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(7) ABSTRACT

An LED lighting device is provided which is capable of
being connected to a network and being controlled by a host
computer also connected to the network. The lighting device
has several lifespan expanding features such as including
several extra LEDs such that as the LEDs of the lighting
device degrade over time more LEDs can be turned on thus
allowing a constant luminosity to be maintained.
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LIGHTING DEVICE

BACKGROUND OF THE INVENTION

[0001] The current invention is an light emitting diode
(herein referred to as LED) lighting device having multiple
features designed to allow the lighting device to maintain
luminosity as measured in candelas, over its lifespan. The
invention is also designed so that multiple lighting devices
can be connected in a network controlled by a host com-
puter, such that the general luminosity over an area (e.g. a
tunnel) can be controlled.

[0002] Traditionally, roads and tunnel lighting devices
have used uses HID (High-Intensity Discharge) lamps, pow-
ered with high-voltage (e.g. 300VAC to 400VAC).

[0003] Existing roadway standards divide the length of the
tunnel into a number of regions. Each region requires a
lighting intensity (sometimes herein referred to as luminos-
ity) that increases as it is nearer the entrance/exit points
(because of the presence of higher illumination from the
sun), and decreases towards the middle of the tunnel. As an
example, a typical system can use one 130 W lamp per 1.75
m per road lane in order to satisfy the daytime specifications
required in the Interior Zone of a tunnel.

[0004] A problem with current tunnel lighting lamps is
with lifespan. In a typical tunnel lamp which uses one or
maybe two illumination sources, the lighting device can
easily become unuseable should the illumination source
break down. In these cases the illumination sources need to
be replaced manually before the lighting device can again
provide sufficient light. It also is necessary to close lanes in
the tunnel while the maintenance is in progress. Thus
maintenance of lighting devices can become costly and time
consuming.

[0005] Therefore, a new lighting device which allows for
a longer lifespan without maintenance is desired. The
present invention attempts to provide such a lighting device
using LEDs as illumination sources. While an individual
LEDs is on its own not sufficient to provide lighting for a
tunnel, LEDs only cost a fraction of what a typical HID lamp
would cost. An LED further uses much less power than that
of a typical HID lamp. Therefore, a plurality of LEDs can be
provided for a lighting device and the cost and power usage
would still be below that of a typical HID lamp. For instance
a example LED lighting device could provide lighting for
the interior of a tunnel, while using 780 LEDs and being
powered by a 24VDC power supply.

[0006] LED lighting devices are known in the art, though
most of these lighting devices are use for making billboards
and traffic signals. Examples these kinds of lighting devices
can be found in U.S. Pat. No. 6,175,342 Nicholson et al.,
U.S. Pat. No. 6,150,771 Perry, U.S. Pat. Nos. 6,150,996,
5,514,698 Nicholson et al., U.S. Pat. No. 4,357,671 Miller,
U.S. Pat No. 4,271,408 Teshima et al., and U.S. Pat. No.
4,298,869 Okuno.

[0007] Using a plurality of LEDs as a replacement for an
standard illumination source is less common, but are for
instance described in U.S. Pat. No. 6,255,786 Yen, and U.S.
Pat. No. 6,211,626 Lys et al. These lighting devices show
that LEDs can be used to replace more standard illumination
sources. They do, however, not have features which allow
for a constant luminosity to be maintained over an extended
lifespan.
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[0008] Certain patents, such as U.S. Pat. No. 6,236,331 B
1 Dussurealt, U.S. Pat. No. 6,153,985 Grossman, and U.S.
Pat. No. 5,783,909 Hochstein, propose to compensate for
long term LED degradation through a variable current. In
these lighting devices, which deal mostly with traffic lights,
the luminosity output of traffic lights using LEDs is stabi-
lized by varying the current flow. The lighting devices
measure the luminosity output of the LEDs and either
increase or decrease the current being supplied to the LEDs
as a result. The current control is usually performed either
through proportional DC (Direct Current) control, or
through PWM (Pulse Width Modulation) of the LED supply.
In the context of roadway or tunnel lighting, the use of PWM
to control the LED intensity may be problematic. This is
because it can lead to visible stroboscopic beat effects in the
light superposition of multiple lighting devices each having
slightly different, non-synchronized PWM frequencies.

[0009] 1t would therefore be advantageous to have a
different way of stabilizing the lighting device’s luminosity.

SUMMARY OF THE INVENTION

[0010] Therefore the present invention provides a lighting
device comprising

[0011] a plurality of groups of light emitting diodes,
each of said groups of light emitting diodes contain-
ing one or more light emitting diodes, each of said
light emitting diodes being configured so as to pass
between an energized light emitting state and a
non-energized state;

[0012] Iuminosity measuring means for providing a
standard luminosity reading at predetermined time
intervals (e.g. from a test diode);

[0013] controller means for transferring, at predeter-
mined time intervals, in response to said standard
luminosity reading, one or more of said groups of
light emitting diodes between a first energized group
wherein said light emitting diodes are in said ener-
gized light emitting state and a second non-energized
group wherein said light emitting diodes are in said
non-energized state.

[0014] In one aspect of the present invention said control-
ler means may be configured to maintain all of the light
emitting diodes in said first energized group when a prede-
termined luminosity reading is provided by said luminosity
measuring means.

[0015] In one embodiment said luminosity measuring
means for providing a standard luminosity may comprise
one or more test light emitting diodes coupled to light
sensors, such that said test diodes can emit light which will
then be measured by the light sensors. This measurement
will then form the basis for said standard luminosity.

[0016] The invention further provides a lighting device
comprising

[0017] a plurality of groups of light emitting diodes,
each of said groups of light emitting diodes contain-
ing one or more light emitting diodes, each of said
light emitting diodes being configured so as to pass
between an energized light emitting state and a
non-energized state;
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[0018] usage time measuring means for providing a
usage time measurement for each of said groups of
light emitting diodes at predetermined intervals (e.g
by storing usage times in a memory)

[0019] controller means for transferring, at predeter-
mined time intervals, in response to said usage time
measurements, one or more of said groups of light
emitting diodes between first energized group
wherein said light emitting diodes are in said ener-
gized light emitting state and a second non-energized
group wherein said light emitting diodes are in said
non-energized state.

[0020] In one embodiment of the present invention said
controller means may be set to transfer said groups of light
emitting diodes between said first energized group and said
second non-energized group in response to both the standard
luminosity reading and the usage time measurement.

[0021] Tt should be clear that the controller means can be
configured to transfer said groups of light emitting diodes
between said first energized groups and said second non-
energized group in response to any suitable criteria.

[0022] 1In one aspect of the invention the LEDs may
always be used at full current, and the lighting device’s
luminosity may be controlled by adjusting the number of
LEDs turned On.

[0023] This method of using a single current may result in
a lower LED degradation rate than other methods, because
it is known that an LED used continuously at a fractional
current degrades faster than an LED used for a fractional
time at full current, both fractions being equal.

[0024] As an example: data provided by Toshiba, a major
LED manufacturer, for its TLCYH Amber LED series (such as
could be used with the lighting device) indicates that at 25
deg. C. the LED luminosity will degrade by 50% in 170,000
hours when used at 10 mA, and in 140,000 hours when used
at 20 mA. If the the LED were used at 20 mA only half the
time (thereby getting the same average light as using it
continuously at 10 mA), it would take 280,000 hours to
reach the 50% degradation point, lasting substantially longer
than the 170,000 hours of the continuous 10 mA option. It
can therefore be seen that reducing usage time even while
compensating with increased current will provide a slower
degradation rate.

[0025] The invention also provides a lighting arrangement
comprising:

[0026] two or more circuit board means, each circuit
board means having a projection axis and a plurality
of light emitting diodes, such that any light emitted
by the light emitting diodes on each of said circuit
board means is projected substantially parallel to
said projection axis;

[0027] said circuit board means being disposed such
that each of said projection axes are disposed at an
angle to each other.
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[0028] 1In an aspect of the present invention said angle may
for example be from 5 to 15 degrees.

[0029] The invention also provides a network comprising:
[0030]

[0031] a plurality of light emitting diode lighting
devices;

a host computer; and

[0032] said host computer comprising:

[0033] means for transmitting a request for a status
report from each of said light emitting diode lighting
devices,

[0034] means for receiving a status report from each
of said light emitting diode lighting devices; and

[0035] means for transmitting a signal to each of said
light emitting diode lighting devices such that the
host computer can direct how much light each of said
lighting devices emits; and

[0036] each of said plurality of light emitting diode light-
ing devices comprising:

[0037] means for receiving a request for a status
report from said host computer, creating said status
report, and transmitting said status report to said host
computer; and

[0038] means for receiving a signal from said host
computer and altering how much light said light
emitting diode device emits in response to said
signal.

[0039] 1Inoneembodiment said status report may comprise
current luminosity setting, current actual luminosity output,
current light emitting diode degradation, current dirt accu-
mulation, current number of light emitting diode groups in
use, current number of open-circuited light emitting diode
groups and current average usage time of light emitting
diode groups.

[0040] The present invention further provides a method
for manipulating the light intensity in a tunnel, said tunnel
comprising a lighting system comprising a plurality of
lighting devices, said method comprising means for raising
and lowering, in unison, the luminosity level of each of said
devices; (e.g. the means for raising and lowering may, for
example, comprise a computer in a network as described
herein or a suitable switching means or other control means
able to accomplish the desired dimming or increase in light
intensity).

[0041] The invention further provides a network compris-
ing:
[0042]
[0043] a plurality of light emitting diode lighting
devices;

a host computer; and

[0044] said host computer comprising:

[0045] means for transmitting a signal to each of said
light emitting diode lighting devices such that the
host computer can direct how much light each of said
lighting devices emits; and

[0046] each of said plurality of light emitting diode light-
ing devices comprising:

[0047] means for receiving a signal from said host
computer and altering how much light said light
emitting diode device emits in response to said
signal.
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[0048] The invention further provides a dirt detection
system for a transparent surface, comprising:

[0049] an electromagnetic radiation emitting means
for emitting light;

[0050] electromagnetic radiation measurement means for
measuring light;

[0051] said electromagnetic radiation emitting means and
said electromagnetic radiation measurement means being
configured such that said electromagnetic radiation emitting
means emits a certain amount of electromagnetic radiation
through said transparent surface, and said electromagnetic
radiation measurement means measuring how much of said
certain amount of electromagnetic radiation is reflected by
said transparent surface and comparing said amount to a
base measurement taken when said transparent surface is
free of dirt.

[0052] The invention also provides a light emitting diode
lighting device, comprising:

[0053] a plurality of groups of light emitting diodes,
each of said groups of light emitting diodes contain-
ing one or more light emitting diodes, each of said
light emitting diodes being configured so as to pass
between an energized light emitting state and a
non-energized state;

[0054] memory means for keeping track of the time
each of said groups of light emitting diodes have
been in said energized light emitting state;

[0055] energizing means for inducing any of said
groups of light emitting diodes to pass between said
energized light emitting state and said non-energized
state;

[0056] a luminosity measuring system comprising
one or more test light emitting diodes that are
equivalent to said one or more light emitting diodes
which make up said groups of light emitting diodes,
and measuring means for providing a luminosity
reading of the light that one or more test light
emitting diodes provide when in said energized state;

[0057] storage means for storing the luminosity read-
ing provided by said measuring means;

[0058] calculation means for calculating the number
of said groups of light emitting diodes which are
needed to provide a light of a desired luminosity,
herein referred to as X, said calculation being based
on the luminosity reading stored in the storage
means;

[0059] partitioning means for temporarily assigning
said groups of light emitting diodes to a first ener-
gized group or to a second non-energized group; and

[0060] timer means for causing, every time a prede-
termined time has elapsed, the luminosity measuring
system to provide a new luminosity reading, and the
partitioning means to partition said groups of light
emitting diodes;

[0061]

[0062] means for causing said calculation means to
calculate X,

said partitioning means comprising:
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[0063] means for selecting the X groups of light
emitting diodes which have spent the least amount of
time in said energized light emitting state and assign-
ing them to said first energized group,

[0064] means for assigning the remaining groups of
light emitting diodes to said second non-energized
group, and

[0065] means for causing said energizing means to
induce the groups of light emitting diodes assigned
to said first energized group to pass to said energized
light emitting state, and to induce the groups of light
emitting diodes assigned to said second non-ener-
gized group to pass to said non-energized state; and

[0066] the total number of groups of light emitting diodes
(X+Y) in the lighting device being such that Y is non-empty
for the majority of the lifespan of the lighting device.

[0067] In one aspect the light emitting diode lighting
device may further comprise:

[0068] a heat dissipation means for dissipating heat
generated by said groups of light emitting diodes.

[0069] In one aspect the light emitting diode lighting
device may further comprise:

[0070] a light emitting diode status monitoring sys-
tem having means for monitoring whether any of
said groups of light emitting diodes have become
incapable of being energized, and means for com-
municating which of said plurality of light emitting
diodes can still be energized to the partitioning
means.

[0071] In one aspect the light emitting diode lighting
device may further comprise:

[0072] a dirt detection means being configured to
detect the amount of dirt on the outer surface of the
lighting device and communicating this amount to
the calculation means so that the calculation means
may compensate for the dirt by increasing the light
provided by the lighting device.

[0073] In one aspect the light emitting diode lighting
device may further comprise:

[0074] network connection means for connecting to a
network, said network connection means being con-
figured to communicate with a host computer and the
central control unit such that the host computer may
alter said required amount of light.

[0075] In one aspect the light emitting diode lighting
device may further comprise:

[0076] a light emitting diode status monitoring sys-
tem having means for monitoring whether any of
said groups of light emitting diodes have become
incapable of being energized, and means for com-
municating which of said plurality of light emitting
diodes can still be energized to the partitioning
means;

[0077] a dirt detection means being configured to
detect the amount of dirt on the outer surface of the
lighting device and communicating this amount to
the calculation means so that the calculation means
may compensate for the dirt by increasing the light
provided by the lighting device;
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[0078] network connection means for connecting to a
network, said network connection means being con-
figured to communicate with a host computer and the
central control unit such that the host computer may
alter said required amount of light; and

[0079] a status indicator means connected to said
luminosity measuring system, said dirt detection
means, and said network connection means such that
if the measured luminosity falls beneath a predefined
amount, the amount of dirt on the outer surface goes
above a certain amount, or if the network connection
means is unable to communicate with the host com-
puter then the status indicator means will turn on a
signal.

[0080] It is to be understood herein, that if a “range” or
“group of substances” is mentioned with respect to a par-
ticular characteristic (e.g. angles, wavelengths and the like)
of the present invention, the present invention relates to and
explicitly incorporates herein each and every specific mem-
ber and combination of sub-ranges or sub-groups therein
whatsoever. Thus, any specified range or group is to be
understood as a shorthand way of referring to each and every
member of a range or group individually as well as each and
every possible sub-ranges or sub-groups encompassed
therein; and similarly with respect to any sub-ranges or
sub-groups therein. Thus, for example,

[0081] with respect to angles from 5 to 15, would
include for example 5.1,5.2,6,5t06,6t0 7,5t0 7,
and so on.

[0082] with respect to wavelengths 0.1 millimeters to
10 nanometers would include for example 0.09 mil-
limeters, 10.1 nanometers, 10.2 nanometers, 100
nanometers to 10 nanometers, 0.1 millimeters to 100
nanometers, and so on.

BRIEF DESCRIPTION OF THE DRAWINGS

[0083] FIG. 1 shows an embodiment of lighting device of
the invention mounted on a ceiling.

[0084] FIG. 2 shows the configuration of two LED arrays
in the lighting device of FIG. 1.

[0085] FIG. 2A shows the lighting device using the LED
arrays of FIG. 2 mounted on a ceiling in a tunnel.

[0086] FIG. 3 show a side view of an LED array of FIG.
2, having a heat dissipation means.

[0087] FIG. 4 shows a diagram of the different parts of the
lighting device shown in FIG. 1.

[0088] FIG. 5 shows a flow chart of the logic of the
microprocessor shown in FIG. 4.

[0089] FIG. 6 shows a perspective front view of the
lighting device shown in FIG. 1, with dirt detection sensors
showing.

[0090] FIG. 7 shows a side view of the lighting device
shown in FIG. 6, with the casing removed.

[0091] FIG. 8 shows a diagram of one example embodi-
ment of a LED status monitoring system for use with the
lighting device of the invention.
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[0092] FIG. 9 shows a diagram of another example
embodiment of a LED status monitoring system for use with
the lighting device of the invention.

[0093] FIG. 10 shows a diagram of one possible network
structure for multiple lighting devices.

[0094] FIG. 11 shows a diagram of another possible
network structure for a great number of lighting devices.

[0095] FIG. 12 shows a diagram of a lighting area, e.g. a
tunnel divided into several zones.

[0096] FIG. 13 shows a flow diagram of the logic of the
host computer of the network of lighting devices.

[0097] FIG. 14A shows a top view of a tunnel mounted
with several lighting devices of the invention

[0098] FIG. 14B is a cross-section of the tunnel shown in
FIG. 14A along line 14-14, showing the ideal lighting
profile of a lighting device.

[0099] FIG. 15A shows a side view of the projection angle
of an LED having a symmetrical projection cone.

[0100] FIG. 15B shows a diagram of the projection pat-
tern of the LED of FIG. 15A.

[0101] FIG. 16A shows a front and a side view of the
projection angle of an LED having a oval projection cone.

[0102] FIG. 16B shows a diagram of the projection pat-
tern of the LED of FIG. 16A.

[0103] FIG. 17B shows a side view of the composite
projection angle of two LEDs according to one embodiment
of the invention.

[0104] FIG. 17B shows a diagram of the projection pat-
tern of the LEDs of FIG. 17A.

DETAILED DESCRIPTION

[0105] FIG. 1 shows a lighting device 1 of the invention,
having a lighting device casing 2 with a transparent face 3
in front of a LED array 10. To ensure long-term reliability
the casing 2 is environmentally sealed, so that dust and water
cannot penetrate inside.

[0106] The casing 2 has a shape such that when the
lighting device 1 is installed in its normal position (e.g. on
the ceiling of a tunnel facing downwards), its light emission
axis 4 is tilted by an angle 5 from the vertical axis 6, towards
the incoming traffic. This angle 5 can range from —-90 to +90
degrees (e.g. 0 to 80 degrees). Light distribution simulations
show that having the angle 5 in the range of 60 to 70 degrees
allows for optimization of the illuminance. It should of
course be noted that any sufficient angle may be used.

[0107] In the embodiment of the invention shown in FIG.
2, the lighting device 1 has as its main illumination source
of an array of individual LEDs 10. The LEDs 10 are
assembled on one or more printed circuit board sections 20,
such that the LEDs 10 are perpendicular to the surface of
said circuit board sections 20. The number and type of LEDs
per section can vary, according to the luminance level
required of the lighting device.

[0108] As an example, a circuit board section can contain
780 LEDs, arranged in a rectangular array of 26x30 LEDs.
The lighting device 1 would contain one or more such circuit
board sections 20.
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[0109] As canbe seen in FIG. 2, the circuit board sections
20 are angled with respect to each other. The result is that the
light emission axes of the circuit board sections 20 are
slightly out of sync with the ordinary light emission axis 4,
for example from 2.5 to 7.5 degrees, though other suitable
angles can be used. FIG. 2A shows the lighting device
mounted on a ceiling in a tunnel. The angling of the circuit
boards allows for the lighting device to conform to specific
lighting uniformity standards. And is described in greater
detail below.

[0110] Some lighting installation standards require spe-
cific illuminance levels over the lighted areas, with a lighting
uniformity that must remain within certain bounds. Lighting
uniformity is usually specified using the minimum illumi-
nance over the lighted area (herein referred to as Min), the
maximum illuminance (herein referred to as Max), and the
average illuminance (herein referred to as Mid). As an
example, specifications for tunnel lighting typically require
a ratio of Min/Max above 30%, together with a ratio of
Min/Mid 50%.

[0111] Tt has been determined that for tunnel lighting a
way to meet the requirements is to use a series of identical
lighting devices 1 in a counter beam orientation 290 at
regular spacing (herein referred to as Dy, ;.. 292), as illus-
trated in FIG. 14A. The experiments have shown that ideally
each lighting device should have a lighting pattern with a
lateral light projection angle A,,;.,., (herein designated with
the reference number 294) wider than the vertical projection
angle A, ;.. (herein designated with the reference number
296), ic. a rectangular-shaped intensity profile 298, as
shown in FIG. 14B. FIG. 14B shows the iso curve of an
idealized equal lighting intensity boundary, as seen in a
cross-section plane perpendicular to the tunnel main axis.
FIG. 14A also shows the direction of traffic by arrow 300.

[0112] The lighting device of the invention in this embodi-
ment seeks to meet the specifications for public lighting
installations using the above described method. It should
also be noted that while targeted to this approach, other
embodiments could be conceived in which different
approaches are used to satisfy the specifications for public
lighting installations.

[0113] The most simple way to match the rectangular light
projection pattern 298 with a LED lighting device is to use
normal LEDs having symmetrical lateral and vertical pro-
jection angles A,,;.,.; 294 and A, ;;...; 296 equal to the wider
of the required angles (i.e. Ay,.,a1), the LEDs being installed
on a printed circuit board oriented such that the light
projection axis is aligned with the lighting device light
emission axis 4. FIG. 15A illustrates this symmetrical
approach. The projection pattern for the symmetrical
method can be seen in FIG. 15B, which shows the circular
projection pattern 302 of the approach, with the idealized
projection pattern 298. As can be seen some light is wasted
in the upper and lower vertical areas 304 of the circular
projection pattern.

[0114] FIGS. 16A and 16B show another way to obtain a
better match to the idealized pattern 298, using special LEDs
with an oval intensity profile. FIG. 16A shows the projec-
tion angles of the oval LEDs. Clearly A,,,.,.; 294 is wider
than A, ;e 296. FIG. 16B shows the projection pattern for
the oval LEDs of FIG. 16A. As can be seen, the oval
projection pattern 306 is much closer to the idealized
projection pattern 21.
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[0115] Oval LEDs are available on the market but the
choice of anamorphic ratio (Aue,ar/Avertica) 18 too limited
and the available intensity profiles do not lead to optimal
results. LED manufacturers can develop custom intensity
profiles but the cost would be prohibitive.

[0116] Another way to obtain a similar pattern is to use
normal LEDs with smaller projection angles and to add
special diffusion optical devices (such as lenses or holo-
graphic filters) to stretch the intensity profile into an oval
shape similar to that shown in FIG. 16B. The drawback of
this method is increased complexity and costs.

[0117] As canbe seen none of the above patterns are really
desirable due to increased cost and wasted light. The present
invention therefore proposes still another approach that is
more simple, flexible and cost-effective. Simulations and
experiments show that the required projection pattern can be
obtained using normal LEDs with a symmetrical projection
angle close to A, and installing them on multiple
printed circuit board sections with a slight angular tilt
between each section so as to stretch the lateral projection
angle Alateral'

[0118] FIG. 17A shows such an arrangement, with 2 LED
10 having a projection angle “beta” (herein designated with
the reference number 308) being disposed on circuit board
sections 20. The circuit board sections 20 are tilted such that
the LEDs are disposed at an angle “Alpha” (herein desig-
nated with the reference number 310) to each other. FIG.
17B shows the resulting “peanut-shaped” intensity profile
312. As can be seen for the figure a very close match to the
idealized rectangular pattern 298 can be achieved using the
peanut-shaped intensity profile 312.

[0119] The angles “Alpha” and “Beta” are to be selected,
for example, to match the road width, the uniformity pho-
tometric ratios to be maintained, the distance between each
lighting device and finally by the tilt angle of the lighting
device. The number of LEDs required by each lighting
device is determined by the overall illuminance requirement.

[0120] As an example, a simulation for lighting devices
made of 780 LEDs distributed on two printed circuit boards
at a tilt angle “alpha” of 10 degrees, each having 390 LEDs
with a projection angle “beta” of 17 degrees. Calculations
showed that one lighting device per spacing D, ;..=2
meters was required in order to obtain the required illumi-
nance for a typical tunnel. This approach yielded good
uniformity values Min/Max=50% and Min/Mid=75%.
Results have shown that in this application the optimal value
for the angle alpha will typically be between 5 and 15
degrees. It should be noted that other less optimal angles can
be used.

[0121] The resulting approach is very flexible because it
uses standard LEDs currently available on the market with-
out any special requirement on the intensity profile. The
solution is therefore not limited by one LED manufacturer’s
custom design. New lighting devices can also be updated
easily by developments in LED industry: if more candelas is
available per LED in standard LEDs, the approach can get
the benefit of the improvement without major redesign of the
lighting devices.

[0122] Moving on to FIG. 3, which shows a heat dissi-
pation means 30 for use with the lighting device 1. The heat
dissipation means in this embodiment comprises a heat
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conductive compound 40, and a heat sink 50. The heat
generated by the LEDs is transmitted through the heat
conductive compound 40 to the heat sink 50, which dissi-
pates it.

[0123] The heat dissipation means 30 is included with the
lighting device 1 since LED output gradually decreases with
usage time. As an example, a typical LED will see its light
output decrease by 25% after 100,000 hours. The rate of this
degradation increases as the junction temperature of the
LED increases. As an example, a typical LED will see the
same degradation in 140,000 hours at 25_C. as in 110,000
hours at 60_C. It is therefore important to keep the junction
temperature of the LED as low as possible, in order to
increase its life expectancy.

[0124] Most of the heat generated by a LED 10 is dissi-
pated through its leads 11. In the lighting device 1 the
junction temperature of the LEDs 10 is minimized by the
inclusion of heat dissipation means 30. The current inven-
tion proposes to minimize the LED junction temperature by
maximizing the transfer of heat through the LED leads. This
may be achieved as follows:

[0125] First the LED leads 11 are cut so that they stick out
of the printed circuit boards 20 to a certain length. Second
the space between the LED leads is filled with the compound
40 which is conductive to heat but not to electrical current.
And example of an appropriate compound would be a
thermally conductive silicone paste. The compound 40 will
cover the whole surface of the printed circuit board on the
opposite side of the LEDs. The thickness of the compound
40 should be slightly greater than the length of the LED
leads 11 so that no leads 11 extend out of the compound 40.
Finally a metallic heat sink 50 is applied in contact with the
compound 40, to dissipate the heat transferred from the leads
11 through the compound 40. This heat sink 50 can alter-
nately be integrated with the body of the lighting device
casing 2.

[0126] In an alternate method the LED leads 11 can be cut
so that they do not protrude from the printed circuit boards
20. A thermally conductive soft elastomer sheet would then
be placed between the printed circuit board 20 and the heat
sink 50. And example of this kind of sheet is made by the
manufacturer Thermagon.

[0127] FIG. 4. shows an electronic diagram of the lighting
device 1 shown in FIG. 1. FIG. 4 shows that the LEDs 10
are grouped in a plurality of groups of LEDs 60. An example
design could have for instance 78 groups of 10 LEDs each.

[0128] Connected to each groups is a constant current
source 70 which can turn the group either on or off. The
constant current sources 70 are connected to a microproces-
sor 80. The microprocessor 80 is set to control the lighting
device, and is in this embodiment of the invention a con-
troller means. In the case of the current sources 70 the
microprocessor 80 has an energizing means which controls
which of the current sources 70 are turned on and which are
turned off, thereby controlling each of the groups of LEDs
60. The energizing means comprises in this embodiment a
suitably programmed computer method for the micropro-
cessor 80. This suitable programming meaning being
capable of taking as its input two lists of LED groups, one
list containing the LED groups which are to be turned on and
one list containing the LED groups which are to be turned
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off. The suitable programming further being capable of
signalling each of said current sources 70 to either activate
or de-activate based on said lists.

[0129] The group structure of the LEDs is desirable
because it allows great control of the LEDs while not taking
up as much circuitry as individual control of each individual
LED. Furthermore the group structure is very flexible in
allowing for variable dimming of the luminosity level of the
lighting device. The luminosity level will be adjustable by
controlling the number of LED groups turned On or Off.

[0130] In the example design containing 78 individual
LEDs groups per printed circuit board, the luminosity will
be adjustable with a resolution of 100/78=1.28%. As can be
seen the groups structure method of dimming allows for
great flexibility in dimming and further allows the LED
groups to use only a single current level thus simplifies the
circuitry of the lighting device.

[0131] Additionally, to prevent power transients when the
tunnel lighting is turned On or Off, or when its dimming
level is changed the microprocessor in each lighting device
will automatically make any luminosity transition gradual.
This is achieved by turning LEDs group On or Off one by
one, with a slight time delay between each group.

[0132] While in this embodiment the current source 70 is
a constant current source, it could also be a variable current
source. A variable current source has certain advantages in
that it could be used to implement a long term LED
degradation compensation system in which the current
source could supply more power to compensate for lower
output by the LEDs over time.

[0133] Also connected to the groups 60 is a LEDs status
monitoring system 90 which monitors the current flowing
through the LEDs groups 60 in order to identify any defec-
tive LED groups.

[0134] The lighting device further includes a luminosity
measuring system 100 which will measure the luminosity of
one or more test LEDs 101, in order to regulate the lumi-
nosity output of the lighting device.

[0135] The system in this aspect also includes status
indicator means 110 which has a light that is visible from the
outside of the lighting device. The status indicator 110 will
be activated by the microprocessor when the lighting device
requires servicing. The status indicator 110 normally has two
modes, but can be extended to allow for further modes. The
normal modes are NORMAL in which the light is off and the
lighting device is functioning normally. The second mode is
END OF LIFE in which the light is turned on. In this mode
the lighting device has detects that the LEDs have degraded
beyond a predetermined cutoff point. In the embodiment of
the lighting device shown in FIG. 4, the status indicator has
two further modes. These first of these modes is CLEAN-
ING NEEDED in which the light is set to slowly flash. In
this mode the lighting device has detected that the transpar-
ent face of the casing has become too filthy and that the
lighting device requires cleaning. The final mode is NO
CONNECTION in which the light is set to quickly flash. In
this mode the lighting device has detected that it has lost its
connection to a network and a host computer. The status
indicator, its modes, and how each mode is detected will be
explained in greater detail below.
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[0136] The lighting device also includes network connec-
tion means 120, for connecting the lighting device to a
network 130. Through the network a host computer can
monitor the status of the lighting device, and set the lumi-
nosity output of the lighting device. The lighting device can
also include an address setting switch 135 which can be
access from the outside of the lighting device, either manu-
ally of through a remote signal. When the address setting
switch 135 is activated a signal is sent through the micro-
processor 80 to the network connection means 120. The
network connection means then contacts the host computer
through the network and request a network address for the
lighting device.

[0137] Finally, the lighting device contains a non-volatile
memory 140, which can be used to store various information
which the microprocessor 80 needs to perform its function.
Such information can include the lighting devices network
address, the luminosity of a standard LED, and the current
luminosity setting of the lighting device.

[0138] The microprocessor 80 shown in FIG. 4, imple-
ments several useful functions for the lighting device. In
addition to the energizing means which aids in the variable
dimming capacity and control of the LED groups, the
microprocessor 80 has several means which allows the
lighting device to compensate for long-term luminosity
degradation. These means are timer means which is a
software method which keeps track of time, calculation
means which is a software method capable of calculating the
number of LED groups which are needed to provide the
required light, and partitioning means which is a software
method for selecting which LED groups to turn on. Each of
these means will be described in greater detail below.

[0139] One main long-term luminosity degradation com-
pensation of the system may be based providing more
groups of LEDs than are require at the start of the life cycle
of the lighting device. The number of LEDs required to
generate the specified luminosity of the lighting device at the
start of its life-cycle can be determined using the initial LED
specifications. It is known that as the LEDs age, their output
luminosity will gradually decrease, or equivalently more
LEDs will be required to achieve the specified luminosity.
The lighting device may therefore be designed with a
number of extra LED groups which are sufficient to maintain
its specified luminosity up to the end of its life-cycle. The
number of extra groups of LEDs varies, and the calculation
of this number will be explained in greater detail below.

[0140] At certain intervals in the life-cycle of the lighting
device, the timer means of the microprocessor causes the
calculation means to calculate the number of necessary LED
groups. This calculation is based on an idealized LED
luminosity which it obtains from the luminosity measuring
system 100, as shown in FIG. 4. As the luminosity of the test
LEDs of the luminosity measuring system 100 degrade the
calculation means will turn on more of the extra LEDs
groups to maintain the luminosity of the lighting device.
Which of the groups to turn on is selected by the partitioning
means, which follows an algorithm which will be described
in greater detail below.
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[0141] The number of extra LED groups may be estimated
as follows:

[0142] Estimation of the Number of Extra LED Groups

[0143] The LED Array of the lighting device is designed
with a number of extra LEDs groups sufficient to maintain
its specified luminosity up to the end of its life-cycle. The
life-cycle of the lighting device is predetermined and may be
for instance between 10 and 15 years. The extra LEDs
groups will gradually be used as the lighting device ages.

[0144] The number of extra groups is determined as
follows, using this set of definitions:

[0145] L, ,=Total Luminosity of the lighting device

[0146] N_(O)=Number of groups turned On (as a
function of time) to maintain constant L,

[0147] L, (t)=Luminosity (as a function of usage

time) for a typical LED
[0148] t,.=End-of-Life-Cycle time

e

[0149] n, ,=Number of LEDs per group

[0150] N.,.,=Number of LED groups needed at life-
cycle startup (t=0)
[0151] N, .=Number of extra groups needed to

maintain Total Luminosity L, , at End-of-Life-
Cycle time t,;.

[0152] N
device

,=1otal number of groups in lighting

grou,

[0153] At any given time, the microprocessor monitors
L, 4(t) through the monitor LEDs. It then adjusts the number
N_.() of groups turned On so that the Total Luminosity L, ,
of the lighting device remains constant, according to the
following relation:

Liot=Non(0)* Meq*Lica(?t) (€]
[0154] From which is obtained:

Non®=Liot{Mea*L1ea®)} @
[0155] At start of life-cycle (t=0):

Notart=Non(0)=L ot/ {#1ea*L1ca(0)} ®

[0156] where L, ,(0) is the start-up LED luminosity.

[0157] N_.(t) will gradually increase as L, decreases
with LED age. The total number N, of LED groups in the
lighting device must be high enough to satisfy (2) at the
End-of-Life-Cycle time, when LED luminosity will be at its
minimum:

Noroup=Non(terc) @
[0158] After combining (2) and (4):

N group=Nonlter)=Leot/ eq *Lreallerd) } ®
[0159] Since by definition:

Nextra= grcup_Nslan (6)
[0160] (3), (5) and (6) can be combined to obtain:

Nexta=L o {Mea*Liealtere) Lot {Mea*L1ea(0)} @)

[0161] The End-of-Life-Cycle luminosity L,_4(t.,.) can be
obtained from the LED manufacturer’s specifications sheet.
This value is also dependent on ambient temperature and
LED junction current, so these factors must be taken into
account when evaluating the number N of extra LED
groups for the lighting device.

extra
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[0162] Equation (7) is in fact a worst-case approximation
of N_,,,., because by using L,_4(t.,.) as the End-of-Life-
Cycle LED luminosity it is assumed that the LEDs are
always On during the full life-cycle of the lighting device.
This is in practice not the case because in the early life of the
lighting device, only N, groups out of the total N, are
On. This means that on average the LEDs degrade less
rapidly than estimated with (5).

[0163] The average degradation of each LED may be
further improved by an automatic LED usage equalization
mechanism implemented in the lighting device. In this
mechanism, the microprocessor continuously performs a
rotation of the LED groups turned On. This rotation is kept
slow enough (e.g. once per hour) so as not to be noticeable
by casual observers. In this way, even if not all groups out
of the total available N, are required during the lighting
device’s early life, all N, groups are still exercised
equally on average and therefore degrade equally in the long
term. The automatic LED usage equalization mechanism
will be explained in greater detail later.

[0164] Taking this mechanism into account, a new
reduced value for the number of extra groups N, (herein
referred to as Nauto.,,) is obtained. This involves an
integration of the LED luminosity L, 4(t) over the averaged
actual LED On time during the complete lighting device
life-cycle. Typically Nauto, ., can be reduced by a factor of
20% to 50% over the value N__,,. given by (7), depending on
the specific Luminosity curve L, 4(t) of the LEDs during the
lighting device life-cycle.

[0165] Example of Values Obtained for a Typical Lighting
Device

[0166] Below are shown example values obtained for a
lighting device using typical Amber-colored InGaAIP LEDs.

[0167] The following is assumed:
[0168] L, ,=1500 cd (candelas) total lighting device

luminosity

[0169] n,.,=10 LEDs per group

[0170] t,.=10 years End-of-Life-Cycle time

[0171] T, ;e =25° C. ambient temperature

[0172] [ nciion=20 mA (milliAmperes) LED junction
current

[0173] The LED manufacturer specifies:
[0174] L, at start-up time (t=0)=3.5 cd (candelas)

[0175] L, at End-of-Life-Cycle (t=10 years)=55%
of L,.4(0)=1.92 cd

[0176] According to (3):

[0177] N,y =L/ {104 " L o(0)}=1500/(1073.5)=43
LED groups needed at start-up.

[0178] According to (5):

[0179] Ngroup= tot/{nled*Lled(lo Y)}=1500/
(10¥1.92)=78LED groups needed at End-of-Life
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[0180] Therefore, according to (6):

[0181] N_..=N_ ., ~N.=78-43=35 extra LED
groups to compensate for LED degradation

[0182] Taking into account the Automatic LED Usage
Equalization mechanism:

[0183] Nauto,,,, =25 extra LED groups, or a reduc-
tion of about 28% over N

extra

[0184] For the long term degradation compensation of the
lighting device to be effective it is important that the
calculation means has an accurate idea of the current lumi-
nosity output of the LED groups. Therefore, in addition to
the LED groups, this system will use one (or more) test LED
101 opto-coupled to a light intensity-measuring device 102,
as shown in FIG. 4. The light intensity measuring devices
102 can be for instance photodiodes or any appropriate light
sensor. When desired the light intensity-measuring devices
102 can measure the luminosity output of the test LEDs 101,
and obtain a standard luminosity for the LEDs of the lighting
device.

[0185] The test LEDs 101 will be identical to the LEDs
used in the groups, supplied with the same constant current,
kept at the same temperature as the group LEDs, and turned
On and Off in such a way as to maintain or reflect the same
or analogous long-term usage rate as the group LEDs, as
described below.

[0186] As will be described in details later, the lighting
device has a controller means to count and store the cumu-
lative usage time during which each LED group is activated,
and further implements an Automatic LED Usage Equaliza-
tion mechanism to ensure that on average all LED groups are
used for the same cumulative time. The same controller
means also counts and stores the cumulative usage time of
the test LEDs, and at regular intervals automatically acti-
vates the test LEDs long enough to ensure that their cumu-
lative usage time is equal to that of the group LEDs.

[0187] For example the controller means could activate
test LEDs every time the average cumulative usage time of
the lighting LEDs exceeds the cumulative usage time of the
test LEDs, and turn the test LEDs off every time the
cumulative usage time of the test LEDs is greater than or
equal to the cumulative usage time of the lighting LEDs.

[0188] The light intensity-measuring device 102 coupled
to the test LEDs 101 is read by the controller means. By
comparing the test intensity to a reference value, the calcu-
lation means can estimate the LED luminosity variations at
any given moment and compensate by adjusting the number
of LEDs groups turned ON, thereby regularizing the overall
lighting device luminosity.

[0189] The comparison to the reference values can be seen
in FIG. 5, reference number 180. The test intensities L1 and
L2 are measured in 176 and 178. These values are then
compared to reference values Lrl and Lr2 which are set
during the calibration of the lighting device (154, 156, 158).
The LED degradation factor F1 is calculated using the
following formula F1=((L1/Lr1)+(L.2/Lr2))/2. As can be
seen from the formula the LED degradation factor is aver-
aged over the test diodes such that in the case of abnormal
behaviour in one test LED the results will not be completely
skewed.
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[0190] Number of Test LEDs Provided with a Typical
Lighting Device

[0191] It is preferable to have more than one Test LED, in
case the Test LED fails or has abnormal degradation behav-
ior. The probability of these occurrences simultaneously to
more than one LED is proportionally smaller.

[0192] Since LEDs have a typical MTBF (Mean Time
Before Failure) in the millions of hours, the probability of
these occurrences for one LED is already very low during
the lighting device life cycle. Therefore using 2 test LEDs is
considered sufficient to obtain a very reliable system.

[0193] The number of test LEDs is not related to the
number of lighting LEDs in the lighting device: the test
LEDs’ behavior is independent of the number of lighting
LEDs.

[0194] Separate Test LEDs

[0195] In order to provide an accurate picture of the
lighting device’s lighting LEDs state, the test LEDs must
operate under identical conditions: same junction current,
same temperature, same usage time.

[0196] The most direct way to accomplish this is simply to
use some of the lighting LEDs as test LEDs. However this
has the following drawbacks:

[0197] Each test LED must be optically coupled to a light
intensity-measuring device, such as a semiconductor photo-
sensor. Furthermore, no outside light must filter in this
coupling, so that the intensity measurement accurately
reflects the Test LED intensity. Such a coupling+photo-
sensor assembly can take a substantial amount of physical
space in front of the Test LED (typically at least one inch).
Using a lighting device’s lighting LED as Test LED would
require to provide this space between the whole LEDs
PC-Board and the lighting device’s transparent display
window, therefore substantially increasing the overall light-
ing device’s dimension.

[0198] Because of the automatic LED usage equalization
mechanism, the lighting LEDs groups are turned On and Off
in an unpredictable way as the lighting device ages and the
LED groups’ usage goes through a rotation. It can therefore
be impractical to wait until a particular lighting LED used as
Test LED is turned On by this mechanism in order to be able
to make an intensity measurement.

[0199] Lighting LEDs are organized in groups of typically
10 LEDs. If a single LED out of a group fails and becomes
open-circuited, the whole group fails. This means that the
MTBEF of a complete group is substantially smaller than the
MTRBEF of each LED. Using a lighting LED as Test LED is
therefore less reliable than using an individually connected
Test LED.

[0200] To overcome these issues separate test LEDs
driven with individual current sources can be used. In order
to obtain an accurate operation, the following precautions
are taken:

[0201] Test LEDs are driven with the same junction cur-
rent as the lighting LEDs.

[0202] Thermal modeling inside the lighting device shows
that the ambient temperature is quite equalized throughout
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the lighting device. Therefore the test LED ambient tem-
perature is close to or the same as that of the lighting LEDs.

[0203] The microprocessor implementing the automatic
LED usage equalization mechanism simultaneously turns
the test LEDs On and Off so that they maintain an averaged
usage time equal to that of the lighting LEDs. Because they
are independent from the lighting LEDs, the test LEDs can
be turned On whenever intensity measurements are required.

[0204] These precautions ensure that the test LEDs will
degrade in the same way as the lighting LEDs.

[0205] Automatic LED Usage Equalization

[0206] At each stage in the course of the lighting device
life, a variable number of LEDs groups will be On or Off,
according to the dimming level requested and the luminosity
compensation mechanism. The memory means 140 shown
in FIG. 4, will keep count of the usage time of each of the
LEDs group in the LED Array, and store these individual
usage time values.

[0207] When selecting which LEDs groups to turn On at
any given time, the partitioning means will automatically
prioritize the use of LEDs groups having the shortest usage
time. This prioritization is achieved by programming the
partitioning means to follow the following algorithm:

[0208]

[0209] selecting the appropriate number of groups
with the least amount of usage time.
[0210] This prioritization will ensure that all LEDs have
an equalized usage time with no LED degrading faster than
others, therefore optimizing the long-term luminosity deg-
radation and stability of the lighting device.

sort the LED groups by usage time;

[0211] The interconnections of the timer means, calcula-
tion means, luminosity measuring system, and the partition-
ing means can be seen in greater detail in FIG. 5, which
shows flow of logic in the microprocessor 80 shown in FIG.
4.

[0212] After boot initialization 150 the microprocessor
waits. Periodically it checks whether a communication has
been received from the network. The lighting device can
receive three kinds of communications, a calibration com-
mand 154, mainly used during factory start-up, which causes
reference values for luminosity degradation calculation to be
set; a set intensity command 160 which causes the light
intensity output of the lighting device to be set to a new
value 162; and a send status command 164 in which the
lighting device is requested to send its status to the host
computer. The status of the lighting device includes all
pertinent information, comprising current luminosity set-
ting, current actual luminosity output, current LED degra-
dation factor, current dirt accumulation factor, current num-
ber of LED groups in use, current number of open-circuited
LED groups and current average usage time of LED groups.
For definitions of these factors and numbers please see
below.

[0213] If no communication has been received by the
lighting device for a predetermined time then the lighting
device assumes that its link to the network 130 has been lost
and sets the status indicator 110 (see FIG. 4), to the NO
COMMUNICATION mode.

[0214] Finally the microprocessor, periodically recalcu-
lates the number of active groups in the lighting device and
rotates the active groups. Seen in FIG. 5, this happens when
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the microprocessor checks the timer means in 174. If a
certain interval has elapsed, the luminosity measuring sys-
tem as seen in FIG. 4, is activated and new luminosity
readings are taken, and the percentage of LED degradation
factor is calculated (176, 178, 180). This new LED degra-
dation factor is checked against a preset value (for instance
55%) to see if the lighting device has reached its end of life.
If yes then the status indicator 110 (see FIG. 4), is set to the
END OF LIFE mode.

[0215] At this point an optional dirt detection means may
be called into use. Turning to FIGS. 6 and 7, which show
the dirt detection means comprising of a plurality of light
sensors 200, disposed inside the lighting device 1. The dirt
detection means functions as follows:

[0216] The lighting device’s light source sends out light
outside the lighting device through the transparent face 3.
When the transparent face 3 is clean, there is hardly any light
reflection inside the lighting device. On the other hand, as
the dirt level increases, so does the light reflection level.
Therefore, the light sensors 200 will measure the light level
reflected inside the lighting device, determine the dirt level,
compare both results with preprogrammed data in the micro-
processor, and, if required, trigger an alarm informing the
lighting device network operator of the current status.

[0217] In an alternate embodiment the sensors 200 can be
set to detect electromagnetic radiation corresponding to a
wavelength from 0.1 millimeters to 10 nanometers (i.e.
Infrared, visible, and ultraviolet light). The sensors would in
this embodiment of course be coupled with light emitting
diodes which emit electromagnetic radiation of the appro-
priate wavelength.

[0218] For example, in one embodiment infrared emitters
coupled with infrared sensors (e.g. at 940 nm) may be used.
The infrared sensor may be chosen with a bandwidth low
enough to reject the visible light coming from the lighting
LEDs of the lighting device. This is to ensure that the dirt
measurements remain independent of the lighting LEDs
output, which can vary over time in unpredictable ways due
to varying luminosity settings as set by the network host
computer, as well as due to the LED Usage Time Equaliza-
tion mechanism which constantly varies the activation of
LED groups.

[0219] Turning back to FIG. 5, which shows the dirt
detection system being called upon and providing a dust
masking factor Fd to be measured. If the dust masking factor
Fd is under a preset number (in this case 75%) the status
indicator 110 (see FIG. 4), is set to CLEANING NEEDED
mode.

[0220] After the luminosity measuring system and the dirt
detection means are finished the calculation means is acti-
vated to calculate the number of groups which are required
to provide sufficient light based on the set luminosity, and
the amount of LED degradation, and the dirt on the trans-
parent face.

[0221] The formula wused for this calculation is
X=(Nstart*I)/(F1*Fd). In the formula X is the number of
groups required to provide the luminosity which is desired.
Nstart is the total number of LED groups used at the start of
the lighting device’s life-cycle. I is the luminosity setting of
the lighting device, with O being no light and 1 being
maximum lighting. F1 is the LED degradation factor, with
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1 being no degradation and lower values indicating LED
degradation. E.g. a value of 0.5 would indicate that the LEDs
are only giving off half of their original luminosity. Finally,
Fd is the percentage of light going through the lighting
device’s transparent face, with 1 being full transmissivity
and lower values indicating light lost due to dirt. E.g. a value
of 0.5 would indicate that only half of the light is going
through the transparent face of the lighting device.

[0222] After the calculation means calculated X, the par-
titioning means is activated (194, 196). The partitioning
means sorts all the LED groups by usage time, and then
selects the X groups with the least amount of usage time.
These X groups with the least amount of usage time are then
assigned to a first energized groups, while the remaining
LED groups are assigned to a second non-energized group.
The energizing means is then called on to energize the
members of said first energized group and to de-energize the
members of said second non-energized group.

[0223] FIGS. 8 and 9 show in more detail the LEDs status
monitoring system 90. The system 90 monitor on-demand
the LEDs integrity by measuring whether any LEDs groups
are open-circuited. A simple way to achieve this function is
shown in FIG. 8, and functions by the following process:

[0224] Turn Off all LED groups.

[0225] At the common supply point of all LED
groups, install in series with the supply line a test
optocoupler 210.

[0226] Turn On one LEDs group; if it functions
normally, the current it draws will turn On the test
optocoupler 210. If one or more LED in the group is
open-circuited, the group will draw no current and
therefore the test optocoupler will remain Off. The
test optocoupler output is monitored by a micropro-
cessor input.

[0227] Successively turn On each of the LEDs groups
in the LEDs Array and monitor them.

[0228] Once the test is finished, remove the test
optocoupler from the supply line and resume normal
operation.

[0229] Another way of accomplishing the LED status
monitoring system is by continuous monitoring. In this
version, shown in FIG. 9, the system is accomplished by
adding current sensing inputs 220 on each LED groups, and
multiplexing them to the lighting device’s microprocessor.
This method allows for monitoring the LED groups’ status
without interrupting the lighting device’s normal operation,
at the cost of substantially more circuitry.

[0230] Testing Procedure Activation

[0231] The LED status monitoring system with the first
method requires an interruption of the lighting device’s
normal operation. During the measuring process, all groups
are turned Off and each is then turned On one by one while
its current is measured by the lighting device’s micropro-
cessor; open groups will report zero current. The time
required to perform the measurement will typically be
around 10 ms per LED group; therefore for a typical lighting
device with 78 LED groups the complete testing procedure
will take around 1s.
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[0232] Because this testing procedure will be visible from
outside (the lighting device will stop functioning normally
during a second or so, and display a moving light pattern as
each LED group is activated one by one), it cannot be
performed too often. It will typically be performed once per
24 hours.

[0233] The testing procedure can be triggered in two
ways:

[0234] 1. The lighting device’s microprocessor can
perform the testing procedure on its own, through a
built-in timer with a programmable period. Each
lighting device contain a timer counter, automati-
cally synchronized to the same time-of-day by the
network host computer so that all lighting devices in
the network have a synchronized time base.

[0235] 2. Upon receiving a specific command from
the network host computer.

[0236] In both cases, it is preferable to stagger the testing
procedure for each lighting device in the network, so that
normal operation is interrupted for only one (or a few)
lighting device(s) at a time. In this way all lighting devices
in the network can eventually be monitored without com-
promising the lighting level provided by the whole system.

[0237] The status indicator 110 as seen in FIG. 4, is a light
which is visible from the outside of the casing 2. Under
control of the microprocessor, the status indicator 110 will
provide the following information about the current state of
the lighting device:

Indicator State Status Description

Off Normal
Slow Flashing Cleaning Needed

Normal operation

The transparent face of the
lighting device has accumulated
an excess of dirt

No Communication The communication link with the
Host PC is lost

Fast Flashing

On End of Life The lighting device can no longer
provide its specified luminosity,
due to LED failure or degradation.

[0238] “Cleaning Needed” Status

[0239] The lighting device’s built-in dirt detection sensor
has determined that dirt accumulation on the face plate has
decreased luminous intensity by a factor greater than a
predetermined threshold value (typically 25%). To make this
status clearly visible for a service team on the ground, the
Status indicator is flashed at a slow rate.

[0240]

[0241] The lighting device expects to receive commands
at regular interval from the network Host PC (typically a few
minutes). When this time-out interval (as measured by the
lighting device’s built-in timer) is exceeded, the lighting
device detects the absence of communication and reverts to
a “Default” condition. This Default condition can include
the following properties:

[0242] 1. Fast Flashing of Status Indicator

[0243] 2. Going to full intensity, to ensure that the
worst-case lighting needs are fulfilled.

“No Communication” Status
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[0244] “End of Life” Status

[0245] As the lighting device ages and the luminosity of
its LEDs decreases, more and more LED groups are turned
On to maintain a constant total luminosity. Eventually all
available LED groups are required to achieve the full-
intensity state. From that time onwards, the lighting device
full-intensity luminosity will gradually decrease. To indicate
this “End of Life” status, the Status Indicator is turned On
by the lighting device’s microprocessor.

[0246] This event can be accelerated if some LED groups
actually fail (become open-circuited), as detected by the
LED status monitoring system, since the pool of available
LED groups is correspondingly reduced. Note that at this
“End of Life” point the lighting device is still operational,
and may maintain a sizable proportion of its full-intensity
luminosity for more years. Also, lower luminosity states (as
selected by the network Host PC, for example during night
time) can still be completely within specifications, as they
may require fewer LED groups than the total available.

[0247] 1In one embodiment of the invention lane use sig-
nals may be included in the lighting device. In this embodi-
ment each lighting device will incorporate a set of diodes
(besides the ones being used for lighting purposes) which
will serve as lane use signals in order to inform motorists on
current road conditions. A red X will indicate that the lane
is closed. Furthermore, one or many other signals can be
incorporated according to prevailing circumstances. A green
arrow will indicate that the lane is open, and if motorists
have to be instructed to change lane (left or right), a yellow
arrow pointing in the appropriate direction can be displayed.
These signals can have a continuous or flashing display and
will be controlled by the operator. A command is sent by the
system operator from the host computer connected by the
network connection means to each lighting device or light-
ing device’s controller.

[0248] When a lane use signal is being displayed, the
operator can send another command from the host computer
through the network, to reduce the selected lighting device’s
brightness to the desired level, in order to enhance contrast
for better visual impact of the signal. This command func-
tion is most often used in conjunction with the lane closed
signal (the red cross). This is because, since the lane is
closed then it requires less lighting. A moderate level such
as for instance 50% of the lighting device’s nighttime setting
(e.g. 1.25 cd/m?) will usually be sufficient to provide
adequate lighting.

[0249] A detection and protection mechanism will prevent
displaying more than one signal concurrently on the same
lighting device in order to avoid confusion and potentially
dangerous situation or motorists. The detection and protec-
tion mechanism will work in conjunction with the LED
status monitoring system 90, and the microprocessor 80 as
seen in FIG. 4. The LED status monitoring system will be
connected to the signal LEDs and to the microprocessor
such that the LED status monitoring system monitors the
signal LEDs and reports to the microprocessor. The micro-
processor contains means for receiving the status of the
signal LEDs from the LED status monitoring system and
checking whether conflicting signals are being displayed.

[0250] An appropriate communication mechanism will
return information to the system operator concerning the
current status of the signals being displayed on the net-
work’s lighting devices.
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[0251] For instance the appropriate information can be
appended to the lighting device status report which the host
computer will periodically request from each lighting
device. The host computer can then receive the information
and interpret it as necessary.

[0252] One useful part of the lighting device of the inven-
tion is the linking of a number of lighting devices to a
network 130, and their control by the host computer through
this network. This systems-level aspect of the invention
brings a number of further capabilities and features.

[0253] Any communication network allowing multidrop
connection of a large number of lighting devices to the host
computer is suitable. As an example, the following protocols
can be used: RS-485, Ethernet, TCP/IP.

[0254] FIGS. 10 and 11 show example networks of light-
ing devices. FIG. 10 shows an example network topology
with only a few lighting devices for instance less than 128
devices. FIG. 11 on the other hand shows a larger network
with a large number of lighting devices, for instance greater
than 128 devices. In this network topology the lighting
devices are grouped into individual nodes of less than 128,
and node controllers 235 are included to relay information
between the host computer and the lighting devices.

[0255] Each lighting device 1 on the network will be
assigned and individual, unique address. The system is
designed so that the host computer keeps a record of the
physical location of each lighting device, referenced by its
network address.

[0256] The address of each lighting device is stored in
non-volatile memory within its electronic circuit. The light-
ing device is equipped with an address setting switch,
accessible from the outside of the case, for instance physi-
cally or through remote controlling means such as infrared,
laser or Radio Frequency signals. At system installation, this
switch is activated to signal to the Host PC that the lighting
device is requesting a network address, which is then
generated and assigned automatically to the lighting device
by the host computer.

[0257] The network linking of a number of lighting
devices with a host computer has the following advantages:

[0258] 1) Using the Host-to-lighting device communi-
cation direction allows the host computer to control
important global aspects of the lighting system, such as
the lighting intensity in specific zones of the system as
a function of the time-of-day and/or ambient illumina-
tion, gradual dimming of lighting intensity in intensity
level transitions, and activation of special functions
such as integrated lane use signals.

[0259] 2) Using the lighting device-to-Host communi-
cation direction allows the transfer of lighting devices
status information to the host computer

[0260] These elements are now described in greater
details:

[0261] One of the functions of the host computer can
control the overall or Global Intensity level of a lighting
area. An example of this is shown in FIG. 12, which shows
the lighting area (in this case a tunnel) being divided into
three zones: A threshold zone 242, a transition zone 244, and
an interior zone 246.
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[0262] Because it has individual control over each lighting
device, the host computer can vary the intensity level for
each specific zone of the lighting area. For example, in a
typical tunnel the daytime illumination in the threshold zone
242 will be set at 200 cd/m?, the inner zone 246 at 5 cd/m?>,
and the transition zone 244 at intermediate intensities.

[0263] The number, size and location of the lighting zones
can be easily and arbitrarily modified through the Host
software.

[0264] Another example of variation controlled by the
host computer is the intensity level according to the time of
day, and/or the ambient illumination.

[0265] According to standard requirements specified by
the Illumination Engineers Society of North America in their
document RP22-96 illumination in the interior a tunnel
should be at least 5 cd/m® in the daytime, and 2.5 c¢d/m? in
the nighttime. As the lighting requirements for nighttime are
substantially smaller than those of daytime, the system can
reduce energy consumption by lowering the intensity during
the nighttime.

[0266] To achieve this task the host computer can be
equipped with a ambient illumination sensor at the entrances
to the tunnel. The host computer would then use these
sensors to detect ambient illumination. The ambient illumi-
nation measurement could then be used to adjust the light of
the tunnel. Typical recommendations call for maintaining
the threshold area illumination at least at %ioth the level of
the ambient illumination during daytime.

[0267] When changing from one Intensity level to another,
the Host can generate gradual Intensity transitions in order
to maximize energy efficiency.

[0268] For example, when changing from Night to Day
luminance levels, a discrete control system would have to
select the Day level as soon as morning ambient light starts
to grow. Instead, the host computer can perform a gradual
ramping between Night and Day levels, thereby delaying the
increased energy consumption of the day level and enhanc-
ing drivers’visual comfort. The ramping can be triggered
when the ambient illumination reaches a predetermined
level (typically 100 cd/m®) and last for a user-adjusted
length of time (typically 30 minutes).

[0269] Another important function of the host computer is
monitoring lighting device status. At certain intervals the
host computer will poll each lighting device on the network,
to obtain its current status information.

[0270] This information can be tabulated and logged;
alarms can be triggered if any potential failure or degrada-
tion is detected; and maintenance reports can be generated,
listing the location and identification of each lighting device
requiring servicing.

[0271] To prevent the loss of tunnel illumination under
any circumstance (short of power failure), each lighting
device will automatically revert to its normal Intensity level
whenever contact with the host computer is lost for a time
interval longer than an adjustable Communication Time-Out
period. In case of power failure, the system can facilitate the
generation of emergency lighting backed up by UPS (Unin-
terruptible Power Supply). The energy consumption can be
reduced to a minimum, either by greatly dimming the
lighting devices, or by dynamically alternating the lighting
devices in the On state.
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[0272] In order to reduce energy consumption, the host
computer can detect the presence of vehicles in the lighting
area (through standard Vehicle Presence Detectors), and dim
the Intensity level when no vehicle is present. This dimming
can be further refined on a zone-by-zone basis as the vehicle
moves across the lighting area.

[0273] Turning to FIG. 13, which shows the logic of the
host computer. After initialization 250, the host computer
enters a cycle in which it first checks the ambient light
intensity and sets the lighting devices accordingly (252, 254,
256, 258). Afterwards the intensity setting of the lighting
devices may be manually overridden (260, 262) if desired by
a controller of the system. After the intensity of the lighting
devices has been set the host computer proceeds to check the
status of each lighting device in the network logging their
status or flagging the lighting device as defective if the
lighting device fails to respond (264, 266, 268, 270, 272).
After each lighting device has been checked the host com-
puter evaluates the network to see if sufficient light is being
provided in the lighting area. If the luminosity if below
standard of below a critical level an appropriate message
will be displayed to the controller of the system.

[0274] Summary of the Advantages of the Invention

Feature Explanation

Summary of the advantages of the invention.

Better light efficiency LEDs are inherently more efficient
than current HID luminaries;
Optical systems further improves the
system.
Lighting device optical system opti-
mized lighting pattern. Since light
uniformity is greater, lower overall
lighting levels can be used.
Tight intensity regulation and tol-  Lighting device luminosity is
erance known and stable throughout its life-
cycle, allowing lower overall energy
dissipation.
Allows the use of the optimal inten-
sity required at each moment/loca-
tion.
Allows dimming when no vehicle
present.
Cost saving features.

Better light uniformity

Proportional dimming

Vehicle presence detection

Reduced usage cost:
Competitive initial cost Initial cost equivalent to current HID
lighting devices

Higher energy efficiency to current
usage optimization

LED lighting device life-cycle esti-
mated at 15 years

Lower energy costs
Longer life-cycle

Reduced maintenance cost:

Precise status monitoring through  Precludes the need of regular inspec-

host tions

Low voltage operation Allows the use of non-electricians for
maintenance

Fast on-site identification of defec- Through Status Indicator

tive lamps

1. A lighting device comprising

a plurality of groups of light emitting diodes, each of said
groups of light emitting diodes containing one or more
light emitting diodes, each of said light emitting diodes
being configured so as to pass between an energized
light emitting state and a non-energized state;
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luminosity measuring means for providing a standard
luminosity reading at predetermined time intervals;

controller means for transferring, at predetermined time
intervals, in response to said standard luminosity read-
ing, one or more of said groups of light emitting diodes
between a first energized group wherein said light
emitting diodes are in said energized light emitting
state and a second non-energized group wherein said
light emitting diodes are in said non-energized state.
2. A lighting device as claimed in claim 1, wherein said
controller means is configured to maintain all of the light
emitting diodes in said first energized group when a prede-
termined luminosity reading is provided by said luminosity
measuring means.

3. A lighting device comprising

a plurality of groups of light emitting diodes, each of said
groups of light emitting diodes containing one or more
light emitting diodes, each of said light emitting diodes
being configured so as to pass between an energized
light emitting state and a non-energized state;

usage time measuring means for providing a usage time
measurement for each of said groups of light emitting
diodes at predetermined intervals;

controller means for transferring, at predetermined time
intervals, in response to said usage time measurements,
one or more of said groups of light emitting diodes
between a first energized group wherein said light
emitting diodes are in said energized light emitting
state and a second non-energized group wherein said
light emitting diodes are in said non-energized state.

4. A lighting device as claimed in claim 1, wherein said

controller means further comprises:

means for detecting whether any of said groups of light
emitting diodes have become unable to pass between
said energized light emitting state and said non-ener-
gized state, and transferring said groups to a third
non-functional group.
5. A lighting device as claimed in claim 3, wherein said
controller means further comprises:

means for detecting whether any of said groups of light
emitting diodes have become unable to pass between
said energized light emitting state and said non-ener-
gized state, and transferring said groups to a third
non-functional group.

6. A lighting arrangement comprising:

two or more circuit board means, each circuit board
means having a projection axis and a plurality of light
emitting diodes, such that any light emitted by the light
emitting diodes on each of said circuit board means is
projected substantially parallel to said projection axis;

said circuit board means being disposed such that each of
said projection axes are disposed at an angle to each
other.

7. A lighting arrangement as claimed in claim 6, wherein
said angle is from 5 to 15 degrees.

8. A network comprising:

a host computer; and
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a plurality of light emitting diode lighting devices;
said host computer comprising:

means for transmitting a request for a status report from
each of said light emitting diode lighting devices. and

means for transmitting a signal to each of said light
emitting diode lighting devices such that the host
computer can direct how much light each of said
lighting devices emits; and

each of said plurality of light emitting diode lighting
devices comprising:

means for receiving a request for a status report from said
host computer, creating said status report, and trans-
mitting said status report to said host computer; and

means for receiving a signal from said host computer and
altering how much light said light emitting diode
device emits in response to said signal.

9. A network as claimed in claim 8, wherein said status
report comprises current luminosity setting, current actual
luminosity output, current light emitting diode degradation,
current dirt accumulation, current number of light emitting
diode groups in use, current number of open-circuited light
emitting diode groups and current average usage time of
light emitting diode groups;

10. A network comprising:

a host computer; and
a plurality of light emitting diode lighting devices;
said host computer comprising:

means for transmitting a signal to each of said light
emitting diode lighting devices such that the host
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computer can direct how much light each of said
lighting devices emits; and

each of said plurality of light emitting diode lighting
devices comprising:

means for receiving a signal from said host computer and
altering how much light said light emitting diode
device emits in response to said signal.

11. A dirt detection system for a transparent surface,
comprising:

an electromagnetic radiation emitting means for emitting
light;

electromagnetic radiation measurement means for mea-
suring light;

said electromagnetic radiation emitting means and said
electromagnetic radiation measurement means being
configured such that said electromagnetic radiation
emitting means emits a certain amount of electromag-
netic radiation through said transparent surface, and
said electromagnetic radiation measurement means
measuring how much of said certain amount of elec-
tromagnetic radiation is reflected by said transparent
surface and comparing said amount to a base measure-
ment taken when said transparent surface is free of dirt.
12. A method for manipulating the light intensity in a
tunnel, said tunnel comprising a lighting system comprising
a plurality of lighting devices, said method comprising
means for raising and lowering, in unison, the luminosity
level of each of said devices



