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produced by nanosecond (ns) laser irradiation at a reduced ambient air pressure of 0.65 kPa. It is
shown that both plasmas feature a tiny primary and a much larger secondary plasmas, which share the
same hemispherical shape of roughly the same size at the appropriately chosen pulse energies. The
resulted emission spectra in both cases exhibit one of the shock wave characteristics marked by a
much stronger Zn triplet than its singlet emission lines. Further measurement of log(r)-log(t) of Cu I
521.8 nm emission line yields a slope of around 0.4, which is in good agreement with Sedov's equation
derived for shock wave plasma. While exhibiting similar pressure-dependent emission intensities of Cu
and Zn emission lines, the fs induced emission intensities are consistently lower than those induced by
ns laser plasma. The estimated average temperature of the ns laser induced plasma (10 200 K) is only
slightly higher than that induced by the fs laser (9800 K). The lower integrated emission intensity of fs
plasma is related to previously reported lower electron density in fs laser-induced breakdown
spectroscopy (fs-LIBS) and the faster decay of the associated continuum background, implying rapid
diminution of ionized atoms and hence lower integrated emission intensity. Therefore, apart from
cases demanding minimal surface damages, the simpler and less expensive ns-LIBS should be
considered as a more favorable alternative for spectrochemical analysis. However, the applications to
surface analysis do show that the fs laser offers higher detection sensitivity. A judicial selection is,
therefore, strongly recommended. © 2020 Author(s).
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ABSTRACT

Visual detection and color discrimination become more challenging tasks when laser eye protection (LEP) is worn. This is due to the
reduced light transmission and wavelength-blocking characteristics of LEP filters. LEP can, however, provide valuable protection against
laser eye dazzle—the temporary reduction of vision caused by visible wavelength lasers. To understand this compromise, a model has been
developed to allow the visual impacts of LEP to be simulated and balanced against their dazzle protection capabilities. This model is able to
use any digital image as a background scene, allowing for real-world visualizations of LEP and dazzle over a broad range of scenarios.
The work is built from the CIECAMO2 color appearance model and a modified CIE general disability glare equation, together with experi-
mentally validated adjustments to improve the accuracy of this application. The resulting model will help to inform LEP procurement and

will serve as an educational tool for LEP users.

Key words: laser eye protection, laser eye dazzle, color vision, vision, coloration, simulation, training, glare, visualization
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I. INTRODUCTION

Laser eye protection (LEP) is used to protect eyes from laser
radiation. Traditionally, LEP in spectacle or goggle formats has
been used by laboratory technicians and others working with lasers
such as telecom engineers and medical practitioners. LEP provides
protection by absorbing or reflecting specific wavelengths of laser
light. This selective blocking of specific wavelengths in the visible
band leads to a coloration being imparted on the vision of the
wearer, potentially impacting visual performance.”

Lasers are capable of inducing two main effects on the human
eye: damage and dazzle. Laser eye damage occurs when the retina
receives enough laser energy to cause lesions or burns, potentially
resulting in partial blindness.”* Laser eye dazzle is a visual effect
whereby visible laser light can saturate the photoreceptors in the
eye, resulting in temporary loss of vision and flash blindness.”™”

The rising trend in laser incidents in civil aviation has necessi-
tated the development of LEP for use outside controlled laboratory
and industrial settings. The Civil Aviation Authority reported 775
laser illuminations against UK commercial aircraft in 2018,° while
the Federal Aviation Authority reported 5663 incidents against U.S.
commercial aircraft across the same period.” These incidents can be
life threatening, particularly if they occur during critical phases of
flight such as take-off or landing.'”'' They are fueled by the

availability of high power handheld lasers, often marketed as toys,"”
and capable of dazzling aircrew from kilometers away.” This develop-
ment has extended the list of LEP users to include commercial pilots
and police helicopter pilots who have also been targeted by users of
these handheld devices.

For such applications, color discrimination is an important
visual task for the LEP wearer."” This is particularly true in the use of
cockpit instruments where information is communicated through
color cues.' Therefore, a balance must be struck between LEP protec-
tion levels and visual impacts."” The more of the visible spectrum that
is blocked, the more difficult it is to perform visual tasks. However,
too low a protection level risks potentially dangerous laser exposures.

To understand this compromise, a model has been developed to
allow the visual impacts of LEP and dazzle to be simulated together
in realistic scenarios. This model allows a comparison of dazzle pro-
tection for specific dazzle parameters as well as chromatic and lumi-
nance effects between different LEP. This tool could be used in the
procurement chain to illustrate coloration effects and protection
levels provided by LEP. The outputs could also be used as an educa-
tional tool, demonstrating dazzle and how appropriate eyewear will
benefit a user. As well as simulating real LEP products, it could also
be used with theoretical LEP to demonstrate effectiveness and color
balance before manufacture, thus saving production time and costs.
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ABSTRACT

The logistic industry has a steady need for improved positioning of goods to keep commercial success. Next to high accuracy, a low
maintenance system is needed to ensure the benefits of automation. While state of the art position determination is done by mechanical,
optical, or hydraulic techniques, this research addresses a new approach using laser-dispersed position markers and contactless eddy current
technology for detection. A fiber laser is used to create thin melt tracks on lifting profiles, and zirconium oxide powder is added to the melt
to create a dispersed track as a position marker. The influence of the laser process parameters on the track width and surface topology is
determined, as well as the influence on eddy current measurements. It has been found that increasing the laser power and the powder feed
rate of zirconium oxide in the investigated range from 190 to 490 W and 1.16 to 3.6 g/min, respectively, increased the signal from the eddy
current sensor unit. Positioning concepts are examined by moving the eddy current sensor above the lifting profile with speeds up to
4000 mm/min. The laser-dispersed markers are clearly recognizable in the sensor signal with a minimum distance of 2 mm from each other
and an interspace of 0.8 mm from the lifting profile to the sensor head. The recognition error rate is quite low at around 0.0037%. However,
the resolution, which can be derived from the eddy current sensor signal, is about 0.5 mm + 0.11 mm. In order to gain insight into the suit-
ability of the examined technology for forklifts, the eddy current sensor is mounted on the fork bracket and typical actions are simulated.
Last, other applications for eddy current detection of laser-dispersed markers, such as storing and reading information for component
identification, are demonstrated.
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INTRODUCTION

Fast and precise height or position measurements of load
supporting means are essential for the economic operation of depos-
its. Due to increasing automation, the aspects of low maintenance
and reliability are getting more important too. The current position
determination systems are based on mechanical, hydraulic, or optical
systems. The most common mechanical systems use rolls and rota-
tion angle measurement devices." One negative aspect is inaccuracy

vibrations. Both mechanical and hydraulic methods suffer from wear.
Optical systems use runtime measurements to determine the lifting
height of load supporting means.”® A barrier and pollution-free
optical path is necessary to achieve accurate results. In this article, a
new approach to performing height measurements is presented that
does not suffer from the sources of inaccuracy mentioned above. For
this purpose, material inherent position markers are applied on mast
profiles through laser dispersing and read out contactless by means of

through pollution and slippage. The hydraulic methods are based on
measuring the height of the hydraulic fluid,” the volume flow of the
hydraulic fluid,” or the hydrostatic pressure.* The disadvantages of
these methods are temperature dependency or inaccuracy through

eddy current technology. The laser dispersion process is defined as a
surface treatment in which the surface is locally melted and hard par-
ticles, such as ceramics, are applied to the melt pool. Typical applica-
tions are surface hardening of forging tools and increasing the wear
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