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(54) METHOD OF MAINTAINING A FLOATING VESSEL IN 
•·A DESIRED·POSITION·OR ON A DESIRED COURSE 

(71) We, . .SH.Ei)L INTERNATIONALE. 
RESEARCH. MAATSCHAPPIJ. N.V., .a 
company organised under the laws of the 
Netherlands, . <if 30, Carel van Bylandtlaan,. 

5 The Hague, the · Nemerlands, · do hereby 
declare the invention, for which we pray that 
a patent may be granted to tis, and ·the 
method by which it. is to be perfonned, to be 
particularly described in and by the following 

which deViation signal results from wave 
action on the vessel; 

·2) filtering the deviation signa1 to remove 
a selected part of the wave component 50 

. of the deviation signal; . 
3) deriving a control signal from the deVia­

tion signal having the selected part of 
the wave component removed therefrom; 
and · · 55 

~ 
..,.., 10 statement:- . 

The invention relates to a method of main­
,... . tailiing .· a 1loating vessel ·in a desired. position 

or on a desired course so as to keep the 
deviation between the actual position or 

15 course of such vessel and the desired position 

4) supplying the control- signal to means 
capable of reducing the deviation 
measured along the co-ordinate, 

wherein the auto-correlation funCtlon of the 
signal that 'is representative of · that part of 60 
the deviation signal which is in a frequency 
band. comprising the selected part of the wave 
component is periodically determi11ed and . the 
impulse response of a .irii.nimum delay filter 
adapted for filtering the deviation signal in 65 · 
step 2 is periodically synthesized from this 
auto-correlation function. 

or course small· without the use of anchors. 
To this end, use is. made of the propulsion 
unit(s) and/or· the nidder(s) of the veSsel, 
which means are controlled by. signals repre-

20 sentative of the deviation between the actual 
position of the vessel and the· desired position 
thereof. . . 

The desired position or ·course of a vessel 
may be indicated by at least one co-ordinate· 

25 of a Cartesian . CO"-ordinate system,. a polar 
co-ordinate system or any other co-ordinate 
system in the horizontal plane . suitable for 
the purpose and/or by. tlte heading of the 
vessel which is indicated by the angle between 

30 an axis of the. vessel a:nd a pre-determined 
compass-direction. For· the sake of conveni­
ence, the heading of . the vessel is' considered · 
hereinafter to be· one of the co-ordinates· suit-
able for indicating the positio~ of a floating 

35 vessel. . _ ... · 
The present inverit19n provides a DiethQd 

for dynamically maintaining a floating vessel 
in a desired· position· or on a desired course,· 
. which vessel . is . provided wit:h means for 

40 measuring along at least one co-ordinate the 
deviation of the vessel from the desired posi­
tion or course~ said ni.ethod including the steps 
of: 

1) generating in· the time d~in a devia-
45 tion signal representative. of the. 

measured deviation a component of 

[Price 25pl 

The present in\rention further. provides . 
means for dynamically .maintaining a floating 
vessel in a desired position or on a desired 70 
course comprising (1) a system for measuring 
along at least one co-ordinate the deviation 
of the vessel from the desired position or 
course and for generating, in the time domain, 
a deviation signal that is representative of the 75 
measured deviation . which deviation signal 
incorporates a component resulting from wave 
action on the vessel, (2) a controller, (3) signal 
communicating means • suitable to be con-. 
nected to means adapted to reduce the devia- 80 
tion of . a vessel as measured along the 
co-ordinate, and (4)a filter for attenuating a 
selected part of the wave component .present 
in the deviation signal, the controller and the· 
filt~ being operatively connected between the 85 
measuring system and the signal communica-. 
tion means, wherein the filter includes· a 
system for periodically determ.iliing the auto­
correlation function of the signal that is 
representative of that part of the deviation 90 
signal which is in a frequency. band compris-
ing the selected part of the wave cQJllponent_, 
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and a system for periodically synthesizing a 
minimum delay filter impulse response from . 
this auto-correlation function. 

·The means employed for reducing the 5 deviation of the vessel from a desired posi­
tion may include one or more propulsion 
units and/or one or more rudders. The pro­

·pulsion unit or· units may be of various types, 
and may; inter alia, be formed by vertical 

10 axis propellers t>f the Voith-Scluieider type, 
or by· bow and/or stern thrusters which can 
create forces acting athwartships. They may 
further include propellers as applied for nor­
mal displacement of the vessel and suitable for 15 applying forces actiri.g fore and aft'. · · ' 

Dynamic stationing is of particular interest 
for vessels, barges . or other floating units 
which are used for· drilling ·Well$· into· the sea 
or ocean bottom. However, dynarilic stationing 20 is further · of interest for all other types of 
vessels which should be maintained close over 
a fixed location or close over a continuously 
or discontiriuously . changing location. As 
examples of vessels which should be kept over 25 a fixed · location during operation, oceano­
graphic, weather, salvage . and radar vessels 
ttlay be mentioned. Fire boats, tugs, ·cranes, 
dredgers, and cable or pipe-laying barges 
should be able to be manoeuvted between 

30 fixed locations, often along a pre-determined 
route. Further, the method according to . the 
invention may ·be applied for maintaining 
a vessel on a pre-determined coilrse. Then; 
the deviation from a desired course along 35 which the vessel should be sailing is measured, 
~d signals representative. of the. measured. 
deviation are used to control the ·propulsion 
unit(s) and/or the rudder(s) of the vessel. 

The invention relates . in particular . ro the 40 problem of dynamically stationing· vessels 
which are susceptible to wave action. Any 
displacenient of a vessel resulting from wave 
action exerted thereon will be followed by a 
displacement in the opposite direction, which 

45 latter displacement is a reSult of the elliptical 
movements of the water particles. constituting 
the waves. The time interval between each 
displacement and the subsequent retuni dis-· 
placement depC1ldS _on the periods of the waves 50 in which the vessel is. operating, and it will 
be appreciated .that for relatively Short period 
lengths, ·the dyruunic positioning system of 
the vessel is better switched off as being 
superfluous or even unwailted since it maY for. 55 certain wave periods even be responsible for 
starting oscillations. 

However, . since waves will. occur simul­
taneously with water. flow and/or wind, the 
dyn~c stationing system cannot simply be 

60 switched off ·because no correction WOuld then 
take. place for those deviations from the 
desire4 position . which result from wind 
and/ or water flow acting on the vessel. 

One object of the invention is to provide 65 a method for dynamically positioning a vessel 

in sU.ch a inaliner that in composing the con­
trol signal the wave action exerted on the 
vessel is partly neglected, resulting in a con­
trol which · shows no tendency to oscillate. 

Another object of the invention is to pro- 70 
vide a means for dynamically stationing a 
vessel, which means permit a relatively cheap 
operation of ·such ves8el · as it does not res­
pond to those deviati0ns which are auto­
matically compensated by their very source. 75.' 
This. minimizes unrequired action of the pro­
pulsion unit(s) and/or the rudder(s) of the 
vessel, and consequently reduces energy costs 
as well as maintenance costs of the propul-
sion unit(s) and/or the nidder(s). 80 

Still another object of the invention is to 
.optimize the· operation- of dynamic .stationing 
means· to increase the efficiency thereof. 
.·The. filtering step may include. the steps of 

85
. 

synthesizing a filter impulse response capable 
of generating from the deviati0n signal • a 
signal . representative of a selected portion of 
the· wave component.preilent in the deviation 
signal and subt;l'acting. this second signal fr0m the first signal· to form: the filtered signaL 90 

Where in this specification and claims the 
e,xpression "phase spectrum" . is · u8ed, such 
spectrum ·indicates the· telationship between. 
the .. frequencies of the sinusoidal . components· 

· of . a signal and the phase difference between 95 the inp-;it and output of each component when 
passing through a filter or other member of· a control scheme. The eX:pression "amplitude 
spectrum" indicates the relationship between 
the frequericies of the sinusoidal components . 
of a signal and the amplitude of each . of the 
components. The expression "amplitude spec­trum of ·· a filter'' indicates the ·relationship 
be.tween the' frequencies of ~e sinusoidal com"'.'· 
ponent8 ··of the unit imptil&e . response of the 
filter,. and the amplitude of each of the com­
ponents. The expression "phase spectrum of a 
filter' indicates the relationship between the 
frequencies of the sinusoidal components of. the unit impulse response •of the · filter ·and. 
the phase lag of each component with res-. 
pect to the linit impulse. The expression 
"filter ·length" refers to an arbitrarily chosen 
time·. period of the unit impulse response of 
a . filter. Ftirther, the eX:pression "power 
spectrum" indicates the energy distribution 
of a . signal over the frc:quencies of the sinu-
soidal components thereof; . .. . ... The invention will now be described with 
refererice ·to ·the drawings which show by 
way .of CX:ample some embodiments of the invention; · · 
· Figure 1 shows schema,tically a side view of 

a vessel carrying a derrick and provided with 
dynamic stationing means; 
. Figure 2 shows in plan view the deviation 

from the desired position of the vessel accord-
iil~ to Figure l; · 

Figure 3 shows a vie\v similar to Figure 
2, but now indicating the position of the• 
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vessel as if no wave action was being exerted 'P· To reach the desired position 1', the 
on the vessel; .. vessel 1 should be rotated over the angle f, 

Figure 4 indicates a vector diagram applied and displaced over the distance x and y in 
for calculating the action to be carried out the ~tions of the X-axis and Y-axis res-

5 by one of the propulsion units of the vessel pectively. 70 
according to Figure l, in order to move the The deviation of the vessel 1 from the 
vessel to the desired position; desired position 1' results from a combined 

Figure · 5 shows another vector diagram, acti.on of waves, wind ·and· water :flow. The 
this diagram indicating the action to be car- wave action exerted on the vessel 1 differs 

10 ried orit by the other propulsion unit of the from ·the wind action and water :flow in that 75 
vessel. according to Figure 1, in order to any devfation resulting from the high fre­
move the vessel to the desired position; · quency part of the waves acting on the vessel 

Figure 6 shows schematically the :flow of 1 is compensated within a relatively short 
signals from a measuring system to the pro- period~ since the oscillatory movement of the 

15 pulsion units of the vessel; water particles forming the waves causes any 80 
Figure 7 shows the deviation signal and a object which is subjected. to: wave action to 

selected portion of the wave component there- be oscillated to . and fro around a mid p9si..; · 
of in the time domain; tion .. Since any deviation of the vessel 1 

Figure 8 shows the amplitude spectrum from the desired position is automatically 
20 IX (f)I of the deviation signal according to compensated within a short·· period for that 85. 

Figure 7; · part thereof which is due to the high fre:-
Figure 9 shows schematically the steps to quency part of the wave action exerted on 

be carried out in the method according to the vessel, the influence of this portion of 
the invention~ · and the calculating units in the. wave component !)f the deviation is 

25 which these steps are carried out, and neglected in the method according to the 90 
Figure 10 shows the spectrum lG (f)I of the invention when composing the control signal 

amplitude of · the transfer function G (f) ·. of for dynamically positioning the vessel 1. . . 
a zero-phase shift filter having an impulse . By attenuating the high frequency portions 
response g (T), as shown in Figure 9. of the wave components present in the com-

30 The. :floating vessel 1 shown in Figure 1 ponents x, y and 'P (as indicated in Figure 95 
is suitable for carrying out drilling operations 2) of the deviation signal in a . manner as 
in a submerged well 2 having the wellhead 3 described in more detail hereinafter, signals 
thereof located above the sea . bottom 4. A Sx, S,. apd s.,. remain, and these signals are 
tubing string 5 is· suspended in the well 2 representative of . the .deviation of the ve~l 

35 in a suitable manner (not shown since known 1 along the X-co-ordinate, the y,;.cO-ordinate 100 
per se) from the derrick 5A mounted on the and in a rotational sense, respectively. Thus, 
vessel 1. For the sake of simplicity all other if the influence of the high frequency portion 
equipment required for carrying out drilling of the wave action woulq be neglected, the 
operations is omitted in · the drawing. position of the vessel 1 could be indicated by 

40 The vessel 1 is provided with two propul- · the _deviation signal components Sx, S7 and S.,. 105 
sion units 6 and 7, which are rotatably· (Figure 3). As shown in Figures .4 and 5, 
arranged around axes 8 and 9, respectively, the thrust to be exerted by the propulsion 
to vary the directions ·of the thrusts exerted units 6 and 7, respectively, to return the 
thereby. Further, the magnitude of the thrusts vessel to its desired location, can, in the case 

45 delivered by the units 6 and 7 is variable, so wherein only the deviation resulting from 110 
that by a suitable choice of the direction and wind, water flow and the low-frequency .. wave· 
magnitude of each thrust exerted by the pro- .components are to be counteracted, be fo:und 
pulsion units 6 and 7, the vessel 1 may be by vectorially adding the signals Sx and S,. 
displaced from the actual position thereof to and vectorially adding the signal S.,. for the. 

SO a desired position. propulsion unit 6 and vectorially subtracting 115 
The manner in which the dynamic station- s.,. for the propulsion unit 7. 

ing mean!il operates ·to reduce the deviation . The thrust vectors VA . and VB resulting 
of the vessel 1 from the desired position, . from the vector diagrams as shown in Figure 
will now be explained with teference to .4 and 5, respectively, are representative of 

SS Figures 2--6 of the. drawing. the magnitude and direction of thrust to .be 120 
As shown in Figure 2, the position of the applied by the propulsion units 6 and 7, 

vessel 1 is· indicated with reference to the respectively. 
X-axis and the Y-axis. These · axes are the · As schematically indicated in Figure 6, the 
axes of a measuring system as applied for dynamic stationing means according to the 

60 measuring the deviation of the actual posi- invention comprises measuring units: 10, 11 125 
tion 1 . ~f the vessel from the desired position and 12 for measuring and. generating signals 
1' thereof. The desired heading is in the corresponding to the deviation of the vessel 
direction of the negative part of .the X-axis. ,.from the desired position the X-axis, the 
The angle deviation of the actual positio~ with Y-axis and in a rotational sense with respect 

65 respect to the desired position is indicated by to the X-axis, respectively. The deviation 130 
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signals x, y and f/l generated. by the units 10, 
11 and 12, 'respectively, are the· components 
of the · displac"Cm.ent of the vessel in relation: 
to the desired position as a · result of' wave · 

S action, wind action and water flow action 
e:&:erted. on the· vessel. According to the inven-. 
tlon,· these signals are pas8ed ··through ':filters 
13~ 14 and 15, rgspectively,. whereby the wa\l'e· 
components present in the detriation signals· 

10. x, y and 'fl· are selectively attenuated.:; thus 
leaving the signals S,., S7 ·and .. s. (compare 
Figure 3); which are representative of the 
components of the ·deviation of the vessel 
from. the desired position, under the .irtfluence 

15 of the action of the wind and water' flow· and 
the low frequency part of the watei: waves. 
Since the low frequency part of the wave com­
ponents present in the deviation signal Shoutd 
be taken into account in the dynamic· _station• 

20 ing action, it .is not removed :froil1 the signals 
x, y and if> by the :filters 13, 14· and 15, re~ 
pettively, and thus is included in the Sig­
nals Sx, S1 · and s,. The veetors · 
Sx, S7 and s. are subsequently vectorially · 

25 combined in the uilit 16 as indicated in· Figure. 
4 and 5, and the resultant veetors VA and VB" 
describing the direction and magnirude ·of· the 
ci>n'ection Signals . to be supplied. to the pro­
pulSi0t1 units 6 and 7, respectively, are passed 

30' thereto through controllers 17. and 18; res:­
peetively, whic:h have proportional; and 
optionally derivative and/or ·integrating 
actions. · · 

The time domstln function x(t) ()f the 
35 · deviation signal along the X".axis is indicated· 

in Figure· 7 over a certain period .. The high· 
frequency part W"x(t) of. the wave component 
present. in this. deviation signal i:(t) is. indi:.. 
cated by the da~ed curve. J1or ~h time t 

40 the signal Sx(t) can be found by subtracting 
the high frequency part Wx(t) of the wave 
component at time t from the. deviation signal 
x(t) at the same time 1:. By way of exa1nple 
this subtraction is indicated. at the time t 0 • 

45 .As shown in Figure 8, the amplitude: spec• 
trum IX (f)I of the signal x(t) taken over a. 
certain period of time (tilne · wiridow T~ as 
indicated .in Figure 7) shows tWo Sharply dis-­
tinguiShed frequency bands.. Frequency · band 

50 Af 1, in which refatively low ftequeiJ.cies occur, 
cl>mprises ·that part of the deviatfon signal 
x(t) which has to be co~pensated "for in the. 
dynamic stationing procedure. The amplitiide 
spectrum within the band Af1 consists ·sut>-

55 stantially of the deViation·. couiponerit teSult- . 
ing from wind action and. water. flow, whe;-e­
as the amplirude spectrum· Of the frequency 
band Afz consists substantially~ if not solely, 
of the deviation component ·resulting· from: 

60 the high ftequene,:y part· of the wave action~ 
Thus, it can be said that the component of' 
the deviation signal within the frequency band· 
Af2 is fotnied by the signal W x(t), arid that 

· . . · the component of the deViation signal Within 

the· frequency band Af1 is formed by the 65 
signal Sx(t). 

The · high frequency portion of the wave 
component .present iri the· frequency band Afz, 
of .. the ·deviation- signal .x(t), which. portion 
neCd not be' compensated, can now be: 70 
removed by selectively attenuating this wave 
component by · passing ·the deviation signal 
x(t) ·through a low pass :filter of wltich the 
ainplitude specttum. is indicated in Figure 
s· by the dashed curve 20, Since such filters 75 
are kn"OWn per ·se they are not describe_d 
here in detail. The filter cut-off frequency 
fc; is chosen .such · that it is about equal to 
the upp~ limit of the frequency band Afi. 
.As ' the width of the band :Afi should be 80 
varied with· changing water. depth and/or 
weather conditions, · the filter Should be· 
equipped. with 'a seleetively variable cut-off 
frequency fc. Such a filter, which is applied 
as filter 13 in the dynamic stationing means 85 
attording ·to Figure 6, may be formed by an• 
electrical· network, . to which ·electrical. signal 
x(t:) 'is · supplied to the inpµt thereof and . a 
signal Sx(t) is derived from the output thereof. · 
The signal Sx(t} is, however, due to an 90 
inevitable phase lag . of the electrical :filter, 
not available at time fo, but at some time 
A'.l'x after time to. · ·· 

._. lf the &gnal x(t) is passed in digital form 
through the dYnamic stationing ·means as 95 
schellliltically.iiidicated in Fig. 6, the electrical· 
network· mentioned above may ·be simutated 
by a: ·digital c81.culating unit, which convolves 
the impulse respon8e of a filter with amplitude 
spectrlllri 20 (Vide Figure 8), with the ·signal 100 
x(t)over the time window T;, preceding the 
ti111e to (as indicated in Figure 7). The result 
of this convolu1;ion. is. then signal Sx which, 
however, due · to an ine'Vitabte phase lag of !/ 
such a filter, is not available at time to. but 105 
at some time .6Tx after time t0 • 

It will be wid~od that the same opera­
tions as described with referenc;e to Figure . 8 
are carried out for detennining the signals 
.S7 and S". ·. . . . 110 

·For a giV'en Shape of the amplitude spec­
~ of tbe filter, the time lag A.T x is minimal 
if the· filter is a minimum delay filter. HOW--
ever, if this minimum time lag ATx is con• 
sidered still ~o large for a particwar dynamic 
statiOriiri.g operation, a higher speed sySte.m 
. will 'have to ·be used, which system will now 
·be described ·with reference to Figure 9. 

115 

120 
:figure 9 shows in schematic' fortn the . cal­

culating units to be · applied and the steps 
which are to be carried .out when it is desired 
to . reniQve · alm:ost instantaneously by filter 
acti0I1 'the selected ·high frequency part of 
the. wave component present in the · x-com­
poiierit~ of the deviation signal. ln the various 125 
blOckS as sho.wn. ill Figure 9, these · step.s are 
indicated by reference letters a, b, c', d, e, f 
and g. · · 

The deviation Sigrial component x(t), Shown 

"-

"' 

.._ 
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a8 a function of time by curve· 21, is sampled 
every second and stored in a memory section 
22. The successive values are sampled within 
a time window T x• The time window Tx 

5 ranges from t0-T., to t 0 (to being: the .time 
at which the latest sample has been measw-ed). 

If the time window T,.,: extends over a 
period of 500 seconds,. then 500 samples of 
x(t) will be stored in the memory unit 22. 

· 10 Each . new second, one more sample will be 
added to this memory unit 22 and one 
other, namely the oldest sample, will be dis­
carded therefrom (step a). 

Once every T 11 seconds (T, having, e.g .• a 
15 value of 500 seconds), the· auto-correlation 

function of the signal x(t) thus stored is cal­
culated in calculating unit 24. (step b). This 
auto-correlation function Rxx ( "'' to)- having a 
length. of T11. seconds (vide reference numeral 

20 25) is stored ·for · T,. seconds and is applied 
in calculating unit· 26 (step c) for obtaining 
the auto-correlation function of the sign.al that 
·is representative of a selected part of the 
wave component present in the deviation sig-

25 nal component x(t). This latter· auto-correla­
tion function Rw w (T, to) is obtained by 

x x 

convolving the auto-correlation function 
Rxx(T. tu) with the impulse response 
g( T) of a filter, of which the transfer func-

, 3.0 tion G(f) has an ·amplitude spectrum (as 
indicated by curve 27 in Figure 10), with 
relatively high values for a frequency band 
Af2 corresponding to the frequency band of 
the selected portion of the wave .component 

35 present in the deviation signal, and' relatively 
low values for a frequency band Af1' and 
having a phase. spectrum that is zero for all 
frequencies. The cut-off frequency fc corres­
ponds to the lowest frequency of the selected 

40 portion of the wave component Which· is to 
be· removed from the signal x(t). It will be 
appreciated that the parameters of the filter 
with the impulse response ·g(TJ may be varied 
from time to time. Thus, parameter fe may 

45 be varied with varying weather·· eonditioi:is 
and/or water depths. 

The convolution operation in step c, as 
carried out in caleulatii:ig Unit· 26 is a W.Cll­
known. manner of calculation (see e.g. Design 

50 Electronics, January 1964, "The minimum 
. delay concept in . system desifnl'', · by E. A. 
Robinson). The convolution of two signals: 

55 

p=(po, Pi• P2 · · · · · · .. ) 

and 
q=(qo, qi, q2 ........ ) 

is defined· to be 

r=p * q=(ru ri, ra .... • , •,.) 

where the coefficients of c are given by the 
formula: 

·t 
rt= ~ Paqt-s 

s=O 
.. 

The asterisk * used in this way, that is; as 
.a · binary operation between two time func­
tions, denotes convolution. · · 

The auto-correlation function Rw w ( T, to) 
"'·"' 

60 

resulting from the convolutiOll carr.ied out by · 65 
·the calculating unit 26 is represented by the 
curve 31. The length of the function is indi­
cated by T..,. 

Subsequently, the . filter impulse response 
function f(r, t 0 ) with length· Ti is determined 70 
by calculating unit 32 (step d) by deconvolv-
ing the auto-correlation functiQn Rw· w (T, to) 

x :a: 

with respect to the auto,.eorrelation function 
Rxx( T, t0). In· other words, a function 
f( r, t0) (vide. diagram 33) is determined, which 75 
when convolved with the auto-correlation 
function 25 ·of the deviation signal x(t) will 
result for the time window 0-T i in the 
auto-con-elation function . 31 of the signal 
which is representative of the selected part 80 
of the wave action component present in the 
deviation signal. . 

Since the. power spectrum· of the wave 
action component present in the deviation sig-
nal component x(t) can be considered constant 85 
for a: certain period of time T 11 (say, 500 
seconds), the filter f(T, to) need only be com­
puted every T P seconds. 

The impulse response of the filter f(r, to) 
is convolved with the stored deviation signal J~O 
component x(t) in calculating unit 34 (step e) 
to calculate Wx(t0), being the selected high 
frequency part· of the· wave ·component· pre• 
sent in the deviation signal x(to). The value 
W x(t0) is subsequently subtracted from the 95 
value x(t0 ) (step f) .. This is carried out by 
subtracting unit 35 and gives the value of 
the signal Sx(to) in the direction of the X-axis 
.and resulting· from the wind, water fiow and 
wave components in the deviation signal x(~) 100 
in so far as the frequency thereof is below 
the frequency fc. Each time a new sample of 
x(t) has been stored, the step e is repeated, 
while taking into account the newly· ·stored 
value of x€t) to obtain the component Wx of 105 
this new value of x(t). This value W x is -then 
subtracted from the newly stored value· of 
x(t) (step f) to obtain a new value of the 
signal Sx. The same· impulse response of the 
filter f( T, to) is used for all these operations, 110 
until· after T P seconds a new auto-correlation 
function. Rxx(T, to) and a new impulSe response 
f(T, t 0) has been calculated. 

ln a similar manner as deser.ibed above, the 
values of S,. and s. are caJ.culated at time to, 115 
which values are vectorially added (step· g), as 
shown in Figures 4 and 5, by the vector add-
ing unit 3:6.ro.yield the''vectori. VA(t0) and 
Ye(-t0). Each time a new sample of y(t) and 
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'f>(t) has been stored, new values of S:v and s. are calculated and vectorially combined 
with Sx to generate the signals VA and VB. 

The dynamic stationing means further 
S includes controllers 37 and 38 to process the 

·signals V .1.. and VB' respectively~· These con­
trollers have proportional· and,· optionally, 
derivative and/or integrating action. After 
being processed, the signals are sent to the 

10 propulsion units 6 and 7 for controlling the 
magnitudes of the thrusts thereof as well :as 
the directions of these thrusts. Equipment for 
such control is known per se and hence not 
described here in detail. 

15 An analysis of the · <:alculations as • per-
formed by the units according to Figure, 9 
will now be given. 

The time domain function x(t) is repre­
sentative of the deviation of the · vessel in 

20 the direction of the X-axis~ This functioo 
consists of two components W,c(t) and Sx(t). 
·w ,c(t) represents the high frequency part of 
the signal x(t), and consists of that part of the 
wave component having frequencies above·fre-

25 quency fc. Wx(t) further includes wind· and 
water flow components having. frequencies 
·higher than f0 , · should Stich components be 
present. 

Removal of the high frequency part Wx(t) 
30 of the deviation signal x(t) at ·time · t 0 would 

be . possible if a minimum phase, low pass 
.filter would be available, having an impulse 
response F(T, t0) such as would give the 
quantity: 

35 E=J[F(t, t 0) * x(t)-'-Sx(t)]2 dt 
(1) 

a minimum value. This would be the case if: 

F(T, to) * Rxx(T, t 0)=Rs s (..,., to) 
s:s: 

(2) 

From <equation (5) it is ·seen that the prob-
lem of minimizing E can also be stated as 
finding a:· high pass filter· .-With impulse res­
ponse f(t; 'to) suCh that the: difference between SS 
the· response of this filter to x(t) and the 
Signal W,c(t) is minimal in a least square 
.:sense~' 

E will be minimal, if 

··f(T; to)* Rxx(T, t 0)=Rww-(T', to) 60 . s: s: 

(6) 

for 0<7·<Tr; wherein Tr represents the 
length. of the filter f(T, to). 

Since the power spectrum of the wave com­
ponent·· W,;(t) in the deviation signal does· 
not change over rather long periods (this is . 65 
'not- ·the :case with the· signal · Sx(t) (which 
. signal . would be· required in the calculation ·of 
the filter F(.,., to) as referred· to above) the 
auto-correlation function Rw ~ (T) as required . . . :r: .:r: 

in equation (6) can be determined at a time 70 
priOr to ·•·time t;,, by passing the function 
Rxh) through a high pass filter g( T) with 
zero-phase· shift spectrum for all frequencies. 
As 

Rxx(r)=Rss (.,.)+Rs w (T)+Rws (T)+Rw w (T') 75 
·:r: x x :z: x :r: x· x 

(7) 

and Rs w ( T) as well as Rw s (T') are equal to 
·. :z: ~ ' x.x 

zero since Sx(t) and Wx(t) are within different 
frequency bands, being- separated by the cut-
off frequency fc of the filter having the 
impWse .·response g(T), . and the cut-Off fre- 80 
queilcy of the high pass filter g( T) is chosen 
between the frequency band of Rs s (T') and 

s:s: 

the frequency band of Rw w ( T ), convolving of for O~T~TP, whereiri T:P repre8ents the · s: s: 
length of the filter F(1-, to). However, since Rxx(T') with g(T) results in the auto-co~elation 

40 Rs s (T, t 0 ) is unknown, F(T, t 0) cannot be function Rw w (T). . 85 Z·:S. . . X X 

determined in this way. 
This problem is solved by ·calculating the 

·impulse resp()nse f(T; t0) of a high pass filter, 
the relationship of which to F(T, t 0 ) is indi-

45 cated by: · · 

F(T;, t 0) 18(t)-f(1', to) (3) 

wherein 8(t) is the unit pulse (Dirac"'pulse) .. 

Since 
Wx(t)=:x(t)-Sx(t) (4) 

5Q equation (1) C::an be replaced by 

E=J[f(t; t 0) * x(t)-Wx(t)] 2 dt 
(5} 

As a result. of the stationary property of 
Rw w ( T, t0), this functi0n is available at time z. .z . 

-t-:-to and can be applied for· computing 
f(T, to); . · 

The function Rw w (..,., to) is kept constant 90 
s: S:. 

over the period T 11 and is applied to deter­
mine the filter function f(.,., t0) be deconvolv­
ing this function Rw w ('r, t 0) with respect 

s: s: 

to the function Rxx(.,., t 0) (cf. equation 6). For 
stability purposes, it is advisable to add in the 95 
deconv'91ution . process ·:sortie positive value to 
Rxx(O, to), say 1 %. 
· . In conclusion; it dm be Said that it follows 
from equation (6) that the computed high pass 

.. 



i' 

5 

10 

.. 
filter f(-r, t0) will determine from the 
deviation signal x(t)=Sx(t)+ Wx(t) a signal 
A 
Wx(t)=f(t, t 0) * x(t), which is close to the 
high frequency part Wx(t) of the wave com­
ponent present in the deviation signal x(t). 

This computation can be carried. out, since 

1) the least square criterium. needs only 
correlation functions, 

2) S1 (t) and Wx(t) are in different fre­
quency bands, and 

3) the power spectrum of Wx(t) does not 
change over the period T P• which ~lows 
computing of Rw w (r, t0) prior to time 

"" 

15 The quantities Tx, At, Tp, Tlb Tw, T 11 and 
T t as described above, may for practical 
purposes have the following values. It is to 
be understood that these values are preferred 
values, to which the application of the inven-

20 tion is not limited. · 

25 

T x=time window over which samples are 
taken of the deviation signal x(t)=200 
to 2000 seconds. 

At=sample time for the deviation signal 
x(t)=0.1-1 second. 

Step b for calculating the auto-correlation 
function Rxx(-r, t 0) is carried out once in every 
period T,,= 1 to 1000 seconds. The same 
period applies for steps c and d. 

30 Steps e and f for calculating the value of 
the control signal Sx(t0) are carried otit every 
At=O.l to 1 second. 

Tl1e length T n of the auto-correlation func­
tion Rxx(-r, to)· is between 200 and 1000 

35 seconds. 
The length T w of the auto;.correlation func­

tion Rw w (-r, to) is between 100 and 500 
·z" 

seconds. 
The length T 11 of the impulse response 

40 g(-r) is between 50 and 250 seconds. 
The length Tn=Tw1+2 T.r. . 
The length Tr of the high pass filter 

f(-r, t0) is between 50 and 250 seconds. 
It will be understood that the calculations 

45 which have to be carried out to determine the 
values of the signals S,. and S.,. are similar 
to the calculations described with ·· reference 
to the signal. Sx and that the values of the 
periods in which these calculations take place, 

50 as well as the lengths of the auto-correlation 
functions, the time window and the filters 
are preferably equal to the values discussed 
with referen,ce to signal Sx. 

It will further be understood that although 
55 the calculations required for determining the 

values S;., S:v and s.,., as well as the vectorial 
additions thereof may take place in separate 
units, it is attractive to apply a single com-

7 

puter for· all these calculations. Multiplexing 
.equipment may then be applied for· feeding 60 
the information on the measured deviation 
signals x(t), y(t) and y(t) t() the computer. 
The high speed at which the various cal­
culations may be carried out allows the devia-
tion signals to be processed within extremely 65 
small time periods, thus making the filtered 
signals Sx, S7 and s.,. as well as the vector 
signals VA and VB available almost· instan­
taneously, once the information on· the devia-
tion of the vessel from the desired location 70 
has been measured by the measuring equip­
ment. 

For measuring the deviations along two 
co-ordinates (perpendicularly or non-perpen­
dicularly arranged with respect to each other), 75 
a taut wire may be applied, which wire 
extends between a fixed point on the sea 
bottom and the vessel, and is provided with 
means for measuring the angles between the 
wire· and two planes. Further, there are 80 
numerous other types of . position measuring 
equipment, such as those based on acoustic 
or electrical waves which are transmitted from 
fixed points and which, when detected by 
·receivers mounted on the vessel, can give an 85 
indication of the position of the vessel relative 
to these points. All these types of position 

· measuriilg equipment, as well as other types 
· suitable· for the purpose, are known per se, 
and hence not described here in detail. 90 

The angular deviation with respect to an 
axis may be measured by means of any equip­
ment suitable for the purpose, such as a com-
pass mounted on the vessel. It will be under­
stood that control of this co-ordinate is not 95 
always required, and that the dynamic station-
ing method accqrding to the invention may 
also be restricted to a control of the deviations 
along two co-ordinates only. 

The separate vector adding unit applied 100 
·for calculating the vectors VA and Vs, which 
·are to be supplied to the propulsion units 
6 and 7, may be omitted if the propulsion 
units are of the Vciith-Schileider type, since 
·the signals Sx, S,. and S.,. can then directly be 105 
supplied to ·the steering means of these pro­
pulsion units. 

The means for reducing the deviation of 
the vessel shown in Fig. 1 from a desired 
position comprises two propulsion units. 110 
However, the invention may also be applied 

:. for dynamically stationing vessels equipped 
with any other type of nieans for reducing 
the deviation. These means may include one, 
three or more propulsion units of any suitable 115 
design, and/or one or more rudders, all these 
means, or at least some of them, being con­
trolled by control signals derived from the 
deviation signals. 

Alternatively, the controllers provided with 120 
proportional and, optionally, derivative and/or 
integral action may be applied for process-
ing. the signals x, y and cf> or the signals Sx. 
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S7 and s"' instead of the vectors v A. and Yu· c<>mponeiit is periodically determined• and the 
When applying a single computer instead of imP1Ilse ie~pOn.se . of a minimum delay filter 
·the calculating units shown in Figure· 9, these· adapted for filtering the deviation signal in 65 
controllers may, just µke the vector adding step 2 is ~periodically synthesiZed from this 
unit, be incorporated in the computer. auto-correlati(tti function~ 

Alternatively, the processing steps described 2~. ·Method according . to claim 1, wherein 
with reference to Figure · 9 in . relation to· the . the . autO-correlation function of the signal that 
deviation signals x(t), y(t} and cf>(t) may be is representative of that part of the deviation 70 
applied for processing -the vectors V A(t) arid signaLwhich is in the frequency 'band com-

10 VJi(t) which are obtained from a veetor add- prising the selected part of the wave com­
ing unit to whicll the signals x(t), y(t) and · poneilt of: the deviation signal is determined 
cf>(t) are fed. ·· · · · by convolution of the auto<orrelation func-

The selective wave . attenuation method tion of the deviation signal with the imi>Ulse 75 
ne¢ ·not be applied :to all the components of response· of .. a· filter . having.··· an amplitude 

15 the signal indicating the deyiation of a vessel spCctrum with . relatively high values for the 
from a desired position::Ifdesired:> .the method frequency band comprising the selected part 
according to the inventii>n may be applied to of the wave component present in the devia­
control the deviation . components x and y tion signal, and relatively low values for fre- 80 
only. . :queneies outside this band~ and .further hav-

20 · The method may further ·be. applied for ing a phase spectrum that is zero for all fie 
controlling the deviation along a .single quericies. · · · · · · 
co-ordinate only, Su.ch as· for· controlling the · 3. ' Method. aecording to claim 1 or 2, 

. deviation in a rotational serise. This will be where.in· the filter impulse response is syn- 85 
· Of ·interest when steering: a ship in a fixed · thesized by deconvolving the au~correlation 

25 direction; The ship ·is . then kept· on a·· pre- . function of the deviation signal with the auto­
seleeted heading and the high frequency por- correlation function of the signal that' is 
tion of the wave component in the signal · representati~' of that part ()f the deviation 
indicating the deviation from the pre..:selected signal which is in the' frequeiicy . band com- 90 
-heading is removed· .. therefrom by the -filter- :priSing the: selected part ··of ·the ·wave com-

30 irig technique· according to the invention. The ponent of the deviation signal. · 
filtered signalis then supplied to the actuating 4. Method according to claim 2, wherein 
means of at least one of the rudders of the the length . of. the . auto-correlation function of 
vessel and/ or to the acttiating means of pro- the deviation signalis betweeri 200 and 1000 95 
pulsion means· suitable to ·apply forces acting . seconds. · · 

35 athwartships. · . 5. 1\.iethOd · according . to claim 4, wherein 
. !he tinie gat,e over which the deviation sigll8]. . WHAT WE CLAIM IS:-

1. Method for dynamically maintaining a 
:floating vessel in a desired -position or on· a: 
desired coutse; · Which vessel : is provided with 

40 means for meastlr.ing along . at Iegsr ·.: one 
·co-ordinate the deviation of the. vessel from 
the desired position . or course said method 

45 

50 

55 

including the steps of: · 

1) generating in ·the tiirie domain ·a devia,­
tiori signal repre8entative of the measured 
deviation a · comp0nent of whfoh devia­
tion signal reslilts from wave acti0n on 
the vessel; . 

2)·.filtering the deviation signal 'ti> remove 
a selected part of the wave component 
of the deviation signal; . .. · .· 

3) deriving a control.signal froin the devia­
. tion signal having the selected part of 
the wave component removed: therefrom; 

·and·· · . . · 
4) supplying the control. sign~ to means 

capable · of · reducing ·the deviation 
measured along the co-o~te, · ·. 

wherein ··the autO-correlatlon function· of the 
60 signal that is representative of that part of the 

deviation signal which is in a frequency band 
comprising the selected part · of . : the wave 

1s ·· auto;.correlated ha:s a: length between 200 
and. 2000 seconds. 
, . (;. Mf!tlioo acc<>rciing to· claim 2, wherein 
the. length of the zerO-phase shift filter, is 
between· 50 and 250 seconds.- . .·. ·• . 
· ..... 7. · Method according to any one of the 
claims 1-6, wherein the auto-correlation of 
the signal that is representative of that part 
of the deviation signal. which is in the· fre­
quency. band comprising ·the selected part of 
the wave component of the deviation signal, 
is determined once ·in every period selected 
from a range of 1 to 1000 seconds~ · 
. . 8. Method. according .to any one of the 

claims 1~7, wherein the length of. the mini­
mum . delay filter impwse • response is · betWeen 
50.arid·25o·seconds. · 
· 9:, Method according to any one of the 

claims 1-8, wherein the. filter impulse· res­
ponse is synthesized once · in every period 
selected from a range of l to 1000 seconds. 

10. Method according. to any one of the 
claims 1-9, wherein the deviation signal is 
sampled once in . every period ·selected from 
a; range of .O;l to 1 second. · 

: . 11 ... Method: for dynamically maintaining a 
floating vessel in a desired position or on a 
desired _course, substantially as described with 

100 

105 

110 

115 

120 

125 
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S,. and s. instead of the vectors VA and Vu· 
When applying a single computer instead of 
the calculating units shown in Figure 9, these 
controllers may, just like the vector adding 

S unit, be incorporated in the computer. 
Alternatively, the processing steps described 

with reference to Figure 9 in relation to the 
deviation signals x(t), y(t) and tfl(t) may be 
applied for processing the vectors V A(t) and 

10 VB(t) which are obtained from a vector add­
ing unit to which the signals x(t), y(t) and 
tfl(t) are fed. 

The selective wave attenuation method 
need not be applied to all the components of 

15 the signal indicating the deviation of a vessel 
from a desired position. If desired, the method 
according ta the invention may be applied to 
control the deviation components x and y 
only. 

20 The method may further be applied for 
controlling the deviation · along a single 
co-ordinate only, such as for controlling the 
deviation in a rotational sense. This will be 
of interest when steering a ship in a fixed 

25 direction. The ship is then kept on a pre­
selected beading and the high frequency por­
tion of the wave component in the signal 
indicating the deviation from the pre-selected 
heading is removed therefrom by the filter-

30 ing technique according to the invention. The 
filtered signal is then supplied to the actuating 
means of at least one of the rudders of the 
vessel and/or to the actuating means of pro­
pulsion means suitable to apply forces acting 

35 athwartships. 

WHAT WE CLAIM IS:-
1. Method for dynamically maintaining a 

floating vessel in a desired position or on a 
desired course, which vessel is provided with 

40 means for measuring along at least one 
co-ordinate the deviation of the vessel from 
the desired position or course said method 
including the steps of: 

45 

50 

55 

1) generating in the time domain a devia­
tion signal representative of the measured 
deviation a component of which devia­
tion signal results from wave action on 
the vessel; 

2) filtering the deviation signal to remove 
a selected part of the wave component 
of the deviation signal; 

3) deriving a control signal from the devia­
tion signal having the selected part of · 
the wave component removed therefrom; 
and 

4) supplying the control signnl to means 
capable of reducing the deviation 
measured along the co-ordinate, 

wherein the auto-correlation function of the 
60 signal that is representative of that part of the 

deviation signal which is in a frequency band 
comprising the selected part of the wave 

111111111111111111111111111111 
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component is periodically determined and the 
impulse response of a minimum delay filter 
adapted for filtering the deviation signal in 65 
step 2 is periodically synthesized from this 
auto--correlation function. 

2. Method according to claim 1, wherein <: 
the auto-correlation function of the signal that 
is representative of that part of the deviation 70 
·signal which is in the frequency band com­
prising the selected part of the wave com-

. ponent of the deviation signal is determined 
by convolution of the auto-correlation func- rt ' ·· 
tion of the deviation signal with the imPillse 75 
response of a filter having an amplitude 
spectrum with relatively high values for the 
frequency band comprising the selected part 
of the wave component present in the devia-
tion signal, and relatively low· values for fre- 80 
quencies outside this band~ arid further ·hav-
ing a phase spectrum that is zero for all fie 
quencies. · 

3. Method according to claim 1 or 2, 
wherein the filter impulse response is syn- 85 
thesized bv deconvolving the auto-correlation 
function of the deviation signal with the auto­
correlation function of the signal that is 
representative of. that part of the deviation .

90 signal which is in the frequency band com­
prising the selected part of the wave com­
ponent of the deviation signal. 

4. Method· according to claim 2, wherein 
the length of the auto-correlation function of 
the deviation signal is between 200 and 1000 95 
seconds. 

S. Method according to claim 4, wherein 
the time gate over which the deviation signal 
is auto-correlated has a length between 200 
and 2000 seconds. · 100 

6. Method according to dairD. i, wherein .. 
the length of the zero-phase shift filter .is 
between 50 and 250 seconds. 

7. Method according to any one of the 
claims 1-6, wherein the auto-correlation of 105 
the signal that is representative of that part 
of the deviation signal which is in the fre­
quency band comprising the selected part of 
the wave component of the deviation signal, 
is determined. once in every period seleeted 110 
from a range of 1 to 1000 seconds. 

8. Method according to any one of the 
claims 1-7, wherein the length of the mini­
mum delay filter impulse response is between 
50 and 250 seconds. 115 

9. Method according to any one of the 
claims 1-8, wherein the filter impulse res­
ponse is synthesized once in every period 
selected from a range of 1 to 1000 seconds. 

10. Method according to any one of the 120 
claims 1-9, wherein the deviation signal is 
sampled once in every period selected from 
a range of 0.1 to 1 second. 

11. Method for dynamically maintaining a 
floating vessel in a desired position or on a · 125 
desired course, substantially as described with 

·····-····· ····-·· ------
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reference to Figures 7-9 of the accompany­
ing drawings . 

12. Means for dynamically maintaining a 
:floating vessel in a desired position or on a 

5 desired course, comprising (1) a system for 
measuring along at least one-co-ordinate the 
deviation of the vessel from the desired posi­
tion or course and for generating, in the time 
domain, a deviation signal that is representa-

10 tive of the measured deviation which devia­
tion signal incorporates a component resulting 
from wave action on the vessel, (2) a con­
troller, (3) signal communicating means suit­
able to be connected to means adapted to 

15 reduce the deviation of a vessel as measured 
along the co-ordinate, and ( 4) a filter for 
attenuating a selected part of the wave com­
ponent present in the deviation signal, the 
controller and the filter being operatively con-

20 nected between the measuring system and the 
signal communication means, wherein the fil­
ter includes a system for periodically deter­
mining the auto-correlation function of the 
signal that is representative of that part of 

. 25 the deviation signal which is in a frequency 
band comprising. the selected part of the wave 
component, and a system for periodically syn­
thesizing a minimum delay filter impulse res­
ponse from this auto-correlation function. 

30 13. Means according to claim 12, wherein 
the system for calculating the auto-correla­
tion function of the signal that is representa­
tive of that part of the deviation signal which 
is in the frequency band comprising the 

35 selected part of the wave component of the 
deviation signal is capable of convolving the 
auto-correlation function of the deviation sig­
nal with the impulse response of a filter hav­
ing an amplitude· spectrum with relatively 

40 high values for the frequency band compris­
ing the selected part of the wave component 

present . in the deviation signal and relatively 
low values for freqencies outside this band, 
and further having a phase spectrum that is 
zero for all frequencies. 45 

14. Means according to claim 12 or 13, 
comprising a system for sampling the devia­
tion signal and storing a limited number of 
samples with relation to the sampling time 
by discarding the oldest sample each time a SO 
new sample is added. 

15. Means according to any one of claims 
12, 13 and 14, wherein the system for syn­
thesizing the minim.um delay filter impulse 
response is capable of deconvolving the auto- 55 
correlation function of the deviation .signal by 
the auto-correlation function of the signal 
that is representative of that part of the 
deviation signal which is in the frequency 
band comprising the selected part of the wave 60 
component of the deviation signal, the means 
further comprising a system for convolving 
this filter impulse response with the devia-
tion signal, and a subtractor for subtracting 
the result of this latter convolution from the 65 
deviation signal. 

16. Means for dynamically maintaining a 
:floating vessel in a desired position or on a 
desired course, substantially as described 
hereinbefore with reference to Figures 7-9 of 70 
the accompanying drawings. 
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