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Anchor with an optical measuring device
BACKGROUND OF THE INVENTION
The invention relates to an anchor,

particularly for anchoring heavy maritime objects, such
as a drilling platform, in an anchoring ground for a
long period of use that may last many years.

A known anchor at an anchoring line is placed
onto the anchoring ground from an installation ship,
after which the installation ship pulls at the
anchoring line to bring the anchor into the anchoring
ground. At the end of the period of use the anchor is
pulled out of the anchoring ground by pulling in the
anchoring line. Both when introducing and pulling in
the anchor it is of importance that the behaviour of
the anchor in the anchoring ground can be reliably
established. In the known anchor the movement of the
anchor 1s calculated by means of prediction models on
the basis of the tension in the anchoring line during
pulling the anchoring line. The predicted displacement
of the anchor may deviate from the actual displacement
of the anchor.

It is an object of the invention to provide an
anchor, wherein the displacement of the anchor with

respect to the anchoring ground can be reliably
ascertained.

SUMMARY OF THE INVENTION



10

1%

20

25

30

35

WO 2012/128617 PCT/NL2012/650107

According to a first aspect the invention
provides an anchor with a measuring device that is
fixedly attached to the anchor for measuring the
displacement of the soil with respect to the anchor,
wherein the measuring device is provided with a light
source and an optical sensor, wherein the light source
when operational emits a light beam illuminating a part
of the soil opposite the measuring device, wherein the
soil reflects at least a part of the light of the light
beam in the direction of the measuring device, wherein
the optical sensor comprises a light-sensitive sensor
surface divided intoc segments, which surface per
segment cconverts the light incident at the location of
the segments into an electric signal which according to
a predetermined ratio corresponds with the intensity of
the incident 1light, wherein the measuring device is
operationally connected to a <calculation and data
processing unit that converts the signals into a
reproduction divided into segments, wherein the
calculation and data processing unit is provided with a
storage medium for storing reproductions at least at
two consecutive moments in time and an electric circuit
for recognising ©patterns in each of the stored
reproductions, comparing the recognised patterns of two
consecutive reproductions and on the basis of the
comparison determining the displacement of the pattern
between the two consecutive moments in time. The
measuring device 1is able to measure the relative
displacement of the soil with respect to the measuring
device, which is a reliable parameter for the relative
displacement of the anchor with respect to the soil.

In one embodiment the optical sensor comprises
a plurality of light detectors that jointly form the
segments of the light-sensitive sensor surface. The
light detectors are able to convert the light incident
per segment of the light-sensitive surface into an
electric signal.
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In one embodiment the segments of the light-
sensitive sensor surface are arranged in several rows
and columns. The signals of the segments can be
processed by the calculation and data processing unit
into a two-dimensional reproduction divided into
segments. The two-dimensional reproduction makes it
possible to recognise displacements of patterns in two
directions.

In one embodiment the light source is provided
with a light emitting diode or a laser. Both types of
light  sources are able to effect a contrasty
illumination of the soil of the anchoring ground.

In one embodiment the light detectors comprise
photodiodes. Photodiodes may have a more linear
characteristic than light-sensitive resistors, and are
moreover able to respond to light wvariations much more
rapidly.

In one embodiment the measuring device
comprises a housing that is provided with an inspection
opening having a substantially transparent sight glass
in it, wherein the light sensor is placed behind the
sight glass in the housing and in the path of the light
incident through the sight glass. The housing and sight
glass are jointly able to counteract the penetration of
water or dirt in the housing.

In one embodiment the sight glass is made of
sapphire glass, particularly artificial sapphire glass,
particularly artificial sapphire glass of crystallised
aluminium oxide. Sapphire glass has the advantage of
having few to no pores and irregularities in the
surface. Moreover sapphire glass has a particularly
high hardness, as a result of which wear of and
scratching the surface of the sight glass due to soil
sliding past it can be counteracted.

In one embodiment the measuring device is
provided with a 1lens in the path of the reflected
light, wherein the focal distance of the lens is
situated in or at the light-sensitive sensor surface.

PCT/NL2012/656107
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The lens is able to converge the incident, reflected
light rays to the 1light detectors of the 1light-
sensitive sensor surface. In that way a more distinct
or focused representation of the soil sliding past can
be obtained.

In one embodiment the anchor has a
longitudinal plane of syvmmetry, wherein the light-
sensitive sensor surface extends substantially parallel
to the longitudinal plane of symmetry. The longitudinal
plane of symmetry extends substantially parallel to the
vertical plane in the scil, as a result of which the
light-sensitive sensor surface 1is able to ascertain
displacements parallel to the vertical plane of the
soil.

In one embodiment the anchor comprises a fluke
and a shank that is upright with respect to the fluke,
wherein the shank comprises a plate section extending
substantially parallel to the longitudinal plane of
symmetry and Dbearing the measuring device. The
longitudinal plane of symmetry and the plate section
extend substantially parallel to the vertical plane in
the soil, as a result of which the light-sensitive
sensor surface 1s able to ascertain displacements
parallel to the vertical plane of the soil.

In one embodiment the anchor is provided with
an inclinometer, so that in addition to the measured
relative displacement of the soil with respect to the
measuring device also the movements of the anchor with
respect to a notional plane can be determined, which is
a parameter for the pitch and roll of the anchor.

In one embodiment the calculation and data
processing unit 1is accommodated in the housing. The
measuring device can as a result provide processed data
about the displacement of the soil with respect to the
anchor and/or the displacement of the anchor with
respect to the soil.

In one embodiment the anchor is provided with
a transmitter for wireless data transmission from the

PCT/NL2012/650107
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transmitter to a vessel located at the water surface.
On the vessel the data can be wvisually shown on a
display. With the feedback of the visual data the
captain of the vessel is able to adjust the force on
the anchoring line in order to influence the
introduction path or the retraction path of the anchor.

In one embodiment the calculation and data
processing unit is disposed on the vessel. As the data
need not be processed first, but can be forwarded
unprocessed, the electronics in the measuring device
can be simplified, which reduces the risk of the
electronics breaking down or failing.

In one embodiment, there is provided an
optical measuring device, suitable to be used on the
anchor described above. The optical measuring device
can be placed as a separate part on any anchor provided
that during the processing or interpretation of the
data, the location of the measuring device on the
anchor is taken into account.

According to a second aspect the invention
provides a method for measuring the anchor displacement
of an anchor in soil of an anchoring ground, wherein
the anchor is provided with a measuring device that is
fixedly attached to the anchor for measuring
displacement of the soil with respect to the anchor,
wherein the measuring device is provided with a 1light
source and an optical sensor, wherein the optical
sensor comprises a plurality of light detectors that
jointly form a light-sensitive sensor surface, wherein
each light detector covers a segment of the light-
sensitive sensor surface, wherein the measuring device
is operationally connected to a calculation and data
processing unit that is provided with a storage medium
and an electric circuit, wherein the method comprises:
exerting a pulling force on an anchoring line connected
to the anchor in order to introduce the anchor into
soill of an anchoring ground according to a penetration
path; by means of the light source emitting a light
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beam, wherein the light beam illuminates a part of the
soil opposite the measuring device, wherein the soil
reflects at least a part of the light of the light beam
in the direction of the measuring device, by means of
the light detectors converting light incident at the
location of the segments and reflected from the soil
into electric signals which according to a
predetermined ratio correspond with the intensity of
the incident light per segment; at a first moment by
means of the calculation and data processing unit
converting the electric signals of the light detectors
into a first reproduction divided into segments;
storing the first reproduction in the storage medium;
at a second moment consecutive to the first moment by
means of the calculation and data processing unit
converting the electric signals of the light detectors
into a second reproduction divided into segments;
storing the second reproduction in the storage medium;
by means of the electric circuit recognising patterns
in the first reproduction and the second reproduction;
comparing the recognised ©patterns of the first
reproduction and the second reproduction; on the basis
of the comparison determining the displacement of the
pattern between the first reproduction and the second
reproduction. The measuring device is able to measure
the relative displacement of the soil with respect to
the measuring device, which is a reliable parameter for
the relative displacement of the anchor with respect to
the soil.

In one embodiment the anchor is provided with
an inclinometer, wherein the method comprises: on the
basis of the data of the inclinometer determining the
position of the anchor during measuring the
displacement of the pattern, adjusting the measured
displacement of the pattern on the basis of the
deviation of the position of the anchor with respect to
its regular horizontal position. Depending on the
deviating position of the anchor as measured by the

PCT/NL2012/050167
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inclinometer, the data of the anchor displacement can
be adjusted, SO that the measured  horizontal
displacement and the vertical displacement within the
light-sensitive surface do actually correspond with the
notional horizontal plane perpendicular to the
gravitational direction and the notional vertical plane
in which gravity is active, respectively.

The aspects and measures described in this
description and the claims of the application and/or
shown in the drawings of this application may where
possible also be used individually. Said individual
aspects may be the subject of divisional patent
applications relating thereto. This particularly
applies to the measures and aspects that are described
per se in the sub claims.

SHORT DESCRIPTION OF THE DRAWINGS

The invention will be elucidated on the basis
of a number of exemplary embodiments shown in the
attached schematic drawings, in which:

figure 1 shows a side view of an anchor
according to the invention that has been introduced
into soil of an anchoring ground, having a measuring
device for the optical measuring of the displacement of
the anchor with respect to the soil of the anchoring
ground;

figure 2 shows an isometric front view of the
anchor according to figure 1;

figure 3 shows an isometric front view of the
optical measuring device according to the circle III of
figure 2:

figure 4 shows a view of the optical measuring
device according to figure 3 in disassembled condition;

figure 5 shows a longitudinal section of the
optical measuring device according to the line V-V in
figure 3;

PCT/NL2012/050167
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figure 6 shows a view in perspective of
details of the optical measuring device according to
figure 5;

figure 7A-D show depictions of how the optical
measuring device according to figure 3 works.

DETAILED DESCRIPTION OF THE DRAWINGS

Figures 1 and 2 show a steel anchor 1
according to an embodiment of the invention. The anchor
1 is adapted for anchoring heavy maritime objects, such
as a drilling platform that is not shown further, in
soil 90 of an anchoring ground 9 for a long period of
use that may last many years. The soil 90 1is a
composition of clay and sand. The anchor 1 comprises a
fluke 10 and a forwardly inclined shank 20 that is
upright from the fluke 10 and at its outer end provided
with an anchoring line 8. The anchor 1 is substantially
symmetrical with respect to its wvertical longitudinal
plane of symmetry M. In figure 1 a vertical cross-
section of the soil 90 is shown, in order to expose its
buried, subterranean anchored position. The anchor 1 is
formed to be introduced into the anchoring ground 9
according to a penetration path T in a forward
direction of penetration P substantially parallel to
the longitudinal plane of symmetry M. In the opposite
direction the anchor 1 <can be pulled out of the
anchoring ground 2.

As shown in figure 2 the fluke 10 is
constructed with plate parts and at the rear side over
its width comprises a base plate 11 which at the front
on both sides of centre Jlongitudinal plane M merges
into a first triangular front end 12 and a second
triangular front end 13, respectively, which in the
penetration direction P end in tips 14. At the sides
the base plate 11 merges into two diagonally downwardly
oriented side plates 15. From the tips 14, below the

PCT/NL2012/050107
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front ends 12 two parallel longitudinal girders 16
extend below the base plate 11 in order to reinforce
them. Above the base plate 11 at the location of the
longitudinal girders 16 the fluke 10 is provided with
upright attachment lips 17, 18 with attachment pins 19
with which the fluke 10 is coupled to the shank 20.

The shank 20 1is constructed with a first
plate-shaped shank leg 21 and a second plate-shaped
shank leg 22 which on a first side are provided with
fixing holes through which securing pins 19 extend for
coupling the shank 20 to the fluke 10. At a second
outer end facing away from the fluke 10, the first
shank leg 21 and the second shank leg 22 are provided
with a first end ear 23 and a second end ear 24,
respectively. Between the end ears 23, 24 a coupling
element 25 is accommodated for coupling the anchor 1 to
an anchoring line 8. The coupling element 25 can be
provided with electronics capable of measuring the
deformation of the coupling element 25 as a result of
the pulling force of the anchoring line 8 on the
coupling element 25. From the fluke 10, the first shank
leg 21 and the second shank leg 22 with a first plate
section 26 and a second plate section 27 extend
parallel to each other and to the longitudinal plane of
symmetry M in  an upwardly inclined direction.
Subsequently the first plate section 26 and the second
plate section 27 merge into a third plate section 28
and a fourth plate section 29, respectively, which in
upward direction incline towards each other or
converge. Along their length the shank legs 21, 22 are
connected to each other by means of transverse plates
30.

As shown in figure 1 the anchor 1 is provided
with an optical measuring device 4 that is arranged on
the first plate section 26 of the anchor 1. The anchor
1 further comprises an acoustic modem 31 or another
suitable communication means for transmitting data to
an installation ship that is not shown and/or receiving

PCT/NL2612/050107
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data from the installation ship that is not shown. The
modem 31 is coupled to the optical measuring device 4
via a communication cable 32 and a pull relief 33. The
communication cable 32 has a length counteracting that
the modem 31 disappears below the anchoring ground 9.
In an alternative embodiment that is not shown, the
modem 31 can also be fixedly arranged on the anchor 1,
for instance adjacent the optical measuring device 4 on
the first plate section 26. The modem 31 in that case
disappears below the anchoring ground 9 in the soil 90.
The strength of the signal transmitted by the modem 31
then has to be adjusted so that the modem 31 at a
certain depth, for instance six metres, suffices to
pass through the soil 90 and reach the dinstallation
ship. The installation ship 1is provided with an
acoustic modem that is not shown, for communication
with the modem 31 on the anchor 1. In an alternative
embodiment that is not shown, the anchor 1 is provided
with a communication cable that for instance extends up
to the installation ship. With such a communication
cable the optical measuring device 4 can be supplied
with electricity from the installation ship.

Prior to the situation as shown in figure 1,
the anchor 1 was in a first position on the anchoring
ground 9 at depth D. The installation ship has exerted
a force N on the anchor 1 via the anchoring line 8, as
a result of which the anchor 1 from the first position
described above has gone through a penetration path T
up to a second position as shown in figure 1 at a
certain depth E in the anchoring ground 9. The anchor 1
and the optical measuring device 4 fixedly attached
thereto are then fully surrounded by the soil 90 of the
anchoring ground 9. When the anchor moves through the
solil 90, the scil slides relative with respect to the
anchor 1 past the measuring device 4.

As shown in figure 3, the optical measuring
device 4 is provided with a first shell member 41 and a
second shell member 42 which Jjointly form a pressure

PCT/NL2012/650107
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housing 40. The shell members 41, 42 are placed tightly
against each other by bolts 48 and then connect to each
other seamlessly, for instance by means of a watertight
sealing or glued joint, in order to protect electric
components to be described further and accommodated in
the pressure housing 40 against the water outside of
the pressure housing 40. The electric components are
fed by a battery or a supply cable that is not shown
and that is connected to an external electricity
source. The communication cable 32 enters the pressure
housing 40 via the pull relief 33, and at that location
is connected to the electric components.

The first shell member 41 is provided with a
circular inspection opening 43 and a circular sight
glass 44 disposed in the inspection opening 43 and
sealing the inspection opening 43 watertight. The sight
glass 44 has an outer surface 49 which at the outside
of the first shell member 41 connects flush to the
first shell member 41, so that the soil 90 surrounding
the anchor 1 and the optical measuring device 4 are
able to smoothly slide over the outer surface 49 of the
sight glass 44. The outer  surface 49  extends
substantially parallel to the first plate section 26
and the vertical longitudinal plane of symmetry M. The
sight glass 44 is made of colourless, transparent or
translucent diamond-like glass, particularly sapphire
glass, 1in particular synthetic sapphire glass of
crystallised aluminium oxide. Sapphire glass has the
advantage of having few to no pores and irregularities
in the surface. Moreover sapphire glass has a
particularly high hardness, as a result of which wear
of and scratching the outer surface 49 of the sight
glass 44 due to soil 90 sliding past it can be
counteracted.

As shown in figure 4 the optical measuring
device 4 is provided with a holder 45 which straight
across the inspection opening 43 1in the first shell
member 41 is attached to the second shell member 42.

PCT/NL2012/056167
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The optical measuring device 4 comprises a light source
46, for instance a light emitting diode (LED) or a
laser, that is fixedly disposed in or at the holder 45.
As shown in figure 6 the light source 46 emits a light
beam L from the holder 45, which light beam passes
through the sight glass 44 at an emission angle A.
Optionally a diffuse lens is disposed between the light
source 46 and the sight glass 44 which lens diverges
the light beam L emitted by the light source or makes
the light beam diffuse. The light beam L illuminates a
part 91 of the soil 90 of the anchoring ground 9 which
at that moment 1is situated at the outside of the
optical measuring device 4 in front of the outer
surface 49 of the sight glass 44 or moves past it. To
clarify how this works, the distance between the part
91 of the so0il 90 and the outer surface 49 of the sight
glass are schematically shown in figure 6 in a highly
exaggerated manner. In reality the part 91 of the soil
90 will be situated just in front of or against the
outer surface 49 of the sight glass 44. At least a part
of the light beam L is reflected by the part 91 of the
scil 90 and, as a plurality of reflection light rays R
at a reflection angle B, different from emission angle
A, is reflected back to the sight glass 44.

The optical measuring device 4 furthermore
comprises an optical sensor 50 having a plurality of
light detectors for receiving the reflection light rays
R. The optical sensor 50 in this example comprises a
plurality of photodiodes 51 that are placed in a group
in a square grid or a matrix in order to form a light-
sensitive sensor surface 55. The sensor surface 55
extends substantially parallel to the first plate
section 26 and the vertical Jlongitudinal plane of
symmetry M., The photodiodes 51 are connected via a
printed circuit-board 52 to a calculation and data
processing unit 53, to which the photodicdes 51
individually give a signal that depends on the quantity
of light detected by the individual photodiodes 51. The

PCT/NL2012/050107
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photodiodes 51 have a linear characteristic as regards
the conversion of incident light into electric signals.
Photodiodes 51 can moreover quickly respond to
variations in light intensity.

As shown in figure 6 the anchor 1 is also
provided with an inclinometer 58 which in this
embodiment is accommodated in the optical measuring
device 4. In an alternative embodiment that is not
shown the inclinometer 58 can also be arranged on a
different location at the anchor 1, for instance near
or in the coupling element 25. The inclinometer 58
provides data about the pitch and roll or the angle of
inclination and rolling motions of the anchor 1 with
respect to gravity that 1s directed perpendicularly
downwards and a notional horizontal plane that is at
right angles thereto. The regular position of the
anchor 1 is shown in figure 1, wherein the base plate
11 of the fluke 10 extends parallel to the notional
horizontal plane and the shank 20 is positioned upright
therefrom. The data of the inclinometer 58 are either
directly combined in the calculation and data
processing unit 53 of the optical measuring device 4,
or are transmitted separately via the modem 31 to the
installation ship, in order to be combined there with
the data of the optical measuring device 4.

The optical measuring device 4 1is provided
with a lens 47 that is situated between the photodiodes
51 of the optical sensor 50 and the sight glass 44. The
lens 47 has a focal distance F situated in the sensor
surface 55 of the optical sensor 50 which surface is
formed by the photodiodes 51, in orxrder to converge the
reflection light rays R incident through the sight
glass 44 in the direction of the individual photodiodes
51. Due to the lens 47 a more distinct or focused
representation of the so0il 90 can be obtained. When
choosing the distances between the 1lens 47, the sight
glass 44 and the optical sensor 50 the refractive index
of the sapphire glass is taken into account, which

PCT/NL2612/050187
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index is able to slightly influence the paths of the
reflection light rays R.

Figure 6 and 7A-D show the working of the
optical measuring device 4.

Figure 6 shows the situation in which the
light beam L has been emitted by the light source 46
and passes through the transparent sight glass 44 of
sapphire glass. The light beam L illuminates the soil
90 that on the outside ©f the optical measuring device
4 slides past the optical measuring device 4,
particularly the part 91 of the scil 90 which at that
moment is situated in front cof the outer surface 49 of
the sight glass 44. The part 91 of the soil 90 that is
visible through the sight glass 44 is pressed against
the outer surface 49 of the sight glass 44 by the
overpressure prevailing at depth E. As a result the
sight glass 44 shows a local cross-section of the soil
90. As the measuring device 4 is disposed on the first
plate section 26 and the first plate section 26 in case
of normal use extends substantially in the vertical
plane, the cross-section of the soil 90 in general is a
vertical cross-section of the soil 90. The soil 90 has
an irregular structure reflecting the light rays of the
light beam L irregularly. As a result not all 1light
rays return as reflection light rays R at angle B
through the sight glass 44.

The individual photodiodes 51 of the optical
sensor 50 detect the reflection light rays R returning
at angle B through the sight glass 44, which rays as a
result of the irregularities in the structure of the
soil 90 have not been reflected everywhere to the same
extent. This influences the light intensities that are
detected by the individual photodiodes 51.

As shown in figure 6 each photodiode 51 covers
an individual part of the sensor surface 55 of the
light sensor ©50. Each photodicde 51 individually
converts the locally detected light intensity into a

signal which according to a predetermined ratio

PCT/NL2012/050107
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corresponds linearly with the detected light intensity.
The wvariations in 1light intensity are indicated in
figures 7A-D by means of different types of hatchings.
The legend 60 schematically shows the light intensities
corresponding with the hatchings by means of a sun with
light rays. The signals of the photodiodes 51 can be
processed by the calculation and data processing unit
53 into a two-dimensional reproduction, representation
or picture 61 of the detected reflection light rays R
detected by the photodiodes 51, which reproduction is
divided into segments. The reproduction 61 is
representative of the part 91 of the soil 90 which at
the moment of the recording was situated in front of
the outer surface 49 of the sight glass 44. The
resolution of the reproduction 61 depends on the
quantity of photodiodes 51 and figure 6 shows an
exaggerated low number in order to show how the optical
measuring device 4 works in a highly simplified manner.
In reality the sensor surface 55 of the optical sensor
50 can be formed by for instance a few hundred to a few
thousand photodiodes 51, which results in a higher
resolution and a greater accuracy.

Whereas the anchor 1 passes through the
penetration path T, as indicated in figure 1, the
anchor 1 moves through the soil 90. Alsc in case of
pulling the anchor 1 out of the anchoring ground 9, in
a path contrary to the penetration path T, the anchor 1
moves through the soil 380. The soil 90 in both cases
moves relative to the optical measuring device 4
attached to the anchor 1. Figures 7A-D show how, during
a certain period of time in which the anchor 1 is
moving through the scil 90, several parts 9%91-24 of the
scil 90 are situated in front of the outer surface 49
of the sight glass 44. The optical sensor 50 records
reflection light rays R reflected by the consecutive
parts 91-84 of the soil 90 at a certain constant
frequency or a constant interval.

PCT/NL2012/650107
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Figures 7A-D show how the signals of the light
sensor 50 over a certain period of time have been
processed by the calculation and data processing unit
53 into, in this example, four consecutive
reproductions 61-64. Each reproduction 61-64 contains a
pattern of 1light intensities representative of the
reflection light rays R as reflected by the consecutive
parts 91-%94 of the soil 90 in the snapshots taken at
four consecutive moments in time. The calculation and
data processing unit 53 is provided with a storage
medium in which each time at least two consecutive
reproductions 61-64 can be stored in order to be able
to compare them with each other. The frequency of the
interval between the reproductions 61-64 is chosen such
that the part of the socil 80 that was situated in front
of the outer surface 49 of the sight glass 44 during a
first of two snapshots taken at consecutive moments in
time, is still at least partially present in front of
the outer surface 49 of the sight glass 44 during the
second snapshct. Preferably the frequency of the
snapshots 1is in the range of approximately twenty-five
snapshots per second to a few hundred, preferably a few
thousand snapshots per second.

The calculation and data processing unit 53 is
provided with electronic circuits that are adapted for
recognizing the patterns on the basis of contrasts
between the detected light intensities per reproduction
61-64. The calculation and data processing unit 53 then
determines the similarities in the recognized patterns
between two consecutive reproductions, for instance
between the first reproduction 61 and the second
reproduction 62, as shown in figures 7A and 7B. Finally
the calculation and data processing unit 53 determines
a horizontal displacement component X1 and a vertical
displacement component Y1 of the second pattern in
reproduction 62 with respect to the first pattern in
reproduction 61. On the basis of the horizontal

displacement component X1 and the vertical displacement
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component Y1 the relative soil displacement Ul of the
second pattern with respect to the first pattern can be
determined, which is representative of the relative
soil displacement Ul of soil 90 with respect to the
optical measuring device 4. With an additional
calculation action the calculation and data processing
unit 53 is able to convert the relative displacement Ul
of the soil 90 with respect to the optical measuring
device 4 into an opposite anchor displacement V1 of the
optical measuring device 4, and therefore the anchor 1
that is fixedly connected thereto, with respect to the
soil 90.

In figure 7C the relative soil displacement U2
of the third part 93 of the soil 80 with respect to the
second part 92 of the soil 90 1is shown. Said
displacement U2 1is detected in the manner described
above by the 1light sensor 50 and processed by the
calculation and data processing unit 53 into a related
value for the relative anchor displacement V2.

In figure 7D the relative soil displacement U3
of the fourth part 94 of the soil 90 with respect to
the third part 93 of the soil 80 is shown. Said
displacement U3 1is detected in the manner described
above by the light sensor 50 and processed by the
calculation and data processing unit 53 into a related
value for the relative anchor displacement V3.

In the measuring device 4 or on the
installation ship the data about the relative anchor
displacement V1-V3 with respect to the soil 90 are
combined with the measuring data of the inclinometer 58
about the pitch and roll of the anchor 1 with respect
to the regular position of the anchor 1. Depending on
the deviating position of the anchor 1 as measured by
the inclinometer 38, the data of the anchor
displacement V1 can be adjusted, so that the measured
horizontal displacement components X1-X3 and the
vertical displacement components Y1-¥3 within the
light~sensitive sensor surface 55 do actually

PCT/NL2612/056107
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correspond with the notional horizontal plane
perpendicular to the gravitational direction and the
notional vertical plane in which gravity is active,
respectively.

‘ The values of the consecutive, optionally
adjusted relative anchor displacements V1-V3 are
registered by the calculation and data processing unit
53 and are directly communicated wvia the communication
cable 32 and the modem 31 to a calculation and data
processing unit at the installation ship. At the
installation ship the wvalues of the relative anchor
displacements V1-V3 can be visually shown on a display.

By plotting the relative anchor displacement
Vi-V3 per reproduction 62-64 against the time of said
reproductions 62-64, an approximation of the
penetration path T can be plotted and the displacement
speed of the anchor 1 can be calculated.

Alternatively the rough data, for instance the
horizontal displacement component  ¥1-¥3 and the
vertical displacement component Y1-Y3, can also be
transmitted to the installation ship wvia the modem 31
in order for them to be processed there in the manner
described above into values about the relative anchor
displacements V1-V3.

In the embodiment described above the optical
nmeasuring device 4 1is disposed on the first plate
section 26, so that the optical sensor 50 at that
location is able to perceive a substantially vertical
cross—-section of the soil 90 through the sight glass
44, In an alternative embodiment that is not shown, the
optical measuring device 4, however, is disposed at an
inclined surface of the anchor 1, for instance at the
first triangular front end 12, the second triangular
front end 13, the third plate section 28 or the fourth
plate section 29. Also in other types of anchors that
are not shown, the optical measuring device 4 can be
disposed at a chosen plane, which preferably during the
penetration path T is fully surrounded by soil 90. When
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the optical measuring device 4 is disposed at an anchor
at a deviating location at a deviating angle, the
optical sensor 50 will be able to perceive a diagonal
cross-section of the soil 90 through the sight glass
44. The measured displacement components will then
represent different directional data about the relative
displacement of the anchor 1 with respect to the soil
90.

In an alternative embodiment that is not
shown, the anchor 1 is provided with a second optical
measuring device that preferably is placed at right
angles to the optical measuring device 4 described
above. Such a second optical measuring device 4 is able
to provide additional data, for instance about a third
directional component. In that way the penetration path
T of the anchor 1 <can be determined in three
dimensions.

The above description is included to
illustrate the operation of preferred embodiments of
the invention and not to 1limit the scope of the
invention. Starting from the above explanation many
variations that fall within the spirit and scope of the
present invention will be evident to an expert.
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Claims

1. Anchor with a measuring device that is
fixedly attached to the anchor for measuring the
displacement of the soil with respect to the anchor,
wherein the measuring device is provided with a light
source and an optical sensoxr, wherein the light source
when operational emits a light beam illuminating a part
of the soil opposite the measuring device, wherein the
soil reflects at least a part of the light of the light
beam in the direction of the measuring device, wherein
the optical sensor comprises a light-sensitive sgensor
surface divided into segments, which surface per
segment converts the light incident at the location of
the segments into an electric signal which according to
a predetermined ratio corresponds with the intensity of
the incident light, wherein the measuring device is
operétgoﬁally connected to a calculation and data
processing unit that converts the signals into a
reproduction divided into segments, wherein the
calculation and data processing unit is provided with a
storage medium for storing reproductions at least at
two consecutive moments in time and an electric circuit
for recognising = patterns in each of the stored
reproductions, comparing the recognised patterns of two
consecutive reproductions and on the Dbasis of the
comparigon determining the displacement of the pattern
between the two consecutive moments in time.

2. Anchor according to c¢laim 1, wherein the
optical sensor comprises a plurality of light detectors
that jointly form the segments of the light-sensitive
sensor surface.

3. Anchor according to claim 1 or 2, wherein
the segments of the light-sensitive sensor surface are

arranged in several rows and columns.
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4. Anchor according to any one of the
preceding claims, wherein the light source is provided
with a light emitting diode or a laser.

5. Anchor according to any one of the claims
2-4, wherein the light detectors comprise photodiodes.

6. Anchor according to any one of the
preceding claims, wherein the  measuring device
comprises a housing that is provided with an inspection
opening having a substantially transparent sight glass
in it, wherein the optical sensor is placed behind the
sight glass in the housing and in the path of the light
incident through the sight glass.

7. Anchor according to claim 6, wherein the
gsight glass 1is made of sapphire glass, particularly
artificial sapphire glass, particularly artificial
sapphire glass of crystallised aluminium oxide.

8. Anchor according to any one of the
preceding claims, wherein the measuring device is
provided with a lens in the path of the reflected
light, wherein the focal distance of the 1lens is
situated in or at the light-sensitive sensor surface.

9. Anchor according to any one of the
preceding claims, wherein the anchor has a longitudinal
plane of symmetry, wherein the light-sensitive sgensor
surface extends substantially parallel to the
longitudinal plane of symmetry.

10. Anchor according to any one of the
preceding claims, wherein the anchor comprises a fluke
and a shank that is upright with respect to the fluke,
wherein the shank comprises a plate section extending
substantially parallel to the Ilongitudinal plane of
symmetry and bearing the measuring device.

11. Anchor accoxding to any one of the
preceding claims, wherein the anchor is provided with
an inclinometer.

12. Anchor according to any one of the
preceding claims, wherein the calculation and data
processing unit is accommodated in the housing.
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13. Anchor according to any one of the
preceding claims, wherein the anchor is provided with a
transmitter for wireless data transmission from the
transmitter to a vessel located at the water surface.

14. Anchor according to claim 13, wherein the
calculation and data processing unit is disposed on the
vessel,

15. Method for measuring the anchor
displacement of an anchor in soil of an anchoring
ground, wherein the anchor is provided with a measuring
device that is fixedly attached to the anchor for
measuring displacement of the soil with respect to the
anchor, wherein the measuring device is provided with a
light source and an optical sensor, wherein the optical
sensor comprises a plurality of 1light detectors that
jointly form a light-sensitive sensor surface, wherein
each 1light detector covers a segment of the 1light-
sensitive sensor surface, wherein the measuring device
is operationally connected to a calculation and data
processing unit that is provided with a storage medium
and an electric circuit, wherein the method comprises:
exerting a pulling force on an anchoring line connected
to the anchor in order to introduce the anchor into
scil of an anchoring ground according to a penetration
path; by means of the light source emitting a light
beam, wherein the light beam illuminates a part of the
soil opposite the measuring device, wherein the soil
reflects at least a part of the light of the light beam
in the direction of the measuring device, by means of
the light detectors converting light incident at the
location of the segments and reflected from the soil
into electric signals which according to a
predetermined ratio correspond with the intensity of
the incident light per segment; at a first moment by
means of the calculation and data processing unit
converting the electric signals of the light detectors
into a first reproduction divided into segments;

storing the first reproduction in the storage medium;
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at a second moment consecutive to the first moment by
means of the calculation and data processing unit
converting the electric signals of the light detectors
into a second reproduction divided into segments;
storing the second reproduction in the storage medium;
by'means of the electric circuit recognising patterns
in the first reproduction and the second reproduction;
comparing the - recognised patterns of the first
reproduction and the second reproduction; on the basis
of the comparison determining the displacement of the
pattern between the first reproduction and the second
reproduction.

16. Method according to claim 15, wherein the
anchor is provided with an inclinometer, wherein the
method compriseg: on the basis of the data of the
inclinometer determining the position of the anchor
during measuring the displacement of the pattern,
adjusting the measured displacement of the pattern on
the basis of the deviation of the position of the

anchor with respect to its regular horizontal position.



