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(57) ABSTRACT

According to certain examples, a head-mounted apparatus
includes a safety eyewear component and an optical display
coupled to the safety eyewear component. The safety eye-
wear component 1s configured to be worn of a head of an
operator and to block transmission of a laser light there-
through. The optical display 1s configured to receive data
assoclated with the laser light and to display a wvisual
representation of the laser light i a field of view of the
operator. In other examples, an apparatus includes a display,
a sensor, at least one processor and at least one memory
storing computer-readable instructions that, when executed
by the at least one processor, cause the apparatus to receive,
from the sensor, data associated with a laser light, process
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OPTICAL HEAD-MOUNTED DISPLAYS FOR
LASER SAFETY EYEWEAR

CROSS-REFERENCE TO RELATED PATENT
APPLICATION(S)

This patent application claims the benefit of and priority
to U.S. Provisional Application No. 62/436,004, filed on

Dec. 19, 2016, the contents of which are hereby incorporated
by reference 1n their entirety.

STATEMENT REGARDING FEDERALLY
SPONSORED RESEARCH OR DEVELOPMENT

The invention described herein was made 1 part by
employees of the United States Government and may be
manufactured and used by and for the Government of the
United States for governmental purposes without the pay-
ment of any royalties thereon or therefore.

BACKGROUND

Aspects of this disclosure generally relate to systems and
methods for laser alignment and laser safety eyewear.

Safe operation of a laser beam apparatuses includes
proper eyewear protection. Known laser eyewear protection
may provide a physical and/or optical barrier to protect the
eyes of laser operators by preventing transmission of light at
the laser’s wavelength. Such laser eyewear protection 1s thus
rated for the specific wavelength, power, and/or pulse char-
acteristics of the laser being operated.

In order to align a laser (e.g., with a power meter, an 1r1s,
an optic, and the like) for certain procedures, an operator
may need to be able to see light of the laser that 1s reflected
or scattered (e.g., by particles in air or objects 1n the path of
the laser). Ideally, a laser operator would only make adjust-
ments to the laser’s path with the laser operating at the
lowest possible power setting. However, known laser eye-
wear protection, e.g., laser goggles, often prevents the laser
light from being seen, especially at lower power settings.

To compensate for the above shortcomings 1n laser eye-
wear protection, laser viewing cards may be employed in
conjunction with laser goggles. Such laser viewing cards
emit broadband fluorescence that can be seen through laser
goggles. Thus, the laser beam location may be viewed by
placing the viewing card in the path of the laser beam.

However, known laser viewing cards often have a fairly
high energy threshold that must be met before suflicient
fluorescence to see the laser beam on the card 1s emitted.
Such a high energy threshold may thus require the laser to
be operated at a higher power setting than the threshold
lasing power. Higher power 1s generally more hazardous for
both equipment and personnel and can result 1n damage to
optics or other equipment (1including the viewing card itself)
if the beam 1s misaligned.

Remote viewing of a laser may also be accomplished
using fixed or hand-held video cameras, cell-phone cameras,
or a separate monitor or display. However, video cameras
are often cumbersome to use and require additional space for
the extra equipment, alignment (in the case of fixed cam-
eras), and a free hand (in the case of hand-held cameras).
Monitors may not always be placed in a convenient location,
1.e., where visible by the operator making adjustments to
optical components like mirrors and lenses.

Prior art solutions for laser safety and alignment systems
have not resolved the need for an approach to perform the
above functions with accuracy, efliciency, or with cross-
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applicability to many various system architectures. There-
fore, there 1s a need for systems and methods that address

one or more of the deficiencies described above.

SUMMARY

The present disclosure relates to head-mounted appara-
tuses, systems and methods that that allow a laser operator
to safely view laser light and experimental equipment while
using high-powered lasers. Such apparatuses, systems and
methods allow for alignment of a laser beam even at low
power setting and without requiring cumbersome camera or
image monitoring equipment.

Various aspects of the present disclosure relate to head-
mounted apparatus that provide laser eye protection and
real-time display indicating a representation of a laser.
Aspects of the present disclosure also include methods of

operating a head-mounted apparatus to align a laser beam.

In one embodiment, a head-mounted apparatus includes a
salety eyewear component and an optical display coupled to
the safety eyewear component. The safety eyewear compo-
nent may be configured to be worn on the head of an
operator and to block transmission of light from a laser
therethrough. In some examples, the safety eyewear com-
ponent may include a plurality of filters, each filter corre-
sponding to a specified laser wavelength, wavelengths, or
wavelength range.

The optical display may be configured to receive data
associated with the light from a laser and display a visual
representation of the laser 1n a field of view of the operator.
For instance, the optical display may be configured to
process the recerved data such that the visual representation
depicts a path of the laser beam and/or may be configured to
provide an augmented reality display (e.g., a picture-in-
picture) 1n the field of view of the operator. The optical
display may be configured to communicate with a remote
computing system. The optical display may include one or
more 1nput devices configured to recerve a user selection to
modily a setting of the optical display and/or may be
configured to provide optical zoom 1n the field of view of the
operator. The optical display may be configured to provide
graphical or textual information relating to a setting of the
optical display. The optical display may be configured to
receive mput from one or more sensors, €.g., cameras and/or
power meters.

In another embodiment, an apparatus includes a display,
a sensor, at least one processor and at least one memory. The
at least one memory may store computer-readable instruc-
tions that, when executed by the at least one processor, cause
the apparatus to at least receive, from the sensor, data
indicative of detected light from a laser (e.g., scattered or
reflected), process the data, and provide an image to the
display. The image provided to the display 1s generated
based on the processed data and may include a representa-
tion of the laser beam. In some examples, the at least one
memory may further store computer-readable instructions
that, when executed by the at least one processor cause the
apparatus to adjust a viewing position responsive to receiv-
ing a user selection to modily a viewing option.

The apparatus may further include a laser eye protection
component and the apparatus may be a head-mounted appa-
ratus. In such examples, a portion of the laser eye protection
component and a portion of the display may be positioned to
align with an eye region of a user. The image provided to the
display may include a simulated projection of the laser beam
that corresponds to an actual projection of the laser beam.
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In yet another embodiment, a system includes a head-
mounted frame, a safety lens module removably coupled to

the head-mounted frame and configured to block transmis-

sion of laser light, and an optical display module removably
coupled to the head-mounted frame and configured to pro-
vide a visualization corresponding to the laser. As used
herein, the term “removably coupled” may refer to a physi-
cal coupling (e.g., fastening, bolting, interlocking, press
fitting, or any of various other coupling methods) between
two objects that allows the structures to be uncoupled by a
user. The optical display module may be configured to
provide an augmented reality display representing the laser
beam. The optical display module may be configured to
provide a plurality of user-selectable viewing options and/or
an indication of: a power meter output of the laser beam
and/or a beam profile intensity measurement. The safety lens
module may include a plurality of removable lens 1nserts,
cach lens isert rated for a specific laser wavelength. In
some examples, the safety lens module may be positioned
outside of the optical display module when coupled to the
head-mounted frame. In some other examples, the safety
lens module may be positioned inside of the optical display
module when coupled to the head-mounted frame. The
head-mounted frame may be configured to be worn with:
only the satety lens module, only the optical display module,
or both the safety lens module and the optical display
module.

These and other features, advantages, and objects of the
present disclosure will be further understood and appreci-
ated by those skilled in the art by reference to the following
specifications, claims, and appended drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

Various aspects and advantages of the disclosed embodi-
ments will become apparent upon review of the following
detailed description and upon reference to the drawings 1n
which:

FIG. 1 1llustrates a perspective view of an eyewear device
in accordance with one or more aspects of the present
disclosure:

FI1G. 2 illustrates a eyewear device worn on an operator in
accordance with one or more aspects of the present disclo-
SUre;

FIG. 3 illustrates an exploded view of an eyewear device
in accordance with one or more aspects of the present
disclosure:

FIG. 4 schematically illustrates a laser alignment and
visualization system 1n accordance with one or more aspects
of the present disclosure; and

FIG. 5 1s a flowchart describing a method for alignment
and visualization of a laser 1n accordance with one or more
aspects of the present disclosure.

DETAILED DESCRIPTION OF TH.
INVENTION

L1l

For purposes of description herein, the terms “upper,”
“lower,” “night,” “left,” “rear,” “front,” “vertical,” “horizon-
tal,” and derivatives thereof shall relate to the invention as
oriented 1n FIG. 1. However, it 1s to be understood that the
disclosed embodiments may assume various alternative ori-
entations and step sequences, except where expressly speci-
fied to the contrary. It 1s also to be understood that the
specific devices and processes illustrated 1in the attached
drawings, and described 1n the following specification, are
simply exemplary embodiments of the inventive concepts
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defined 1n the appended claims. Hence, specific dimensions
and other physical characteristics relating to the embodi-
ments disclosed herein are not to be considered as limiting,
unless the claims expressly state otherwise.

In the following description, reference is made to the
accompanying drawings which show, by way of illustration,
various example systems and environments in which aspects
of the present disclosure may be practiced. It 1s to be
understood that other specific arrangements of parts,
example systems, and environments may be utilized and
structural and functional modifications may be made without
departing from the scope of this disclosure.

In addition, the present disclosure 1s described 1n connec-
tion with one or more embodiments. The descriptions set
forth below, however, are not intended to be limited only to
the embodiments described. To the contrary, 1t will be
appreciated that there are numerous equivalents and varia-
tions that may be selectively employed that are consistent
with and encompassed by the disclosures below.

As shown 1n FIG. 1, an eyewear device 100 1n accordance
with one or more aspects of the present disclosure may
include an optical display 130 and a laser safety eyewear
component 140. Optical display 130 and laser safety eye-
wear component 140 may each be coupled to a head-
mounted frame or an adapter that connects to an existing
head-mounted frame 110 such that eyewear device 100 can
be worn on the head of an operator, e.g., with optical display
130 and laser safety eyewear component 140 substantially in
front of the eyes of the operator, or with at least a portion of
optical display 130 and at least a portion of laser safety
cyewear component 140 1n a field of view of the operator.
For example, as shown in FIG. 2, an eyewear device 200 1n
accordance with one or more aspects of the present disclo-
sure may be worn on a head of an operator. Eyewear device
200 may include a head-mounted frame or an adapter that
connects to an existing head-mounted frame 210, an optical
display 230 and a laser safety eyewear component 240,
similar to eyewear device 100 FIG. 1. When eyewear device
200 1s worn as shown in FIG. 2, laser safety eyewear
component 240 substantially covers an eye area and optical
display 230 1s positioned to provide a display in at least a
portion of the operator’s field of view.

Referring again to FIG. 1, laser safety eyewear compo-
nent 140 may be an optically opaque eyewear and may be
configured to block transmission of light from a laser or
other light that may be harmiul to a human eye. Laser safety
cyewear component 140 may include lens inserts, with
various lilters rated for a wavelength of the specific laser
being operated. Such lens inserts may be removably
mounted in the laser safety eyewear component 140. In
some embodiments, laser safety eyewear component 140
may be an existing laser eyewear device, and optical display
130 1s merely attached to the existing laser eyewear, e.g.,
using an adaptor.

Optical display 130 may provide a digital display to at
least a portion of the eyewear device 100. The provided
digital display may display a visual representation of light
from the laser using a frequency range of light able to pass
through the laser safety eyewear component 140. In this
manner, an operator wearing the eyewear device 100 may be
able to visualize light from a laser that 1s otherwise 1nvisible
due to the laser safety eyewear component 140 or due to the
wavelength of the laser. In other words, eyewear device 100
may simplily laser alignment operation by allowing an
operator wearing protective eyewear to see a representation
of the laser beam and/or scattered and/or retlected laser light
without the need for adjusting the intensity of the laser beam
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and/or additional laser viewing equipment. As described 1n
more detail below, optical display 130 may provide an
augmented reality display to the operator. For example,
optical display 130 may provide a display with a visual
representation of the laser beam depicted 1n the same spatial
location as the actual laser beam within the eyewear field of
view. Additionally or alternatively, optical display 130 may
display, 1n a portion of the field of view, information such as
laser setting information or may provide a selection of
viewing options in which optical display 130 provides the
visualization. Optical display 130 may additionally or alter-
natively display indicators of one or more characteristics of
the laser beam including, for example, laser beam intensity,
laser beam profile, an output from a power meter of the laser,
or combinations thereof. In some embodiments, optical
display 130 may be configured to provide an optical zoom
to the display.

Eyewear devices 1n accordance with the present disclo-
sure¢ may enhance safety and reduce potential damage to
other equipment because the laser beam performed with the
laser operating at a low setting (1.¢., the laser operator does
not have to increase a power level of the laser beam to
provide visibility of the laser beam). The optical display may
provide the operator with real-time information. *“Real
time,” as defined and used herein, means delayed only by
transmission, reception, processing, and display. In other
words, an 1mage on the optical display may be provided
during operation of the laser beam and may update as the
laser 1s further moved for alignment.

As shown 1n the exploded view of FIG. 3, an eyewear
device 300 1n accordance with one or more aspects of the
present disclosure may include a head-mounted frame or an
adapter that connects to an existing head-mounted frame
310, an optical display 330 and a laser safety eyewear
component 340, similar to eyewear devices 100 and 200 of
FIGS. 1 and 2, respectively. Optical display 330 and/or laser
safety eyewear component 340 may be removably mounted
in head-mounted frame or frame adapter 310. In other
words, eyewear device 300 may be reconfigured such that
only the optical display 330 or only the laser safety eyewear
component 340 1s mounted on the head-mounted frame. For
example, iI a task does not require optical display 330,
optical display 330 may be detached from eyewear device
and a user may employ eyewear device 300 with only the
laser safety eyewear component 340 mounted thereto. Simi-
larly, laser safety eyewear component 340 may be removed
and a user may employ eyewear device 300 with only optical
display 330 mounted thereto.

When assembled, optical device 330 may be mounted on
head-mounted frame or frame adapter 310 over laser safety
eyewear component 340, e.g., similar to the configuration of
eyewear devices 100 and 200 of FIGS. 1 and 2, respectively.
However, in some examples, optical device 330 may be
mounted on head-mounted frame or frame adapter 310 on an
interior side of laser safety eyewear component 340, e.g., a
side facing the operator’s eyes. The location of the optical
device 330 on head-mounted frame or frame adapter 310,
1.€., relative to the operator’s field of view, may be adjusted
to various positions. For example, optical device 330 may be
positioned below or above an approximate center ol an
operator’s field of view. In some examples, optical device
330 may be positioned proximate to a right side, a left side,
or a middle region.

Still in some examples, eyewear device 300 may 1nclude
head-mounted frame or Iframe adapter 310 and optical
display 330, without laser safety eyewear component 340. In
such an example, an operator may wear an existing laser
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safety eyewear in conjunction with eyewear device 300.
Additionally, optical display 330 may be configured to
adjust display data based on the type of laser safety eyewear
employed. In particular, eyewear device 300 without laser
safety eyewear component 340 may be worn with existing
laser goggles. The view through the existing laser goggles
may be enhanced in some cases by converting the color
being observed to another color that transmits through the
goggles. For example, 1 a red laser is being used and
red-blocking laser safety eyewear are worn, software asso-
ciated with eyewear device 300 may convert red to blue, so
as to be readily transmitted through the laser safety eyewear.
Similarly, color video may be converted to black-and-white
to transmit through the laser safety eyewear. Additional
aspects ol software associated with eyewear devices 1n
accordance with the present disclosure are described 1in more
detail below. A completely opaque laser satety eyewear may
be worn with eyewear device 300 such that the laser
operation 1s suitable for all wavelengths. Currently, there are
many different types of eyewear associated with diflerent
types, powers, and colors of lasers. Head-mounted frame or
frame adapter 310 may have many different manifestations,
which allow eyewear device 300 to be compatible with these
many different type of eyewear. Eyewear device 300 may
thus be employed with any such types of eyewear.

FIG. 4 1illustrates a laser alignment and visualization
system employing eyewear devices 1n accordance with the
present disclosure. In system 400, a device 410 may include
display 411, processor 412, memory 413 and camera 414.
Device 410 may be any type of device that can receive data
and display information associated with the received data,
such as the eyewear devices of FIGS. 1-3. Display 411 may
include an optical display module that provides a visualiza-
tion of a laser beam. Display 411 may provide image, video,
textual and/or graphical information corresponding to
received data, e.g., from camera 414.

Processor 412 may be coupled to the display 411, memory
413 and/or camera 414. For example, processor 412 may
receive data from camera 414 and may process and/or
configure data to be provided on display 411. Camera 414
may be integrated into optical display 330 or be a separate
device or devices. Camera 414 may be sensitive to colors of
invisible laser light that the human eye cannot detect.
Accordingly, camera 414 may be used to align, for example,
high powered infrared lasers like Nd:YAG lasers and for
viewing the beam profiles during the alignment process.
Additionally, camera 414 may also capture eye-sale mnvis-
ible (e.g., infrared or ultraviolet) lasers. Processor 412 may
execute a series of computer-readable 1mnstructions to display
a visual representation of a laser beam on display 411,
among other things.

Memory 413 may provide on-board data storage and may
store soltware that can be executed by processor 412. For
example, memory 413 may store software used by device
410 specific to visualizing a laser beam. Such software may
include digital zoom, 1image stabilization, real-time 1mage
enhancement (e.g., using 1mage subtraction to visualize the
laser beam), real-time 1mage processing, edge-detection,
exposure time adjustment, line-fitting to visualize the laser
beam’s path 1n a laboratory environment, curve-fitting to
extract a laser spatial profile as a laser 1s aligned, image
capture, video capture, overlays from other laboratory
equipment including power meters and oscilloscopes, and
the like. Additionally, processes for augmentation of the
display to include a graphical representation the laser may
utilize various solftware processes including, for example,
Google Glass Develop Kit (GDK), Open Source Computer
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Vision, Library (Open CV); Butterkmife (Jake Wharton),
Floating Action Button (Dmytro Tananyk), Recon Jet Soft-
ware Development Kit (Recon Jet), Vuzix Software Devel-
opment Kit (Vuzix), and/or Circular Progress View (Rahat
Ahmed).

Device 410 may also include one or more mput devices

(not pictured), including but not limited to a microphone,
keypad, touch screen, or other such devices through which
a user may provide mput. Accordingly, the software stored
by memory 413 may be controlled or executed through
voice commands, gestures, and/or through computer user
interface, depending on the mput device includes with
device 410. For example, upon powering up, device 410
may begin 1n a default mode. Upon receiving a user input
selection on at least one of the input devices, a desired mode
may subsequently be activated.
Device 410 may communicate with any number of remote
devices such as computer system 421, laptop 422, tablet
computing device 423, smartphone 424, or other such
devices configured to send/receive data. Communication
with device 410 and other remote devices may occur using,
vartous wired and/or a wireless communication protocols
including, for example, Ethernet, PCle, USB, Bluetooth,
IEEE 802.11x, hiperLAN, CDMA, FDMA, TDMA, PCS,
GSM, LTE, Near-field communications (NFC), Zigbee,
/-Wave, Thread, HDMI, and/or streaming protocols such as
Google Cast, Dell Cast, and/or Apple AirPlay.

Eyewear devices 1in accordance with one or more embodi-
ments of the present disclosure may ofler many advantages
over existing systems. For example, 1n some embodiments,
an eyewear device may combine several tools needed for
laser operations 1n a single system or apparatus. In particu-
lar, an optical head-mounted display module, real-time
image processing, and laser salety eyewear may be integrat-
ing into a single device. The eyewear device also allows an
operator to visualize light from a laser beam at lower power
settings while still wearing laser safety eyewear. Accord-
ingly, laser alignment can be performed at lower power
settings, which 1s safer and more eflicient. Additionally, the
camera or other image or video recording device of the
eyewear device may be sensitive to light outside the visible
region of the spectrum, thus allowing otherwise invisible
laser light to be visualized.

FIG. 5 illustrates a flowchart describing a method of
operating devices, apparatuses and systems as described
herein. At step 510, the device 1s powered on. Upon pow-
ering on, the device will be set to a default setting. At step
520, the device may determine if the default setting 1is
appropriate or if the setting should be adjusted at step 530,
¢.g., by prompting a user and/or by sensing certain settings
of the laboratory environment. If the device determines that
the default settings are not appropriate, at step 340, settings
may be adjusted as appropriate. For example, certain set-
tings may include a power level of the laser, a type of display
to be provided, a viewing option to be provided and/or a type
of laser eye protection being used.

After the settings are adjusted or upon determining that
the default settings are appropriate, operation may com-
mence. At step 540, the device may receive data, e.g., via a
camera or other image recording device, associated with the
laser light. At step 550, the received data are processed using
any number of software features as described herein. At step
560, an 1mage 1s provided to a display of the device 1n an
operator’s field of view, the image being based on the
processed data from step 550. Throughout operation of the
device, steps 540-560 may be repeated to provide ongoing
and updated 1images to display, e.g., 1n real time. A user may
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select, during operation of the device, a change 1n input
device, viewing output and/or display output. At step 570,
the device may determine 1f the view 1n which the 1mage 1s
provided 1s to be modified, e.g., 1n response to a user
selection. Accordingly, a modified image may be provided to
display at step 380 1n response to determining that the view
1s to be modified. After the modified image has been
provided, steps 540-580 may be repeated throughout opera-
tion of the device and/or until the device 1s powered down.

While preferred embodiments and example configura-
tions have been herein illustrated, shown and described, 1t 1s
to be appreciated that various changes, rearrangements and
modifications may be made therein, without departing from
the scope of the mvention as defined by the claims. It 1s
intended that specific embodiments and configurations dis-
closed are illustrative of the preferred and best modes for
practicing the invention, and should not be mterpreted as
limitations on the scope of the invention as defined by the
appended claims and 1t 1s to be appreciated that various
changes, rearrangements and modifications may be made
therein, without departing from the scope of the invention.

Evewear devices and systems in accordance with the
present disclosure are not limited to operation of lasers. For
example, the eyewear device may be suitable for use during
welding operations.

While the mvention has been described with respect to
specific examples including presently preferred modes of
carrving out the invention, those skilled in the art will
appreciate that there are numerous variations, combinations,
and permutations of the above described systems and meth-
ods. Based upon the above discussion and 1llustrations, those
skilled 1n the art will readily recognize that various modi-
fications and changes may be made to the various embodi-
ments without strictly following the exemplary embodi-
ments and applications 1llustrated and described herein. For
example, although aspects and features may 1n some cases
be described 1n individual figures, it will be appreciated that
teatures from one figure can be combined with features of
another figure even though the combination 1s not explicitly
shown or explicitly described as a combination. Moreover,
various specific features may be omitted and/or modified
without departing from the invention. Thus, the reader
should understand that the spirit and scope of the invention
should be construed broadly as set forth in the appended
claims.

What 1s claimed 1s:
1. An apparatus comprising:
a display;
a sensor configured and arranged to detect scattered or
reflected light from a laser beam;
at least one processor; and
at least one memory storing computer-readable instruc-
tions that, when executed by the at least one processor,
cause the processor to at least perform:
receive, from the sensor, data associated with the laser
light;
process the data associated with the laser; and
transmit an electronic signal configured to cause the
display to provide visual representation of the laser
light beam that includes a simulated projection the
laser light beam 1n an augmented reality field of view
of an operator, wherein the simulated projection of
the laser light beam 1n the augmented reality field of
view mimics an actual projection of the laser light
beam the operator would view 1n a real life field of
view without the display.
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2. The apparatus of claim 1, further comprising a laser eye
protection component and wherein the apparatus 1s a head-
counted apparatus, and at least a portion of the laser eye
protection component and at least a portion of the display are
positioned to align with an eye region of a user.

3. The apparatus of claim 1, wherein the at least one
memory further stores computer-readable instructions that,
when executed by the at least one processor cause the
apparatus to adjust a viewing position responsive to receiv-
ing a user selection to modily a viewing option.

4. The apparatus of claim 1, wherein the at least one
memory further comprising computer-readable instructions
that, when executed by the at least one processor, cause the
processor to at least:

transmit an electronic signal configured to cause the
optical display to output a graphical or textual infor-
mation relating to a setting of the optical display.

5. The apparatus of claiam 4, wherein the graphical or
textual info cation comprises an indication of: a power meter
output or a beam profile itensity measurement.

6. The apparatus of claim 1, wherein the at least one
memory further comprises computer-readable instructions
that, when executed by the at least one processor, cause the
processor to at least:

transmit an electronic signal configured to output a plu-

rality of user-selectable viewing options on the optical
display.

7. The apparatus of claim 1, further comprising one or
more mput devices, and wherein the at least one memory
turther comprises computer-readable instructions that, when
executed by the at least one processor, cause the processor
to at least:

modily a setting of the optical display responsive to

receiving a user selection via the one or more input
devices.

8. A laser safety system comprising:

a head-mounted frame;
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a sensor configured and arranged to detect scattered or
reflected light from a laser light beam;

a safety lens module removably coupled to the head-
mounted frame configured to be worn on a head of an
operator and configured to block transmission of laser
light; and

an optical display module removably coupled to the

head-mounted frame and configured to receive data

from the sensor and display a visual representation of
the laser light beam that includes a simulated projection
the laser light beam 1n an augmented reality field of
view ol the operator wearing the head-mounted frame,
wherein the simulated projection of the laser light beam
in the augmented reality field of view mimics an actual
projection of the laser light beam the operator would
view 1n a real life field of view without the optical
display.

9. The system of claim 8, wherein the optical display
module 1s configured to provide an augmented reality dis-
play including the visual representation of the laser light.

10. The system of claim 8, wherein the optical display
module 1s configured to provide a plurality of user-selectable
viewing options.

11. The system of claim 8, wherein the optical display
module 1s configured to provide an indication of: a power
meter output or a beam profile intensity measurement.

12. The system of claim 8, wherein the safety lens module
includes a plurality of removable lens inserts, each lens
insert rated for a specific laser wavelength.

13. The system of claim 8, wherein the head-mounted
frame 1s configured to be worn with: only the safety lens
module, only the optical display module, or both the safety
lens module and the optical display module.

14. The apparatus of claam 8, wherein the simulated
projection of the laser light beam 1s depicted 1n the same
spatial location as the actual projection of the laser light
beam.
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