication Technologies P
IICT N Bulgarian Academy of Sciences sresredefe

Pendulum

A pendulum is an object hung from a fixed point that
swings back and forth under the action of gravity. The
swing continues moving back and forth without any
extra outside help until friction (between the air and
the swing and between the chains and the attachment
points) slows it down and eventually stops it. The
period of the pendulunilepends on the force of

gravity, as well as théength of the pendulumit
doesnot de pandod theanc olvewimgg h t
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Pendulum cont.

Galileo Galilel made aforementioned
notable discovery about the pendulul
around 1602. Later, thigrusial
discovery would lead Galileo to
conclusion to use the regular motion
of pendulums for timekeeping and th
development of his idea for a
pendulum clock.
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Pendulum clock
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The first pendulum clock
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In 1656 the Dutch scientist
Christiaan Huygens built the first
pendulum clock. This was a great
Improvement over existing
mechanical clocks; their best
accuracy was increased from aroun
15 minutes deviation a day to aroun
15 seconds a day. Drawbaeleven
small change of temperature leads
a change of pendulum length and
period.
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Pendulum clock
In 1673 Huygens published

pring drivn péulum clock, pe“Od Of an

Horologium Oscillatorium sivede
motu pendulorum Huygens was the
first to derive the formula for the

Ideal mathematical

designod by Huygene, buift by pendulum. He later used spiral

instrument maker Salomon Coster

(1657),[98] and copy of the Horologium Spn ngS and

Oscillatorium ¥ Museum Boerhaave, .
Leiden COI’]VG ntIOna
; by Thuretin

T =2m,|—
Rl 1675.

palancing wheel in mor
watches, made for hin

Paris from around
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Balance wheel with verge escapement

| |
-
["Uli()’ H‘i’h \‘.' Foliot
verge escapement. The t
escapement wheel is ~ [
~ P
driven by a constant 2 _a"et ]
moment of force M, the </ Verge
foliot has a moment of S
inertia I, determined by ~ Escapement wheel

the mass of the weights
and their distance to

l“ "

the verge'"
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After XVII c

A More ships were made of Steel and Iron

A Theyhave their own magnetic field that can effect
changes I n the shipos ma

A Determined by angle in which the Keel is laid during
Initial construction

A Equipmenti electric/electronic can also cause
deviation

A The ships became with higher speed and more
maneuverable, compass is sensitive to accelerations
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Spinning top

A spinning top Is a toy designed to spin rapidly or
the ground, the motion of which causes it to
remain precisely balanced on its tip because of it:

rotational inertia. Such toys have existed since
antiguity.
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Spinning top
Euler was one of the most eminent
mathematicians of the 18th century.
Spinning top effect was theoretically
iInvestigated by Euler i1 765,in the
bookj BitcdwYw HodyJ dzd
Is J @iz
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Gimbal

_______ GerolamoCardano(150171 1576,

' One of them is the combination lock
- agimbal consisting of three
concentric rings allowing a

=4+ joints. It allows the transmission of

: ~' rotary motion at various angles and
IS used In vehicles to this day.
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How a Gimbal Works

ROTATIONAL MOVEMENT STATIC POSITION

University of Pavia March 2017 27/65



Institute of Information and Communication Technologies Py
 1ICT N Bulgarian Academy of Sciences reredefo

Leon Foucault Gyroscope

A gyroscope is a spinning wheel or
disc in which the axis of rotation Is
free to assumeny orientationby
itself. L. Foucault first conceived of
the gyro as an inertial reference Iin
1851. In 1890, one other event was
to set the stage for the practical
application of the gyrocompass; the
development of the first electrically
driven gyroscope by G.M. Hopkins.

Gyroscope invented by Léon Foucault in 1852
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Gyroscope
frame

Spin axis

Gimbal
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Foucaul t os t#h

Every free rotating body, when subjected to
some other or new turning forceends to

set its axis of rotation parallel to the new
axis of rotationby the shortest path, so that
the two rotations take place in the same

direction.

University of Pavia March 2017 30/65



Institute of Information and Communication Technologies .
pIICT \ Bulgarian Academy of Sciences sresredefe

Foucaul t os t#h

The first low he laid states that any Gyrostat
possessing three degree of freedom and
unaffected by the force of gravity, must
Indicate the rotation of the earth in a
manner, similar to that demonstrated by the
pendulum in his celebrated work. The Gyro
would continue with its plane of rotation
fixed In space, while the earth turned round
under the Gyrostat.
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Foucaul t os t#h

He further arrived at the conclusion that any
Gyro with only two degree of freedom, free to
move In two planes only, will at any place on

t he earthos surface,
to set itself with its axis of rotation parallel to
the axis of the earth itself, by reason of relative
rotations of the two bodies.
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Spinning top in a gimbal
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