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(57) ABSTRACT 

The present invention relates generally to Warning lights, 
and more speci?cally, to solid-state (LED) Warning lights 
Whose operation is modulated in response to environmental 
conditions, generally under the supervision of a microprm 
cessor or dedicated control circuit. LEDs are used in Wam 
ing lights, but not in an e?‘ective Way. Typically, the LED 
driving circuits are electrically inef?cient and in some cases, 
there is an attempt to minimiZe the poWer that is supplied to 
the LEDs. The invention employs environmental sensors 
Which alloW the operation of the LEDs to be optimized: for 
example: LED intensity can be increased in response to poor 
ambient visibility, duty cycle can be decreased in response 
to a lack of poWer, and the LEDs can be de-rated in response 
to high temperature conditions. Many other advantages of 
the invention are described, including the use of light control 
?lm, buck boost and buck doWn driver circuits, external 
communication circuits and microprocessor control. 
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SOLID-STATE WARNING LIGHT WITH 
ENVIRONMENTAL CONTROL 

[0001] The present invention relates generally to Warning 
lights, and more speci?cally, to solid-state (LED) Warning 
lights Whose operation is modulated in response to environ 
mental conditions, generally under the supervision of a 
microprocessor or dedicated control circuit. 

BACKGROUND OF THE INVENTION 

[0002] Warning lights are useful and desirable on many 
types of vehicles, machinery, and other objects (buildings, 
toWers, people, animals, etc.) to announce the presence, 
location, operation mode, status, or function of the vehicle, 
machine, process or event. The nature of Warning lights 
requires them to be employed in harsh physical environ 
ments, often in remote or di?‘icult-access locations, and With 
limited availability of electrical poWer. 

[0003] Solid-state light emitting diodes (LEDs) are Well 
suited for use in Warning lights due to characteristics such as 
good electrical ef?ciency, small siZe and Weight, and rugged 
construction compared to other light sources such as incan 
descent bulbs. HoWever, existing LED Warning lights suffer 
from a number of problems, including the folloWing: circuit 
complexity (resulting in high production cost and poor 
reliability), loW electrical-to-luminous poWer conversion 
ef?ciency (resulting in unWanted higher operating tempera 
tures and unWanted higher electrical poWer consumption), 
and limited ability to operate from a range of electrical 
supply voltages. 

[0004] In particular. 

[0005] LED constant voltage circuits require the use of 
series resistors, causing unWanted loss of electrical 
poWer as heat; 

[0006] LED constant current circuits require the use of 
additional circuitry to measure and control electrical 
poWer exciting the LED; and 

[0007] unregulated circuits require heat producing 
series resistors and are limited to operation over a 
narroW range of electrical supply voltages, therefore 
limiting their application. 

[0008] One strategy for controlling LEDs and LED assem 
blies is to minimize the output poWer of the LEDs With 
respect to ambient lighting levels. In other Words, some LED 
driver systems try to provide only enough poWer to ensure 
that the LEDs are visible against the backdrop of the ambient 
lighting. While such an approach might minimiZe poWer 
consumption, it does nothing to improve on the actual 
ef?ciency of the conversion from poWer to light. More 
important, by reducing the contrast betWeen the Warning 
light and the ambient lighting, the possibility of Warnings 
being missed, increases. In many applications this is a 
tradeolf that is simply not acceptable. 

[0009] There is therefore a need for an improved LED 
Warning light 

SUMMARY OF THE INVENTION 

[0010] It is therefore an object of the invention to provide 
a novel Warning light Which offers some operational advan 
tage over the prior art. 
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[0011] One aspect of the invention is de?ned as a Warning 
light comprising an assembly of light emitting diodes 
(LEDs); a control circuit operable to drive the LEDs; one or 
more environmental sensors coupled to the control circuit; 
the control circuit further including: means for receiving 
data and/ or measurements from the environmental sensors; 
means for calculating optimal operating parameters for the 
LEDs, based on the environmental data and/or measure 
ments; and means for driving the LEDs in accordance With 
said calculated optimal operating parameters. 

[0012] Another aspect of the invention is de?ned as a 
Warning light comprising: a plurality of separate LED sub 
assemblies on rigid printed circuits, attached to a base circuit 
board that provides both mechanical and electrical connec 
tion betWeen the rigid circuit boards and the base circuit 
board, the separate LED sub-assemblies being pointed in 
different directions; a control circuit operable to drive said 
separate LED sub-assemblies; one or more environmental 
sensors coupled to said control circuit; the control circuit 
further including: means for receiving data and/or measure 
ments from the environmental sensors; means for calculat 
ing optimal operating parameters for the separate LED 
sub-assemblies, based on the environmental data and/or 
measurements; and means for driving the separate LED 
sub-assemblies in accordance With the calculated optimal 
operating parameters; alloWing the assembly of a multi 
directional Warning light module Without the need for costly 
?exible or bendable circuit board materials. 

[0013] A further aspect of the invention is de?ned as a 
Warning light comprising: an assembly of light emitting 
diodes (LEDs); a control circuit operable to drive the LEDs; 
one or more environmental sensors coupled to the control 

circuit; the control circuit further including: circuitry for 
receiving data and/or measurements from the environmental 
sensors; circuitry for calculating optimal operating param 
eters for the LEDs, based on the environmental data and/or 
measurements; and circuitry for driving the LEDs in accor 
dance With the calculated optimal operating parameters. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0014] These and other features of the invention Will 
become more apparent from the folloWing description in 
Which reference is made to the appended draWings in Which: 

[0015] FIG. 1 presents a schematic diagram of circuit in 
a broad embodiment of the invention; 

[0016] FIG. 2 presents a schematic diagram of an inte 
grated LED) module (ILM) including an LED Buck Boost 
Channel (LBBC) in an embodiment of the invention; 

[0017] FIG. 3 presents a schematic diagram of an inte 
grated LED module (ILM) including an LED Buck DoWn 
Channel (LBDC) in an embodiment of the invention; 

[0018] FIG. 4 presents a schematic diagram of a Warning 
light circuit in a CM-LM (Control ModuleiLED Module) 
con?guration including an LBBC circuit in an embodiment 
of the invention; 

[0019] FIG. 5 presents a schematic diagram of a Warning 
light circuit in a CM-LM con?guration, including an LBDC 
circuit in an embodiment of the invention; 

[0020] FIG. 6 presents an exemplary physical layout of a 
planar ILM including an LBBC circuit in an embodiment of 
the invention; 
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[0021] FIG. 7 presents an exemplary physical layout of a 
planar ILM including an LBDC circuit in an embodiment of 
the invention; 

[0022] FIGS. 8 and 9 present top and front vieWs, respec 
tively, of a cylindrical Warning light using an ILM including 
an LBBC circuit, in an embodiment of the invention; 

[0023] FIGS. 10 and 11 present top and front vieWs, 
respectively, of a planar Warning light including light 
control ?lm, in an embodiment of the invention; 

[0024] FIGS. 12 and 13 present top and front vieWs, 
respectively, of a Warning light having a square cross 
section, and including light-control-?lm, in an embodiment 
of the invention; 

[0025] FIGS. 14 and 15 present top and front vieWs, 
respectively, of a Warning light having a rectangular cross 
section, employing multiple ILMs, and including light 
control-?lm, in an embodiment of the invention; 

[0026] FIGS. 16, 17 and 18 present front top and isomet 
ric vieWs, respectively, of a cylindrical Warning light 
employing multiple side-emitting LEDs, in an embodiment 
of the invention; 

[0027] FIGS. 19, 20 and 21 present front, top and back 
vieWs, respectively, of a Warning light employing multiple 
LEDs With optical lenses, in an embodiment of the inven 
tion; and 

[0028] FIGS. 22 and 23 present front and rear isometric 
vieWs, respectively, of a Warning light employing multiple 
LEDs With optical lenses, in an embodiment of the inven 
tion. 

DESCRIPTION OF THE INVENTION 

[0029] An electrical schematic diagram of a Warning light 
Which addresses one or more of the objects outlined above, 
is presented in FIG. 1. This Warning light includes an 
assembly of light emitting diodes (LEDs) 10, a control 
circuit 12 operable to drive the LEDs 10 and one or more 
environmental sensors 14 Which are electrically connected 
to the control circuit 12. Speci?c examples Will be described 
in greater detail hereinafter, but may include, for example, 
devices to sense the folloWing environmental conditions: 

[0030] ambient temperature; 

[0031] internal temperature; 

[0032] ambient light level; 

[0033] emitted light level; 

[0034] relative humidity; 

[0035] liquid moisture; 

[0036] mechanical tilt; 

[0037] vibration; 

[0038] physical shock; 
[0039] marine Wave height and period; 

[0040] air pressure; 

[0041] barometric pressure; 

[0042] solar cell voltage; 
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[0043] battery voltage; 

[0044] supply voltage. 
Typically, these sensors Will be mounted on a circuit 

board Within the Warning light, but may also be 
mounted externally or on an outside surface of the 
Warning light. 

[0045] A number of environmental sensors and their appli 
cation strategies are described hereinafter, but tWo that are 
particularly useful are the monitoring of supply voltage and 
ambient temperature. The control circuit 12 can adjust to the 
available poWer level of the supply voltage, varying the 
frequency and/or duty cycle of pulses to the LEDs 10 (duty 
cycle referring to the percentage of the time that the LEDs 
are illuminated in proportion to the time they are dark). For 
example: 

[0046] if the available voltage level is too high, the 
frequency of pulses to the LEDs 10 can be reduced. 
Using the inductive driver circuit described hereinafter, 
the LEDs 10 Will not be over-driven; or 

[0047] If the available voltage level is too loW, the 
number of LEDs 10 being driven can be reduced, or the 
duty cycle of the pulses to the LEDs 10 can be 
decreased to conserve poWer. 

[0048] The poWer level that LEDs 10 can Withstand has to 
be de-rated With high ambient temperatures. Using an ambi 
ent temperature sensor, LEDs 10 can be driven at their 
optimal levels Without fear of damage. 

[0049] The control circuit 12 also includes the folloWing 
components: 

[0050] 1. circuitry for receiving data and/or measurements 
16 from the environmental sensors 14; 

[0051] 2. circuitry for calculating optimal operating 
parameters 18 for the LEDs 10, based on the environmental 
data and/or measurements; and 

[0052] 3. circuitry for driving 20 the LEDs 10 in accor 
dance With the calculated optimal operating parameters. 

[0053] The actual hardWare and/ or ?rmware that is used to 
implement the circuitry for receiving data and/or measure 
ments 16 Will depend on the general design strategy and 
upon the nature of the environmental sensors 14 themselves. 
In some cases, the environmental sensors 14 may consist 
simply of sWitches Which are actuated When a certain 
condition arises, Which can be handled by the control circuit 
12 using a simple digital input. In other cases, analogue 
signals may be provided by the environmental sensors 14 
Which require some conditioning or ?ltering, an analogue 
input on the control circuit 12 or external conversion from 
analogue to digital signals. These design issues Would be 
clear to one skilled in the art from the teachings herein. 

[0054] Clearly, the control circuit 12 itself could be imple 
mented using a dedicated circuit, ASIC (application speci?c 
integrated circuit), microcontroller, microprocessor or the 
like, and any necessary supporting components. This design 
choice Will generally determine hoW the circuitry for cal 
culating optimal operating parameters 18 and the circuitry 
for driving 20 the LEDs 10 Will be effected. The circuitry for 
calculating optimal operating parameters 18, for example, 
could be effected in a microprocessor in the manner of actual 
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calculations Which are performed. Alternatively, it could be 
implemented by indexing a stored lookup table. 

[0055] Microprocessors and microcontrollers are the most 
logical choices because of their great processing poWer and 
programming ?exibility. Di?ferent models of LEDs Will 
have different performance parameters. Having a program 
mable controller makes the task of accommodating a neW 
LED model much easier. 

[0056] The circuitry for driving 20 the LEDs 10 Will be 
determined by the number and siZe of the LEDs 10 (Which 
determines the poWer required), the manner in Which the 
LEDs 10 are Wired, and the patterns that are desired. LEDs 
10 are commonly Wired in series, parallel, a combination of 
the tWo, or individually. The invention is not limited by the 
manner in Which the LEDs 10 are Wired. Clearly, Wiring the 
LEDs 10 individually provides the greatest ?exibility in the 
generation of different patterns. Ganging LEDs 10 together 
hoWever, results in much less complexity and less Wiring 

[0057] This circuit provides a solid state Warning light 
With many advantages over the prior art. Most importantly, 
it optimiZes the light output in vieW of environmental 
conditions. This is quite distinct from prior art Warning 
lights described in the Background, Which typically endeav 
our to minimiZe the poWer consumed, and hence, minimiZe 
the output light level With respect to certain conditions. The 
prior art does not teach that the light level should be 
optimiZed, but on the contrary, that it should be mini 
mizedithe prior art attempts to set the lighting level at the 
minimal acceptable level With respect to the ambient light 
level. 

[0058] A number of various embodiments of the invention 
Will noW be described. These embodiments address a num 
ber of the other problems found in the art. 

[0059] FIG. 2 presents an electrical schematic diagram of 
a Warning light in Which LEDs are excited by an inductive 
sWitch-mode boost circuit controlled by a microprocessor. 
This circuit may be operated from supply voltages Where the 
sum of the LED junction voltage drops is greater than the 
supply voltage. 
[0060] All components and circuitry may be constructed 
on a single printed-Wiring circuit board Which is referred to 
herein as an Integrated LED Module (ILM). The LEDs D1 
to DN are driven by an LED Buck Boost Channel (LBBC). 
Transistor Q1 should be a transistor With the characteristic 
of loW on-state resistance (much less than one ohm). L1 
should be an inductor With loW resistance and high induc 
tance value (highest Q factor practical). D1 to DN should be 
a series branch of LEDs of high output luminous ?ux and 
capable of high current operation. The number of LEDs 
should be chosen so as to have a cumulative forWard 
junction voltage drop higher than the supply voltage. 

[0061] U3 microprocessor (or microcontroller) should be 
of loW poWer consumption and With suitable output pin 
drive capability to reliably assert the control pin of transistor 
Q1 alternately from off-state to on-state. U1 represents an 
over-current protection device and may be a suitably rated 
positive-temperature-coe?icident fuse. U2 represents a loW 
poWer voltage regulator to provide a suitable current supply 
for the microprocessor U3. 

[0062] U4 represents an Analog-to-digital convertor used 
to detect and measure the electrical supply voltage. This 
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information is used by the microprocessor to adjust the pulse 
duration and pulse repetition rate used to excite the LEDs D1 
to DN. The microprocessor U3 may use softWare look-up 
tables or an algorithm to determine the optimum pulse 
timing to apply to the LED excitation circuit. The micro 
processor U3 alternately sWitches the transistor Q1 from 
off-state to full conduction on-state at a rate of approxi 
mately 100 KHZ (design frequency can be chosen over a 
broad range to match the choice of inductors and LEDs). 

[0063] The high pulse rate (approximately 100 KHZ) of 
the LED excitation circuit results in a visual effect of 
apparent constant illumination. An observer has no impres 
sion of pulsation of the LEDs emitted light. 

[0064] During the transistor Q1 on-state, current ?oW 
increases through the inductor L1 to the common node, 
developing an electromagnetic ?eld in the inductor L1. No 
conduction occurs through the LEDs D1-to-DN at this time. 
During the transistor Q1 off-state current ?oWs through the 
inductor L1 and LEDs D1 to DN causing light to be emitted. 
A repetition rate should be chosen so as to alloW the 
electromagnetic ?eld in L1 to completely collapse and all 
current ?oW through the LEDs to cease before starting a neW 
Q1 on-state. 

[0065] A discrete recti?cation diode is not employed in 
this circuit as this function is performed by the LED junc 
tion(s). An output ?lter capacitor is not employed either as 
there is no requirement for voltage ripple smoothing. Hence, 
the entire excitation circuit is implemented Without any 
resistors, capacitors or rectifying diodes. 

[0066] LEDs are a very e?icient and durable light source. 
Other light sources used in the art such as incandescent or 
halogen bulbs, and xenon ?ash tubes are less durable and 
less poWer e?icient. 

[0067] LEDs hoWever, require a controlled electrical 
poWer source for operation. The inductive excitation circuit 
of the invention is very e?icient, straightforWard in design 
and inexpensive. This is in contrast to the typical LED 
driving circuits used in the art Which suffer from problems 
such as: 

[0068] additional circuit complexity, resulting in 
unWanted higher production cost and poorer reliability; 

[0069] a loWer electrical-to-luminous poWer conversion 
e?iciency, resulting in unWanted higher operating tem 
peratures and unWanted higher electrical poWer con 
sumption; and 

[0070] limited ability to operate from a range of elec 
trical supply voltages. 

[0071] In particular, the LED driving circuits used in the 
art are generally one of the folloWing designs: 

[0072] 1. LED constant voltage circuits, Which require the 
use of series resistors. This design has the poorest e?i 
ciency as most of the electrical energy is Wasted as heat; 

[0073] 2. LED constant current circuits Which require the 
use of additional circuitry to measure and control electri 
cal poWer exciting the LED. Typically, current regulated 
LED circuits employ series current-sense resistor and 
sensitive analog-to-digital conversion circuits; expensive 
and complex to build, and having a high parts count; and 










