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DESCRIPTION

LASER SYSTEM WITH PROTECTION DEVICE

The invention concerns a protection device for a laser
system for creating a laser system that protects the
eyes. The laser system comprises at least one active
laser with at least one beam guide in this case. The
protection device is in particular provided for a laser
weapon. The protection or eye safety of potentially
endangered people is provided in this case by at least
one additional safety device. Said safety device 1is
intended to bring about or cause at least closing of
the eye and/or possibly turning the viewing direction
away from the receptor point of the active laser beam
on a target. The safety device can comprise a further
laser as a warning laser, which is used operating in a
visible spectral range shortly before the use of the

active laser.

Laser effectors can be implemented as very precise
weapons that can concentrate the action of a very small
fleck, a so-called receptor point, on the target
object. Furthermore, directional and diffuse
reflections of the laser radiation can occur about the
receptor point, depending on the laser power, the
material and surface quality of the target object. Said
laser radiation can also sometimes be damaging to the

eyes.

The ©permissible laser power density according to
international standards for the exposure to radiation
(exposure limit value ELV) of the eye is 50 W/m? for an

applied wavelength of 1.06 um.

With some application scenarios discussed for laser
weapons (attacking a pickup, speedboat, jet ski etc.)

it cannot be excluded that the ELV value for the eye 1is
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exceeded 1n the case of soldiers, combatants and
civilians located in the immediate vicinity of the
receptor point and/or appearing in the direction of the
reflections or scattering of the laser beam (active
laser beam) from the receptor point. Looking into the
direct beam/laser beam or at the receptor point from a
short distance can lead to exceeding the ELV and

thereby to damage.

DE 693 06 078 T2 already concerns the topic of eye
protection. This document describes an optical laser
target device with alternating blocking of the laser
and observation beam paths. A movable element blocks
the laser beam when the target beam is not blocked by
the movable element. During this the laser beam and the
target beam are alternately blocked with such a
frequency that the persistence of the retinal image of

the operator is maintained.

DE 601 08 174 T2 (EP 1 391 014 Bl) proposes to allow a
laser weapon to operate in the visually safe wavelength

range.

DE 10 2012 221 164 Al concerns a device and a method
for detecting laser radiation. DE 14 97 569 A is cited
therein, wherein it 1is displayed to the wuser of a
periscope by means of a warning lamp that the periscope
is directed towards a 1light source with eye-damaging
radiation. The protection device can be used against
laser radiation in optical instruments. However,
because only directly incident laser radiation can be
detected, DE 10 2012 221 164 Al proposes to monitor
incident 1light from a larger spatial angle for the
presence of coherent, monochromatic or polarized laser

radiation with a device and to output a warning signal.

Although said ©proposals appear practical, the use

thereof for the present problem of eye protection while
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guaranteeing reliability is not practical, in
particular as a laser weapon (or a weapon laser). The
aforementioned eye-safe implemented lasers do not meet
the requirements placed on a weapon laser or have
significant disadvantages, compared for example to a
Yb:YAG laser (weapon lasers), 1in terms of available
laser power, achievable beam gquality, illumination
duration, stability, efficiency (electrical to

optical), availability etc.

It is the object of the invention to exclude eye damage
resulting from looking into the direct high intensity
beam of an active laser, or at least to prevent the

same.

The object is achieved by the features of claim 1.
Advantageous embodiments are contained in the

subordinate claims.

The invention 1is based on the idea of protecting a
person against the eye-damaging light radiation of an
active laser and warning said person. In addition to
said warning, it is intended that eye safety is
provided by either stimulating the eye closure reflex
to close the eye and/or Dby changing the viewing
direction of the person(s) from the receptor point and
thereby from the scattered radiation or direct exposure
to the radiation. It 1s provided to furnish a
protection device against laser beams that are directly
or indirectly incident on a target/object (for example

diffuse scattered radiation).

The background of the idea is to shift the ELV wvalue
for the scattered radiation from a low limit wvalue of
the (open) eye to a high 1limit wvalue of the skin
(closed eye). For the closed eye the ELV value is 1000
W/m? (for human skin) and is thus greater by a factor of
20.
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As a protective device, in addition to the active laser
a laser 1is operated that works in a visible spectral
range. Said laser 1s used shortly before the active
laser 1is wused. Said wuse 1is intended to result in
closure of the eyes of the person(s) and/or turning the
viewing direction away from the receptor point of the

active laser beam.

Alternatively, by selecting the surface that 1is
illuminated by said laser the wview to the receptor
point can be interrupted or the line of sight to the
receptor point can be made unavailable. A laser

operating in the green spectral range is preferable.

However, there 1s also the possibility of indicating
the anticipated danger to the person or the people by
transmitting a red laser beam. This can then be pulsed
for example to signal to the people. Such pulsed red
laser radiation can for example be used if primarily

only tuning away is intended to be caused.

Said laser is used in addition to the active laser and
is used primarily for warning, which occurs with a time
offset from the active laser. In this case, the warning
laser can be a dazzling laser (dazzler), such as for
example a GLOW (Green Laser Optical Warner). The active
laser can be a fiber laser (approx. 1-100 kW/cm?). Other
alternative lasers are known to the person skilled in
the art.

The additional laser preferably illuminates at least
the same surface on the target as the active laser.
However, depending on the vignette (military: small
system, application scenario) the surface illuminated
by the additional laser on the object/target can also
be much larger than the surface illuminated by the

active 1laser, 1in order to allow the person or the
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people the line of sight to the receptor point. The at
least one person in the effective range of the active
laser notices said illumination. Intuitively, said
illumination 1is perceived to be a danger. Because of
the wvisibility of the 1laser beam of the additional
laser, the at least one person will follow the human
reflex, the so-called eyelid reflex, and/or will turn
the viewing direction away from the beam direction of
the additional laser (dazzling laser) or from

reflections from the illuminated object/target.

Only after a predetermined time, as a rule after
approx. 250 ms (eyelid reflex or time to turn away), 1is
the actual active laser then switched onto the

object/target.

Due to said forewarning by the additional laser or the
time delay of the use of the active laser after the
additional laser Dbecomes effective, it 1is possible to
avoid, or at least to minimize, damage to the people by
the radiation of the active laser or the scattered
radiation thereof from the receptor point. Damage can
be considerably reduced as a result. In particular, in
the case of successful eye closure, avoidance of
(permanent) damage is achieved, because now the
considerably higher ELV wvalue for the skin (closed

eyes) 1is responsible.

Owing to this solution, active lasers can be used in
vignettes and the risk to people (such as soldiers,
combatants, civilians etc.) can be considerably

reduced.

The additional laser (dazzling laser) can be used both
axially parallel in the optical axis of and offset from
the active laser. The additional laser can additionally
also be used as an illuminating laser for the active

laser.
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With the additional laser, graduation of the escalation
is achieved, Dbecause the people are given prior visual

warning.

It will Dbe understood that the protection device
according to the invention can also be used as an
active laser in material processing etc., i.e. also in

civil fields.

The invention will be described in detail wusing an

exemplary embodiment with drawings.

Figs. 1 through 3 show in sketch form a target 10 that
is to be attacked by at least one laser system, here by
an active laser 1. A beam guide 1.1 is associated with
the active 1laser 1. The active laser 1 1is a laser
weapon for attacking the target 10 in this exemplary

embodiment.

14 denotes an effective range that exists around the
target 10 when using the active laser 1. As can be seen
from the figure, at least one endangered object 12,
here at least one person 12, is in the effective range
14 of the active laser 1 or in the effective range 14

of the laser radiation thereof.

In order to avoid that eye injuries etc. could be
caused to the person 12 by the laser radiation of the
active laser 1, a protection device 100 is provided.
Said protection device 100 has the task of signaling a
hazardous situation to the person 12. In the preferred
implementation, this signal is intended to have the
result that the person 12 closes their eyes
automatically (human reaction to brightness for

example) .
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An additional laser 2 with a beam guide 2.1 is provided
as a protection device 100 in the preferred
implementation. said laser 2 is primarily operated as a

warning laser.

According to fig. 1, said additional laser 2 can
operate offset from the active laser 1. The active
laser 1 and the additional laser 2 are spaced apart

from each other and from the target 10.

According to fig. 2, the active 1laser 1 and the
additional laser 2 are oriented axially parallel to
each other. The two are preferably disposed in the

immediate vicinity of each other.

In the exemplary embodiment according to fig. 3, the
active laser 1 and the warning laser 2 use the same
beam guide 3. The actual beam guide 1.1 or 2.1 can be
omitted, because the additional laser 2 and the active
laser 1 are not operated at the same time Dbut
successively. A changeover to the beam guide 3 can be

provided.

The active laser 1 can be a fiber laser (for example a
Yb:YAG laser). The additional laser 2 can be a dazzling
laser. Said dazzling laser can operate in the green
spectral range. Whereas the active laser 1 preferably
operates in the range from 1-100 kW/cm?, the power of a

dazzling laser is preferably 1-100 mW/cm?.
The manner of operation is as follows:

The effective range 14 of the active laser 1, which can
be different depending on the design of the active
laser 1 1f this i1s unknown, is intended to Dbe

determined in advance.
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At least said effective range 14 of the active laser 1
is then monitored for people 12. The monitoring can be
carried out visually or by means of sensors (not shown
in detail). If at 1least one person 12 1is detected
within said effective range 14 of the active laser 1,
visually or by means of the sensors, switching on the
additional 1laser 2 1s carried out before possible
operation of the active laser 1. This switching on can
be carried out manually. Automatic switch-on is
possible, for example Dbecause of the sensor data

processed in a control unit (not shown in detail).

By transmitting a visible light beam by the additional
laser 2, the at least one person 12 is notified that he
is in an endangered area. The visible 1light beam is
transmitted as a warning signal in this case. The
warning signal can be a green, red or another color of

light beam.

With said information, the person 12 is warned about a
hazard. As a result, it can be achieved that the at
least one person 12 is prompted at least to close their
eyes and/or to turn the viewing direction of the
person(s) away from the receptor point 13 and thereby
from the scattered radiation or direct exposure to the
radiation of the subsequently switched on active laser
1.

Only after a ©predetermined time, i.e. after the
switching on of the additional laser 2, as a rule after
approx. 250 ms, is the actual active 1laser 1 then
switched on to the object/target 10. This switch-on can

preferably be initiated by the control unit.

The additional laser 2 can additionally or
alternatively be used as an illuminating laser for the

active laser 2.
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Claims

1. A laser system with an active laser (1) with at
least one beam guide (1.1, 3) and an effective range
(14) about an object/target (10) when the active laser
(1) is in wuse, characterized by a protection device
(100) with at least one additional 1laser (2) that
operates 1in a visible spectral range, wherein the
additional 1laser (2) 1s switched on if at least one
person (12) has been detected in the effective range
(14) of the active laser (1) before the active laser

(1) is used.

2. The laser system as claimed in claim 1,
characterized in that the active laser (1) and the
additional laser (2) are mounted separately from each

other.

3. The laser system as claimed in claim 1,
characterized in that the active laser (1) and the
additional laser (2) are oriented axially parallel to

each other.

4. The laser system as claimed in any one of claims 1
through 3, characterized in that the active laser (1)
and the additional laser (2) access a common beam guide
(3) .

5. The laser system as claimed in any one of claims 1
through 4, characterized in that the active laser (1)

is a fiber laser.

6. The laser system as claimed in any one of claims 1
through 5, characterized in that the additional laser
(2) is a dazzling laser, and wherein the power of the

dazzling laser is in a range of 1-100 mW/cm?.
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7. The laser system as claimed in claim 6,
characterized in that the dazzling laser operates in a

green spectral range.

8. The laser system as claimed in any one of claims 1
through 7, characterized in that the protection device

(100) functions as an illuminating laser.

9. A  method for the protection against laser
radiation of a laser system with an active laser (1)
with at least one beam guide (1.1, 3) and an effective
range (14) about an object/target (10) when the active
laser (1) is 1in wuse, characterized by the following

steps:

e determining the effective range (14) about the
object/target (10),

e monitoring at least the effective range (14)

for people (12),

e transmitting a visible 1light beam by an
additional laser (2) after detecting at least

one person (12),

e switching the active laser (1) onto the

object/target (10).

10. The method as claimed in claim 9, characterized in
that switching on the active laser (1) is carried out
with a time offset relative to switching on the

additional laser (2).

11. The method as claimed in claim 9 or 10,
characterized in that the additional laser (2)
illuminates at least the same surface on the

object/target (10) as the active laser (1).

12. The method as claimed in c¢laim 11, wherein the

surface on the object/target (10) illuminated by the
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additional laser (2) is larger than the surface

illuminated by the active laser (1).

13. The method as claimed in claim 11, wherein the
additional laser (1) is a dazzling laser and the power

of the dazzling laser is in a range of 1-100 mW/cm2.



