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‘engi neering type range finding is performed at |ow energy levels, for eye
safety reasons and a retroreflector is used at the target |ocation.

The invention relates to laser systems and in particular to a method of
rendering eye-safe the use of a laser system which is otherwise non—eyeséfe.

This by way of an auxiliary dé_-vice or modification of existing laser equipment.

Background of the Invention:

Lasers and laser-based systems are used extensively in many field
applications including rangefinding, remote sensing and otheré.

All of these systems comprise a laser transmitter which emits a relatively
high intensity lith beam whicﬁ generally is a potential hazard to the human
eye. The eye safety issue in the operation of lasers and laser-based system

poses a restriction on the use of such systems.

There exists a growing demand for eye-safe lasers and it proves more
difficult to implement this for the industrial and the military fields. In spite of_

the fact that the military is using a variety of unsafe equipment in the

- battlefield, in training, the safety issue is most critical, and there is a need to

be able to use equipment for battle and for training. In another example, civil
engineering type rangé finding is performed at low energy levels, for eye

safety reasons and a retroreflector is used at the target location. The

in
be able .
vi |

The



_possibility to increase the transmtter energy |evel w thout conprom sing
“eye safety would inprove significantly the equipnment performance and its
depl oynment. To sol ve probl ens of using high power |asers wthout _
endangering the eye, three approaches exist today: a) The use of a

wavel ength of em ssion where a relatively high intensity radiation can be
used wi t hout a pernmanent danage to the retina. Popul ar wavel engths are
Terr] and [err] This solution is not- always optimal, as it reduces system
performance and i ncreases cost, and i n250me applications it is inpractical
to inplenent, as there is a cross dependence with external systens which
are not wavelength matched. . The case of |aser designators is an exanple to

o nes or BOSIENRY 5 ante Rig RN By Srctor R el B EORB I AREREC, <ot
the laser saeawdild ?mﬁ?é\Fe significantly the equipment performance and its |

deplbyment.

- To solve problems of using high power lasers without endangering the eye,

three approaches exist today:

a) The use of a wavellehgth of emission where a relatively high intehsity
radiation can be used without a permanent damage to the retina. -
Popular wavelengths are 1.54y and 10.6. |
This solution is not always optimal, as it reduces system performance

‘and incféases cost, and in some applications it is impractical to
implement, as there is a cross élependence with external systems
which afe not wavelength matched. The case of laser deéignator.s |s
an example to such systems. ,

Moreover, these wavelengths may cause temporary damage to the

Cornea or to the Vitreous Humor.

b) The use of temporary attenuators of the laser beam, to a safe

radiation level, in potentially hazardous situations.

This method is popular in military training situations and is
accompanied by a boost in reflectivity to the training target, to

cdmpensate for the lost energy in the transmission.



radiration level, in potentially hazardous situations. This method is
popular in mlitary training situations and is acconpani ed by a boost in
reflectivity to the training target, to conpensate for the |ost energy in

t he transm ssion. - 3- The attenuation of the |aser beam during training
Is not a true replication of the conbat condition, as it prevents the
opportunity to aimat randomtargets successfully. It also suffers froma
conplication of the |ogistics of attac@_ng special retroreflector to each

potential target. c) A clearly visible marking of the potentially
hazardous equi pnment, to induce the users to take external precautions or
avoi dance of the |aser beam This m ninum mandatory requirenent is a very

| ow cost  sol ut i PRe latehlatioR b tNe 238 BelMiduring Faibitf) RIrita €S tive and is
prone to accidents. The solutions-that are available today to solve the eye
saf et y Issue ar geplidation of the combat condition as it prevents the opportunity to

aim at random targets successfully. It also suffers from a complication

of the logistics of attaching special retroreflector to each potential

target. -

c) A clearly visible marking of the potentially hazardous equipment, to
induce the users to take external precautions or avoidance of the laser
beam. This. minimum mandatory requirement is a very low cost
solution to the safety issue but it is operators sensitive and is prone to

accidents.

The solutions that are avéilable today to solve the eye safety issue are thus,
in many cases only partial‘solutions to the eye safety issue, are expensive,

impfactical or reduce significantly system performance.

Summary of the !nvention: ’

it is an object of the present invention to provide a sensing mechanism and a
control logic to use with existing laser systems and laser based equipment,

which renders the use of these safe to the human eye.



in many cases only partial solutions to the eye safety issue, are’

* expensive, inpractical or reduce significantly system perfornmance. Sunmary
of the Invention: It is an object of the present invention to provide a
sensing nechanismand a control logic to use with existing |aser systens
and | aser based equi pnent, which renders the use of these safe to the human
eye. It is a further object of the present invention to provide a
sensi ng nmechani sm and control logic to new hi gh-power |asers and | aser
based equi pnent, which renders these saf-e to the human eye. It is a further
obj ect of the present invention to provide a-substitute for existing.|aser
transmitters for short distance range finding applications. The sensing
mechani sm consists of a lowintensity light pulse transmtter, possibly a -
| aser di odtis afigthennhiect of togpresentynventionteproviden sensing nechamismwi t h t he
| aser beam of an existing design, or a different node of operation of the
exi sting |ankbeontrgldogisdrA1avws Rghapewer lasgrerand tases hased equirnaenie

‘" processin ans, whic oyl d be a nodification of the existing receiver or
P grewaers these safe to H\e human eye. g -

It is a further object of the present invention to provide a substitute for_

existing laser transmitters for short distance range finding applications.

The sensing mechanism consists of a low intensity light pulse transmitter,

. po_ssibly a Iasér diode, whose beam is optically combined or optically aligned -
with the laser b_eém of an existing design, or a different mode of operation of
the existing laser. The mechanism further comprises optical receiver and
proceséing means, which could be a modification of the existing receiver or

an addition to such equipment.

The novel mode of operation comprises initiating a .Iow intensity light pulse,
thét will precede the release of the éxisting high bower laser beam, and
establishing the distance of a person in its optical path by calculating the
time delay of the returned echo from this person. Such mode of operation
prevents the actuation of the high power laser beam if the measured distance
is below the eye¥safe distance for such a laser beam. Such operation
ensures by using an eyé-safe light beam, that there is no object, specifically
a human eye in _the path of the anti'cipated laser beam of high eye-damaging

intensity.



an addition to such equi pnent. The novel node of operation conprises
‘initiating a lowintensity light pulse, that wll precede the rel ease of

t he exi sting high power |aser beam and establishing the distance of a
person in its optical path by calculating the tinme delay of the returned
echo fromthis person. Such node of operation prevents the actuation of the
hi gh power | aser beamif the neasured distance is below the eye-safe

. distance for such a | aser beam Such operation ensures by using an eye-safe
| ight beam that there is.no object, sygcifically a human eye in the path

of the anticipated | aser beam of high eye-damaging intensity. - A system
of this invention conprises in addition to the existing | aser a
conparatively | ow power |ight pulse source that emts its beamthrough one -

of the exiétsystersfthislinventioncsamprisasdin:addition ta thegexigtinglasehaough its own
optics collimated onto the target of the existing device. The present -

i nventi on SPRRafAtYEIW-gowshHghtRIise sousethat emitsdis beam througRaRe: pul se

SOUTEE: " of the existing optical channels - the transmitting optics through its own

optics collimated onto the target of the existing device. The present -
invention also provides a power supply to drive the light Iow-povyer pulse

source.

The invention is illustrated with reference to the enclosed Fig. 1, which
illustrates a conventional laser combined with an auxiliary system of the

invention.

- As shown in this Figure, the entire system co.mprises a conventional laser
transmitter 11, which is powered by power supply 12 and which is controlled'
by control logic ahd processor 13, which laser emits a light beam 14 via
beam splittér 15 and via transmitting optics 16 as beam 17 to the object

(person).

There is further providt_ad a light pulse power supply 18, connected to control
~ logic and processor 13, which powers light pulse source 19 which emits a
light pulse 20 via beam splitter 15 and the same transmitting optics 16 to the
object. Light reflected frorﬁ the object (person) passes via optics 21 to
receiver 22 which is connected with the control logic and processor 13. The

sensing light pulse from source 19, returned from the cbject (person) and



The invention is illustrated with reference to the enclosed Fig. 1, which
“illustrates a conventional |aser conmbined with an auxiliary system of the
invention. As shown in this Figure, the entire systemconprises a
conventional |aser transmtter 11, which is powered by power supply 12 and
which is controlled .by control |ogic and processor 13; which |laser emts a
| i ght beam 14 via beamsplitter 15 and via transmtting optics 16 as beam
17 to the object (person). There is further provided a |ight pul se power

. suppl-y 18, connected to control |ogic.@nd processor 13, which powers |ight
pul se source 19 which emts a light pulse 20 via beamsplitter 15 and the
same transmtting optics 16 to the object. Light reflected fromthe object
(person) passes via optics 21 to recei-rver 22 which is connected with the
control |og¢eivedabyp‘eoeigesaa ig svaluated; by contyol logla amdpracelsson 3 ouhich 19,
returned fromthe obAect per son) and -6- received b{ receiver 22 is
eval uat ed engluatienris the bgsis eftbe slesisiry whether taiactuate the Laser

Transmitter 11.

Prior to the initiation of the existing laser transmitter 12 by control IoQic 13
this cohtroi logic 13 fnitiates a triggering signal 13' to the. Light pulse power
supply 18 which drives the light pulse source 19 to emit a short light pulse
20. This beam, by way of optical combiner 15, will be transmitted through
the‘transmitting optic 16 of the main transmitter 11 and will reach same
object the laser system was aimed at. Any object, especially a person', within
the path will return a light echo 23, that after going thI;OUQh receiving optics
21, will be detected by the receiver 22. For some applications the feceiv'er
22 will be modified to act at short ranges, down to zero range. The receiver
22 sends a signal to the contol logic 13 that uses the delay between the
arrival of the echo and the initiation of the light pulse to establish its distance.

- Unit 13 compares the distance of the object, as deduced from the delay, to

. the eye-safe distance required by the standard, and will initiate the trigger to
operate the laser transmitter 11 only if the diétance of the person.is greater

than the eye-safe distance for the main laser.

In some applications, the use of the above described algorithm will be
lacking, as the energy required fo sense and measu.re'distgnce to objects at
the minimum eye-safe distance of the existing design, will call for the use of a
light pulse source 16, which in itself is not eye-safe at zero distance from the

transmitting optics 5.



N

evaluation is the basis of the decision whether to actuate the Laser
"Transmitter 11. Prior to the initiation of the existing |aser transmtter
12 by control logic 13 this control logic 13 initiates a triggering signal
13" to the Light pul se power supply 18 which drives the light pulse source
19 to emt a short light pulse 20. This beam by way of optical conbiner
15, will be transmtted through the transmtting optic 16 of the main
transmitter 11 and will reach sanme object the | aser systemwas ai ned at.
Any object, especially a.person, wthi-z-the path will return a |light echo
23, that after going through receiving optics 21, will be detected by the
receiver 22. For sone applications the receiver 22 will be nodified to act
at short ranges, down to zero range. The receiver 22 sends a signal to the
contol | odr@r sush systemsdie ?lﬁpfﬂ@maﬁﬂfb@ febangaksa thatight pulsersouse®o and t he

initiation of the ul se to, establish its dis anc Unit 13 conpares
the di st arkah be efm{ée@@pgﬁqrocggs%meemb%ﬁ# epRSerkiys SRS ( ec'@,st@psg}) o .
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sense  and JRASMeIHT te2& diStatiRke Gf theFesult of the first pulse shows that

there is no person in the optical path up to a distance L1 than a stronger

second pulse will be emitted to verify that there is no person up to a distance

of L2,

| where L1-<L2

The second pulse can be more powerful, as its requirement for eye safety

have to be met only down to L1. This can be repeated a number of times

with an increasing power from pulse to pulse until full eye-safe conditions are

verified.

As an example, using a 10-20 Watts pulsed laser diode as the light pulse

- source 16, enables to sense objects to 100 meters, is zero range eye-safe
and will verify safety for pulsed 1.06u laser transmitters of ébout 10mJ ber
pulse. Such 10 mJ transmitter is eye-safe above 100 meters and can serve |

in rangefinders for 10 km maximum range.



the m ni num eye-safe di stance of the existing design, wll call for the use
»of a light pulse source-16, which in-itself is not eye-safe at zero
di stance fromthe transmtting optics 5. For such systens the algorithm

can bhe :‘ma“ﬂl“m | i ght pul se source can be emtted and processed in
a nunb m ‘“m l steps. Each step shall be as in the above descri bed
al gorithm cdutt tHe Fight pul se i ntensi48 wi || be progressively increased
wi.th each pul se. The first pulse will be absolutely eye-safe down to zero
distance. If the result of the first pulse shows that there is no person in
the optical path up to a distance L1 than a stronger second pulse will be
emtted tQLAIMBfY that there is no person up to a distance of L2, where
L1 [err] L2 The second pul se can be nore powerful, ‘as its requirenent for
“ eye safety have to be nmet only down to L1. This can be repeated a nunber of
ti-mes with an mcreasmgi power from pul se to pulse until full eye-safe -

conditi ont ar eAn@(yef-safg aser system comprising sensing means for ascertaining

whether a human is present up to the distance at which the laser beam will

cause eye damage, and means for actuating the laser only if such human is

absent up to such distance.

2. A system according to Claim 1, which comprisés means for actuating
the laser at a reddced power output and using such beam for establishing
the presence dr absence of a human within the range where full iaser power
will cause eye -damage, and depending on the results of this test, actuating
the full power laser only in the absence of a human within the dangerous |

distance.

3. A system according to.CIaim 1, comprising a subsystem with a' low -
power outpui laser, means for using this_ low power beam for ascertaining the
presence or absence of a human in thé range where eye damage will be
caused by the high-power laser, said low-poWer beam being directed in the
direction of the target through the optical system of the main laser or through

a separate optical system.

4 A system according to claim 1 or 3, where the low-power laser beam

. source is a laser diode.



As an exanple, using a 10-20 Watts pul sed | aser diode as the |ight pulse
" source 16, enables to sense objects to 100 neters, is zero range eye-safe
and MALL«#ﬁTFfY’Sa ety for pulsed 1 .06[err] | aser transmitters of about 10

mJ per pul se. transnmitter is eye-safe above 100 neters and can
serve | ﬂw 10 km maxi m9m r ange. CLAI M5:- 1. An eye-safe
| aser s ml Ssng*sensi ng neans for ascertaining whether a human is
pr esent up to the distance at which the |aser beamw || cause eye ‘damage,
and neans for actuating the laser only if such human is absent up to such
di stance. 2. A system according to Caim', which conprises neans for
actuating the laser at a reduced power out put and u5| ng such beam f or
establishing the presence or absence of a, human ange where full
| aser power V\AAISY§@J|’%@°§9@'%%§@'"‘%@ @fe‘béﬁ'ﬂﬁrﬁgtwﬁ g‘%‘iﬂ of this
test, actuati ng the full | aser .only in the absence of a human w thin

the dangefRArated aapuise mgge orina contlnuo s mode.

. 6. A system according to any of Claims 1 and 3 to 5, where an auxiliary
low-power laser beam source is coupled to an existing high-power laser

system.

7. A system according to any of Claims 1 to 6, where an auxiliary laser of
weak power is used, which is.operated in a mode of operation different from

that of the high power laser.

8. A system according to Claim 1, comprising means for remote sensing
using microwaves, millimeter waves, acoustic waves or other proximity

detecting means.

9.  Asystem accordlng to any of Claims 1 to 8, mcorporated in a range

flndmg or target desugnatlng device.

~10.  Asystem aocdrding to any of Claims 1 to 9, which is integrated with an
existing laser device which is part thereof, or which is an attachment of such

laser device.



3. A system according to aim1l, conprising a subsystemwth a | ow -
~ power output laser, means for using this | ow power beam for ascertaining
t he presence or absence of a human in the range where eye damage will be
caused by the high-power |aser, said | owpower beam being directed in the
direction of the target through the optli0cal systemof the main |aser or
t hr ough aE¥BpR2ROTECTIONC SYSTEM em 4. A system according to claim1l or 3,

wher e theébg_a'eém | aser beam source is a |laser diode. 5. A system
accordi ng 1, 3 or 4, where the auxiliary laser is operated at a
pul se node or in a continuous node. 6. A system according to any of

Claims 1 and 3 to 5 where an auxiliary |ow power |aser beam source is
COuPLE & RGN BRAGHIAL MR e R baon dha hThSC oL S 0 e,
: s Operat E&rtain @istRiis Rim APRigAtpRWerdhbée cBipristyteBAk 1o sddihinl 88 Pover

asto ascertain the absence of a person within this range, and means for

actuating fhe high power laser only if the scan indicates that no such person

is preseni in the specified range. There is also provided a method for eye

protection against damage by high-output lasers, which comprises effecting a

scan with a low power laser or other means, harmless to human eyes within _

the specific range, and for actuating high power laser radiation only after a .

clear indication that no person is present within the dangerous zone.

FIGURE 1
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8. ~ A systemaccording to Gaim1, conprising means for'renDte sensi ng
usi ng mcrowaves, nmllineter waves, acoustic waves or other proximty
detecting. neans. 9. A system according to any of Clainms 1 to 8,

.incorporated in a range finding or target designating device. 10. A system

according to any of Claims 1 to 9, which is integrated with an existing
| aser device which is part thereof, olAhich is an attachnent of such |aser
devi ce. :

Figure 1




