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The paper describes a methodology, very simple in its application, for measuring surface irregularities of linear parabolic collectors.
This technique was principally developed to be applied in cases where it is difficult to use cumbersome instruments and to facilitate
logistic management. The instruments to be employed are a digital camera and a grating. If the reflector surface is defective, the
image of the grating, reflected on the solar collector, appears distorted. Analyzing the reflected image, we can obtain the local slope
of the defective surface. These profilometric tests are useful to identify and monitor the mirror portions under mechanical stress
and to estimate the losses caused by the light rays deflected outside the absorber.

1. Introduction

The distribution of solar irradiance values on the receiver
tubes, used in linear parabolic collectors, depends on the
geometric characteristics of the reflector. In particular, the
uniformity of irradiation over the entire length of the tube
depends on the regularity of the reflector profile along the
longitudinal axis and on the presence or absence of localized
defects that can direct sunlight to a region of space outside
the receiving tube.

The collection efficiency of a solar trough system is af-
fected by several types of mirror surface defects: profile defor-
mation, structural torsion, and local irregularities. In partic-
ular the local faults can be of microscale (microns in high) or
of macroscale (millimeters in high). The surface microirreg-
ularities are identifiable with the surface roughness, which
only introduces efficiency losses due to the diffused light.
This paper discusses a technique to examine macroscopic
scale defects in the reflector profile, to quantify their size and
to assess their effect on system performance.

The methods used to detect profile defects are mainly
based on geometric optics techniques; the procedure is to
identify the direction of a light beam hitting a specific point
of the reflector, and to verify that the reflected beam is de-
flected according to the nominal value of the surface local
slope.

The methods described in literature [1] are very time-
consuming because they refer to specific tests obtained by
scanning the surface under examination. Obviously higher
resolutions require longer times to complete the measure-
ment.

In alternative, we could employ techniques “image pro-
cessing” that allow analyzing, in a reasonably short time, the
entire surface of the reflector. The methods involving these
techniques mostly perform a distant detection of the image
of the absorber tube, which is formed by the reflector. This
optical arrangement is equivalent to observe an object (the
tube), through an optical system (the reflector), able to zoom
the object. If the viewing distance is much longer than the
focal length of the reflector, the visible faraway image covers
the whole reflector, and the observer can see an image of uni-
form color. Papers [2–4] describe cases where profile irregu-
larities deteriorate the image in the reflector defective points,
which appear as areas of different intensity. Other procedures
refer to the analysis of a calibrated mask whose image is re-
produced by the concentrator [5–8]. A method using a col-
ored pattern, projected on a screen through the concentrator,
is explained in reference [9]. An alternative approach exploits
photogrammetric techniques [10]. Some recent researches
include like fringe reflection method [11–13] and a 3D op-
tical profilometry technique [14].
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Detection procedure, measurement configuration, and
optoelectronic devices of our proposed methodology were
especially developed for applications where it is difficult to
install support structures and to use sophisticated instru-
mentation. The procedure consists in covering the absorbing
tube with a grid, printed on a paper sheet, and to analyze
from a known distance its image, reflected by the linear solar
mirror. Figure 1 presents an image of the reference grating
reflected on the concentrator. Image of the reference grating
reflected on the concentrator. It is very convenient to place
the grating on the tube but is not strictly necessary; the
grating can be placed at any position in front of the reflector.

2. Experimental Setup

Figure 2 shows a scheme of the measuring experimental sys-
tem, evidencing angles and distances to be considered be-
tween concentrator and digital photographic camera, used
to capture an image of the grating. Since the surface to be
examined is reflective, the image of the grating is virtual, and
it is formed beyond the surface, as indicated in Figure 2.

All defects on the reflector surface are represented as local
variations in slope. Assuming that the metal pipe approaches
a regular cylinder, the defects appearing on the image are due
to a defective reflector surface. In other words, a perfect re-
flector produces an undistorted image of the grating whose
size depends on the magnification factor M of the optical sys-
tem. The dimension of the observed image increases with the
distance of the observer from the mirror. If we suppose to
cover the absorbing tube with a grating of step p, this will
appear distorted if the defect will be larger than p×M. Con-
sequently to detect small defects, using the same step p, we
had to take pictures of the tube at a reasonably short dis-
tance. As shown in Figure 1, the image of the tube appears
inside of the reflector. Therefore, in order to explore the en-
tire reflector surface we must change the high of the photo-
graphic camera. The complete detection can be done moving
the digital camera (DgC) from top to bottom, without
changing the position of the grid. Referring to Figure 2, given
a generic point P on the reflector, the corresponding angle θ
is given, with good approximation, by the following relations:

θ = tan−1 y

f − z
z = cy2 c = 1

R
, (1)

where f represents the parabola focal distance, R is the radius
of curvature, C is the reflector curvature (referred to the
ideal parabola), and y, z, and θ are defined in Figure 2.
The y values are determined by the position of the rays con-
necting image and photographic camera. These values are
derived from the grating image by detecting the positions of
its lines. The real dimensions of the image are obtained refer-
ring to a calibrated marker placed on the reflector surface or
taking as reference an object of known size.

3. Defect Detection Using Structured
Light Techniques

A 3D recontruction of the examined reflecting surface can be
obtained elaborating the detected image. Within the grating

Figure 1: Image of the reference grating reflected on the concentra-
tor.
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Figure 2: Scheme of the measuring experimental system.

image reflected by the mirror surface, the deformed lines
indicate slope variations. These defects can be extracted from
the image using structured light techniques [15–17] adapted
to our specific case. The adaptation consists in applying
structured light procedures on reflectors, while they are typ-
ically used on diffusing surfaces.

The theory indicates that we can measure the object alti-
tude z projecting a bright spot on the surface under study
with simple geometric relationships. Figure 3 summarizes
the working principle of structured light techniques.

This technique needs the registration of two images: the
first belongs to the reference plane ξ without the object and
the second to the measured object located on the plane ξ.

Consequently, the surface is lighted the first time in the
point P1 and the second time in the point P2. The compari-
son of the two images evidence the displacement from P1 to
P2 as detected spot shift p′, which is connected to the local
height z by the following equations:

p = p′

M
, θ0 = arctan

b

h
, z = p

tan θ0
, (2)

where h, b, p, and θ0 are defined in Figure 3, and M repre-
sents the magnification of the optical system.

The structured light techniques need to be modified
to monitor reflecting objects. Considering a diffusing sur-
face, the detected spot shift is related only to the altitude of
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Figure 3: The principle of structured light techniques.
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Figure 4: Rays deviation in the direction of the receiver tube.

the measurement point. But in case of a mirror, the detected
spot shift depends on the slope of the surface. The foremost
parameter to be measured is the slope of the local defect,
because it combines high and extension of the local defect.
The defect slope allows to immediately determining if the
impinging light is reflected outside the receiving tube; if the
deviation is higher than Δϕ, the ray does not hit the tube, as
shown in Figure 4. Figure 4 presents the deviation of rays in
the direction of the receiver tube.

The slope differences due to surface irregularities can be
identified referring to Figures 5 and 6. Figure 5 represents
a detail of the reflector, evidencing the local slope ϕ of the
surface in the observation point. γ represents the angle of the
ray that goes from the reflector to the digital camera lens.

Considering the following relations:

α + β + ϕ = 90,

β = 90− θ,

2α = 180− β − (90− γ
)
,

(3)
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Figure 5: Detail of the reflector evidencing the local slope ϕ of the
surface in the observation point.
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Figure 6: Detail of the reflector, schematically introducing a slope
defect.

we can obtain the relationship between the local inclination
ϕ and the angle γ

ϕ = θ − γ

2
. (4)

Figure 6 shows a detail of the reflector, schematically intro-
ducing a slope defect (ϕ′). The optical rays, arriving on the
photographic camera, are marked with a dashed line if they
come from the defect and with a solid line if they come from
the ideal surface.

The angle ϕ′ indicates the local slope of the surface in
presence of the defect, and d′ represents the difference be-
tween the position of the reference line and that effectively
measured in case of defect presence. The values of d′ are ob-
tained from the image taken with the camera DgC consid-
ering a virtual reference grating projected on the ideal para-
bolic reflector profile. Having obtained the value of d′ by the
recorded images, we can calculate the difference Δγ between
the two angles γ and γ′, knowing the distance Lp between the
measuring point and the photographic camera.

Δγ is obtained through the following relationship:

d′ =M · Lp · tanΔγ, Δγ = atn
d′

M · Lp
, (5)

where M is the magnification of the optical system (M is <1).
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Figure 7: Image of the grating distorted by a defect.

Consequently the difference of slope Δϕ can be obtained
using (4) as follows:

Δϕ = ϕ− ϕ′ = γ − γ′

2
,

Δϕ = Δγ

2
.

(6)

4. Experimental Results

Figure 7 shows a portion of the concentrator that reflects the
image of the grating. The image was taken in correspondence
of an air bubble under the reflective surface, formed during
the operation of gluing a reflective aluminum sheet on the
concentrator structure. The experimental results were ob-
tained for a linear parabolic concentrator with a focal length
of 800 mm and a 1600 mm entrance aperture. The photo-
graphic camera is located at a distance of 2 m from the para-
bola vertex, and it is placed at a height y of 400 mm. The
measurement configuration is shown in Figure 2. The grating
is superimposed on the receiving tube of the parabolic solar
trough.

Figure 8 represents an elaboration of Figure 7 aimed to
highlight the spatial information (two-level binary image).
The horizontal and vertical lines visible in the image in
Figure 7 were derived from a bidimensional grid placed on
the receiver tube. This grid allows a bidimensional analysis
of the image, which is carried out separately for rows and
columns. The horizontal lines are spaced of 10 mm, while the
vertical lines are spaced of 2.5 mm.

Concerning the grid application, having to be placed
on the tube, the grid obviously assumes its same curvature.
Consequently the columns are not deformed, while the rows
present variable spacing, which decreases from the tube
image center towards borders.

Figure 9 represents an example of a color map recon-
struction of the slope differences Δϕ between the ideal sur-
face of the reflector and the defective one, considering the
horizontal lines. Figure 10 has been obtained from the image
of Figure 7 considering only the vertical lines. Examination
of the vertical lines allows us to calculate the slope of the
defective surface in the longitudinal direction of the reflector.

Figure 8: Elaboration of Figure 7 aimed to highlight the spatial in-
formation (two-level binary image) of the horizontal lines. In the
figure have been superimposed the horizontal reference lines.
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Figure 9: Color map reconstruction of slope differences Δϕ (rad)
considering horizontal lines.

The calculation methodology is identical to that used in
Figure 8, reconsidering the direction of the angles ϕ and γ.

The information obtained from the grating image can be
elaborated as previously described, obtaining the 2D map of
the slopes, as shown in Figure 11.

In alternative the image information supplies position
and number of irregularities, but also the spread of the light
spot on the absorber caused by the defect, in addition to the
natural spread due to solar divergence. This investigation is
useful especially in the process of placement and adjustment
of the solar plant. In particular to check that the means used
to fix the mirrors on the frame of the concentrator do not
interfere with mirrors nominal profile, an example is shown
in Figure 7: a mirror deformed by a gluing operation.

Basically the 2D slope reconstruction of the real reflector
represents a qualitative assessment on the reflector corre-
spondence to the nominal profile. It also provides informa-
tion about the collection efficiency performance of a sys-
tem. For a more detailed analysis, it will be possible to join
together the nominal surface of the reflector with the mea-
sured one, to evidence defective zones.
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Figure 10: Elaboration of Figure 7 aimed to highlight the spatial in-
formation (two-level binary image) of the vertical lines.
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Figure 11: Color map reconstruction of slope differences Δϕ (rad)
considering vertical lines.

5. Conclusions

The described technique is addressed to field tests and meas-
urements on operating solar plants, avoiding the use of com-
plex mechanical structures and sophisticated equipments.
Furthermore, the detection system was studied to be light-
weight, easily transportable and with an extreme facility of
alignment. The proposed surface quality test can be per-
formed with minimal instrumentation; only a digital camera
and a drawn grid are needed. The optoelectronic device is
commonly used and inexpensive; the detection configuration
is easily reproducible, and the measurement procedure is
very simple.

The immediate and simplified result consists in examin-
ing the grating image, which can already assesses the surface
quality. The deformations visible on the grading image can
classify the reflecting surface; moreover, they localize the im-
perfections and give information on defect magnitude (on
high and extent). Hence, this technique represents a fast and
efficient method to detect the surface irregularities of a reflec-
tive parabolic concentrator.

Beyond the use for this visual inspection on solar plants,
the method is able to estimate a numerical value for the slope.

From the deformed grating image, we can obtain a 2D map of
mirror slope variations. This reconstruction procedure is the
most complex and time-consuming part of the method. The
elaboration methodology was deeply discussed and analyzed,
presenting examples of results as deformed grating image
and surface slope reconstruction.
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measurements of parabolic troughs using the reflected image
of the absorber tube,” Journal of Solar Energy Engineering, vol.
131, no. 1, pp. 0110141–0110145, 2009.
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