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A control system for an aquarium lighting system 1n which

motor drivers alter over time the relative inclination of a
light source with respect to an ornamental feature (18)
within the aquartum. The effect 1s that light intensity (92, 94)
falling 1incident on an ornamental feature more accurately

simulates natural light impinging on a natural environment
from day and seasonal movements of the sun. In addition to

the relative change 1n inclination, power settings for the light

source can be adjusted to further mimic the eflects experi-

enced with daily variations of climate and/or weather. The

system eflectively changes the angle of incidence of light

and outwardly facing areas of ornamental features or areas
beneath overhangs receive programmable levels of 1llumi-

nation that would otherwise not be possible with an over-
head, single fixed-position light source.
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1
AQUARIUM LIGHTING SYSTEM

Matter enclosed in heavy brackets | ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue; a claim printed with strikethrough
indicates that the claim was canceled, disclaimed, or held
invalid by a prior post-patent action or proceeding.

CROSS REFERENCE TO RELATED
APPLICATION

[This application] Notice: This application is a reissue
application of U.S. Pat. No. 9,504,235, filed as U.S. appli-

cation Serv. No. 14/080,586 on Nov. 14, 2013, which claams
priority to United Kingdom Application No. 12204830 filed
on Nov. 14, 2012. This foreign priority United Kingdom
application 1s hereby incorporated by reference 1in 1its
entirety.

FIELD OF INVENTION

This invention relates to a lighting system for an
aquarium, vivarium or other tank adapted to contain living
organisms. Such a tank 1s generically referred to in this
specification as an “aquarium’ for brevity.

BACKGROUND OF INVENTION

Fluorescent strip lighting has long been the stable lighting
cllect 1n an aquarium, with the strip lighting often 1n the
form of multiple tubes that are fixed lengthways in the lid of
the aquarium.

More recently, intelligent LED-based lights, such as the

L1000 BiOrb® Intelligent Light (LED), have allowed sun-
rise, daylight, sunset and moonlight cycles to be automati-
cally repeated over a 24-hour period. In the BiOrb® system,
LEDs are fixed in place in a planar/tlat array of a circuit
board in the hid of the aquarium, with white and blue light
providing directly downwardly 1incident i1llumination
towards the bottom of the aquarium. The LEDs, as will be
understood, provide a high intensity dlspersed light source
either as a cool narrow bandwidth blue effect or a wider
spectral white, with daylight brought about by a micropro-
cessor-controlled increase 1n the amount and mix of white
LED output power relative to blue LED light. In essence, the
BiOrb® system regulates illumination through controlling
light power intensity from a fixed overhead position.
In some existing aquarium lighting fixtures that provide a
“dawn to dusk” mode, the lighting sources simply turn on
and off 1n a sequential mode. For example, the right side of
the aquarium 1s set as the “east” and the left side of the
aquarium 1s set as the “west”. With this type of “dawn to
dusk™ mode, the lights turn on from right to left and turn off
from left to right to mimic the effect of the sun rise and sun
set.

An artificial daylight cycle 1s believed to be beneficial 1n
reducing stress levels in, for example, aquarium fish and
moreover provides a better overall visual effect.

With a conventional lighting system where the light
source 1s permanent and 1s directly downwardly from above
the aquarium, the only way that light can be directed to
locations other than places which are ¢ 1rect1y under the light
source 1s by use of a reflector or diffusing lens. The light
intensity of the rays deflected from reflector or diffusing
lenses are, unfortunately, only a fraction of the full strength
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2

than the light intensity from the rays that comes directly
from the light source. The amount of light that a creature/
organism receives 1f the creature/organism 1s under an
“overhang™ 1s invariably msuflicient to sustain the life of that
creature/organism.

However, since light penetration 1s made a function of
power, the current systems (1n full day light conditions) can
generate excessive light levels towards the top of the
aquarium (especially 1n an attempt to provide requisite light
to crevices) and nsuilicient light levels at the bottom of the
tank as a consequence of dispersion and attenuating effects
arising from the column of the water. In fact, the limited
(time dependent) microprocessor control exercised in the
more recent aquarium lighting systems 1s actually inad-
equate and really only provides aesthetic consideration for
the human viewer, rather than natural environmental condi-
tions for the amimals or fish within the aquarium. Moreover,
unnecessarily high levels of light can promote unwanted
algae growth that, at best, 1s un51ghtly and detracts from
viewing opportunities. In fact in the context of a fish tank,
too much light or msufJClent light can adversely aflect
aquatic life.

Some specific aquarium lighting fixtures permit the user
to adjust the direction of the beam by adjusting the “ball
jomt” of the fixture that connects to the mounting system of
the fixture, but not 1n the context of LED-based BiOrb®
systems.

Relatively sophisticated aquarium lighting systems are
provided by companies such as Radion (see http://ecotech-
marine.com/products/radion/) and GHL (see http://ww-
w.ghl~store.com/alu-leuchtbalken/led-haengeleuchte-mi-
tras/mitras-1x-6100/mitras-1x-6100 -silber -hv- schuko-
2-2-2.html). Other LED aquarium systems are provided by
Maxspect and described at the website http://www.max-
spect.comy/.

In any event and 1n all cases, once set up, the light source
1s fixed relative to the tank and its contents.

The web article “LightRail 3.5 IntelliDrnive 6 rpm Kit”
[http://web.archive.org/web/20110806235013/http:
www.lightrail3.com/products/3-5lightrail-3-3-intellidrive-
6rpm-kit/ from Gualala Robotics Inc., dated August 2011,
describes a linear lamp mover assembly for use 1n growing
plants. At the end of travel at the end of the rail, an adjustable
time delay allows the linear lamp movement to be paused.

The web article “The Static On Static Lighting: Sugges-
tions for Better Lighting Applications of Photosynthetic
Reel Organisms—Moving Light Systems (MLS)” by
Anthony Calfo, available 1n September 2003 [http://www-
wetwebmedia.com/staaticlgtg.htm], describes the linear
overhead-mounted motorised tracks that permit a light
source to move along the course set by the track. A Youtube
video “Aquarium plasma lighting on motorised bracket”
[http://www.youtube.com/watch?v=IRdO08¢eL.70 uploaded
on 30 Nov. 2010] shows an overhead-mounted linear light
rail above an aquarium.

Linear moving light systems maintain a constant light
angle during linear travel and move the entire light fixture,
including the light fixture housing. Generally constant over-
head movement of the light source along a linear rail
provides insuflicient dwell time for suflicient light energy to
be received by stationary ammals to meet the energy
demands of those stationary amimals required to sustain
health and promote growth. Prior art systems are therefore
optically pleasing and serve to provide a visual affect for the

human viewer.

BRIEF SUMMARY OF THE

INVENTION

According to a first aspect of the present invention there
1s provided an aquarium lighting system that includes: a
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frame; at least one light source within a housing mounted on
the frame, the light source projecting, 1n use, a controllable
light pattern; an electrical drive unit coupled to the at least
one light source, the electrical drive unit configured to
moderate projection of the controllable light pattern by at
least controlling a change 1n orientation of the at least one
light source 1n 1ts housing through selective variation of at
least one of pan and t1lt and preferably both pan and tilt; and
a programmable controller coupled to at least one electrical
drive unit, the programmable controller configured to regu-
late operation of the aquarium lighting system by controlling
the at least one electrical drive unit to alter and change over
time the controllable light pattern projected by the at least
one light source.

In an aspect the system includes a plurality of individually
controllable light sources each coupled to the frame, each of
the plurality of individually controllable light source
coupled to an associated electrical drive unit operationally
responsive to the programmable controller, the program-
mable controller configured to orchestrate individual move-
ment of the plurality of individually controllable light
sources to alter over time a composite projected light pattern
produced by superposition of individual controllable light
patterns projected from each of the plurality of individually
controllable light sources.

Memory that 1s addressable by the programmable con-
troller may store at least one user-defined sequence of light
patterns achieved through managed movement control of the
at least one electrical drive unit.

In some embodiments, the system can include at least one

of: a horizontal light bar containing at least one light source
(and typically a plurality of individually adjustable light
sources), where the light bar i1s further moveable, under
motor control, relative to the frame, and movement of the
light bar 1s regulated by the programmable controller; and a
vertical light stack containing at least one light source (and
typically a plurality of individually adjustable light sources),
where the light stack 1s further moveable, under motor
control, relative to the frame and wherein movement of the
light stack 1s regulated by the programmable controller.
In another aspect of the mvention there 1s provided an
aquarium system including a tank in combination with the
aquarium lighting system of the first aspect, where the frame
1s either attached to or suspended above the tank.

The aquarium system may include a light field camera
providing 1mage data to the programmable controller, where
the programmable controller 1s further configured to process
the 1image data to determine mcident light levels at selected
points within the tank.

The aquarium system may further include at least one
sensor within the tank, the sensor coupled to the program-
mable controller and configured to momtor light levels
talling incident on the sensor and to communicate the light
levels to the programmable controller, where the program-
mable controller 1s configured to regulate operation of the
aquarium lighting system by controlling the at least one
clectrical drive unit to alter and change the controllable light
pattern 1n response to the monitored light levels.

The various embodiments of the present invention there-
fore provide a programmable/automatic movable aquarium
lighting fixture or otherwise an angularly adaptable
aquarium lighting feature that advantageously alters, over
time, the mcidence angle of simulated sunlight (or moon-
light) and/or the intensity of that sunlight/moonlight falling
incident on features throughout the aquartum. Consequently,
the dawn/dusk eflects are more natural and realistic, whilst
crevices 1n displays are at least partially illuminated for
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4

limited periods during the lamps’ on-cycle (as naturally
occurs with refraction and a changing angle of incidence of
natural sunlight).

In other words, the embodiments of the present invention
improve the light exposure for aquatic life and furthermore
(and generally) reduce inadvertent or permanent blind-spots
experienced 1n traditional aquartum lighting fixture.

The adjustability of the lens system of a preferred
embodiment furthermore reduces light pollution by produc-
ing a narrower beam that either allows tighter focus onto a
particular feature 1n the aquarium or which adjustable beam
area 1s tailored to the size of the aquarium.

Beneficially, by controlling and varying the incident angle
from the light source and eflectively controlling (and reduc-
ing) the light power density on a particular area over time,
the system reduces the likelihood of promoting “biofilm™,
1.¢. algae growth, on the aquarium glass/Perspex. Reducing
opportunities for algae colomization improves the overall
appearance in the aquarium.

Employing the lighting system of the preferred embodi-
ment furthermore reduces overall power consumption and
improves overall brightness 1n the aquarium. More particu-
larly, with ability to change beam angle and, indeed, auto-
matically change the location of the light source, the
aquarium as a whole benefits from improved light penetra-
tion and avoids localized areas of high light energy density.
Therefore, lower power can be employed by the lighting
system to achieve an improved, if not (if preferred) a
substantially homogenous light density that ensures pro-
vides 1llumination at a determined or preferred level across
regions of the aquartum (and 1ts landscape), including the
bottom regions of the aquartum. Indeed, the use of multiple
adjustable light sources means that the aquarium lighting
system of the preferred embodiments can, 11 desired, target
and consolidate and overlay several spotlights onto one
particular spot. This ability to target and direct light sources
means that special care and attention can be paid to particu-
lar regions of the aquarium that demand particular levels of
light. In fact, the aquartum lighting system furthermore
reduces the chance to burn or bleaching aquatic life (which
1s a real problem with live corals) given that the continu-
ously changing light intensity allows for natural heat regu-
lation. As a practical example, 1f the aquatic life 1s too close
to the top and near the source of light, the system operates
to reduce light levels 1n that area. The net effect 1s that the
system beneficially improves the tank environment to the
extent that, in the context of a marine fish tank, coral and
plant growth can be controlled by spectrally controllable
artificial lighting that influence shape and rate of growth.

This present invention allows a user to pre-set 1llumina-
tion spots or arecas and then to subject these points to
time-varying light intensities by controlling time-varying
angles for incident light and optionally power settings from
those light sources. The system therefore more realistically
replicates natural light environments within a modeled arti-
ficial environment by permitting the user to create eflective
dawn-to-dusk, moon-cycle and other climatic weather
events and selectively to pre-program how an overall light
environment 1s to evolve a given time period. The system
therefore also beneficially eliminates blind-spots that arise
from obstacles 1nside the aquartum that would otherwise be
cast in continuous shadow from a conventional fixed over-
head light source.

In contrast with the prior art, individual light source
orientation control (relative to the light source’s housing/
fixture and exercised through motorized pan and/or tilt
control) provides for changing light angles throughout the
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aquarium environment to allow a light source to provide
reasonable light intensity throughout the tank. This move-
ment, provided by time-selective pan and tilt control, 1s
extremely important for sustaining reef animals, such as
photosynthetic species.

Embodiments further permit the color temperature of the
light, to be altered based on user-selectability of particular
output powers or light source colors; this mimics the efiects
of the real sun. This effect contrasts with conventional
aquarium lighting fixtures that only dim the light source to
a set brightness and then switch off completely.

BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing summary, as well as the following detailed
description of the invention, will be better understood when
read 1n conjunction with the appended drawings. For the
purpose of illustrating the invention, there are shown 1n the
drawings, certain embodiment(s) which are presently pre-
ferred. It should be understood, however, that the invention
1s not limited to the precise arrangements and instrumen-
talities shown. Drawings are not necessary to scale. Certain
features of the invention may be exaggerated in scale or
shown in schematic form in the interest of clarity and
CONCISEness.

FIG. 1 1s a representation of a typical aquarium;

FIG. 2 1s a representation ol a rectangular aquartum
incorporating a lighting system of an aspect of the present
imnvention;

FIG. 3 1s a representation of a cylindrical aquarium
incorporating a lighting system of another aspect of the
present mvention;

FIG. 4 1s a representation of an adjustable aquarium
lighting system adaptable for use in FIG. 2 or 3;

FIG. 5 1s a schematic drawing of an aquarium light control
system of an aspect of the present invention;

FIG. 6 1s an exploded view of an adjustable aquarium
lighting unat;

FIGS. 7 and 8 show tilt and pan adjustments of side light
sources of FIG. 6; and

FIGS. 9a and 9b show a focus ring adjustment for the
adjustable aquarium lighting unit of FIG. 6.

DETAILED DESCRIPTION

Before the subject invention is described further, 1t 1s to be
understood that the imnvention 1s not limited to the particular
embodiments of the invention described below, as variations
of the particular embodiments may be made and still fall
within the scope of the appended claims. It 1s also to be
understood that the terminology employed 1s for the purpose
of describing particular embodiments, and 1s not intended to
be limiting. Instead, the scope of the present invention will
be established by the appended claims.

Where a range of values 1s provided, 1t 1s understood that
cach interveming value, to the tenth of the unit of the lower
limit unless the context clearly dictates otherwise, between
the upper and lower limit of that range, and any other stated
or intervening value in that stated range, 1s encompassed
within the mvention. The upper and lower limits of these
smaller ranges may independently be included in the smaller
ranges, and are also encompassed within the invention,
subject to any specifically excluded limit 1n the stated range.
Where the stated range includes one or both of the limuts,
ranges excluding either or both of those included limits are
also included 1n the mvention.
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In this specification and the appended claims, the singular
forms “a,” “an” and “the” include plural reference unless the
context clearly dictates otherwise.

FIG. 1 1s a representation of a typical aquarium 10 having,
any rectangular body 12 made from glass or Perspex. A lid
14 1includes a fixed light source that is coupled to and
powered by a power supply 16 (ultimately coupled to a
mains supply). Within the rectangular body 12, a number of
ornamental features 18, such as randomly distributed rocks
and boulders, are 1lluminated by the light source.

In FIG. 2, the basic configurations of the aquarium of FIG.
1 1s augmented through the provision of one or more
horizontal light bars 20 that can controllably be raised or
lowered as they engage against one or more sides of the
rectangular body 12. The positioning of the horizontal light
bars 20 1s subject to automatic control by one or more
motors 22, with the light bar optionally including additional
servos 24 that permit an array of LEDs to be tilted relative
to a horizontal plane extending laterally outwardly from a
face of the horizontal light bar in abutment against the sides
of the rectangular body 12. In this way, the horizontal lights
bar 20 can illuminate a multiplicity of nominal layers within
the aquarium by using a potentially narrow beam of light
from the light source in a vertical scanning process, whilst
the servos can optionally tilt the angle of illumination
relative to the horizontal. A pulley system or direct drive can
be located between the horizontal light bar and an artificial
ceiling 26 or lid suspended above or on the lid 14 of the
aquarium.

The ornamental features 18 can thus be i1lluminated by
incident light rays having time-varying angles of incidence
controlled by a microcontroller.

Turning to FIG. 3, a cylindrical aquarium again includes
ornamental features 18 and a downwardly projecting light
source (which may correspond to the light source described
in relation to FI1G. 4 or FIG. 6) mounted 1n a lid. In addition,
an upper edge of the cylindrical aquarium includes a mount-
able track 32 from which a vertical light stack 34 1is
suspended. More particularly, a drive unit (such as a
wheel—not shown) engages into the track, with the drive
unit coupled to a motor that, under processor control, causes
the vertical light stack 34 to follow the path of the track and
thus circumscribe the cylindrical aquarium over a pre-set or
selected period of time. The amount of movement of the
vertical light stack 34 does not need to follow a 360° rotation
but, 1T desired, might travel repeatedly through a smaller arc.
In this way, with the light generally projecting towards a
central vertical axis of the cylindrical aquarium there 1s an
automated variation in the angle of incidence of the light
falling upon the ornamental features 18, with different
surfaces and facets of the ornamental features 18 attracting
illumination and shadow at different points during the cir-
cumscribing motion of the vertical light source around the
mountable track 32.

FIG. 4 shows an aquarium lighting system 40 assembled
from three independent but inter-connectable light sources
that each, potentially, offer automated control of light pro-
jection to allow each light source to provide time-varying
impinging light inclination angles.

A central lid-mounted light source 42 contains a central
light source 44 and two outboard light sources 46, 48. At
least one of these light sources can be tilted or panned,
although 1t 1s typical that the outboard light sources provides
the tilting and panning capabilities for the aquarium lighting
system 40. In FIG. 4, the light sources are each shown to be
made from arrays of LEDs, with individual LEDs within the
array or columns of LEDs within the array independently
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controllable from the perspective of power and angle of
inclination of the principal axis of each LED. In other words,
the LEDs can be manually adjusted to setup diflerent light
paths projecting outwardly along their principal axes. Addi-
tionally or alternatively, one or more of the central lid-
mounted light source 42 and the two outboard light sources
44, 46 can have their respective arrays tilted or panned by
servomotors responsive to microprocessor control. There-
fore, not only can the initial 1llumination be set by physically
aligning the various LEDs, but motorized control can further
change the angles of inclination or angle of incidence over
time.

The central id-mounted light source 42 may furthermore
be used 1n combination with the horizontal light bar 20 (as
described 1n relation to FIG. 2) and the vertical light stack
34 (as described 1n relation to FIG. 3).

It 1s contemplated that individual light elements 50-60 in
the horizontal light bar 20 and vertical light stack 34 can be
controlled from the perspectives of both output power and
its angular position relative to a nominal 1nitial orientation
within the respective light bar or light stack.

The main function of the light bar 20 and light stack 34
1s to provide supplementary light to areas that either face
directly towards the outside walls of the aquarium or which
are beneath an overhang. Due to the normal application of
ornamental aquartum features 18, the central high-mounted
downward pomting lamp that 1s fixed in the lid of the
aquarium provides little or no light to such areas; this
contrasts with a natural environment where there 1s a shaft 1n
the light source and changing refraction effects in the water
brought about by a change 1n the inclination and declination
of the sun with time of day and year.

Obviously, these light bars and light stacks present an
obstacle to a person viewing the aquarium, so it 1s preferred
that the operation of the light bars and light stacks are timed
with or triggered by a timeout of a motion sensor. A
microcontroller based timer permits a user to set times to
activate these light bars when, for example, the owner 1s out
of the house or asleep. At other times, the light bars are
stored 1n a position that limits their visibility, e.g. at a
position close to or above the waterline 1n the aquarium.

In totality, the aquarium lighting system of FIG. 4 can
therefore provide an almost infinitely adjustable light control
pattern since the independent light sources are each control-
lable from the perspective of power and angular position or
plane, with thus meaming that any ornamental features
located within an aquarium can be subjected to varying light
illumination effects over time. A user is therefore able to
manually plan an initial 1llumination of ornamental features,
by adjusting the individual lamps or larger light sources as
they desire, where after microprocessor controlled motor-
1zed operation can cycle away from this mnitial setup position
and periodically returned to the 1nitial setup position so as to
alter instantanecous incident light power density with time.

In terms of FIG. 5, a schematic diagram shows how an
operating system for the aquarium lighting system of FIG. 4
may be configured. The precise system architecture can, of
course, be varied since the schematic diagram illustrates the
principal functional blocks rather than a manifestly precise
circuit diagram evident to the skilled addressee. The system
1s based around a microcontroller 70 that 1s mounted inboard
in the aquarium lighting system of FIG. 4. The microcon-
troller 1s operationally responsible for control of at least one
(and typically a multiplicity) of servo-motors 72-78 that are
associated with individual light source elements, such as
individual lamps and 1s arrays of lamp fittings. One or more
servo-motors may be associated with each of the lamps or
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arrays ol lamps so as to provide diflerent motorized control
of those lamps, e€.g. pan and/or tilt and/or height and/or
mounting unit location (as in the case the vertical stack 34
on track 32). From the perspective of light output power and
therefore brightness from each of the individual lamps or the
array of lamps, the microcontroller 70 1s coupled to a driver
circuit (such as channel 1 LED driver 80). The microcon-
troller 70 may, 1n fact, be coupled to several driver circuits
responsible for controlling individual lighting elements
50-60 or an overall output power from the lighting unait.
Consequently, FIG. 5 shows (for reasons of clarity) only two
LED drivers, although there may be N (where N 1s a positive
integer) drivers in reality.

As 1ndicated, the microcontroller 70 may, through the
appropriate dniver, provide individual power control to each
ol a multiplicity of light source elements mounted within a
unit. In this way, the intensity of light and angular incidence
of light (relative to a nominal plane) from the unit may vary
from one end of unit to the other. Variation 1s entirely at the
control of the user, with programming control exercised
through a user interface of the microcontroller to an external
computer 84 or the like. For example, the system may
employ Pulse Width Modulation (PWM) or simple voltage
control to adjust the brightness of each light source accord-
ing to predefined or programmed schedule.

Returning to FIG. 5, a light unit may be made up of a
linear array of LEDs (or the like), such as a string of, say,
cleven independently illuminable LEDs of unitary color or
a plurality of colors. The LEDs could be multi-color LEDs
or a single narrowband color, such as blue or a broadband
white. As shown 1n the accompanying graph 90, light
intensity/power output of each LED may vary with time; this
1s 1llustrated by the diflering heights of the bars 92, 94 for
cach LED/light source. Similarly, the microcontroller can
employ motor control that, from an imtial start point,
tollows a particular programmed regime. In this respect, the
second graph 100 plots angle of t1lt 102 (although this could
equally be a plot of angle of pan or relative height or arc
rotation of the stack 34 on 1ts track) against time 104 for each
of a multiplicity of individual light source or light units (i.e.
time varying-plots for power, e.g. LED,, or relative angular
inclination, e.g. PangLED,,).

The microcontroller 70 may, furthermore, be coupled to a
camera system 120 that includes a detector arranged to
record relative areas of light and darkness within 1ts field of
view or panned field of view (should the camera be motor-
ized). The function of the camera system 120 1s described
later.

The embodiments of the present invention therefore com-
monly provide a mechanism for regulating and controlling
incident 1llumination through one or both of a motorized
system that adjust orientation of lamp arrays or light sources
in the system and/or through power control of lamp arrays
or light sources. As such, the microcontroller 84 operates to
increase or decrease the light intensity at a particular point
or points within the aquarium. Tilt and pan of a solitary light
source (such as the outboard light sources 46, 48) are
respectively shown 1 FIGS. 7 and 8. The solitary light
source may therefore be mounted on a ball-and-socket like
connector and/or on crossing guidewires that permait the light
source to be moved 1n multiple degree of freedom, 1.e. east
to west and/or angle of incidence through pan and tilt
functions.

In addition to the controlling of tilt or pan or power, an
alternative or complementary arrangement permits an area
of illumination to be changed through the use of a lens
system, such as convex lens, and a mechanical or motor-
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controlled change 1n the lens” focal length. The lens can, 1n
fact, be adjusted manually and/or under motor control.
Referring briefly to FIGS. 9a and 9b, a microcontroller can
be arranged to actuate a servo motor that drives the lens into
or out ol its housing, thereby dispersing (FIG. 9a) or
concentrating (FIG. 9b) the area of illumination. From an

implementation perspective, a snoot or lens iris (or the like)
can be mechanized to control the direction and/or radius of
a light beam projected from a light source. Consequently,
this feature allows the user to increase or decrease the beam
angle mto a spot or a flood beam. For example, 11 a high
intensity 1s required at a deeper level of the aquarium, the
snoot 1s controllably adjusted to be a spot so that most of the
light will be narrowed 1nto a smaller area. On the other hand,
if the user determines that particular features 1n the aquarium
do not require such a high intensity but rather warrant a
larger 1llumination area at a lower power light, the snoot can
be controllably adjusted to produce greater dispersion and
thus to cover a larger area.

Increase or decrease 1n light intensity for particular a spot
or area can thus be achieved with the combination of the
pan/tilt motion that atfects overall beam angle from the light
source(s), with this optionally combined with an angle
adjustable convex lens or snoot. Height adjustment or rota-
tional position of, respectively, any horizontal light bar 20 or
vertical light stack 34 may also play 1ts part in aflecting a
change 1n light intensity at a spot or area in the aquarium.
However, the use of light bars and light stacks (on one or
more of the front, rear and side surfaces) and the lens/ring
sub-system are generally considered as optional and thus
subordinate 1n stature to the automated pan and tilt features
of FIGS. 7 and 8. In this respect. FIG. 6 shows an exploded
view ol a motorized aquarium lighting system encompassing,
the Tundamental aspects of the present invention. IT neces-
sary, the lid of the lighting system of FIG. 6 can include
cooling fans to dissipate heat produced, for example, by the
lighting sources and associated motors.

The embodiment of FIG. 6 (which may also be realized in
a housing shape that 1s not rectangular) can be employed 1n
large and small aquariums alike. With a single module
system, the light source 1s directly placed over the center of
the aquarium. The light source is then tilted from one end to
the other reproducing the eflect of the real sun when it
moves from east to west. This means that “noon” time, the
light source 1s directly over the center and provides a
maximum amount of light to center and upper layer (typi-
cally water) 1n an aquarium. As the sun moves from the east,
the light will gradually increase the intensity from either the
“off” mode or the “moon light” mode. After the light source
has passed the center point (noon time), the light waill
gradually dim down to either the “ofl” mode or the “moon
light” mode. During a complete “off” mode or the “moon
light” mode, the light source will move back to either the
center or to the “east” side depending on the user’s prefer-
ence/setting. When the cycle starts, the light will move to the
“east” side to restart a new cycle.

In the natural environment, the sun will move relative to
a specific location and this allows the sunrays to shine into
crevices or under the “overhang” to enable the organisms/
creature located under the “overhang” to receive the
required amount of light that 1s needed to stay alive and
promote growth. With the embodiments of the present
invention, the maneuverability of the eflective position of
the light source means that the highest intensity 1s controlled
such that 1t 1s msuflicient to 1nduce localized bleaching or
overheating.
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System Set-Up

In terms of the microcontroller control and the set-up of
the lighting system, a user may make direct use of a GUI in
a PC or otherwise program the microcontroller (of FIG. 5)
to define time points. For each time point, the user defines
light intensity of each color channel (1.e. white, blue, royal
blue, red, green and so on) and 1ncidence angle (or location)
of each movable light sources. This can be achieved by
entering a learn mode 1n which the user 1nitially manually
adjust the positions of one or more light sources and the
system 1s then tasked to record a snap-shot of that particular
preferred set-up, 1.e. the position and power levels of the
lamps are monitored and recorded. The user then defines the
transition eflect between time points, 1.e. linear or curve
(Bezier curve). For a linear mode, the microcontroller oper-
ates increase/decrease light intensity gradually from “time
pomnt 17 to “time point 27 to reflect a natural variation of
sunlight during a day of a particular season.

The microcontroller therefore has access to and can
address a memory storage location, typically EEPROM,
which memory location stores program instructions, includ-
ing for example differing light properties experience season-
by-season.

Besides recording a snap shot of user-preferred settings
(including, 11 appropriate, those of the light bar 20 or light
stack 34), the program may also impose random changes 1n
brightness to individual light sources controlled by a par-
ticular LED driver or the like. In this way, the system
imitates cloud movement across the sky by casting slow
moving shadows on the ornamental landscape without the
user having to provide finer detail. Similarly, the pre-
selected 1llumination levels set by the user can be attenuated
by stored (and optionally updateable) program coding that
aligns with moon phase cycles and seasonal variations for
declination or inclination of the sun.

Provision 1s made for the user to advance the current
setting through contiguous time points, with this provision
implemented by a direct interface that would be apparent to
the skilled addressee.

The microcontroller and 1ts associated storage may there-
fore record one or more of the following: 1) real time; 1)
moon cycle; 1) time point settings; 1v) fan start temperature
for imitiating cooling; v) color channel values for all time
points; vi1) incident angle (or height or angular position) of
cach light source or spot for all time points; vi1) weather
mode preferences, e¢.g. simulated cloud cover; vii1) sunrise/
sunset durations; 1x) maximum simulated brightness of
moonlight; x) smoothing factor allowing transitions between
adjacent each time points pair, e.g. 8:00 am to 11:30 am
might be programmed as a linear transition whereas the
transition between 2:00 pm to 3:00 pm 1s a complex or
curved transition function.

Camera System

Returning to FIG. 5 and the provision of the camera
system that 1s mounted in the lid and, 1n cooperation with the
microcontroller, 1s tasked to capture and then assemble a 3D
model of illumination patterns cast on fixed ornamental
features 18, such as corals, 1n the aquartum. Processing of
the raw captured data may be undertaken by a higher-
powered external processor, such as available at the con-
nected PC 84. Techniques for assessing light fields are
known to the skilled addressee and can be based, for
example, on 1nserting a microloans array between the sensor
and main lens, thereby creating a plenoptic or fight field
camera. In generality, each microlens measures not just the
total amount of light deposited at that location, but how
much light arrives along each ray. Other techniques may be
employed, as will be understood.
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In addition, direct sensors may be placed onto areas 1n the
tank to momitor and commumnicate light levels falling inci-
dent on those sensors. The use of such tank sensors provides
a finer degree of light source control and adaption.

By using logic, the system estimates the light intensity of
cach position. Based on the information, the system may
generate a recommended lighting plan based on observed
intensities and, potentially, may also adapt flow rates
through a microcontroller-controlled pump system. Once
user approves and uploads the program setting into light
fixture(s) by monitoring the system over time, the light
control model adapts to reflect changes induced 1n growth by
particular applied light settings. This monitoring function
therefore allows a user to exercise additional control over
environmental development and particularly slow marine
growth.

The controlled automated movement of the light firstly
provides an ability potentially to 1lluminate every corner and
crevice within the aquartum. Movement also allows capture
of a full tank 3D 1mage. Particularly, by moving the camera
angularly for back and forth) a set of 1mages can be captured
and stored. Using these images (which may not be a sharp
focus) 1t 1s possible to reconstruct the light field mn the
aquarium. For example, the light field can be reconstructed
using existing algorithms that using 1 X-ray computed
tomography and light field cameras. The light field can then
be used to render 3D scenes of whole tank.

Also, the system permits a determination of flow rates at
various points within the aquarium. In this regard, to mea-
sure the flow rate of each point a light field camera 1s
positioned and arranged to capture multi-still light field
pictures of moving objects, such as the leaves on a plant. By
comparing the object positions, it 1s possible to calculate the
precise tlow rate at the analyzed point.

Traditionally, such flow rate and 3D scene information
required costly laboratory-level equipment, but with the
image light field camera and positionable light sources (of
the preferred embodiment) it 1s possible to prepare the
rendering and assess tlow rates at a fraction of the previous
COsts.

It will be understood that unless features 1n the particular
preferred embodiments are expressly 1dentified as incom-
patible with one another or the surrounding context implies
that they are mutually exclusive and not readily combinable
in a complementary and/or supportive sense, the totality of
this disclosure contemplates and envisions that specific
teatures of those complementary embodiments can be selec-
tively combined to provide one or more comprehensive, but
slightly different, technical solutions.

It will, of course, be appreciated that the above descrip-
tion has been given by way of example only and that
modifications 1n details may be made within the scope of the
present ivention. For example, while a preferred embodi-
ment makes use ol lower power consuming LEDs, 1t 1s
contemplated that other light sources may be used, including
but not limited to) fluorescent, incandescent, metal halide
technology or any combination thereof. Fach lighting unit
may be a planar, point or array of individual light sources.
Each lighting unit may, if necessary or desirable, comprise
a lens, mterchangeable filters or perforated screens adapted
to modity the i1llumination provided.

Diflerent colored LEDs and individually controlled color
channels allows the user to fine tune the color temperature
in the aquarium, with this accentuating observed colors
from, especially, aquatic life supported 1n the aquarium.
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The mnvention claimed 1s:

1. An aquarium lighting system coupled to an aquarium
containing at least one of corals, living plants and algae, the
aquarium lighting system comprising:

a frame mounted on the aquarium;

at least one light source within a housing mounted on the
frame, the light source projecting, in use, a controllable
light pattern;

an electrical drive unit coupled to the at least one light

source, the electrical drive unit configured to moderate
projection ol the controllable light pattern by at least
controlling a change 1n orientation of the at least one
light source 1n 1ts housing through selective variation of
at least one of pan, tilt, and both pan and tilt; and

a programmable controller coupled to the at least one

clectrical drive unit, the programmable controller con-
figured to regulate operation of the aquarium lighting
system over the course of a day by controlling the at
least one electrical drive unit to alter and change over
time the controllable light pattern into the aquarium
projected by said at least one light source over the
course of the day such that light power intensity in [the}
an 1ncident projected light pattern 1s controlled to
influence a rate of growth of the at least one of the
corals, the living plants and the algae;

and wherein the system comprises a plurality of individu-

ally controllable light sources each coupled to the
frame, each of said plurality of individually control-
lable light [source] sources coupled to an associated
clectrical drive unit operationally responsive to the
programmable controller, the programmable controller
configured to orchestrate individual movement of the
plurality of individually controllable light sources to
[after] alter over time a composite projected light
pattern produced by superposition of individual con-
trollable light patterns projected from each of said
plurality of mndividually controllable light sources.

2. The aquarium lighting system of claim 1, wherein the
programmable controller 1s further configured to control
light mtensity of said at least one light source.

3. The aquarium lighting system of claim 1, further
comprising:

memory addressable by the programmable controller, the

memory storing at least one user-defined sequence of
light patterns achieved through managed movement
control of the at least one electrical drive unit.

4. The aquarium lighting system of claim 1, wherein the
at least one light source includes a lens having a controllable
focus.

[5. The aquarium lighting system of claim 1, wherein the
at least one light source includes a lens having a controllable
focus.]

6. The aquarium lighting system of claim 1, wherein the
plurality of light sources output diflerent optical wave-
lengths.

7. The aquarium lighting system of claim 1, wherein the
programmable controller coordinates movement of said at
least one light source or characteristics of the controllable
light pattern to mimic at least one effect selected from the
group of:

1) moon cycle;

11) solar inclination and declination;

111) sunrise;

1v) sunset; and

v) atmospheric weather eflects.

8. The aquarium lighting system of claim 7, wherein the
programmable controller 1s configured to regularly change
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the controllable light pattern to mitigate [localised] localized
heating eflects that would otherwise arise from a fixed
pattern.
9. The aquartum lighting system of claim 2, wherein the
programmable controller 1s configured to regularly change
the controllable light pattern to mitigate [localised] /ocalized
heating eflects that would otherwise arise from a fixed
pattern.
10. The aquartum lighting system of claim 8, wherein the
change in controllable light patterns 1s a continuous change
in light direction of the projected light pattern, light intensity
of the projected light pattern or light direction and light
intensity of the projected light pattern.
11. An aquarium lighting system comprising:
a frame;
at least one light source within a housing mounted on the
frame, the light source protecting, in use, a controllable
light pattern;
an electrical drive unit coupled to the at least one light
source, the electrical drive unit configured to moderate
projection ol the controllable light pattern by at least
controlling a change 1n orientation of the at least one
light source 1n its housing through selective variation of
at least one of pan [and], tilt, and [preferably] both pan
and tilt; and
a programmable controller coupled to at least one elec-
trical drive unit, the programmable controller config-
ured to regulate operation of the aquarium lighting
system by controlling the at least one electrical drive
unit to alter and change over time the controllable light
pattern projected by the at least one light source; and
a light field camera providing image data to the program-
mable controller, wherein the programmable controller
1s further configured to process the image data to
determine incident light levels at selected points within
the tank.
12. An aquarium lighting system comprising:
a frame;
at least one light source within a housing mounted on the
frame, the light source projecting, in use, a controllable
light pattern;
an electrical drive unit coupled to the at least one light
source, the electrical drive unit configured to moderate
projection of the controllable light pattern by at least
controlling a change 1n orientation of the at least one
light source 1n its housing through selective varniation of
at least one of pan [and], tilt, and [preferably] both pan
and tilt; and
a programmable controller coupled to at least one elec-
trical drive unit, the programmable controller config-
ured to regulate operation of the aquartum lighting
system by controlling the at least one electrical drive
unit to alter and change over time the controllable light
pattern projected by the at least one light source; and

at least one sensor within the tank, the sensor coupled to
the programmable controller and configured to monitor
light levels falling incident on the sensor and to com-
municate said light levels to the programmable con-
troller, and

wherein the programmable controller 1s configured to

regulate operation of the aquartum lighting system by
controlling the at least one electrical drive unit to alter
and change the controllable light pattern in response to
the monitored light levels.

13. An aguarium lighting system configured to be coupled
to an agquarium, the aquarvium lighting system comprising:
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a frame configured to be mounted on the aquarium;

at least one light source housing mounted on the frame,
the at least one light source housing configured to
receive at least one light source that, when installed in
the at least one light source housing, is arranged to
project, in use, a controllable light pattern into the
aquarium,

at least one electrical dvive unit coupled to the at least one

light source housing, the at least one electrical drive
unit configured to moderate projection of the control-
lable light pattern by at least controlling a change in
orientation of the at least one light source in the at least
one light source housing through selective variation of
at least one of pan, tilt and both pan and tilt; and

a programmable controller coupled to the at least one

electrical drive unit, the programmable controller con-
figured to regulate operation of the aquarvium lighting
system over the course of a day by controlling the at
least one electrical drive unit to alter, by changing over
the course of the day, the orientation of the at least one
light source housing thereby both providing time-vary-
ing light inclination angles of the controllable light
pattern configured to be projected into the aquarium by
the at least one light source and control the projected
light pattern within the aquarium.

14. The aguarium lighting system of claim 13, wherein the
programmable controller is further configured to control
light intensity of the at least one light source.

15. The aguarium lighting system of claim 13, wherein the
aquarium lighting system includes the at least one light
source, the at least one light source of the system comprising
a plurality of individually controllable light sources each
coupled to the frame, each of the plurality of individually
controllable light sources coupled to an associated electri-
cal drive unit operationally responsive to the programmable
controller, the programmable controller configured to
orchestrate individual movement of the plurality of individu-
ally controllable light sources to alter over time a composite
projected light pattern produced by superposition of indi-
vidual controllable light patterns projected from each of the
plurality of individually controllable light sources.

16. The aguarium lighting system of claim 13, further
COmprising:

memory addressable by the programmable controller, the

memory storing at least one user-defined sequence of
light patterns achieved through managed movement
control of the at least one electrical drive unit.

17. The aguarium lighting system of claim 13, wherein the
aquarium lighting system includes the at least one light
source, and wherein the at least one light source includes a
lens having a controllable focus.

18. The aguarium lighting system of claim 15, wherein the
plurality of light sources output different optical wave-
lengths.

19. The aguarium lighting system of claim 13, wherein the
programmable controller is configured to coordinate move-
ment of the at least one light source orv characteristics of the
controllable light pattern to mimic at least one effect
selected from the group of:

1) moon cycle;

ii) solar inclination and declination;

ii1) sunrise;

iv) sunset; and

V) atmospheric weather effects.

20. The aguarium lighting system of claim 13, wherein the
programmable controller is configured to regularly change
the controllable light pattern to mitigate localized heating
effects that would otherwise arise from a fixed pattern.
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21. The aguarium lighting system of claim 20, wherein the
change in controllable light patterns is a continuous change
in light direction of the projected light pattern, light intensity
of the projected light pattern or light direction and light
intensity of the projected light pattern.

22. The aquarium lighting system of claim 13, further
COmprising:

a light field camera providing image data to the program-
mable controller, wherein the programmable controller
is further configured to process the image data to
determine incident light levels at selected points within
the tank.

23. The aguarium lighting system of claim 13, further

COmprising:

at least one sensor within the tank, the sensor coupled to
the programmable controller and configured to monitor
light levels falling incident on the sensor and to com-
municate said light levels to the programmable con-
troller

wherein the programmable controller is configured to
regulate operation of the aguarium lighting system by
controlling the at least one electrical drive unit to alter
and change the controllable light pattern in response to
the monitored light levels.

24. An aquarium lighting system that includes a modular
light source housing and programmable controller combi-
nation, the at least one controllable modular light source
housing arranged to be coupled, in use, into a frame of an
aquarium, the at least one controllable modular light source
housing responsive to the programmable controller, wherein
the at least one controllable modular light source housing is:

configured to receive at least one light source that, when
installed in the at least one controllable modular light
source housing, is arranged to project, in use, a con-
trollable light pattern into the aquarium; and

associated with at least one electrical drive unit, the
electrical drive unit configured to moderate projection
of the controllable light pattern by at least controlling
a change in orvientation of said at least one light source
in the modular light source housing through selective
variation of at least one of pan, tilt and both pan and
tilt orientation of the at least one controllable modular
light source housing; and

the programmable controller is:

coupled to at least one electrical dvive unit, the program-

mable controller configured to regulate operation of

the aquarium lighting system over the course of a day
by controlling the at least one electrical drive unit to
alter, by changing over the course of the day, the
orientation of the at least one controllable modular
light source housing thereby both providing, in use,
time-varying light inclination angles of the controllable
light pattern configured to be projected into the
aquarium by the at least one light source and control,
in use and when in situ, the projected light pattern
within the aquarium; and
responsive to controlled instructions provided thereto.
25. The aguarium lighting system of claim 24, wherein the
programmable controller is further comnfigured to control
light intensity of said at least one light source.
26. The aguarium lighting system of claim 24, wherein the
aquarium lighting system includes the at least one light
source, the at least one light source comprising a plurality
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of individually controllable light sources, each of said
plurality of individually controllable light sources coupled
to an associated electrical drive unit operationally vespon-
sive to the programmable controller, the programmable
controller configured to orchestrate individual movement of
the plurality of individually controllable light sources to
alter over time a composite projected light pattern produced
by superposition of individual controllable light patterns
projected from each of the plurality of individually control-
lable light sources.

27. The agquarium lighting system of claim 24, further
COmMprising:

memory addressable by the programmable controller, the
memory storing at least one user-defined sequence of
light patterns achieved through managed movement
control of the at least one electrical drive unit.

28. The aquarium lighting system of claim 24, wherein the
aquarium lighting system includes the at least one light
source, and wherein the at least one light source includes a
lens having a controllable focus.

29. The aguarium lighting system of claim 26, wherein the
plurality of light sources output different optical wave-
lengths.

30. The aguarium lighting system of claim 24, wherein the
programmable controller is configured to coordinate move-
ment of the at least one light source or characteristics of the
controllable light pattern to mimic at least one effect
selected from the group of:

[) moon cycle;

ii) solar inclination and declination;

Ii1) sunrise;

Iv) sunset; and

V) atmospheric weather effects.

31. The aguarium lighting system of claim 24, wherein the
programmable controller is configured to regularly change
the controllable light pattern to mitigate localized heating
effects that would otherwise arise from a fixed pattern.

32. The aguarium lighting system of claim 31, wherein the
change in controllable light patterns is a continuous change
in light divection of the projected light pattern, light intensity
of the projected light pattern ov light divection and light
intensity of the projected light pattern.

33. The aquarium lighting system of claim 24, further
COmprising:

a light field camera providing image data to the program-
mable controller, wherein the programmable controller
is further configured to process the image data to
determine incident light levels at selected points within
the tank.

34. The agquarium lighting system of claim 24, further

COmprising.

at least one sensor within the tank, the sensor coupled to
the programmable controller and configured to monitor
light levels falling incident on the sensor and to com-
municate the light levels to the programmable control-
ler

wherein the programmable controller is comnfigured to
regulate operation of the aquarium lighting system by
controlling the at least one electrical drive unit to alter
and change the controllable light pattern in response to
the monitored light levels.
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