wo 2014/087143 A1 |[IN I N0F V00O R O

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

12 June 2014 (12.06.2014)

WIPOIPCT

(10) International Publication Number

WO 2014/087143 Al

(51

eay)

(22)

(25)
(26)
(30)

1

(72

74

International Patent Classification:
GO1S 7/48 (2006.01) GO01S 13/58 (2006.01)
GO01S 11/04 (2006.01) GO01S 13/60 (2006.01)

International Application Number:
PCT/GB2013/053185

International Filing Date:
2 December 2013 (02.12.2013)

Filing Language: English
Publication Language: English
Priority Data:

1222063.8 7 December 2012 (07.12.2012) GB
12275194.4 7 December 2012 (07.12.2012) EP

Applicant: BAE SYSTEMS PLC [GB/GB]; 6 Carlton
Gardens, London SW1Y 5AD (GB).

Inventor: NOYES, Stephen, Paul; BAE Systems, Somer-
ton Works, Newprot Road, Cowes, Isle of Wight Hamp-
shire PO31 8PF (GB).

Agent: BAE SYSTEMS PLC, GROUP IP DEPT; PO
Box 87, Farnborough Aerospace Centre, Farnborough,
Hampshire GU14 6YU (GB).

(8D

(84)

Designated States (uniess otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, T™M,
TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM,
ZW.

Designated States (uniess otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CIL, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

Published:

with international search report (Art. 21(3))

(54) Title: IMPROVEMENTS IN AND RELATING TO COURSE AND/OR SPEED DATA

7

1

1o

Fig. 1

(57) Abstract: Disclosed is a method of determining a velocity of a vessel, comprising the steps of: detecting objects in the vicinity
of the vessel; selecting an object having a velocity relative to the vessel which is below a predefined threshold; and determining the
velocity of the vessel to be opposite to the velocity of the object. Also disclosed is an apparatus arranged to perform the method.



10

15

20

25

XA4178WO

WO 2014/087143 PCT/GB2013/053185

-1 -

IMPROVEMENTS IN AND RELATING TO COURSE AND/OR SPEED DATA

FIELD

The present invention relates to the field of Radars. Specifically, it relates
to the mitigation and possible correction of certain navigational data supplied to
a Radar system from another system, such as ship’s navigation references

(course and speed made good) on board a ship or other vessel.

BACKGROUND TO THE PRESENT INVENTION

A typical ship-based Radar system will be provided with ship’s navigation
reference data (course and speed relative to the land) so that the apparent
motion of the objects identified by the Radar on the moving ship can be

compensated for the motion of the ship.

Under normal operation it may be assumed that reliable and accurate
ship’s course and speed data is available, but under some circumstances such
as fault conditions, this data may not be available or may not be as accurate as

would be expected or desired.

As such, there is a desire to improve the quality and accuracy of

navigation reference data made available to the Radar.

SUMMARY OF THE INVENTION

According to an aspect of the present invention, there is provided a
method of determining a velocity of a vessel, comprising the steps of: detecting
objects in the vicinity of the vessel; selecting an object having a velocity relative
to the vessel which is below a predefined threshold; and determining the

velocity of the vessel to be opposite to the velocity of the object.

Preferably, if a plurality of objects are detected which have a velocity

relative to the vessel which is below the predefined threshold, selecting the
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plurality of objects and calculating an average velocity for the plurality of

objects.

Preferably, the step of calculating includes the step of defining an
individual velocity vector for each of the plurality of objects and calculating an

average velocity vector by means of the equation:

(Xavg, Yavg) = (X1 + X2 + Xz +... Xp )/, (Y1 +y2 +y3+... yn)/n)

wherein (Xav, Yavg) 1S the average velocity vector, n is the number of the

plurality of objects, and (x4 y1) ... (Xn yn) are the n individual velocity vectors.

Preferably, the determined velocity is compared to vessel speed and

course data provided by another means, and any discrepancy is registered.

Preferably, the vessel speed and course data is corrected according to the

determined velocity.

Preferably an assessment of the accuracy of the velocity measurement is

made, based upon the number of stationary objects detected.

According to another aspect of the present invention, there is provided an

apparatus arranged to determine a velocity of a vessel, comprising:

a signal processing unit arranged to classify Radar signals received from
objects according to their relative speeds; a velocity estimation unit, arranged to
identify and select from amongst the objects one whose velocity is below a
predefined threshold; and a velocity processing unit, arranged to determine the
velocity of the vessel to be opposite to the velocity of the one object whose

speed is below the predefined threshold.

Preferably, if the slow-channel identification unit identifies and selects a
plurality of objects which have a velocity relative to the vessel which is below
the predefined threshold, the velocity processing unit is further arranged to

calculate an average velocity for the plurality of objects.

Preferably, the velocity processing unit is arranged to calculate the

average velocity for the plurality of objects by: defining an individual velocity for
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each of the plurality of objects; defining a vector for each individual velocity; and

calculating an average velocity vector by means of the equation:

(Xavg, Yavg) = (X1 + X2 + Xz +... Xp )/, (Y1 +y2 +y3+... yn)/n)

wherein (Xav, Yavg) 1S the average velocity vector, n is the number of the

plurality of objects, and (x4 y1) ... (Xn yn) are the n individual velocity vectors.

Preferably, the velocity processing unit is further arranged to discount one

of the individual velocity vectors before calculating an average velocity vector.

In a still further aspect, there is provided a tangible, non-transient
computer-readable storage medium having instructions which, when executed,

cause a computer device to perform any of the methods defined herein

BRIEF DESCRIPTION OF THE FIGURES

For a better understanding of the invention, and to show how
embodiments of the same may be carried into effect, reference will now be
made, by way of example, to the accompanying diagrammatic drawings in

which:
Figure 1 shows an aerial view of a vessel provided with a Radar system;

Figure 2 shows a flowchart according to an embodiment of the present

invention; and

Figure 3 shows an apparatus according to an embodiment of the present

invention.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENT

Figure 1 shows a representation of a vessel 1 at sea 6. In the particular
setting shown here, the vessel is located in littoral zone i.e. relatively close to

the coast 5.

The vessel is progressing in a direction indicated by the arrow 4 at a given

speed. The vessel is equipped with a Radar system 2.
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The Radar system 2 is used to identify and track objects such as aircraft,
vessels or missiles. Navigation data, in the form of course and speed data from
the ship is supplied to the Radar 2 so that the velocity of the objects can be

adjusted for the motion of the ship and the velocity calculated over the ground.

However, the course and speed data is not always as reliable as would be
desired, and so embodiments of the present invention utilise information derived
from the Radar to derive course and speed data. This derived course and
speed data may be used to define a correction factor which can be applied to
the supplied course and speed data, or it may simply be presented to an

operator for information purposes.

A problem encountered in most Radar system is the detection and
subsequent handling of signals which are not of interest. Such returns are
usually referred to as clutter and can be detected from nearby stationary
objects, slow moving debris, such as flotsam and jetsam, wave tips or other
nearby vessels. Normally, steps are to taken to minimise the effect of clutter,
but embodiments of the present invention make use of clutter in order to infer

information on the course and speed of the vessel.

When the Radar 2 scans, the return signals are filtered and processed to
provide range information and also speed information. Radar returns from slow
targets of no interest, such as those from nearby stationary objects, are

suppressed.

Figure 2 is a flowchart which shows the steps taken in an embodiment of
the invention. Step 20 is the formation of tracks on objects detected by the

radar, to determine their velocity relative to the ship.

For the purposes of this explanation, it is important to realise that speed
and velocity are different, even though they are commonly used
interchangeably. Speed is a scalar quantity i.e. it has no directional component,
whereas velocity is a vector quantity which represents speed and direction.
Unless stated otherwise, embodiments of the present invention are concerned

with velocity i.e. course (direction) and speed, together.
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By identifying the stationary or slow moving clutter, an inference can be
made of the velocity of the vessel. That is, objects that appear stationary when
the vessel is moving are actually only relatively stationary i.e. they have the
same velocity as the vessel, and so appear not to be moving. In a littoral
environment, most of the slow moving objects detected are likely to be
absolutely stationary and appear to be slow-moving due to the velocity of the

vessel, which is moving away from or towards them.

Step 21 is the slow object identification. Here, any returns having a speed
greater than a defined threshold are discarded from this process and only slow

or stationary targets are considered.

In practice the truly stationary objects cannot be identified from the slow
moving object without a knowledge of ship motion. But, by assuming that in a
littoral environment most of the objects tracked will be from stationary objects,
then an estimate for the velocity of the ship can be made. For instance, if the
returns appear to be moving away from the vessel at a speed X at a heading of

30°, the speed of the vessel is calculated to be X at a heading of 210°.

It is necessary to define an average velocity for all the returns received at
the Radar, so that this can be used as the basis for inferring the velocity of the
vessel. Straightforward vector mathematics allows a simple average to be
defined. For the sake of example, consider the case where three returns are
detected. These can be represented in a vector fashion using their Cartesian or
(x,y) co-ordinates, with the vessel itself positioned at the origin (0,0). The three
vectors are (x4, y1) ; (X2, ¥2) ; (X3, y3). The average vector is defined as: (Xayg,
Yavg) = ((X1 + X2 + x3)/3 , (y1 + y2 + y3)/3). Of course, the same method can be

used for any number of vectors, with the generic situation being defined as:
(Xavg, Yavg) = ((X1 + X2 + Xz +... X )N, (y1 + Y2+ ys+... yn)/n)
This vector mathematics is performed in step 22.

In order to eliminate any outlying values measured, either in terms of
speed or direction, one or more thresholds may be applied to the detected

returns to remove any potentially erroneous readings.
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The threshold or thresholds may be applied dynamically. That is, instead
of using a fixed value of speed or direction above or below which any readings
will be ignored, the threshold or thresholds may change in real time. One
possible way of doing this is to statistically analyse the results and to discount
any results which lie more than a defined number of standard deviations from a
mean. In this way, a more reliable figure for the vessel's velocity may be

determined.

In this way, if the majority of returns indicate a certain general direction,
but one or two are clearly in a different direction, the one or two that do not

conform to the majority may be discounted.

Once the velocity of the vessel has been determined as set out above,
there are several possible uses for this information. It may be used to double
check the information provided from the navigation system. In that case, it may
simply be displayed to the operator, alongside the information from the
navigation system. It may also be fed back to the navigation system, again as a

double check.

In a more adaptive system, the velocity information supplied from the
navigation system can be modified according to the velocity determined
according to an embodiment of the invention, in an attempt to give a more

accurate reading.

Figure 3 shows a schematic of an apparatus arranged to perform the
method set out above. The apparatus 10 forms part of the processing system
for the Radar 2.

The apparatus 10 comprises a signal processing unit 11. This is arranged
to receive an input from the Radar receiver circuitry. The signal processing unit

processes the received signals to identify objects detected by the Radar.

The results of this unit are passed to a velocity estimation unit 12. This unit
identifies only those target returns which are stationary or slow, according to a
defined threshold. Targets having a speed above the defined threshold are

discarded from this process.
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Information on the identified slow and stationary targets is then passed to
the velocity processing unit 13. This performs the vector mathematics described
previously to infer the velocity of the vessel. This unit also performs any pruning
of the data which may be required to remove outlying data samples which could

skew the result in an undesirable manner.

The output from the velocity processing unit 13 is information on the
velocity i.e. course and speed of the vessel, derived from certain measured

Radar return signals.

The output signal can be used to drive a display unit so that an operator is
made aware of the inferred velocity information. Alternatively, the calculated
velocity can be compared to the velocity information supplied by the navigation
system and may be used to correct it, or at least to flag to an operator that there
is a discrepancy. This may be subject to a threshold so that small differences

between the navigational data and the calculated data are ignored.

Embodiments of the invention may be arranged to operate in different
modes, depending on the relative position of the vessel. For instance, if the
vessel is operating in the littoral zone, there is likely to be more stationary clutter
than would be the case in open ocean conditions. A small number of stationary
returns could cause erroneous determinations of vessel velocity to be made, but
recognition of such circumstances may be automated by methods such as
setting a threshold on the minimum number of stationary objects that must

contribute to the velocity estimate.

Embodiments of the invention are able to make use of clutter data from a
Radar, which would normally be discarded or of little interest in the normal
operation of such a system, and use the data to derive information on the
vessel’s velocity. This information can be advantageously used to flag possible
issues with the navigational data provided to the crew. It can additionally be

used to correct said navigational data, if desired.

Attention is directed to all papers and documents which are filed
concurrently with or previous to this specification in connection with this

application and which are open to public inspection with this specification, and
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the contents of all such papers and documents are incorporated herein by

reference.

All of the features disclosed in this specification (including any
accompanying claims, abstract and drawings), and/or all of the steps of any
method or process so disclosed, may be combined in any combination, except
combinations where at least some of such features and/or steps are mutually

exclusive.

Each feature disclosed in this specification (including any accompanying
claims, abstract and drawings) may be replaced by alternative features serving
the same, equivalent or similar purpose, unless expressly stated otherwise.
Thus, unless expressly stated otherwise, each feature disclosed is one example

only of a generic series of equivalent or similar features.

The invention is not restricted to the details of the foregoing
embodiment(s). The invention extends to any novel one, or any novel
combination, of the features disclosed in this specification (including any
accompanying claims, abstract and drawings), or to any novel one, or any novel

combination, of the steps of any method or process so disclosed.
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CLAIMS
1. A method of determining a velocity of a vessel, comprising the
steps of:

detecting objects in the vicinity of the vessel;

selecting an object having a velocity relative to the vessel which is below a

predefined threshold; and

determining the velocity of the vessel to be opposite to the velocity of the

object.

2. The method of claim 1 wherein if a plurality of objects are detected
which have a velocity relative to the vessel which is below the predefined
threshold, selecting the plurality of objects and calculating an average velocity

for the plurality of objects.

3. The method of claim 2 wherein the step of calculating includes the
step of defining an individual velocity vector for each of the plurality of objects

and calculating an average velocity vector by means of the equation:

(Xavg, Yavg) = (X1 + X2 + Xz +... Xp )/, (Y1 +y2 +y3+... yn)/n)

wherein (Xav, Yavg) 1S the average velocity vector, n is the number of the

plurality of objects, and (x4 y1) ... (Xn yn) are the n individual velocity vectors.

4. The method of claim 3 wherein at least one of the individual

velocity vectors is discounted before the average velocity vector is calculated.

. The method of claim 4 where the at least one individual velocity
vector is discounted on the basis of a statistical analysis of the plurality of

objects
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6. The method of any preceding claim wherein the determined
velocity is compared to vessel speed and course data provided by another

means, and any discrepancy is registered.

7. The method of claim 6 wherein the vessel speed and course data

is corrected according to the determined velocity.

8. The method of any preceding claim wherein an assessment of the
accuracy of the velocity measurement is made, based upon the number of

stationary objects detected.

9. Apparatus arranged to determine a velocity of a vessel,

comprising:

a signal processing unit arranged to classify Radar signals received from

objects according to their relative speeds;

a velocity estimation unit, arranged to identify and select from amongst the

objects one whose velocity is below a predefined threshold; and

a velocity processing unit, arranged to determine the velocity of the vessel
to be opposite to the velocity of the one object whose speed is below the

predefined threshold.

10. The apparatus as claimed in claim 9, wherein if the slow-channel
identification unit identifies and selects a plurality of objects which have a
velocity relative to the vessel which is below the predefined threshold, the
velocity processing unit is further arranged to calculate an average velocity for

the plurality of objects.
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11. The apparatus as claimed in claim 10, wherein the velocity
processing unit is arranged to calculate the average velocity for the plurality of

objects by:
defining an individual velocity for each of the plurality of objects;
5 defining a vector for each individual velocity; and
calculating an average velocity vector by means of the equation:
(Xavg, Yavg) = (X1 + X2 + X3 +... Xn )N, (Y1 + Y2+ y3+... Yn)/N)

wherein (Xav, Yavg) 1S the average velocity vector, n is the number of the

plurality of objects, and (x4 y1) ... (Xn yn) are the n individual velocity vectors.

10
12. The apparatus as claimed in claim 11, wherein the velocity
processing unit is further arranged to discount one of the individual velocity
vectors before calculating an average velocity vector.
15 13. A tangible, non-transient computer-readable storage medium

having instructions which, when executed, cause a computer device to perform

the method of claims 1 to 8.
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