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(54) AN ANTIFOULING LIGHTING SYSTEM

(57) An anti-fouling lighting system is for mounting
over a surface, comprising an array of LEDs (80) formed
as a plurality of rows of LEDs. The LEDs (80) comprise
side emitting LEDs, and each row of LEDs comprises a
staggered arrangement of the LEDs with alternate LEDs
positioned on opposite sides of a centerline (84) of the

row of LEDs. Each side emitting LED has a light output
directed toward the centerline (84). This means the light
output from one LED is directed partly towards the rear
of two neighboring LEDs so that dark areas behind the
LEDs are avoided.
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Description

FIELD OF THE INVENTION

[0001] The present disclosure relates systems for pre-
venting biofouling, or commonly referred to as anti-foul-
ing, of surfaces.

BACKGROUND OF THE INVENTION

[0002] Lighting systems for application to a surface to
prevent biofouling are known. Biofouling or biological
fouling is the accumulation of microorganisms, plants,
algae, and/or animals on surfaces. The variety among
biofouling organisms is highly diverse and extends far
beyond attachment of barnacles and seaweeds. Accord-
ing to some estimates, over 1700 species comprising
over 4000 organisms are responsible for biofouling. Bi-
ofouling is divided into microfouling which includes bio-
film formation and bacterial adhesion, and macrofouling
which is the attachment of larger organisms. Due to the
distinct chemistry and biology that determine what pre-
vents organisms from settling, these organisms are also
classified as hard or soft fouling types.
[0003] Calcareous (hard) fouling organisms include
barnacles, encrusting bryozoans, mollusks, polychaete
and other tube worms, and zebra mussels. Examples of
non-calcareous (soft) fouling organisms are seaweed,
hydroids, algae and biofilm "slime". Together, these or-
ganisms form a fouling community.
[0004] In several circumstances, biofouling creates
substantial problems. Machinery stops working, water in-
lets get clogged, and hulls of ships suffer from increased
drag. Hence the topic of anti-fouling, i.e. the process of
removing or preventing fouling from forming, is well
known.
[0005] In industrial processes, bio-dispersants can be
used to control biofouling. In less controlled environ-
ments, organisms are killed or repelled with coatings us-
ing biocides, thermal treatments or pulses of energy.
Nontoxic mechanical strategies that prevent organisms
from attaching include choosing a material or coating with
a slippery surface, or creation of nanoscale surface topol-
ogies similar to the skin of sharks and dolphins which
only offer poor anchor points.
[0006] By way of example, biofouling on the hull of
ships causes a severe increase in drag, and thus in-
creased fuel consumption. It is estimated that an increase
of up to 40% in fuel consumption can be attributed to
biofouling. As large oil tankers or container transport
ships can consume up to r200,000 a day in fuel, sub-
stantial savings are possible with an effective method of
anti-biofouling.
[0007] WO 2014/188347 discloses a method and sys-
tem for preventing biofouling in which all of a surface, or
a significant amount of a surface, to be kept clean from
fouling (e.g. the hull of a ship) is covered with a layer that
emits germicidal light, in particular UV radiation. Thus, it

is known to adopt an optical method, in particular using
ultra-violet light (UV). It is well-known that most micro-
organisms are killed, rendered inactive or unable to re-
produce with sufficient UV radiation. This effect is mainly
governed by the total dose of UV radiation. A typical dose
to kill 90% of a certain micro-organism is 10 mW-hours
per square meter.
[0008] Ultraviolet (UV) is that part of electromagnetic
light bounded by the lower wavelength extreme of the
visible spectrum and the X-ray radiation band. The spec-
tral range of UV radiation is by definition between 100
and 400 nm and is invisible to human eyes. Using the
CIE classification the UV spectrum is subdivided into
three bands:

UVA (long-wave) from 315 to 400 nm
UVB (medium- wave) from 280 to 315 nm
UVC (short-wave) from 100 to 280 nm

[0009] Various light sources for generating UV are
known, such as low-pressure mercury discharge lamps,
medium pressure mercury discharge lamps and dielec-
tric barrier discharge lamps.
[0010] A preferred option, for example as proposed in
WO 2014/188347 is low cost, lower power UV LEDs.
LEDs can generally be included in smaller packages and
consume less power than other types of light sources.
LEDs can be manufactured to emit (UV) light of various
desired wavelengths and their operating parameters,
most notably the output power, can be controlled to a
high degree. A suitable germicidal dose can easily be
achieved with existing UV LEDs.
[0011] It is necessary to deliver power to the light sourc-
es. For the example of biofouling prevention, the surface
is exposed to water, giving rise to an electrical safety
hazard as well an issue of corrosion. An inductive power
transfer arrangement is one known way to provide gal-
vanic isolation between a power supply and circuit.
[0012] One issue with the known system is that it is
desirable ensure illumination of the entire surface, with
no regions of illumination below an intensity threshold.
One known way to provide the illumination is with UV-C
LEDs of output power in the range 1 mW to 2 mW em-
bedded in a silicone light guide. Side-emitting LEDs may
be used, within the silicone slab.
[0013] The area of the surface of the slab where effec-
tive UV radiation is achieved may be described as the
clean area, with a corresponding clean diameter. The
clean diameter achieved at the slab surface is limited by
the absorption of the silicone. Rays propagating at a larg-
er angle than the critical angle are total internally reflected
and continue until scattered inside the silicone partly to-
wards the slab surface.
[0014] However, near to the LED source and in partic-
ular behind the LED, the irradiance may drop below de-
sired levels, because of the absorption of the carrier of
the LED (e.g. a PCB) and because the light is emitted
laterally away from this area. It is thus necessary to re-
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ceive light from a LED positioned further away in order
to illuminate this area, but the drop of irradiance with dis-
tance makes these regions difficult to illuminate to a de-
sired level giving dark areas.
[0015] There is therefore a need for an improved de-
sign to give more uniform irradiance across the area cov-
ered by the lighting system.

SUMMARY OF THE INVENTION

[0016] The invention is defined by the claims.
[0017] According to examples in accordance with an
aspect of the invention, there is provided an anti-fouling
lighting system for mounting over a surface, comprising
an array of LEDs formed as a plurality of rows of LEDs,
each row of LEDs comprising a substrate portion and
LEDs mounted along the substrate portion,
wherein the LEDs comprises side emitting LEDs,
wherein each row of LEDs comprises a staggered ar-
rangement of the LEDs with alternate LEDs positioned
on opposite sides of a centerline of the row of LEDs,
and wherein each side emitting LED has a light output
directed toward the centerline.
[0018] By this arrangement, one LED in the row can
illuminate the back of the adjacent LEDs on each side
along the row, and thereby reduce dark spots behind the
LEDs, (wherein "behind" means in the opposite direction
to the side-emission direction of the LEDs).
[0019] The system for example further comprises a
light guide material formed over and between the rows
of LEDs thereby to form a lighting panel (e.g. a tile).
[0020] The light guide material for example comprises
a silicone. This is used to encase and therefore protect
the LEDs as well as providing a light guiding structure so
that light is spread over the entire surface of the system.
[0021] The back surface of the light guide for example
has a back reflector, for example of aluminum. Thus, light
which is emitted towards a lower (inwardly facing) surface
of the light guide and which escapes is reflected back
into the light guide so that there is illumination of the upper
(outwardly facing) surface.
[0022] The LEDs for example comprise UV LEDs, such
as UV-C LEDs. These provide anti bio-fouling illumina-
tion. The light source array is for example UV-C LEDs
with wavelength between 270nm and 280nm.
[0023] The substrate portions over which the LEDs are
mounted for example comprise a reflective upper sur-
face, reflective for the output of the LEDs. In this way,
the substrate portions redirect light upwardly. These sub-
strate portions are nearest the LEDs so receive the high-
est irradiance. By arranging the PCB to be reflective, it
is prevented the high irradiance light does not reach the
general back reflector of the waveguide, which may be
more sensitive to UV degradation.
[0024] The upper surface may be specular reflective
or diffuse reflective.
[0025] The upper surface of the substrate may com-
prise a reflective coating of tin, gold, or aluminum.

[0026] A highest LED irradiance for example occurs
above the respective substrate portion so that it can be
designed to be able to tolerate the high intensity light
levels, whereas a general reflector across the entire area
of the lighting system may then have a lower cost design.
[0027] The substrate portion for example comprises a
portion of a printed circuit board. Thus, a printed circuit
board may be shaped to define a set of portions to form
the rows of LEDs.
[0028] Each of said portions of the printed circuit board
may be rectangular or serpentine. A serpentine arrange-
ment follows the staggering of the LEDs and this enables
a reduced area of the printed circuit board.
[0029] The system for example further comprises an
inductive power receiver comprising one or more power
receiving coils for delivering power to the array of LEDs.
Thus, system may be a panel which implements wireless
power reception for powering the LEDs.
[0030] The substrate may comprise a column or col-
umns for the one or more power receiving coils and a set
of orthogonal rows each forming a respective one of the
substrate portions. This defines a grid-like printed circuit
board.
[0031] The system may further comprise:
an inductive power transmitter comprising one or more
primary coils for wireless transmission of power to the
one or more power receiving coils.
[0032] In this arrangement, a set of power receiving
panels are coupled to an inductive power transmitter.
This provides an effective way to deliver power to the
LED load extending over a large area. In particular, a grid
of at least one power delivery transmitter and multiple
power receiving panels may be formed, to cover a large
area. The inductive power transmission enables the LED
load to be isolated from the power source, in particular
so that damage to the load does not result in an electrical
short to the power supply. The use of overlapping primary
and secondary coils enables a thin overall structure for
example if coils formed as PCB tracks are used.
[0033] The use of wireless power transfer simplifies
making a watertight arrangement. For example, the pow-
er receiving panels can be completely over-molded with
no openings.
[0034] The inductive power transmitter can be de-
signed with a low AC transmission line impedance lead-
ing to low losses. The inductive power transmitter can
for example be made to be rollable and hence delivered
on a drum.
[0035] The plurality of inductive power receiver panels
are for example mounted over the inductive power trans-
mitter. The inductive power transmitter is for example
mounted over the surface, and the inductive power re-
ceiver panels overlap the inductive power transmitter.
The inductive power receiver panels may cover a larger
area than the inductive power transmitter. In particular,
they distribute the power received at the secondary coils
of the inductive power receiver to the load, and the load
is for example distributed across the area of the panel.
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[0036] The inductive power receiver for example com-
prises secondary windings formed on or in a printed cir-
cuit board, one such set of windings defining a secondary
coil.
[0037] The inductive power transmitter for example
comprises a strip, and the inductive power receiver pan-
els each extend laterally from a respective position along
the strip. The strip may be considered to define a column
(e.g. extending vertically) and the inductive power receiv-
er panels define rows (e.g. extending horizontally), to-
gether defining a grid structure.
[0038] The inductive power receiver panels for exam-
ple have a thickness of less than 5mm, for example less
than 4mm, for example less than 3mm. This thickness
typically includes a printed circuit board and a protective
coating. For example, the inductive power receiving pan-
els may comprise a silicone coating. This coating perform
a protective function by may also perform other functions
such as an optical function, e.g. light guiding and/or light
scattering.
[0039] The anti-fouling lighting system may further
comprise a power source for delivering power to the in-
ductive power transmitter.
[0040] The power source for the inductive power trans-
mitter for example comprises a resonant circuit with a
resonant frequency of 50kHz to 1MHz, for example
50kHz to 200kHz, for example 60kHz to 90kHz.
[0041] The invention also provides a marine object
comprising an anti-fouling system as defined above. An
outer surface of the marine object (i.e. a surface which
is exposed to marine water) is the surface over which the
inductive power transmitter and inductive power receiver
panels are mounted.
[0042] These and other aspects of the invention will be
apparent from and elucidated with reference to the em-
bodiment(s) described hereinafter.

BRIEF DESCRIPTION OF THE DRAWINGS

[0043] For a better understanding of the invention, and
to show more clearly how it may be carried into effect,
reference will now be made, by way of example only, to
the accompanying drawings, in which:

Fig. 1 shows an anti-fouling lighting system applied
to a ship for protecting the surface of the ship in con-
tact with water, i.e. the hull surface;
Fig. 2 shows a cross section (in a horizontal plane)
through the inductive power transmitters and lighting
panels;
Fig. 3 shows the coil arrangements in more detail;
Fig. 4 shows an example of the structure of the light-
ing panel;
Fig. 5 shows one possible electrical configuration of
the primary and secondary coils;
Figs. 6A to 6D show four possible arrangements for
a line of LEDs;
Fig. 7 shows a simulation of the light output intensity

for a vertical line of LEDs arranged in the manner
shown in Fig. 6A;
Fig. 8 shows a corresponding simulation of the light
output intensity for a vertical line of LEDs arranged
in the manner shown in Fig. 6B;
Fig. 9 shows a corresponding simulation of the light
output intensity for a vertical line of LEDs arranged
in the manner shown in Fig. 6C;
Fig. 10 shows the structure of a PCB for carrying an
array of LEDs arranged as rows using the LED po-
sitioning of Fig. 6C;
Fig. 11 shows a simulation (in water) of the optical
irradiance distribution of the layout of Fig. 10;
Fig. 12 shows one preferred structure of the lighting
system panel;
Fig. 13 shows a layout of two LEDs from above;
Fig. 14 shows the geometry more accurately; and
Fig. 15 shows how a minimum PCB length may be
determined based on a simulation of the light output
intensity for a single LED viewed from above.

DETAILED DESCRIPTION OF THE EMBODIMENTS

[0044] The invention will be described with reference
to the Figures.
[0045] It should be understood that the detailed de-
scription and specific examples, while indicating exem-
plary embodiments of the apparatus, systems and meth-
ods, are intended for purposes of illustration only and are
not intended to limit the scope of the invention. These
and other features, aspects, and advantages of the ap-
paratus, systems and methods of the present invention
will become better understood from the following descrip-
tion, appended claims, and accompanying drawings. It
should be understood that the Figures are merely sche-
matic and are not drawn to scale. It should also be un-
derstood that the same reference numerals are used
throughout the Figures to indicate the same or similar
parts.
[0046] The invention provides an anti-fouling lighting
system for mounting over a surface, comprising an array
of LEDs formed as a plurality of rows of LEDs. The LEDs
comprises side emitting LEDs, and each row of LEDs
comprises a staggered arrangement of the LEDs with
alternate LEDs positioned on opposite sides of a center-
line of the row of LEDs. Each side emitting LED has a
light output directed toward the centerline. This means
the light output from one LED is directed partly towards
the rear of two neighboring LEDs so that dark areas be-
hind the LEDs are avoided.
[0047] Fig. 1 shows an anti-fouling lighting system,
which may be adapted in accordance with the invention,
applied to a ship 1, for protecting the surface of the ship
in contact with water, i.e. the hull surface.
[0048] The anti-fouling lighting system comprises a set
of inductive power transmitters 10 mounted over the sur-
face. They take the form of power feeding lines, i.e. strips,
which extend vertically against the hull. At the upper
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ends, the feeding lines connect to a source of electric
power (not shown). The inductive power transmitters
each comprise one or more sets of primary windings. A
set of primary windings (whether there is one or more
than one winding) is referred to as a primary coil in this
document. Thus, the inductive power transmitter has one
or more primary coils.
[0049] A set of lighting panels 20 is also mounted over
the surface. The lighting panels 20 are one example of
possible inductive power receiving panels. The lighting
panels each comprise a light source arrangement and
an inductive power receiver with one or more sets of sec-
ondary windings for alignment with the primary windings.
A set of secondary windings (whether there is one or
more than one winding) is referred to as a secondary coil
in this document. Thus, the term "coil" generally is used
to denote a set of windings forming one side of a trans-
former. A primary coil is aligned with a secondary coil to
form a transformer.
[0050] As will be clear from the description below, there
may be multiple coils on each power feeding line, for
example one or more coils along the power feeding line
at the location of each lighting panel. Each power feeding
line supplies power to multiple lighting panels, thus pro-
viding a space efficient arrangement. Each lighting panel
may also have one secondary coil or multiple secondary
coils (e.g. on opposite sides).
[0051] Fig. 2 shows a cross section (in a horizontal
plane) through the power feeding lines (the inductive
power transmitters 10) and through the lighting panels
20. Each lighting panel may be considered to form an
anti-fouling lighting system.
[0052] The inductive power transmitters comprise a
primary coil 12 and a ferrite sheet 14 between the wind-
ings of the primary coil and the metal of the hull 16 of the
ship. The surface 18 of the hull is the surface to be pro-
tected from fouling. The ferrite sheets prevent Eddy cur-
rents in the metal of the ship’s hull 16 thereby increasing
the efficiency of energy transfer.
[0053] In the example shown, the surface 18 is essen-
tially fully covered by the lighting panels. Thus, the sur-
face 18 is protected by the lighting panels, and it is the
exposed surface of the lighting panels which is vulnerable
to fouling. Thus, the lighting provided by the lighting pan-
els aims to prevent the formation of fouling organisms on
the surface of the lighting panels.
[0054] However, this is still to be understood as forming
a system for protecting the hull surface against biofouling
(in that without the lighting system, the hull surface will
suffer from biofouling).
[0055] An alternative arrangement for example may
have lighting panels which only cover a small fraction of
the surface to be protected, and the light is directed or
guided towards the surface to be protected. In such a
case, a major part of the hull surface is indeed exposed
to water and therefor susceptible to biofouling.
[0056] In the example shown in Fig. 2, the inductive
power transmitters 10 are mounted against the hull sur-

face 18 and the lighting panels 20 are mounted over the
inductive power transmitters.
[0057] In particular, an edge region 22 of each lighting
panel 20 overlaps the feeding lines. The lighting panels
20 each have a secondary coil 24 located in this edge
region, and a light source arrangement 26.
[0058] The secondary windings are aligned with the
primary windings to provide inductive power transfer. The
wirelessly transmitted power is used by the lighting pan-
els 20 to power the light source arrangements 26.
[0059] The primary coils may be formed on or within a
printed circuit board of the feeding lines, and the second-
ary coils may also be formed on or within a printed circuit
board of the lighting panel. The light source arrangement
may also be formed on a printed circuit board, which may
be separate to, or the same as, the printed circuit board
of the secondary coils. A shared flexible printed circuit
board may for example allow the lighting panels to adapt
to the contour of the underlying feeding lines. Instead,
there may be separate printed circuit boards in the light-
ing panel and an electrical connection between them.
[0060] The primary coils of the inductive power trans-
mitters 10 may for example be supplied with a 100 kHz
to 150 kHz sinewave during operation of the light emitting
system. To compensate for a capacitive leakage current
to the hull 16 at the position of the feeding lines, the feed-
ing lines may further be provided with a capacitor to im-
plement a low pass filter . This is for example of interest
if high efficiency switched amplifiers are used to generate
the AC supply. In such a case, the low pass filter is used
to residual higher frequency harmonics of the amplifiers.
[0061] An alternative is to use a resonant circuit to gen-
erate the AC supply. For example, each feeding line may
comprise a resonant circuit, based on a capacitive res-
onant circuit, with a resonance in the range 60kHz to
90kHz.
[0062] Generally, the frequency of operation (resonant
or driven) may be in the range 50kHz to 1MHz, for ex-
ample 50kHz to 200kHz, for example 60kHz to 90kHz.
[0063] Fig. 3 shows the coil arrangements.
[0064] The example of Fig. 2 has the lighting panels
overlapping an associated feeding line at one edge. In
Fig. 3, the lighting panels 20 overlap feeding lines 10 at
both lateral edges, and each feeding line 10 has pairs of
primary coils arranged along its length. One coil of a pair
is for powering a lighting panel to one side and the other
coil of the pair is for powering a lighting panel to the other
side. In this way, each lighting panel is supplied by power
from both sides.
[0065] All coils of the feeding lines can have the same
phase, which contributes to electric redundancy of the
light emitting system 40. The light source arrangements
26 can still function in their entirety if a feeding line is
broken. In that respect, the feeding lines may be designed
to deliver electric power at an increased level of two times
a normal level.
[0066] Thus, there may be one coil assembly (i.e. pri-
mary coil and secondary coil) per lighting panel (Fig. 2)
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or two coil assemblies per lighting panel (Fig. 3).
[0067] There may for example be between 2 and 50
lighting panels per feeding line, for example 20 rows of
individual panels connected to a feeding line.
[0068] In the example shown, the feeding lines extend
in a substantially vertical orientation along the side of the
ship. However, any suitable arrangement of feeding lines
is possible. The feeding lines may for example cover
welding seams and/or other surface irregularities of the
ship’s hull.
[0069] Fig. 4 shows an example of a known structure
of the lighting panel 20, having a plurality of light sources
40 which in this example are side-emitting UV-C LEDs,
wherein the light is emitted primarily from a side of the
LED, and more or less parallel to the surface. The light
sources 40 are encapsulated in a liquid-tight optical me-
dium 42 to guide at least part of the light 44 emitted from
the light sources 40 via total internal reflection through
the optical medium.
[0070] Optical structures 46 are provided to disrupt the
total internal reflection and scatter light, and then guide
the scattered light 48 out of the optical medium 42 to-
wards a target for the light, which is an area where a
biofouling organism is present.
[0071] A biofouling organism on the surface 52 will di-
rectly receive the light scattered light 48 before it enters
the water.
[0072] Furthermore, some of the internally scattered
light 48 that does enter the water will encounter external
scattering sites. This creates illumination 50 within the
water, some of which will also reflect back to the surface
52 of the lighting panel 20 where biofouling is to be pre-
vented, although this is a much less significant anti-foul-
ing process since these external scattering sites may also
be absorbing.
[0073] The illumination means that single cell bio-
mechanisms at the surface 52 will stop growing and di-
viding, and will therefor die under influence of the UV-C
radiation.
[0074] The optical medium is relatively thin so that the
lighting panel may be considered to be a two-dimensional
structure. The optical structures 46 to scatter light may
be spread in one or more portions of the optical medium
material, possibly throughout all of it, and the light output
may be generally homogeneous or else localized.
[0075] Internal scattering centers with different struc-
tural properties may be combined to provide optical as
well as structural characteristics, such as resistance to
wear and/or impact. Suitable scatterers comprise
opaque objects but largely translucent objects may be
used as well, e.g. small air bubbles, glass and/or silica;
a requirement is merely that a change in refractive index
occurs for the wavelength(s) used. The optical structures
may be printed structures, such as of a UV reflective ma-
terial such as barium nitride or aluminum oxide.
[0076] The principle of light guiding and spreading light
over a surface is well-known and widely applied in various
fields. Here, the principle is applied to UV radiation for

the purpose of anti-fouling.
[0077] To maintain the conditions for total internal re-
flection, the index of refraction of the light guiding material
should be higher than that of the surrounding medium.
However, the use of (partly) reflective coatings on the
light guide and/or the use of the reflective properties of
the protected surface, e.g. the hull of a ship, itself can
also be used to establish the conditions for guiding the
light through the optical medium.
[0078] In the example above, the lighting panels form
a new surface over the surface to be protected, and light
is directed outwardly from the surface to be protected.
However, an alternative is for the lighting panel to be
spaced over the surface to be protected and to direct
light back towards the surface to be protected.
[0079] A small air gap may then be introduced between
the light source arrangement of the lighting panel and
the surface to be protected. UV radiation may travel bet-
ter, with less absorption, in air than in an optical medium,
even when this optical medium is designed as a light
guiding material.
[0080] As most materials have a (very) limited trans-
mittance for UV radiation, care has to be taken in the
design of the optical medium. As a result, a relatively fine
pitch of low power LEDs can be chosen, to minimize the
distance light has to travel through the optical medium.
[0081] In one example, the optical medium 42 com-
prises a silicone, and one which is designed to have good
UV-C transparency.
[0082] A solid encapsulation may be used, as shown
in Fig. 4. However, a hollow structure may instead be
used, such as a silicone mat with spacers that keep it a
small distance away from the protected surface. This cre-
ates air channels, through which the UV radiation can
propagate with higher efficiency. Use of gas filled chan-
nels provided by such structures allows distributing the
UV radiation over significant distances in a optical medi-
um of material that would otherwise absorb the UV radi-
ation too strongly to be useful for anti-fouling. Liquid filled
channels are also possible such as using a high refractive
index fluid which is transparent for UV radiation. This
could be a secondary layer over the encapsulated LEDs.
Similarly, separate pockets may be formed.
[0083] Fig. 5 shows the electrical configuration.
[0084] The power source for delivering power to the
inductive power transmitter comprises an AC driver 60,
a tuning coil 62 and a tuning capacitor 64. The power
source connects to the inductive power transmitter 10,
i.e. the power feeding line, by a cable 66. In the arrange-
ment shown, the inductive power transmitter 10 compris-
es a set of primary coils 12 arranged physically in a line
along the feeding line, but electrically connected in par-
allel.
[0085] For long feeding lines for driving many panels,
the feeding line should be fully balanced. The feeding
line can then be driven with a balanced driver such as
an H-bridge. The feeding line behaves as a balanced
transmission line. This has advantages for electromag-
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netic compatibility (EMC) and for the driver, for example
because both PCB leads can see the same capacitance
to the ship’s hull and to the water. In a balanced situation
the EMC stray fields, which deteriorate the emission be-
havior at radio frequency, will balance out. This improves
antenna efficiency.
[0086] A two layer PCB design may be used to enable
cross overs to be formed close to the coils.
[0087] The inductive power transmitter 10 has a feed
line 70 and a return line 72. The lighting panel (only one
of which is shown) includes the secondary coil 24, aligned
with and therefore magnetically coupled to one of the
primary coils 12.
[0088] To the extent described above with reference
to Figs. 1 to 5, the anti-fouling lighting system is known.
[0089] This invention relates in particular to the ar-
rangement of the LEDs.
[0090] Fig. 6 shows four possible arrangements for a
line (e.g. row) of LEDs.
[0091] Fig. 6A shows side-emitting LEDs 80 located at
the edge of a rectangular PCB 82 directing light outwardly
from the PCB edge. By staggering the line of LEDs, they
are nearest their local edge of the PCB.
[0092] Fig. 6B shows side-emitting LEDs 80 down a
centerline 84 of the PCB 82 directing light outwardly al-
ternately in the two sideways directions.
[0093] Fig. 6C shows an example of LED arrangement
in accordance with the invention. The line of LEDs 80 is
again staggered with side-emitting LEDs 80 located at
the edge of a PCB 82. The PCB has a constant width so
it is rectangular in this example. This gives simplified han-
dling and processing. However, the LEDs direct light in-
wardly from the PCB edge towards the centerline 84. The
light thus crosses the main width of the PCB before ex-
tending beyond the PCB edge.
[0094] By this arrangement, a row of LEDs comprises
a staggered arrangement of the LEDs with alternate
LEDs positioned on opposite sides of the centerline 84
of the row of LEDs. The staggering means that one LED
in the row can illuminate the back of the adjacent LEDs
on each side along the row, and thereby reduce dark
spots behind the LEDs, i.e. in the opposite direction to
the side-emission direction of the LEDs.
[0095] Fig. 6D shows a second example of LED ar-
rangement in accordance with the invention. The PCB
82 is shaped as a serpentine so it follows the path of the
staggered LEDs, to reduce the amount of PCB material
used.
[0096] The advantage of the arrangements of Figs. 6C
and 6D will now be shown.
[0097] Fig. 7 shows a simulation of the light output in-
tensity for a vertical line of LEDs arranged in the manner
shown in Fig. 6A, viewed from above the row of LEDs.
[0098] The top left image shows a representation
where different grey levels represent different irradiance,
at the surface which coincides with the area for which
anti-fouling is performed. The bottom left image shows
an irradiance plot along line 92 and the right image shows

an irradiance plot along line 94.
[0099] Fig. 7 shows a dark low irradiance region 90
behind the LEDs (with respect to the side-emission di-
rection).
[0100] Fig. 8 shows a corresponding simulation of the
light output intensity for a vertical line of LEDs arranged
in the manner shown in Fig. 6B.
[0101] The top left image again shows a representation
where different grey levels represent different irradiance.
The bottom left image shows an irradiance plot along line
92 and the right image shows an irradiance plot along
line 94.
[0102] The dark line of Fig. 7 has reduced.
[0103] Fig. 9 shows a corresponding simulation of the
light output intensity for a vertical line of LEDs arranged
in the manner shown in Fig. 6C.
[0104] The top left image again shows a representation
where different grey levels represent different irradiance,
at the surface which coincides with the area for which
anti-fouling is performed. The bottom left image again
shows an irradiance plot along line 92 and the right image
shows an irradiance plot along line 94.
[0105] In this case, the areas with irradiance below a
threshold, such as 10-9W/mm2, have been avoided com-
pletely.
[0106] Fig. 10 shows the structure of a PCB for carrying
an array of LED arranged as rows using the LED posi-
tioning of Fig. 6C.
[0107] Each row of LEDs is provided over a respective
substrate portion 100. They extend laterally from sub-
strate columns 102 (or a single wider column) over which
a power receiving coil (or coils) is provided. If a planar
PCB is used, the coil height (in the PCB thickness direc-
tion) in this example is the same as for the PCB rows
100. In particular, the relative height above the PCB ma-
terial remains the same over the whole panel. Conse-
quently, the UV LED irradiates above and across the coil
and the emission is not limited by any obstacle.
[0108] The PCB area (column 102) may be higher than
the rest of the panel, but the light guiding ability is pre-
served by making use of a smooth transition in the shape
of the light guiding material.
[0109] Some extra LEDs, such as shown in regions
104, are placed around the power receiving coil ensure
the entire panel provides sufficient UV radiation.
[0110] A simulation (in water) of the optical irradiance
distribution of the layout of Fig. 10 is shown in Fig. 11
(assuming a planar top surface of the coil columns and
PCB rows). This simulation is for a single panel of dimen-
sions 50cm x 50cm. Many panels are necessary to cover
a complete ship hull for example.
[0111] By way of example the UV-C power of individual
LEDs is 0.35 mW and the threshold value for preventing
biofouling at the surface is 10-9W/mm2. The dark areas
over the LEDs correspond to a high peak irradiance.
[0112] In Fig. 11, the PCB rows 100 with their UV-C
LEDs 80 are visible. UV radiation of adjacent panels can
also be transmitted if the panels are aligned properly or
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connected with each other by a UV transparent silicone
fill material between the panels. Then, the irradiance lev-
els further add up to higher levels.
[0113] Fig. 12 shows one preferred structure of the
lighting system panel. Note that the thickness dimension
is greatly exaggerated to enable the different layers to
be seen.
[0114] One substrate portion (i.e. a printed circuit
board row 100) is shown in cross section perpendicular
to the row length. Other rows of LEDs will be to the right
and left of the single row shown in Fig. 12. A light guide
material 120 such as silicone is formed over and between
the rows of LEDs thereby to form a lighting panel.
[0115] The underside of the lighting system has a re-
flective backing 122 such as an anodized aluminum lay-
er.
[0116] The printed circuit board has a reflective upper
surface (reflective to the UV output), for example formed
by a layer 124. The upper surface may be specular re-
flective or diffuse reflective.
[0117] The layer 124 may for example comprise a re-
flective coating of tin, gold, or aluminum.
[0118] Fig. 12 shows the coating layer 124 on top of
the PCB 100 locally so that at the location of the LED no
coating is shown. In practice, the coating 124 may be
used to form the electrodes where the LED connects to
the PCB. Part of the coating is removed (or not formed)
around the electrodes so that the electrodes can be elec-
trically isolated. A thin gold layer may for example be
provided on top of the whole PCB, with isolation (no coat-
ing) around the electrodes. Thus, some of the coating
will then extend under the LED footprint. The reflector
122 extends under the PCB as well as under the silicone
layer as shown, but it could also be omitted underneath
the PCB 100.
[0119] By making the printed circuit board at least part-
ly reflective, the lighting level behind the LED again in-
creases. A reflection of 25% at the PCB surface has been
found to be sufficient to achieve an irradiance level above
a minimum threshold level, which can be achieved with
tin, (anodized) aluminum or gold reflectors. Preferably,
materials with a reflection coefficient of above 35% are
applied.
[0120] In the arrangement of Fig. 12 (and Figs. 6C and
6D), the highest power density output by the LED occurs
above the PCB 100 and not at the more fragile aluminum
thin layer 122 attached to the bottom of the light guide.
The PCB dimensions are for example chosen such that
the irradiance is reduced by more than two orders of mag-
nitudes when the back reflector aluminum coating 122 is
reached. This results in a longer lifetime of the product.
[0121] By way of example, the width W (perpendicular
to the row direction) the PCB may be 10 mm. The LED
light output surface 81 may be a distance d1 of 7 mm
from the edge of the PCB in the light output direction and
a distance d2 of 3 mm from the edge of the PCB in the
opposite direction. The light guide thickness Th is for ex-
ample 2mm (hence it can be seen that the thickness di-

mension is exaggerated in Fig. 12).
[0122] Fig. 13 shows a layout of two LEDs from above.
The distance (pitch P) between the centers of the LEDs
is for example 30 mm.
[0123] The light output face of one LED is in line with
or behind the light output face of the adjacent LED. Fig.
13 shows an angle θ between the light emission direction
and the line joining the center of the light output face of
one LED with the center of the light output surface of an
adjacent LED. An aligned condition gives θ=90 degrees.
The values d1=7mm, d2=3mm and P=30mm give θ =82.4
degrees. Preferably θ is in the range 75 to 90 degrees,
such as 75 to 85 degrees.
[0124] Preferably, for a light guide thickness of 2 mm,
distance d1> 4mm and d2< 2mm, assuming the LED is
in the middle of thickness of the light guide, i.e. 1mm from
the bottom.
[0125] Fig. 14 shows the geometry more accurately.
The length of the PCB 100 can be seen in the light emis-
sion direction, which ensures that a highest LED irradi-
ance occurs above the substrate. Fig. 14 shows that the
dimension d1 scales with the height h. d1 ∼ 2 h/tan(90°-
TIR) where TIR is the total internal reflection angle.
[0126] Fig. 15 shows how a minimum PCB width from
the LED output surface to the edge of the PCB (arrow
150) may be determined.
[0127] Fig. 15 shows a simulation of the light output
intensity for a single LED viewed from above. The y-axis
corresponds to the light emission direction. The row di-
rection is left to right.
[0128] The top left image again shows a representation
where different grey levels represent different irradiance.
The bottom left image shows an irradiance plot along line
152 and the right image shows an irradiance plot along
line 154.
[0129] The PCB width from the LED output surface to
the edge of the PCB (the dimension d1) is chosen such
that the irradiance level at the end of the PCB has
dropped below a threshold level.
[0130] Generally, the lighting panels for example have
a PCB thickness of 0.8mm, and the total thickness with
the silicone of below 5mm, for example in the range 2mm
to 4mm.
[0131] The lighting panels for example have a length
(along the horizontal row direction) in the range 1m to
5m and a height (along the vertical column direction) in
the range 50cm to 150cm. For example a small panel
dimension may be 600mm x 1200mm and a large panel
dimension may be 1m x 4m. An example area to be cov-
ered, e.g. one side of a ship hull, may be of the order of
100m length by 10m height.
[0132] The anti-fouling implementation of the invention
is of interest for marine objects although not limited to
objects for use in seawater, but also in any type of water
that is known to contain biofouling organisms. Examples
of marine objects include ships and other vessels, marine
stations, sea-based oil or gas installations, buoyancy de-
vices, support structures for wind turbines at sea, struc-
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tures for harvesting wave/tidal energy, sea chests, un-
derwater tools, etc.
[0133] In preferred examples, the light sources are UV
LEDs as explained above. A grid of UV LEDs may be
encapsulated in a liquid-tight encapsulation, of which sil-
icone is only one example. The UV LEDs may be elec-
trically connected in a series and/or parallel arrangement.
The UV LEDs are for example packaged surface mount
LEDs, in which case they already may include an optical
element to distribute the light emitted from the LED pack-
age across a wide emission angle. In other embodiments,
the UV LEDs may be LED dies, typically not comprising
optical elements but being significantly thinner than pack-
aged LEDs. As an example, LED dies could be picked
and placed onto a surface of the optical medium
[0134] The silicone material can be selected to provide
optical transmission for UV radiation with little loss com-
pared to other materials. This is in particular the case for
shorter wavelength light, e.g. UV radiation with wave-
lengths below 300 nm. A particularly efficient group of
silicone materials is, or at least comprises, so-called me-
thyl silicones, according to the general chemical formula
CH3[Si(CH3)2O]nSi(CH3)3, with "n" indicating any suita-
ble integral.
[0135] Silicone materials are also flexible and resilient
so that they are robust, durable and capable of withstand-
ing compression such as due to bumps, collisions etc. of
objects against the surface, e.g. bumping of a ship
against a quay. Furthermore, deformation due to tem-
perature fluctuation, pounding by waves, flexion of the
ship over swell etc. may be accommodated.
[0136] At least part of light emitted by the one or more
light sources may be spread in a direction having a com-
ponent substantially parallel to the surface to be protect-
ed. This facilitates distributing the light over significant
distances along the protected surface, or the application
surface of the foil, which assists in obtaining a suitable
intensity distribution of the anti-fouling light.
[0137] A wavelength conversion material may be com-
prised in the optical medium and at least part of the anti-
fouling light may be generated by photo-exciting the
wavelength conversion material with light having a first
wavelength causing the wavelength conversion material
to emit the anti-fouling light at another wavelength. The
wavelength conversion material may be provided as an
up-conversion phosphor, quantum dots, nonlinear media
such as one or more photonic crystal fibers etc. Since
absorption and/or scattering losses in the optical medium
for light of different, mostly longer, wavelengths than UV
radiation tend to be less pronounced in the optical media,
it may be more energy-efficient to generate non-UV ra-
diation and transmit that through the optical medium and
to generate UV anti-fouling light at or near the desired
location of use thereof (i.e. emission form the surface
into the liquid environment).
[0138] One example described above makes use of
inherently side-emitting LEDs and optical scattering
sites. However, light spreading arrangements may be

used to create the sideways light. This still results in side-
emitting LEDs.
[0139] For example, a cone may be arranged in the
optical medium and positioned opposite the light source,
where the opposing cone has a surface area with a 45°
angle perpendicular to the protected surface for reflecting
light emitted by the light source perpendicular to said
surface in a direction substantially parallel to said sur-
face.
[0140] The LEDs may be DC driven. However, a pair
of back to back parallel LEDs may be driven by an AC
drive signal.
[0141] The anti-fouling use of the invention can be ap-
plied to a wide variety of fields. Almost any object coming
into contact with natural water, will over time be subject
to biofouling. This can hinder e.g. water inlets of desali-
nation plants, block pipes of pumping stations, or even
cover the walls and bottom of an outdoor pool. All of these
applications would benefit from the presently provided
method, lighting modules and/or system, i.e. an effective
thin additional surface layer, which prevents biofouling
on the entire surface area.
[0142] Although UV radiation is the preferred solution,
other wavelengths are envisaged as well. Non-UV radi-
ation (e.g. visible light) is also effective against biofouling.
Typical micro- organisms are less sensitive to non-UV
radiation than to UV radiation, but a much higher dose
can be generated in the visible spectrum per unit input
power to the light sources.
[0143] In the examples above, the lighting panel over-
laps the feeding lines. This provides galvanic isolation
between the power supply and the structure which is ex-
posed to the water. The lighting panel also protects the
underlying feeding line. Instead, the feeding lines may
be provided over the lighting panels. A separate electrical
isolation may be provided (e.g. at the top of the feeding
lines). The surface of the feeding lines will then be sus-
ceptible to biofouling, so it should then be ensured that
light reaches the surface of the feeding lines, either by
transmission through the feeding lines or by reflection or
waveguide transmission within the lighting panels. Thus,
the inductive power transmitter and the lighting panel are
both for mounting over the surface, but in either order.
[0144] Variations to the disclosed embodiments can
be understood and effected by those skilled in the art in
practicing the claimed invention, from a study of the draw-
ings, the disclosure and the appended claims. In the
claims, the word "comprising" does not exclude other el-
ements or steps, and the indefinite article "a" or "an" does
not exclude a plurality. The mere fact that certain meas-
ures are recited in mutually different dependent claims
does not indicate that a combination of these measures
cannot be used to advantage. If the term "adapted to" is
used in the claims or description, it is noted the term
"adapted to" is intended to be equivalent to the term "con-
figured to". Any reference signs in the claims should not
be construed as limiting the scope.
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Claims

1. An anti-fouling lighting system for mounting over a
surface, comprising an array of LEDs (80) formed
as a plurality of rows of LEDs, each row of LEDs
comprising a substrate portion (100) and LEDs (80)
mounted along the substrate portion,
wherein the LEDs (80) comprises side emitting LEDs
(80),
wherein each row of LEDs (80) comprises a stag-
gered arrangement of the LEDs with alternate LEDs
positioned on opposite sides of a centerline (84) of
the row of LEDs,
and wherein each side emitting LED has a light out-
put directed toward the centerline (84).

2. The system as claimed in claim 1, further comprising
a light guide material (120) formed over and between
the rows of LEDs thereby to form a lighting panel.

3. The system as claimed in claim 1 or 2, wherein the
LEDs (80) comprise UV LEDs.

4. The system as claimed in any preceding claim,
wherein the substrate portions (100) comprise a re-
flective upper surface (124), reflective for the output
of the LEDs.

5. The system as claimed in claim 4, wherein the upper
surface (124) is specular reflective or diffuse reflec-
tive.

6. The system as claimed in any preceding claim,
wherein the upper surface of the substrate compris-
es a reflective coating (124) of tin, gold, or aluminum.

7. The system as claimed in any preceding claim,
wherein a highest LED irradiance occurs above the
respective substrate portion (100).

8. The system as claimed in any preceding claim,
wherein the substrate portion (100) comprises a por-
tion of a printed circuit board.

9. The system as claimed in claim 8, wherein each of
said portions (100) of the printed circuit board is rec-
tangular or serpentine.

10. The system as claimed in any preceding claim, fur-
ther comprising an inductive power receiver (24)
comprising one or more power receiving coils for de-
livering power to the array of LEDs.

11. The system as claimed in claim 10, wherein the sub-
strate comprises a column or columns (102) for the
one or more power receiving coils and a set of or-
thogonal rows each forming a respective one of the
substrate portions (100).

12. The system as claimed in claim 10 or 11, further com-
prising:
an inductive power transmitter (10) comprising one
or more primary coils (12) for wireless transmission
of power to the one or more power receiving coils.

13. The system as claimed in claim 12, wherein the plu-
rality of inductive power receiver panels are mounted
over the inductive power transmitter.

14. The system as claimed in any one of claims 12 to
13, wherein the inductive power receiver panels
have a thickness of less than 5mm, for example less
than 4mm, for example less than 3mm.

15. The system as claimed in any one of claims 12 to
14, further comprising a power source for delivering
power to the inductive power transmitter.
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