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A microprocessor-controlled
light screen comprises a plurality of
light transmitters and light receivers

" MASTER

SCREEN

Transmittor — Recelver

arranged in a holder on one side of
the screen opening, and a corre-
sponding number of light receivers
and light transmitters arranged in a
holder on the opposite side of the
screen opening. Mutually opposite
light transmitters and light receivers
are sequentially actuable in pairs
from a data processor over a given
period of time. The light screen is
characterized in that the data proces-
sor for each light transmitter and
light receiver respectively is pro-
grammed to transmit a train of light
pulses (codes) and to receive and
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change the received codes and to re-

transmit the changed code to a re-
ceiver on the opposite side. The data
unit on one side functions as a Mas-
ter, and on the other side as a Slave.
The data units are programmed to
change (invert) received codes, and
to transmit the changed codes to the
opposite side.
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A MICROPROCESSOR-CONTROLLED LIGHT SCREEN

The present invention relates to a micropro-
cessor-controlled light screen intended to guard
against accidents when working with dangerous machines,
for example presses, should an object be passed unin-
tentionally into the screen opening. Such light
screens , or barriers, must be highly reliable. The
light screen comprises a series of electrical light
transmitters which are placed in a holder on one side
of the curtain screen and which are arranged to send
out a train of light pulses (codes), while a corres-
ponding number of light pulse detectors are arranged
in a holder on the opposite side of the opening, for
detecting the presence of an object in the screen
opening, as a result of one or more of the beams trans-
mitted being blocked by said object. The transmitters
used may be light diodes which transmit invisible
IR-light. The light, screen is coupled to separate
sensing devices, which stop the machine should an
object be passed into said opening, or sqquld a
fault occur in the monitoring system.

The characterizing features of the %nvention are
set forth in the following claims.

The invention will now be described in more
detail with reference to the accompanying drawings,
in which Figure 1 illustrates schematically how the
light screen system is constructed; Figure 2 is a
block schematic of one of two identical processor
units having four transmitter and four receiver units’,
and a mains unit; Figure 3 is a circuit diagram for
one of the two identical units; Figure 4 illustrates
the pulse-train communication between the two pro-
cessor units Master and Slave, and also illustrates
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the change in the pulse train after each step;
Figure 5 shows the shape of the pulses; and Figure
6 is a flow diagram of the programmes of the two

microprocessors.
The light screen. comprises two totally separate

micro processors which are separated galvanically

and which communicate with one another via the light
curtain, i.e. the one data processor sends informa=-
tion with invisible IR-1light to the other processor,
and vice versa. With respect to hardware, the two
processor systems are identical, while their software
(data cards) are mutually different. When programmed,
the one data.processor assumes the character of a so-
called Master, and the other the character of a so-
called Slave. This merely means that the one data
processor has predominance when starting-up and the
like. Connected to the data processors in the drawings
are four identical transmitter units and four identic-
cal receiver units, e.g. light diodes for invisible
light and photodiodes or -phototransisters. In
addition, there is provided a mains unit for the vari-
ous data systems.

The light diode is driven by a so-called driver
(a current amplifier), Figure 2. The current ampli-
fier on the receiver side is sensitive to a given
frequency, e.g. 42kHz, and consequently the transmitter
must also be pulsed with the same frequency. This, is
effected by means of an oscillator, the frequency of
which is set to 42kHz. The oscillator pulses are
added logically to the information-carrying pulses of
the data processor by means of a so-called gate.
Arranged on the receiver side is a photodiode incor-
porating an associated amplifier in an aluminium

casing. The signal then passes to a tone decoder,

which may be a phase-locked circuit having a frequency
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of 42kHz, Fiéure 3.
The Operational Mode of the Data Processors

- The basic principle of the present invention is
to cause two completely separate data processors to
communicate with one another in an interactive manner,

i.e. one data processor controls the operational mode
of the other data processor and vice versa. This means
that the total function is twice as safe. The princi-
ple of communication is one in which the transmitter
S1 of the Master transmits a code communication to the
receiver M, in accordance with Figure 4. This code can
contain two ones (11). The Slave re-sends through the
transmitter S1 a new code to the receiver Ml of the
Master, namely two zeros (00) for example, i.e. it in-
verts both data bits. If this code (00) reaches the
receiver M1l of the Master, the transmitterISZ of the
Master sends a new code, in this case a one and a zero
(10). If the light' screen remains undisturbed, i.e.
no object is present in the :screen openiné, all code
words are sent, in accordance with Figure 4, where-
upon the Master begins again from the beginning.
Should a 1light beam be broken, e.g. the light beam
transmitted from the transmitter S2 of the Master to
the receiver M2 of the Slave, the Slave will wait,

in vain, for a pulse for five ms, and whenlreceiving
no pulse within this period of time will initiate an
alarm signal or will activate a relay or like device,
to stop the machine. After a further few micro
seconds have lapsed, the receiver M2 of the Master
will become aware that the chain has been broken, i.e.

the receiver receives no signal and also passes

immediately into an alarm state. At the same time

as the Master switches to an alarm state, it begins
to transmit a signal to the transmitter M1 etc., so
as to be able to check whether the fault is temporary
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or permanent. If the fault still exists when the sig-
nél reaches receiver M2, the alarm state of the Master
will continue. This means that each data processor
is not only monitored by the light screen and the

5 second data processor, but also by all components in
the two systems. This doubles the functional safety
of the systems.

The shape or appearance of the pulses is shown

in Figure 5. Each pulse begins with a so-called

10 start bit having a duration of one ms, the start bit
being followed by two data bits. Each data bit has -
a length of one ms. When a data bit has a length
of one ms, the transmitter transmits pulsating infra-
red light having a frequency of 42kHz. Figure 6

15 illustrates a flow sheet for the programmes of the
two data processors. The programmes of the two data
processors are written in their entirety in Figure
2. _

In order to avoid optical activity in the paths

20 travelled by the light beams, each of the transmitters
S and the receivers M are mounted approximately 40mm
in their respectove holes in the aforesaid holders.
This provides a certain degree of collimation of the
beams. Despite these holes, the beams spread or

25 widen quite considerably, which means that the light
diode or transmitter 1 can be sensed by both the re-
ceivers 1 and 2, and possibly also by the receiver 3.
This makes no difference, however, since each data-
processor itself chooses, in an intelligent manner,

30 which receiver shall be active at each moment.
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CLAIMS

1. A microprocessor-controlled light screen. com=-

5 prising a plurality of light transmitters and light
receivers arranged in a holder on one side of the scr-
een opening, and a corresponding number of light
receivers and light transmitters arranged in a holder
on the opposite side of said screen opening, where-

10 with mutually opposite light transmitters and light
receivers are sequentially actuable in pairs from a
data processor over a given period of time, charac-
terized in that the data processor for each light
transmitter and light receiver respectively is pro-

15 grammed to transmit light-pulse trains (codes) and
to receive and to change the received code and trans-
mit said changed code to a receiver on the opposite .

side.

20 2, A light screen. according to Claim 1, charac-
terized in that the light transmitters and light
receivers on respective sides are connected to iden-~

tical data units (microprocessors).

25 3. A light screen according to Claim 2, charac-
terized in that with respect to hardware the data
units (microprocessors) on both sides of the curtain
opening are identical, but contain mutually different

software.

30 .
4 A light screen according to Claim 3, charac=-

terized in that the data unit on one side of the
opening functions as a Master, and the data unit on

the other side functions as a Slave.
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5. A light screen according to any‘one of the pre-
ceding Claims, characterized in that the data units are
programmed to change received codes, and to transmit
the changed codes to the opposite side.

6. A light screen according to Claim 5, charac-
terized in that the data units are programmed to in-
vert received codes, and to send said inverted codes

to the receiver on the opposite side.

7. A light screen. according to any one of the pre-
ceding Claims, characterized in that the data units
have a plurality of light transmitters and light
receivers respectively, and also a mains unit.
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