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Simulation of a cylindrical glass dome negative impact
on a 360◦◦◦ field of view 2D laser scanner performance

and a method for correction
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Abstract. Although laser scanning ideas and hardware solutions are well-known to experts in the field, there is still a large area for optimization.
Especially, if long-range and high-resolution scanning is considered, the smallest defects in optical quality should be perfected. On the other
hand, the simplicity, reliability, and finally the cost of the solution plays an important role, too. In this paper, a very simple but efficient method
of optical correction is presented. It is dedicated to laser scanners operating from inside cylindrical glass domes. Such covers normally introduce
aberrations into both the laser beam and receiving optics. If these effects are uncorrected, the laser scanner performance is degraded both in terms
of angular resolution and maximum range of operation. It may not be critical for short-range scanning applications; however, if more challenging
concepts are considered, this issue becomes crucial. The proposed method does not require sophisticated optical solutions based on aspheric or
freeform components, which are frequently used for similar purposes in imaging-through-dome correction but is based on a simple cylindrical
refractive correction plate.
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1. INTRODUCTION
Laser scanning or terrestrial laser scanning (TLS) is a well-
known technique applied in countless applications. Initially, be-
ing exclusively the domain of single high-technology military
and space solutions, nowadays its availability is used widely in
many areas, ranging from science to industry and also cover-
ing art and medicine [1–9]. There is a constantly growing num-
ber of new concepts and ideas for the implementation of these
technologies in a variety of novel configurations in many disci-
plines [10–20]. Such popularity of laser scanning results from
the fact that it provides three-dimensional information about the
surrounding reality, something which is not possible for classi-
cal (2D) imaging [21–25].

Most laser scanners consist of at least one laser range-
finding [26] module (LRF) and mechanical component(s) re-
sponsible for redirecting its angular orientation. There is a vari-
ety of solutions concerning both LRF and scanning mechanics.
Depending on whether the scanned angular domain is one or
two-dimensional, one or two-mirror systems can be applied. Let
us consider a 2D case (measured: angle, distance). The easiest
method, one hypothetically can imagine is to place LRF on a ro-
tating stage (Fig. 1). It is a purely mechanical solution, in most
cases probably not recommended, due to the complications
resulting from the rotation of the whole LRF module which,
after all, must be powered, controlled and must transmit data.
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Fig. 1. The idea of a 2D scanning method realized by simple
rotation of a laser range finding module (LRF)

Another potentially more useful option is to place a station-
ary LRF module, in front of a rotating mirror (Fig. 2). Such a so-
lution has a much greater application potential. The only rotat-
ing element is a lightweight optical component, which is com-
pletely passive – it does not require any electronics connection
installation. Mechanically, such a configuration has a lower mo-
ment of inertia, if compared to the previous one (Fig. 1) which
is an additional asset.

Another important factor for the operation of most scanners
results from the need to avoid solutions, where moving parts
remain unsecured or even protrude outwards. In such circum-
stances, they could be accidentally touched by a user, which
would pose a grave danger. Additionally, especially for those
scanners, which operate in terrain, such “open” configurations
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Fig. 2. The alternative idea of a 2D scanning method realized
by rotation of a tilted mirror M (LRF fixed)

would expose optics and mechanics to dust, dirt, and humidity.
Therefore, the aim is always to obtain a solution which encom-
passes both rangefinder and rotating mechanical/optical parts.
This challenge corresponds to the need for some kind of dome,
made of transparent (at least at LRF wavelength) material such
as glass or plastic (Fig. 3).

Fig. 3. Schematic representation of a 2D scanner operating
from inside a glass dome (D) – cross-section view

Due to the rotational symmetry of typical one-angle laser
scanner solutions, the most natural shape of a dome seems to be
a cylindrical glass (plastic) pipe. One has to consider, however,
that from an optical point of view, it corresponds to a toroidal
lens, which might have an impact on LRF performance. De-
pending on the used glass refractive index, cylinder radii of cur-
vature, and thickness, such impact can be crucial or negligible.
Considering the lens-makers equation [27], one can obtain the
lens focal length f , if refractive index n, radii of curvature R1,
R2, and lens thickness t are known

1
f
= (n−1)

(
1

R1
− 1

R2
+

(n−1)t
nR1R2

)
. (1)

This equation allows us to conclude that a piece of cylindri-
cal dome acts like a weak cylindrical negative lens, at least at
its paraxial region. For example, regarding a 100 mm diame-
ter dome, made of 3 mm thick glass (n = 1.5) one arrives at
a –9.7 m focal length. Figure 4 depicts in an exaggerated way

Fig. 4. The idea of cylindrical dome application and its impact on
LRF laser beam and LRF detector field of view (upper plot: pure LRF,

lower plot: LRF operating from inside a dome)

how a cylindrical dome can distort both the laser beam and the
detector field of view of the scanner LRF module.

It can be clearly seen that the originally parallel optical axes
of the transmitter and receiver are skewed. Additionally, due
to the wavefront distortion, both the laser beam and detector
field of view (which can be also treated like a beam of rays)
change their divergences. Apart from these effects, it is worth
noting that a certain amount of spherical aberration can be in-
duced, which also strongly impacts the performance of any
range finder [28].

Again, taking as an example a 100 mm radius of curvature
and a 3 mm thick dome made of glass (n = 1.5), its effect on
a collimated beam of light has been simulated in Optic Studio
(configuration detailed in Fig. 5).

Fig. 5. An example – illustration of cylindrical glass dome impact on
collimated rays of light resulting from refraction

It can be observed that in this specific case (whose order of
size is quite representative for many potential automotive and
military scanning solutions), the glass dome induces ~8 waves
(peak-to-valley, PV) of wavefront error (for λ = 0.9 µm) re-
sulting mainly from spherical aberration and is associated also
with a slight wavefront tilt (Fig. 6). These factors correspond to
the output beam:
• divergence of 1.8 mrad (root mean square, RMS) or 4 mrad

(total),
• tilt of 2.6 mrad.
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Fig. 6. Results of optical performance analysis of the discussed case study (upper plots: wavefront error
in the tangential and sagittal plane, lower plot: far-field angular ray distribution)

Considering most long and medium-range applications, such
degradation of optical performance is not acceptable. For this
reason, one can find different solutions, which at the cost of
certain design compromises, facilitate avoiding the optical is-
sues associated with cylindrical dome application. Most of such
concepts rely either on rotating the whole optomechanics or on
optical plane glass windows, which are easily available up to
λ/10 flatness (Fig. 7).

Such plane-parallel plates have negligible impact on LRF pa-
rameters, although to construct a dome from such components,
one has to consider the increased size, manufacturing complex-
ity/price, and potential angular variations of LRF range perfor-
mance corresponding to the locations of plate connections.

Some manufacturers do use cylindrical glass domes; how-
ever, such solutions are either devoted to short-range/low-
resolution applications or are costly. In the former cases, the de-
structive dome impact can be accepted and considered in eval-
uating the final parameters of the scanner. In the latter cases, on
the other hand, advanced optical methods for dome correction
can be applied, including freeform mirrors and lens implemen-
tation.

Fig. 7. The examples of common dome constructions based on flat
plates in order to avoid the effects induced by a cylindrical dome (up-

per row: commercially available solutions, lower row: basic ideas)

For these reasons, it seemed to be reasonable to find the point
in the middle and to consider the use of a cylindrical dome but
with a simple correction strategy. This work aimed to show the
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adequate optical correction method that can easily eliminate the
discussed undesirable effects on LRF module performance used
in a one-angle scanning laser scanner. The method is based on
correcting lens application in front of LRF optics.

2. QUANTITATIVE ANALYSIS OF LRF GEOMETRICAL
OVERLAP FACTOR DEGRADATION DUE TO
CYLINDRICAL DOME APPLICATION

There is a variety of well-recognized criteria for optical sys-
tem performance, like modulation transfer function (MTF), res-
olution, point spread function geometry, aberration coefficients,
wavefront coefficients, etc. However, in the problem discussed
in this paper, such criteria applied to a cylindrical dome would
be inconclusive as to the degree of deterioration in the perfor-
mance of the LRF. For this reason, a new metric directly linked
to the LRF range efficiency, is proposed. Let us consider a stan-
dard range-finder equation [29]

P(z) = PL
A0

z2 ξ (z)ρe−2γ(z)z, (2)

where P(z) represents the optical power of the echo signal as a
function of range z, PL – the power of the laser, A0 – collecting
optics aperture area, ξ (z) – geometrical form (overlap) factor,
ρ – target reflectance, γ(z) – atmospheric extinction coefficient.
The effects of dome impact can be included in geometrical form
factor ξ (z), a similar approach to the one presented in [30]. For
any LRF configuration, this range-resolved function shows how
effectively the detector can capture light from the laser footprint
on a target, due to purely geometrical reasons associated with
the fact that the detector field of view and laser beam do not
coincide or do not completely overlap. This effect is particu-
larly crucial for small detection ranges. In normal conditions
and properly designed LRF optics, ξ (z) is a function monoton-
ically increasing from zero (for z = 0 m) to one (for z⇒ z∗,
z > 0 m). It is worth noting that this function does not consider
the reflectance properties of the target and atmospheric extinc-
tion. For the sake of this analysis, the atmospheric impact can
be neglected (relatively short ranges). Thus, equation (2) can be
transformed to the following form

P(z) =
K
z2 ξ (z), (3)

where K is a range-independent constant parameter that consid-
ers lidar hardware and target properties.

The effects of the cylindrical dome, as mentioned in Intro-
duction, lead to a skewing of both the LRF laser beam and de-
tector field of view, which severely impacts the effectiveness of
geometrical coupling between both. For this reason, in this pa-
per, the concept of geometrical form factor is expanded to also
include the effects of optical aberrations induced by cylindrical
domes.

The ξ (z) function can be calculated in the simplest cases
by symbolic formulas; however, in the general case of non-
symmetric aberrated optics and arbitrary aperture shapes, the
most reasonable approach seems to be numerical, preferably

based on the application of commercially available optical soft-
ware. Namely, let us consider the LRF module to be based on
the transmitter (LRF_T) and receiver (LRF_R). Now, for the
sake of ξ (z) calculation, we will treat LRF_R as a “second”
transmitter – the detector emits rays that are collimated by the
LRF_R lens, creating a hypothetical beam of light. Then, ξ (z)
is calculated from the following formula

ξ (z) =
P∩(z)

PLRF_T
, (4)

where P∩ corresponds to the optical power integrated over the
common area of the LRF_T beam and LRF_R field of view,
PLRF_T = PL. P∩ can be found by integrating the irradiance
SLRF_T over the area A∗(z) where SLRF_T and SLRF_R spatially
overlap

P∩(z) =
∫∫

(x,y)∈A∗(z)

SLRF_T(x,y)dxdy, (5)

where A∗(z) can be calculated by the application of the follow-
ing logical filter

A∗ = {(x,y) : [SLRF_T(x,y)+SLRF_R(x,y)

6= SLRF_T(x,y)∩SLRF_T(x,y)+SLRF_R(x,y)

6= SLRF_R(x,y)]} . (6)

In other words, to find the area A∗(z′), the potential target
plane (x,y,z′) is searched for those points (x,y) where the irra-
diance resulting from individual contributions of LRF_T and
LRF_R examined separately, changes in case of simultane-
ous illumination from both LRF_T and LRF-R. Such an ap-
proach must correspond not only to the spatial extent of over-
lap but also to the distribution of optical coupling efficiency be-
tween LRF_T and LRF_R in (x,y) plane for any z. Additionally,
in contrast to the existing analytical formulas, the presented
method takes into account the real geometry of detecting and
emitting semiconductor structures, transmitting and receiving
apertures shapes, and finally also the aberrations of collimating
and collecting optics.

To present the practical application of this approach, let us
continue with the specific Case Study detailed in Fig. 8. The
configuration corresponds to the common semiconductor laser-
based setup:
• transmitter aperture takes the rectangular shape due to the

asymmetric divergence angles of a native laser beam (fast
and slow axes),

• emitting structure of the semiconductor laser is also repre-
sented by the rectangle due to the stacked stripe emitters
system used in high peak power pulsed laser.

This case will also become the core of this study in later anal-
ysis, where the impact of the dome is examined and also the
effectiveness of the proposed correction method is verified.

The discussed setup was implemented in a non-sequential
mode of Optic Studio. In order to separate the effects induced
by a toroidal dome in later steps, the roles of collimating and
collecting optics played perfect (paraxial) lenses. The purpose
of this implementation was to obtain the spatial distributions of
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Fig. 8. Case Study – basic configuration of LRF without a dome

SLRF_T(x,y) and SLRF_R(x,y) for the selection of various dis-
tances z. The results are shown in Fig. 9.

The obtained distributions (Fig. 9) were then imported from
Optic Studio to Matlab and used in the proposed method to
calculate the geometrical form factor, which for this dome-less

Fig. 9. Results of numerical modelling (geometrical ray-tracing) of
SLRF_T(x,y) and SLRF_R(x,y) distributions at the selected distances z=
1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 100 m

for the considered example of LRF dome-less operation

setup will be designated as ξLRF(z). In the next step, the mod-
elled setup was changed by adding a glass dome to the LRF
(Fig. 10).

Fig. 10. Configuration of LRF operating from inside the dome
(Case Study parameters: Rw = 75 mm, Tw = 3 mm, n = 1.5)

The corresponding distributions of SLRF_T(x,y) and
SLRF_R(x,y) are shown in Fig. 11. One can clearly notice the
impact of the dome – both laser beam and detector field of
view footprints are stretched in the direction determined by
dome curvature and also their centres do not overlap.

Fig. 11. Results of numerical modelling (geometrical ray-tracing) of
SLRF_T(x,y) and SLRF_R(x,y) distributions at the selected distances z=
1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20 m for
the considered example of LRF operating from inside the glass dome

Apart from this effect, it can also be concluded that even for
larger distances z, SLRF_T(x,y) and SLRF_R(x,y) do not com-
pletely overlap. It corresponds to the situation where the geo-
metrical form factor does not reach the value of one. In such
a case, the LRF detector cannot “fully see” the LRF laser foot-
print on a target. It leads to the degradation of the overall photon
budget (a lot of optical power is lost) and the reduction of the
maximum usable operational range.

Similarly, the distributions presented in Fig. 11 were im-
ported and implemented in the proposed algorithm. It facilitated
the calculation of the geometrical form factor, which for the dis-
cussed setup (LRF+dome) will be designated as ξLRF+D(z).
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The obtained results in terms of geometrical form factor
and also optical echo power, for both setups, are presented
in Fig. 12. It is evident how significantly the dome affects the
performance of the LRF and how severely the maximum usable
range is reduced.

Fig. 12. Upper plot shows superimposed geometrical form factor
functions of the case study (ξLRF(z) for the pure LRF module and
ξLRF+D(z) for the LRF covered by a cylindrical dome). The lower plot
presents the corresponding range of resolved optical echo power func-

tions for both cases

This allowed us to prove quantitatively that the configura-
tion where an LRF is covered by a cylindrical glass dome is
not acceptable and requires either some optical correction or a
complete change of covering method. The former approach is
the objective of the presented paper.

3. PROPOSED CORRECTION METHOD
In order to reduce the impact of the dome on LRF performance,
an optical method of correction was developed. It is based on
geometrical optics rules and energy mapping methodology. The
main numerical target of the proposed scheme is to retrieve the
satisfactory distribution of ξLRF+D(z), which should be as close
as possible to the original geometrical form factor ξLRFz). Be-
low, the method is described in more detail.

First of all, let the distributions SLRF_T(xi,y j) and
SLRF_R(xi,y j) for the selection of discreet distances zk be des-
ignated as Si jk

LRF_T and Si jk
LRF_R. It is worth noting that the indices

i, j, k correspond to the discretization of x,y, and z dimensions
respectively. Then, let us introduce range-resolved vector func-
tions ρk

LRF_T and ρk
LRF_R which correspond to the “energetic

centres of gravity” of Si jk
LRF_T and Si jk

LRF_R in (i, j) domain for
the respective k values. These functions are defined as follows

ρρρ
k
LRF_T =


∑

i

[
∑

j
Si j

LRF_T

]
xi

∑
i, j

Si j
LRF_T

,

∑
j

[
∑

i
Si j

LRF_T

]
y j

∑
i, j

Si j
LRF_T

 , (7)

ρρρ
k
LRF_R =


∑

i

[
∑

j
Si j

LRF_R

]
xi

∑
i, j

Si j
LRF_R

,

∑
j

[
∑

i
Si j

LRF_R

]
y j

∑
i, j

Si j
LRF_R

 . (8)

They allow us to obtain the range-resolved trajectory of en-
ergetic centres of gravity associated with the LRF laser beam
and LRF detector field of view. In the case of pure LRF oper-
ation, both trajectories should be represented by parallel lines.
On the other hand, if a dome is introduced, these trajectories
represent the net effect of non-parallelism introduced and the
stretching of distributions due to any aberrations induced by
the dome. For the discussed case study, results are presented in
Fig. 13, showing the calculated trajectories of energetic centres
of gravity both for “pure LRF” and “LRF+dome” configura-
tion, which were denoted as ρk

LRF_T(R) and ρk
LRF_T(R)_D.

Fig. 13. Numerically calculated centres of gravity (y,z) coordinates
for both transmitter and receiver beams in case of undisturbed LRF
(red colour) and LRF operating from inside the glass dome (blue

colour)

In the next step ρk
LRF_T(R)_D functions were used to calculate

their closest linear representations, designated as yLRF_T_D(z) =
aLRF_T_D · z + bLRF_T_D and yLRF_R_D(z) = aLRF_R_D · z +
bLRF_R_D. The coefficients aLRF and bLRF were easily calcu-
lated by the application of the traditional least squares method.
The obtained straight lines were then thought of as virtual chief
rays of both beams (laser beam and detector “beam”). Due to
the symmetry of these rays with respect to y =0 axis, the result-
ing coefficients aLRF_T_D ≈ aLRF_R_D ≡ aLRF_D, |bLRF_T_D| =
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|bLRF_R_D| ≡ bLRF_D. Finally, based on principles of geometri-
cal optics ray tracing [31], a radius of curvature of the refractive
spherical surface required to recollimate these rays can be de-
termined (Fig. 14).

Fig. 14. Raytracing idea of the correcting cylindrical lens

The corresponding formula for the correcting lens radius of
curvature is as follows

Rcor =
n ·bLRF_D

aLRF_D
, (9)

where n is the refractive index of lens glass at the laser wave-
length. Concerning the discussed case study, it corresponds
to Rcor = 2567.5 mm. Additionally, considering the separation
(42 mm) and diameters (40 mm) of the transmitter and receiver
apertures, the minimum physical size (diameter) of the correct-
ing cylindrical lens could be determined as 90 mm. It was de-
cided to assume 8 mm of thickness to make the fabrication of
the lens feasible. Such a lens (made of N-BK7 optical glass)
was implemented in Optic Studio. It was inserted between LRF
and the dome (Fig. 15).

Fig. 15. Correcting cylindrical lens implementation idea
(in the discussed case study: Rcor = 2567.5 mm, dcor = 8 mm)

The results of numerical modelling in Optic Studio are pre-
sented in Fig. 16. It can be clearly seen that the idea of cor-
rection worked properly. If compared to the original situation
presented in Fig. 9 (LRF without dome), there are differences
in irradiance distributions. It corresponds to the aberrations in-
troduced by the composition of correcting lens and a dome.
Nevertheless, the main purpose of the correction seemed to be
achieved – both beams were forced to have a common overlap.

The obtained irradiance distributions were again used to cal-
culate the corresponding geometrical form factor, which for the
discussed setup (LRF+dome+correction) will be designated as
ξLRF+D+COR(z). It is presented in Fig. 17.

Comparing ξLRF+D+COR(z) and ξLRF(z) presented in Fig. 12,
one can see a very close similarity between both. In other

Fig. 16. Results of numerical modelling (geometrical ray-tracing) of
SLRF_T(x,y) and SLRF_R(x,y) distributions at the selected distances z=
1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 100 m
for the considered example of LRF operating from inside the glass

dome, however with the correction lens implemented

Fig. 17. Results of numerical modelling – geometrical form factor
for the LRF operating from inside the dome, with the correcting lens

implemented

words, the numerical simulation proved that the correction en-
abled the recovery of the original geometrical form factor of
LRF, despite the dome impact.

4. EXPERIMENTAL VALIDATION
In order to practically verify the effectiveness of the pro-
posed method, the experimental setup was prepared. The pro-
cedure aimed to measure P(z) before and after the implementa-
tion of the proposed correcting lens. Such measurements were
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planned in order to determine the corresponding overlap fac-
tors: ξLRF(z), ξLRF+D(z), and ξLRF+D+COR(z), and finally to
assess the results of the correction. What is important, it was
not necessary to build a complete LRF module, since inherent
range-finding capability was not needed for this experiment.
Thus, the system could be assembled easily, mainly from the
components available in our lab (Fig. 18).

Fig. 18. Diagram of the experimental setup (left without correction –
determination of ξLRF+D(z), right: with the correcting lens – determi-

nation of ξLRF+D+COR(z))

This system design aimed to obtain the same geometrical pa-
rameters as in the case study discussed in this paper (see table
in Fig. 8). First of all, the He-Ne laser (λ = 633 nm) was used
as the source of radiation. In order to control the output beam
size and divergence, the adjustable beam expander was imple-
mented. It was based on Galilean configuration, so one negative
and one positive lens was used. Both lenses were COTS plano-
spherical components. The receiving path was based on a PIN
photodiode which cooperated with a plano-convex collecting
lens and 633 nm CWL bandpass filter in order to minimize am-
bient light-related interferences. In order to measure the signal
level, an oscilloscope was used as a voltmeter. Additionally, 90◦

mirrors were used to obtain the geometry similar to the actual
laser scanning systems. Finally, the glass dome was positioned
in such a way that both the output laser beam and the detector
field of view were going through its side in accordance with the
idea presented in Fig. 10. The correction lens was fabricated
using standard glass grinding and polishing method and addi-
tionally covered with AR layers. The picture of the assembled
setup is presented in Fig. 19.

During the measurements, the target plate was positioned in
varying distances zi (which were measured precisely by a COTS
rangefinder), and the detector output voltage V was noted for
every zi. The voltage was proportional to the optical echo power
signal, so the vector Vi = V (zi) represented the function P(z).
The measurements were performed for pure LRF, then LRF
covered with a dome, and finally – for the corrected system
(LRF + dome + correcting lens). Having P(z) measured for all
three variants mentioned above, the corresponding geometrical
form factor functions were determined. The results are shown
in Fig. 20.

Fig. 19. The picture of the experimental setup

Fig. 20. Results of experimental measurements – geometrical form
factors for LRF (black curve), LRF operating from inside the dome
(blue curve), and LRF operating from inside the dome; however,

equipped with the correcting lens (red curve)

The obtained geometrical form factors show a high agree-
ment with both theoretical expectations and numerical mod-
elling performed in Optic Studio. The application of the glass
dome largely devastated the geometrical form factor of the LRF,
leading to unsatisfactory performance: ξLRF+D � ξLRF. The
correction lens allowed the elimination of this problem and
resulted in the recovery of the original geometrical form fac-
tor: ξLRF+D+COR ≈ ξLRF. The observed ξLRF+D+COR(z) curve
does not reach the value of one, because the applied glass dome
was not covered with AR layers. Nevertheless, the experiment
proved the efficiency of the proposed correcting method.

Apart from the quantitative analysis discussed above, during
the experiments also visual assessment of the laser beam irradi-
ance spatial distribution on the target plate was systematically
made. It can be concluded that the observed geometries were
similar to those obtained in numerical studies. The laser beam
in the “LRF + dome” configuration showed significant aberra-
tions if compared to the pure Gaussian beam of the “pure LRF”
configuration. Also, the application of the correcting lens did
not eliminate the aberrations; however, it significantly reduced
them. For this reason, although the proposed methodology of
glass dome impact correction works efficiently in the case of
LRF setups, it cannot be applied directly to imaging systems.
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For such systems, the correction lens would certainly have to
become more complex in shape (aspheric or even freeform).
Such analysis is going to be done in the future work.

5. CONCLUSIONS
This paper describes in detail the simple optical correction
method dedicated to eliminating the impact of a cylindrical
glass dome on laser scanner or laser rangefinder performance.
Currently, most laser scanning solutions avoid using this kind of
cover due to significant deterioration of the parameters (range,
resolution). Instead, more complicated and costly dome types
are used.

The proposed approach allows one to use a cylindrical dome,
albeit with a correcting plano-cylindrical lens. Such a lens must
be positioned in front of the LRF transmitter and receiver in
such a way that it is common for both these apertures. The ver-
tex of the correcting lens must be placed exactly at the geomet-
ric centre between the optical axis of the transmitter and the
receiver. The required radius of curvature of the discussed cor-
recting lens depends on dome parameters (thickness, curvature,
refractive index) and LRF itself (laser wavelength, separation
between transmitter and receiver, laser beam divergence).

The design method of the correcting lens, numerical mod-
elling of its curing effect on LRF working from inside a cylin-
drical dome, and finally the experimental results are discussed
in the paper. The proposed approach seems to meet the require-
ments. Its effectiveness was assessed by comparing geometrical
form factors of pure LRF vs. LRF operating through a dome
and correcting lens. The comparison was based on both nu-
merical modelling and experiments. Both verification methods
produced satisfactory results. The application of the designed
correcting lens allowed us to restore the original performance
of the LRF module, despite it working through a cylindrical
dome.
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