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(57) Abrége/Abstract:
An illuminated sign for traffic control, in particular for road traffic, which comprises light sources for generation of the sign and a

monitoring device for functional monitoring of the light source, whereby the light sources are embodied as light diodes (LED) and
the monitoring device Is embodied as a device for the limited current loading of the light diodes (LED). The functional monitoring
of sald sign can be achieved with reasonable technical requirements in both the deactivated and activated state thereof.
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ABSTRACT

An illuminated sign for traffic control, in particular for road traffic, which comprises light sources for generation of
the sign and a monitoring device for functional monitoring of the light source, whereby the light sources are
embodied as light diodes (LED) and the monitoring device 1s embodied as a device for the limited current loading of
the light diodes (LED). The functional monitoring of said sign can be achieved with reasonable technical
requirements in both the deactivated and activated state thereof.
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Description

Illuminated sign for traffic control, and a method for

functional monitoring of such a sign

The invention relates to an 1lluminated sign for
traffic control, 1in particular for road traffic, as

claimed in the precharacterizing clause of patent claim

1, and to a method for functional monitoring of such a

sign as claimed in the precharacterizing clause of
patent claim 9.

Signs of widely differing types and importance are
generally used for controlling traffic, 1n order to
assist the smooth handling of the traffic. This applies
to marine navigation, to aircraft, for example to
ailrports, as well as to all rail traffic, but 1in

particular to road traffic. Owing to the continuously

rising amount of traffic, ever more traffic signs and
illuminated signs are used for «controlling traffic
within cities and for controlling long-distance
traffic. An increasing proportion of these signs are
produced by light sources. Typical examples of this are

the changing illuminated signs for 1light signaling

systems at roadway crossings and the changing traffic
signs at so-called freeway 1ntersections. At the
moment, incandescent lamps are primarily used as the

light sources for illuminated signs such as these.

Incandescent lamps can fail by a short or

discontinuity, thus resulting in a sign to be produced
by them becoming distorted, with inadequate 1light
intensity or not being displayed at all. In order to
prevent an incorrectly displayed illuminated sign from

confusing those in the traffic, it must be switched off

immediately in order to avoid a risk of accidents. In
order to make it possible to check the availability of

a safety-relevant sign, for example a red traffic
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light, a speed 1limit or a warning display, even when it
1s switched off, the monitoring must take place all the
time, that 1s to say even when the corresponding sign

1s not active, that 1is to say when it 1s not actually
illuminated.
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Functional monitoring of the incandescent lamps that
produce a sign can be carried out by passing a current
through their filaments. The inertia of a filament
means that the serviceability of the incandescent lamp
can be tested by passing a current through the filament
for a short time, for example for 1 ms, without any
light emerging. The article “On-board multiplexing
system checks car’s lights automatically” on pages 68

and /0 of Electronics International may be cited as a

reference for a cold lamp test such as this for

automatically checking a car lighting system. In this
case, commands to activate the lamps are passed via a
microprocessor, the signals of the lamps and sensors

are monitored, and the driver 1is informed of any

malfunction by means of a display on the dashboard. A
power transistor connects the 1lighting system to the
car Dpbattery. A high-impedance voltage divider 1is
connected 1n parallel with this, and 1its <center
potential 1s used as a criterion for checklng a lamp
state. During operation, the microprocessor checks the
value of the center potential of the voltage divider
every 10 ms. When a light i1s switched on, the potential
1s 12 V and when it 1is off, the potential is 0 V. 1In
the event of a short in the lamp circuit, the potential
1s, however, 0 V in both cases. In order to obtain a
positlive 1ndication for all possible faults and light

operating modes, the test must be extended in order
also to include the OFF mode when the light is switched
on the ON mode when the 1light 1s switched off A

-

switched-on lamp is switched off for about 100 ms once

every second by the system; when it is off, the system

switches 1t on periodically for 100 ms every 40

seconds. The tests starts when the engine is started,
and ends 100 s after the engine 1is stopped. This

extended operation ensures that lamp failures are

detected even during the period when the filament is
cooling down.
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Incandescent lamps are now increasingly being replaced
by light-emitting diodes, which are also referred to in
the following text for short as LEDs, since, as a low-
malntenance and high-availability light source for

optical signs, LEDs have many advantages for economic

operation of
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light signaling systems. One problem is that signs

which can be produced by LEDs have until now been

capable of being monitored only when they are in the

switched-on state. It has therefore not been possible
to use LED technology for safety-relevant signs, whose
serviceablility must also be monitored when they are
switched off. Owing to the effectively inertia-free
conversion of current to light in LED light sources, a

functional test analogous to the so-called cold lamp

test was not feasible without production of disturbing,
and thus unacceptable, 1light flashes. In complete
darkness, when an LED is operated at its rated current,
even pulses with a length of more than about 0.3 us and
with a continuous current of more than about 5 pA are
noticeable in a disturbing manner, largely
independently of the repetition rate. Signs with
functional monitoring which produce sufficiently short
and weak current pulses and can reliably monitor them

nhave not wuntil now been feasible at an acceptable

complexity level.

The 1nvention 1s thus based on the object of providing
an llluminated sign as well as a method for functional
monltoring of a sign of the type mentioned initially,
such that the serviceability of the sign can be
monitored both when it is switched on and when it is

switched off, with an acceptable technical complexity
level.

One part of the object according to the invention is
achieved by an illuminated sign of the type mentioned
initlally having the features mentioned in the
characterizing part of patent claim 1. By limiting the
current through the light-emitting diodes that is built
up after the light source has been switched on on the

baslis of the time duration or level, the light emission
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which occurs directly from the LEDs can be restricted
such that 1t is no longer perceptible for a viewer,
even 1n darkness. This avoids light flashes that would
disturb those in the traffic. The rise in the current
through the light-emitting diodes is used as the

serviceability criterion.
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In one preferred refinement of the invention, the
monitoring device for the illuminated sign has

switching means for switching off the current flow,

once 1t has been switched on, when the current level
reaches a predetermined threshold value. The electrical
current flowing through the light-emitting diodes is in
this case limited Dby presetting a maximum threshold
value at which the LED current level once it 1is

g

switched off has been built up. Parts of the existing

current monitoring device from the incandescent lamp

technology can advantageously be used for the circuitry

y—

lmplementation of this form of current regulation, thus

minlmizing the circuit cost.

In one advantageous embodiment of the invention, the
switching means are in the form of a digital 1logic
circuilt with a memory element. The LED current limiting

can therefore be achieved, for example, by using a D-

flipflop as the memory element, and by means of further

standard components from semliconductor circuit
technology.

In one preferred embodiment of the invention, the
monitoring device 1s also designed to measure the
voltage which 1is dropped across light-emitting diodes

when current 1s flowing through them. This separate

additional monitoring of the voltage makes it possible
Lo detect a failed light-emitting diode despite the LED
current flow, for example in the event of a short. This

improves the reliability of the functional testing of

an llluminated sign according to the invention.

In other advantageous embodiments, the 1light sources

are arranged as a chain of series-connected light-

emitting diodes or as a cluster of light-emitting

diodes which are connected to one another. This 1is

e e rp—_r— P - S
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advantageously used 1in an embodiment of illuminated

signs with symbols in the form of 1lines, or flat
structures.

Illuminated signs according to the invention and with

functional monitoring can preferably be wused for
traffic signs, in particular for those
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signs with the option o0of alternately displaying
different signs, or for 1light signaling systems, that
is to say for the generally known traffic lights.

The other object element 1is achieved by a method of the

type mentioned initially having the features mentioned
in the characterizing part of patent claim 9. Since the
current flow through the light-emitting diodes 1s first
of all switched on, a current monitoring signal which
represents the current level through the light-emitting
diodes is generated and, on reaching a predetermined
threshold wvalue for the current monitoring signal, the
current flow is switched off again, the light sources
in the illuminated sign, which are in the form of
light-emitting diodes, have a limlted amount of current
flowing through them during functional monitoring, such

that the only light which 1s emitted 1s no longer
perceptible by a viewer.

In one preferred embodiment of the method according to
the invention, a voltage monitoring signal which
represents the voltage that 1s dropped across the
light-emitting diodes through which a current 1s

flowing 1s also dgenerated. The voltage monitoring

signal is used as an additional criterion for assessing
the serviceability of a light-emitting diode, 1n order

to make it possible to exclude a short when there 1s a

positive LED current flow.

In one advantageous refinement of the method according

to the invention, the current flows when the light-
emitting diodes are 1n an inactive state, or
periodically in an inactive phase. This allows the

functional monitoring to be carried out not only when

the illuminated sign 1s not 1in operation - even for a

lengthy time period of several months - but also during
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operation, by switching off the regular LED current
flow periodically for a short phase, in which the even
shorter test current flow then takes place.
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One exemplary embodiment as well as further advantages
of the invention will be explained 1n more detaill 1n

the following text with reference to the drawings, 1n
which:

Figure 1 shows, schematically, a circuit for current
regulation 1in an illuminated sign according
to the i1nventilion,

Figure 2 shows, schematically, the time periods of an

LED drive signal, and

Figure 3 shows, schematically, the 1logic circuit as

switching means for the monitoring device.

An illuminated sign according to the 1nvention, for
example a changing traffic sign for displaying
different traffic signs alternately, 1s produced, for
example, in an outdoor system which 1s 1n the form of a
display gantry above roadways. The outdoor system has a
mains connection for supplying voltage to the LED
chains, for which purpose a commercially available
industrial switched-mode power supply for a DC voltage
of 48 V and having an input rating of 100 W 1is used.
This is connected wvia a CAN bus to a roadway section
station which comprises a modem as well as a control
and a master module. By way of example, 32 LED chains,
subdivided 1into four groups o©of eight each, can Dbe
driven via a common drive assembly. The drive assembly

contains a digital part and an analog part. The digital

part has modules for initialization, assembly

identification, read/write logic, a test register, the

enabling logic for the normal mode and the test mode,
the LED current setting as well as the current and
voltage monitoring, while the 32 LED current regulators
form the analog part. Up to 8 such drive assemblies can
be connected to a common control unit, and they are
controlled via a processor module which runs a stored

program in order to drive and monitor the LED chains.
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In a changing traffic sign for use on federal freeways,

a light-emitting diode chain comprises, for example, 11
to 19
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series-connected light-emitting diodes LED. Each LED
chain 1is driven, as 1is shown in Figure 1, by a
transistor Q3 which is connected as a current source.
The reference variable for the current 1level 1is the
output voltage from a digital/analog converter DAC,
which is connected to the base of the transistor 03 via
a transistor Q4. When a positive drive signal 1is

present 1n the LED switch-on signal LE, a collector

current which corresponds approximately to the quotient
of the voltage from the converter DAC and the
resistance RS 1is produced after a circuitry-dependent
delay time of approximately 1 ps in the transistor 03.
This constant current flows, minus a small parallel
current flowing through the resistances R2 and R3, as
the operating current through the LED chain. The chain
current 1i1tself produces a voltage drop in a resistance
R1 which 1s connected upstream of the LED chain and, on
reaching the collector/emitter threshold of a

transistor 01, swltches this transistor on and

generates the current monlitoring signal 10. A
transistor Q2 is also driven via resistances R2 and R3
when the voltage drop across the LED chain reaches a
value which 1s set by the voltage divider ratio of R2
to R3, and a voltage monitoring signal UO 4is thus

generated via the transistor Q2. Resistances R6 and R7

as well as R8 and R9 are in this case used for signal

conversion to TTL levels. The monitoring signals IO and
UO are stored in the drive assembly and are signaled
pack to the control unit, where they are processed. The
current monltoring 1s carried out using a standard,
fixed lthreshold for all of the chains: the current
sensor output 1indicates “OFF” when the chain current is

less than 4 mA, and indicates “ON” when it is greater

than 7 mA. The voltage monitoring for all of the LED
chains 1s likewise carried out using a standard, fixed

threshold. In the test mode, all of the LED chains are

checked <cyclically, and current faults are found
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within 10 s. In the normal and test modes, an LED chain
1s deduced to have failed when the preset nominal value
for the voltage indicates “ON” and the measured actual
sensor value for the current level indicates “OFF” at
the same time. A current fault does not lead to

gpiw  gu—
p—

switching off unless a sign which is required at that

time can no longer be identified as being able to be
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displayed. A sign is regarded as no longer capable of

peing displayed when the number of faulty LED chains
exceeds the supplied limit.

The LED drive signal when the light source is active is
pullt up periodically as shown in Figure 2 with a
period duration Tperioa ©0f, for example, 10.0 ms. A
pericd starts at the starting point tg and is
subdivided into an illuminated time Tright, that 1is to
say the maximum LED current flow time of, for example
9.0 ms, and a test time Tpause ©0f, for example, 1.0 ms.
The 1lluminated time Tpight 1S composed of the actual

current-flow time Tcyrrent, wWhich is approximately 0.1 to

1.0 times the illuminated time Tright for dimming as a
function of the environmental brightness. The test

pulse Trest, which has a maximum duration of 0.3 ns, is

produced for functional monitoring of the LED chain
during the test time Tpause- In this case, the pulse
length ensures that the LED current flow does not
result i1n any disturbing light emission to any of those

involved in the traffic. The test pulse Trest may, of

course, be produced not only in a periodic interruption
in the illuminated time Tiigne, but also in a longer-

lasting inactive state of the light source, in order
that the availability of the illuminated sign can be

checked at any time for a safety-relevant application.

The maximum LED current flow time which is required for
the purpose of avoiding visible 1light flashes is
achieved by adding a logic circuit, as shown in Figure

3, to the current regulator circuit - as described in

Figure 1. The LED switch-on signal LE is controlled via
the output OR out of an OR gate OR, for example of the
74HC32 type. In the case of a regular LED current flow,
the 1input OR_1inl is equal to 1, and the output OR out
1s thus likewise 1. In the test mode, the LED input OR

inl 1s equal to 0, and the test input is equal to 1.
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This 1s applied to one input XOR in2 of an EXOR gate
XOR, for example of the 74HC86 type. The state at the
other input XOR inl is initially 0, so that the output

XOR_out assumes the wvalue 1 owing to the different
5 1nput states. The output

o A ek
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XOR_out 1is connected to the second input OR in2 of the

OR gate OR, which thus likewise assumes the value 1. In

consequence, OR out 1s equal to 1, so that the LED test

current flow 1s switched on. The input XOR inl 1is
connected to the output FF Q out of a clock-state-
controlled D flipflop FF, for example of the 74HC74
type, to whose D input FF Reset the signal of the test
input 1s applied, that is to say the wvalue 1. The
flipflop FF does not react to the initial state until
the clock variable at the C input FF Clock assumes the

value 1. This 1s the case when the current monitoring
I0 produces the value 1, that is to say the LED current
level has exceeded the predetermined threshold wvalue.

The Q output FF Q out of the flipflop FF will now
assume the value 1, and, 1n a corresponding manner, 0

wlll assume the value 0. On the one hand, this results
ln the 1input state at XOR inl changing from 0 to 1,
which leads to an output state XOR out of 0; via the OR
gate, this switches off the LED current flow. On the

other hand, FF Q out equal to 1 signals that the LED
chaln 1s serviceable.
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Patent Claims

1. An 1lluminated sign for traffic control, in
particular for road traffic, having light sources for
production of the sign and having a monitoring device
for functional monitoring of the light sources, wherein

the light sources are in the form of light-emitting

diodes (LED), and the monitoring device is designed to
produce a limited current flow through the 1light-
emitting diodes (LED) in order that the light emission
from the light-emitting diodes (LED) 1s restricted such
that 1t 1s not perceptible by a viewer, characterized
1ln that the monitoring device comprises switching means
for switching off the current flow once it has been

switched on, when the current level reaches a

predetermined threshold value.

2. The 1lluminated sign as claimed 1in claim 1,

characterized in that the switching means are in the

form of a digital logic circuit with a memory element
(F'F) .

3. The 1llumlinated sign as claimed in claim 1 or 2,

characterized in that the monitoring device 1S

furthermore designed to measure the voltage which 1is

dropped across the light-emitting diodes (LED) through
which a current is being passed.

4 . The 1lluminated sign as claimed in one of claims 1
to 3, characterized 1in that the light sources are

arranged as a chaln of series-connected light-emitting
drodes (LED).

5. The 1lluminated sign as claimed in one of claims 1

to 3, characterized in that the 1light sources are

e

arranged as a cluster of light-emitting diodes (LED)

which are connected to one another.

AMENDED SHEET
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6. A traffic sign, 1in particular for alternately

displaying different signs, having an illuminated sign
as claimed in one of claims 1 to 5.

7. A light signaling system, in particular a traffic

light, having an illuminated sign as claimed in one of

claims 1 to 5.

8 . A method for functional monitoring of an

1lluminated sign for traffic control, in particular for
road traffic, having 1light sources in the form of
light-emitting diodes (LED) 1in order to produce the
sign, characterized in that the current flow through

the light-emitting diodes (LED) is switched on by

generating a current monitoring signal which represents
the current 1level through the light-emitting diodes

(LED), and 1in that the current flow 1is switched off

when the current monlitoring signal reaches a
predetermined threshold value.

9. The method as claimed in claim 8, characterized in
that a voltage monitoring signal which represents the
voltage that 1s dropped across the light-emitting

diodes through which a current 1is flowing 1is also
generated.

10. The method as claimed in claim 8 or 9,
characterized in that the current flows when the light-
emitting diodes are in an 1lnactive state, Or

periodically when they are in an inactive phase.

Fetherstonhaugh & Co.
Ottawa, Canada
Patent Agents

AMENDED SHEET
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