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(571 ABSTRACT

A vehicle warning system controller is disclosed which
controls and synchronizes all annunciators installed on a
vehicle. The vehicle light control system takes a modular
approach to vehicle light control. The first module is an
operator module that accepts control commands from an
operator and provides visual feedback to the operator. The
second module is a central module which processes the
commands and controls the attached annunciators and acces-
sories. The vehicle light control system of the present
invention has the ability to interface with and control several
types of annunciators.

13 Claims, 14 Drawing Sheets
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1 ;
VEHICLE WARNING SYSTEM
CONTROLLER

BACKGROUND

The present invention is directed generally to a vehicle
warning system controller and more particularly to an emer-
gency vehicle waming light control system. Light systems
may be utilized on many different types of vehicles such as
police cars, fire trucks, ambulances, tow tucks, utility
tracks, maintenance trucks, as well as other vehicles such as
aircraft which may benefit from a warning light system.
Lighting systems may include lightheads mounted on the
exterior of any vehicle such as light bars. as well as
headlights and tail lights.

One function of an emcrgency vehicle is to traverse a
distance in the shortest time and safest manner possible. To
assist in achieving the goal of shortest time, emergency
vehicles may be permitted to ignore the standard traffic
controls which apply to other vehicles. Emergency vehictes
comtmonly ignore traffic lights and speed limits. In addition
to ignoring traffic controls while in motion, emergency
vehicles are often required to stop and provide service in
heavily trafficked areas. As a result, other drivers can be
startled by the presence of such an emergency vehicle
disrupting the normal traffic flow pattern. These situations
can place both the startled driver and the emergency vehicle
personnel, as well as others, in danger as they attempt to
react to each other. To minimize the risk of surprise, emer-
gency vehicles generally utilize a combination of sirens and
lights to catch the attention of other drivers. Such systems
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are designed to permit others to perceive the emergency -

vehicle early enough to allow an appropriate reaction to the
emergency vehicle, thus avoiding potentially dangerous
situations. The more conspicuous the warning system on the
vehicle, the more likely drivers of other vehicles will be able
to respond in & timely manner to the emergency vehicle’s
presence.

Emergency vehicle warning systcms generally utilize
both halogen, or incandescent, lamps in combination with
xenon-type strobe lamps, as well as audio annunciators to
gain the attention of the drivers of other vehicles. An
incandescent lamp may be on constantly or may be flashed
to gain attention. Incandescent lamps have the advantage of
being easily perceived and tracked by an observer. However,
incandescent lamps have the disadvantage of having & low
degree of conspicuity. that is. the ability of commanding an
observer's attention peripherally or from a distance. Flash-
ing incandescent lamps are commonly utilized becausc they
arc already present on the vehicle, being used as turn and
brake signals, traffic control signals and other warning
signals. As a result, an emergency vehicle’s flashing incan-
descent lamps may blend into a background of other flashing
lights and be indistinguishable to an observer.

By contrast, xenon-type strobes possess a high degree of
conspicuity. Their high intensity light is very conspicuous
against most backgrounds and is easily detected, even when
outside a dircct line of sight of the observer. However,
because strobe pulses are visually difficult to locate and
track, a pulsing strobe light may appear to be movmg toward
an observer when, in fact, it is stationary or moving away
from the observer. Thus strobe lights, if used alone as an
emergency warning system, can introduce an undesirable
visual ambiguity in an emergency situation. '

When incandescent and strobe lamps arc used in
combination, the benefits of each can compensate for the
disadvantagcs of the other. The strobes may be pulsed to
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command attention, thus prompting an observer to seek out
the source of the light, Alternately, the incandescent may be
flashed between strobe pulses to indicate the:light source to
the observer. The alternating combination of the two sources
of light results in a greater overall level of conspicuity. thus
producing a more effective emergency vehicle warning
system.

Heretofore, emergency vehicle warning- light systems
have utilized separate control systems for each of the
incandescent and strobc lamp systems. The flashing of the
incandescent lamps and the pulsing of the strobe lamps were
not synchronized with each other. Therefore, while incan-
descent and strobe lamps have been utilized together on
vehicles, their operation has not been synchronized to fully
utilize the visual advantages of the combuung the two lamp
types.

In order to operate strobc lamps, constant voltages of
hundreds of volts and triggering voltages of several thou-
sand volts may be required. Such high voltage lines generate
large amounts of radio-frequency interference (RFI) which
can adversely affect a vehicle’s electrical system. A high
degree of shielding insulation and electronic filtering is
generally required to minimize such RFL There is a need for
a system which effectively minimizes RFI and thus elimi-
nate or otherwise minimize the need for such shielding and
filtering.

Emergency vehicle warning light systems have been
designed to command different levels of attention for vary-
ing conditions. For example, an ambulance speeding enroute
to an emergency site will generally require a high level of
attention. The same ambulance will require even higher
levels of attention for particularly dangerous areas through
which it may pass, such as through an intersection where
¢rossing traffic may encounter the emergency vehicle quite
suddenly. Once an emergency vehicle arrives at the scene a
lower degree of conspicuity is gemerally desired as a
stationary, or otherwise idle, emergency vehicle does not
pose as great a danger as a moving one. Additionally, a high
attention level of lighting and audio annunciators may be
distracting to emergency personnel operating at the scene
and third party observers. To avoid these problems a warn-
ing mode employing a lower level of conspicuity may be
used which does not disturb and distract the personnel on the
scene but still observers to locate and avoid the emergency
situs. As an example, under low light environmental
conditions, such as at night, emergency personnel operating
around an ambulance can be adversely affected by the
intensity of the vehicle’s warning lights. Proximate exposure
to high intensity strobe lights may cause disorientation and
loss of low light vision adaptation. -

In addition to the human factors, power requircments for
cmergency lighting systems arc substantial, especially when
operating all lights at full power. It is desirable that the
warning systems on emergency vehicles be effectively oper-
able at lower levels which would, in turn, lower the vehicle’s
load demand.

One example of a vehicle light system typically is found
on an ambulance and is characterized as having threc banks
of lights attached at various locations on its exterior. A first
bank of ten lightheads are positioned high at the corners and
at the center front and rear of the vehicle, and are commonly
referred to as the “A” lights. A second bank consists of one.
centered, rearward-facing lighthead, and is referred to as the
“B” light. A third bank of five lightheads are mounted low
on the forward end of the vehicle with two facing forward
on the grill, two facing sideways and one mounted high in
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the center front of the vehicle. This bank 1s commonly
referred to as the “C” lights. i

Hcretofore, ambulance warning light systems have only
three modes of operation: “primary”; “secondary”; and
“off”. The primary mode of operation generally consists of
a flashing pattern of “A” lights alternating with the “B” and
“C” lights. The primary mode is used when a high degree of
attention must be commanded, such as when trying to clear
traffic, The secondary mode generally consists of a flashing
pattern of “A” lights alternating with the “B” light. The
secondary mode is used when a lower degree of conspicuity
is desired such as when the emergency vehicle is at the
emergency situs. A vehicle light control system that provides
wider variety of control over the operation of the vehicle
lightheads and other annunciating components is needed.

Under some eavironmental conditions. flashing incandes-
cent lamps and pulsing strobe lamps of an emergency
vehicle may cffect the ability of the driver to safely operate
the vehicle. Under conditions of precipitation! such as rain,
fog, or snow, driver visibility may be limited by the vehicle's
emergency lights being reflected by the precipitation back
into driver’s eyes. The high intensity of strobes pose an extra
hazard as the reflected light during a short strobe pulse may
cause the driver to experience a brief, but repeating, “white
out” effect, thus causing the driver to momentarily lose the
ability to sec through the precipitation. When confronted
with such an undesirable condition, a driver. may wish to
avoid the use of the strobe lamps altogether. However, under
such adverse environmental conditions it becomes even
more important to alert observers of the presence and intent
of the emergency vehicle. There is consequently a need for
a vehicle light control system which permits the operator to
choose an intermediate intensity level or lower “skip pulse”
pattern of lighthead operation as an acceptable operating
compromise between the conflicting visual reactions of the
driver and those of the third-party observers.’

Previous vehicle light control systems are difficult to
maintain and to troubleshoot. Herctofore, dmgn031s of
operational problems of previous light controf’ -systems typi-
cally involve operating the lightheads while simultaneously
observing the exterior of the vehicle on which the lightheads
are installed. Unfortunately, from the exterior of the vehicle
it is most difficult, if not impossible, to observe the syn-
chronization of all lighthcads since all lightheads are not
visible from a singlc vantage point. Consequently, them is 8
need for a diagnostic and monitoring systsm for a vehicle
light control systcnw.

Installation of previous vehicle light control 'systems often
require the installer to determine and to distinguish the
polarity of the varicus inputs to the vehicle' light control
system. In the past, if the installer mistakenly reversed the
polarity of the connection several systems m'ay have been
damaged. The difficulties involved in the ‘dmgnosxs of
vehicle light control system. problems cxplamed above have
only exasperated this situation. A vehicle hght control sys-
tem having input autopolarity comection is needcd to pre-
vent damage during installation,

BRIEF DISCLOSURE OF THE INVENTION

The present invention satisfies the objectivies and solves
the problems of previous vehicle light control systems with
a modular approach. The first module is an operator module
which provides an emergency vehicle operator with control
over the system while simultaneously enabling the operator
to monitor the operation of the entire vehicle light control
system. The second module is the central proecssmg module
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which processes the commands, controls the operation of the
attached lighthcads, other annunciators, and accessorics
while generating feedback for operational monitoring pur-
poses. The third module comprises the lightheads, annun-
ciators and attached accessories under the, control of the
central module.

The present invention permits synchronization of the
operation of both the incandescent and strobe {amps either
separately or together. The control and synchronization of
both the incandescent and strobe lamps by a single controller
provides greater flexibility for programming pattems into
the light system. For example, the present invention may be
programined to flash the incandescent lamps in a pattern that
alternates with strobe pulses. The high intensity light of the
strobe lamps would not wash out the light of the incandes-
cent lamps when alternating in this manner. With such an
alternating pattern, an observer would visually connect the
two light sources together thus enhancing the overall con-
spicuity of the system.

The present invention also reduces the RFI associated
with high voltage transmission through a vehicle's electrical
wiring system. The present invention avoids the transmis-
sion of high voltages through the entire length of a vehicle's
wiring harness by locating strobe light power supplies
proximate to each strobe lighthead. Thus, while the central
module of the present invention provides triggering signals
for the strobe light it does not produce the high voltages
which are required to operate the strobe lamps. Rather, the
power supply located at the lighthead produces these high
voltages to power the strobe lights. In an alternate
embodiment, a conventional strobe power supply is separate
from the lighthead but still accepts trigger signals from the
central module of the present invention. Therefore, by
locating the high voltage power supply proximate to the
strobe lamp, the present invention eliminates the need for
lengthy high voltage lines and avoids the problems inherent
with such lines. Additionally, the present invention utilizes
optical isolators which are effective in reducmg cross-talk or
high voltage feedback and RFL

The present invention increases the effectiveness and
conspicuity of an ambulance warning light system by syn-
chronizing all of the incandescent and strobe lamps. In
addition, the present invention provides for many other
modes of operation which have not been available with
previous systems. For example, the present invention pro-
vides a third, “skip pulse” mode which operates at lower
power levels. Rather than flashing the incandescent lamps
only once between two strobe pulses, as is disclosed in the
art, this additional mode alternates flashing “A" lights with
“B” lights with two incandescent flashes altemaung with
two strobe pulses.

The present invention permits users to select the types of
lights and other anpunciating devices, such as horn, sirens
and other audio warning systems, that can’ operatc within
various patterns. The presept invention permits a user to
specify the use of incandescent lamps only, strobes only,
both incandescent lamps and strobes, or other combinations
which may additionally include other annuninanng devices.
Thereby providing the ability to find a oomprormse between
conflicting goals.

The present invention enables a vehicle to more readily
acoept a combination of lighthead types. The central module
of the present invention permits the use of a wide variety of
lightheads, such as incandescent only, strobe only, and
combination incandescent and strobe lighthcads. For
instance, a strobe/incandescent combination lighthead may

65
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be located at the front of the vehicle to clear a right of way;
strobe lamps may be mounted on the rear of the vehicle for
warning of a stopped condition; and incandescent lamps
may be located on the sides of the emergency vehicle where
higher attention commanding levels are not necessary. Such
a systcm saves energy over a copventional:syster or &
system in which strobe/incandescent lamps are operated on
all sides of a vehicle. Additionally, the present invention
permits the use of a greater number of patterns which can be
programmed to consume lower levels of power and thus
lower the power drain on the vehicle’s clectrical system.

The present invention provides convenient, real-time '

diagnosis of warning system problems by constantly moni-
toring each lighthead or other annunciator on the vehicle and
then signaling comresponding lights on a graphical represen-
tation of the vehicle. The status lights, which may consist of
LED’s or other visual means, provides a means for moni-
toring of all of the lighting sequence patterns utilized by the
emergency vehicle. Observation of the status light while the
vehicle warning system is operating provides an instant
indication of the activity of each lighthead or other annuni-
ciator relative to the others. Should an annunicator
malfunction, its corresponding LED will not light when
expected, thus indicating an error condition. Additionally,
the activity of an LED of a malfunctioning lighthead will
indicate exactly what the lighthead is doing.

The present invention also simplifies installation of a
vehicle light control system by providing complete auto-
polarity correction for existing vehicle sensors and inputs.
The present invention avoids requiring an installer to deter-
mine the polarity of mputs prior to connecting them to the
light system since it is designed to operate regardiess of the
polarity of the inputs to the system. Conmscquently, the
installation time is greatly decreased and the risk of dam-
aging the system is greatly reduced. ,

These and other advantages of the present invention will
become obvious to one of skill in the art after a review of the
following detailed description.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 depicts an overall system lock diagram depicting
various modular components of the present inycnu‘on;

FIG. 2 depicts a graphic representation cf one embodi-
ment of an operator diagnostic module of the prescnt inven-
tion; ,

FIG. 3 depicts an annunciator sequencing and diagnostic
chart of one embodiment of the present invention;

FIG. 4 depicts a front elevational view of one embodiment
of a face panel of the central module of the present inven-
tion;

FIG. 5 depicts a plan view of the central module of FIG.
4;

FIGS. 6A—6H depict, in combination, an electrical sche-
matic of one embodiment of the central module and operator
module of the present invention;

F1G. 7 depicts an electrical schematic of one embodunent
of a power supply circuit for an enhanced hghthead of the
present invention; and

FIG. 8 depicts an electrical schematic of one'embodiment
of a monitor and feedback circuit of the present invention.

In describing the preferred embodiment of the invention

* which is illustrated in the drawings, specific terminology

will be resorted to for the sake of clarity. However, it is not
intended that the invention be limited to the specific terms so
sclected and it is to be understood that each specific term
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includes all technical equivalents which operated in a similar
manner to accomplish a similar purpose. For example, the
word “connected” or the phrase “in communication with™ or
terms similar theretc are often used. Such. terms are not
limited to direct connection but include connection through
other circuit elements where such connection is recognized
by one skilled in the art. In addition. circuits are illustrated
which are of a type which perform well-known operations
on electronic signals. Those skilled in the art will recognize
that there are many, and in the future may be additional,
alternative circuits which are recognized ' as. equivalent
because they provide the same operations on the signals.

DETAILED DESCRIPTION OF THE PRESENT
INVENTION :

It is to be understood that while the following description
describes an ambulance warning light system that the
present invention may be utilized anywhere that an annuni-
cator control system, which may include lights and audio
devices, may be cmployed.

Referring to FIG. 1, an overall system block diagram
generally showing the modular nature of the present inven-
tion is shown at 10. The operator module 12 of the present
invention is shown having an overhead vehicle view 14 on
its face 16 and lamp monitor LED's located ‘at carrespond-
ing locations on the vehicle, as at 18. Additionally, the
operator module 12 may be provided with numerous selec-
tion switches 20 to permit operator selection between vari-
ous modes of display operation. The operator module 12
communicates with the central module 24 through cable 22,

‘The central module 24 communicates through connectors
and cables, shown generally as 26 and 28, respectively, with
vehicle sensor/switch inputs shown generally at 30 and
supported lightheads and accessorics, shown generally as
32. Central module 24 includes the processing means
(described later) which controls, synchromzcs and monitors
attached lightheads and accessories 32.

The vehicle sensor/switch inputs 30 shown in FIG. 1
include a reverse switch 34, a brake sensor 36, turn signal
switch 38, hazard light switch 40, door open sensor 42, horn
switch 44, parking brake sensor 46 and an accessory control
input 48, Typically, the vehicle sensor/switch inputs 30 will
already be iInstalled on a vehicle and will only require
connection to the central module 24 via connectors 26. It is
to be appreciated that any number of different types of
connectors 26 may be utilized and still remain within the
scope of the claimed invention.

A power source 50, such as a 12 Vdc automotive battery,
is connected to central module to provide power for oper-
ating the present invention.

Supparted lighthcads and accessory outputs 32 includes a
dual lighthead 52, a directional light bar 54, rear tri-cluster
lightheads 56, an “A” lighthead 58, a “B” lighthead 60, a
“C” lighthead 62, a provisional accessory 64, an ambient
light sensor 66 and a horn 68. The rear tri-cluster lightheads
56 is typically configured to include brake/running lamps
70, turn/hazard signal lamps 72 and backup lamps 74.

Referring now to FIG. 2. the overhead vehicle diagram 14
of FIG. 1 is shown in greater detail. In this particular
cmbodiment, an overhead view of an ambilance with an

-arrangement of LEDs corresponding to the: placement of

annuniciators on vehicle 18 is shown, The LED pattern 18
represents the actual placement of lightheads §8, 60, 62
mouxnted upon the ambulance in which the present invention
is installed. Each lighthead has its own corresponding LED
in the pattern 18. Opcration of the “A™ lightheads 58, “B”
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controller and may be turned on
continuously, or pulsed, in the above
situations. The controller may be
implemented in micro-processor
form, (Fig. 2).
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SPECIFICATION Typically the controller may pulse said one
. or more rear lights on and off at approxi-

Automatic high intensity braking indicator- mately 120 (and in general 80-150) flashes

lamp controller for vehicles : per minute. Preferably the controller is ar-

5 : 70 ranged so that, should the brakes be held on
This invention relates to a controller for sup- - for an extended period of time {say 10-15
plementary braking indicator lamps on seconds); the flashing or other actuation will
vehicles, operating automatically to cause cease and the lights restored to their previous
these lamps to provide a high intensity indica- condition. This will prevent annoyance to the

10 tion in the event of braking, so as to provide 75 driver of the following vehicle, particularly in a
a sure warning to the driver of any following . stationary queue of traffic. However, the con-
vehicle and thereby enhance safety on the troller will cause the flashing or other actua-
road. ; tion to commence again if the brakes are re-

The “‘rear end’’ type of impact:is all too leased and then reapplied. :

15 common on the road, particularly,on motor- 80  Preferably also the controller is arranged to
ways and other fast roads and particularly in monitor the operation of the right-turn indica-
hazardous driving conditions e.g. fog, spray tor {or left-turn indicator in the case of left
and darkness. Often for example the driver is hand drive vehicles): if the brakes have been
confronted with an indistinct and bewildering applied for an extended period of time (say

20 panorama of rear lights, rear fog lights, indica- 85 10-15 seconds) whilst the right turn indicator
tors, hazard warning lights and oncoming is operating, then the controller automatically
headlights. Against this general background, it actuates said one or more rear lights {(whether
frequently occurs that the driver fails to notice or not the wipers or rear fog lights are other-
or react quickly to conventional brake lights wise energised). This provides a distinctive

25 being illuminated on the vehicle or vehicles in 90 warning of a stationary vehicle waiting in the
front. This, can all too easily result in a se- middle of the road to rurn right.
rious “‘rear end’’ impact, the extended reaction Embodiments of this invention will now be
time plus the braking time determining a described by way of examples only and with
‘stopping distance which is greater than the reference to the accompanying drawing, in

30 distance to the vehicle in front. In effect, the 95 which: _
extended reaction time is due to a form of Figure 1is a block diagram of a controller in
information overload on the driver, namely the accordance with the invention; and
quantity, clarity and varying form of lights Figure 2 is a block diagram of a correspond-
confronting the driver seriously delay him re- ing microprocessor implementation of the con-

35 acting to the normal brake lights illuminating 100 troller. :
on the vehicle ahead. The “rear end’ type of In the example of controlier unit shown in
impact is particularly common on motorways Fig. 1, signals RFLS and WS from a rear fog
for example, in high traffic density, high light switch and the wipers switch, respec-
speed, hazardous visibility (e.g. due to spray, tively, are applied to inputs A, B, of an OR

40 fog and driving rain) and contra-flow condi- 105 gate 1. A signal BLS from the brake light
tions. switch is applied to an input £ of an AND

In accordance with this invention there is gate 2. Operation of the wiper switch applies
provided a controller for ane or more rear a high to input B of OR gate 1, in wrn provid-
lights of a vehicle, which controller monitors if ing a high at its output C and this is applied

45 either the vehicle windscreen wipers or the 110 to an input D of AND gate 2. If then the
rear fog lights are energised, and further moni- brakes are applied, a high is applied to input E
tors for application of the footbrake, whilst of AND gate 2 and to input H of a delay
either the wipers or rear fog lights are ener- generator 4. Input G of AND gate 2 is nor-
gised, to actuate said one or more rear lights mally high (being the untriggered state of out-

50 so as to provide a warning indication. 115 put J of delay generator 4). Input F of AND

Hazardous visibility condition$ g.g. wet or gate 2 alternates between high and low logic
fog, will cause the driver ta switch on the levels at a rate determined by a square wave
windscreen wipers and/or the rear fog lights. generator 3-typically 0.25 sec ON/0.25 ssc
Then, when he brakes, the controller auto- OFF.

55 matically actuates said one or more rear 120  Thus, under the above circumstances of the
lights. , brakes being applied whilst the wipers are on,

The controller may actuate the vehicle’s rear inputs D, E, F and G of AND gate 2 combine
fog lights, which are now a statutory require- together to produce an alternating high/low
ment on modern vehicles, by pulsing them on logic output (at K). This pulsing output is ap-

60 and off. Instead, some other light or lights 125 plied to input M of an exclusive OR gate 5
may be provided to the rear of the vehicle and transmitted from output N of this gate,
and either pulsed or energised continuously. through an exclusive OR gate 11 and to input
The controller may form a unit readily and S of a power switch 7: this power switch
simply fitted to existing foad vehicles, or to feeds powsr to the rear fog lamps over line

65 vehicles at manufacture. 130 RFL and thus these rear fog lamps produce a



