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Optical In-Situ Assessment
of a Nonimaging Secondary
Concentrator in a Solar Tower
A method for remote optical measurement of the geometry of nonimaging concentra
presented. A concentrator installed in a solar tower was measured by observatio
transmission patterns from the heliostat field, and comparison of the measured patte
a ray tracing simulation. The actual geometry of the concentrator was derived
optimization of the match between real and simulated patterns. The measuremen
sensitive and accurate enough to detect small errors in the concentrator geometry, su
1 millimeter in linear dimension and 0.1° in concentrator tilt angle. The measurem
procedure is simple and can be easily adapted to a wide range of nonimaging op
systems.@DOI: 10.1115/1.1488668#
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1 Introduction
Nonimaging reflective concentrators are used for concentra

of solar radiation, especially as second stage concentrators
high-temperature solar power plants@1#. Secondary concentrator
may be relatively small devices when the primary is a parab
dish @2,3# or large devices intended for solar tower systems@4,5#.
The use of secondary concentrators can increase the flux inc
on the solar receiver relative to the use of only one concentr
stage, because the potential of a two-stage system may app
the thermodynamic limit of concentration@6#. Reaching a high
incident flux is important in high-temperature applications,
example power generation with modern engines such as gas
bines@5,7# and solar chemistry@8,9,10#. A high incident flux pro-
vides high receiver efficiency in spite of the high temperature,
is therefore a crucial element in the overall process efficiency

The performance of a nonimaging concentrator is sensitive
the geometric accuracy of its reflective surfaces. Generally,
difficult to assess the optical performance of an existing non
aging concentrator, or to measure its geometry with suffici
resolution and precision. This is especially difficult for large co
centrators that are assembledin-situ from many separate element
and their reflective surfaces are not easily accessible after as
bly for a physical measurement. In these cases, it is possib
perform calorimetric measurements that determine the ove
power exiting the concentrator@11,12#, and flux measurements a
the exit aperture@5#. These provide only limited detail, and offe
no information on how the actual device geometry deviates fr
the design. If concentrator performance is much lower than an
pated due to manufacturing flaws, such measurements pro
little assistance in identifying and repairing these flaws. A m
detailed geometric characterization of imaging reflectors can
provided by photogrammetry@13#, which was successfully use
with a primary concentrator. This is not practical for a large no
imaging secondary, because it requires a direct line of sight to,
physical manipulation of, the internal reflective surfaces.

We have developed an all-optical remote measurement me
for nonimaging concentrators and demonstrated its applicatio
the laboratory measurement of a small concentrator@14#. In this
contribution, we demonstrate the methodin-situ, with a secondary
concentrator installed on a solar tower and the measurements
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formed remotely from within the heliostat field. The concentra
chosen for this test was an asymmetric device with rectang
cross-section, which was optimized for accepting radiation fr
an East-West wide field@15#. The measurements included placin
a Lambertian source across the concentrator’s exit aperture, ta
photographs of the concentrator from strategically selected po
in the field, and analysis of the transmission patterns visible in
photographs. The final product of the analysis was a calibra
geometrical description of the concentrator, which can be use
predict performance under any conditions and to assess
needed repairs or adjustments of concentrator geometry.

2 Principles of Remote In-Situ Measurement. The re-
mote measurement method was previously presented in d
@14#, and a brief summary is provided here for completeness.
method is based on the reversibility of ray-paths in the framew
of geometric optics, assuming surfaces that are specularly refl
ing and non-emitting. A path through the concentrator represe
both a ray starting at the entrance aperture, and another starti
the exit aperture. Hence, all rays that are accepted by a con
trator ~enter through the inlet, and reach the exit aperture! can be
reversed by placing a Lambertian source across the exit aper
and observing what comes out of the inlet aperture. Looking o
the entrance aperture of the concentrator, a pattern is observ
bright regions illuminated by the radiation source and dark
gions that are not illuminated. This corresponds to the transm
sion pattern@1# for radiation emerging from the position of obse
vation. Radiation coming from the point of observation and falli
on the illuminated regions of the inlet aperture will be accept
because these paths lead to the exit aperture; rays coming
that position and falling on the dark regions will be rejected. A
illustration of the receiver and typical rays passing through tra
mission and rejection regions of the aperture is presented in
1. A series of photographs from different positions of observat
can provide values of the transmission function for a set of in
dent directions for each point on the entrance aperture.

It may be convenient to take the photographs directly from
position of the source of radiation that the concentrator is
signed to accept, i.e., from the parabolic dish or the heliostat fi
that serve as primary concentrator. This choice will provide
transmission information directly in the relevant positions. Ho
ever, the measurements may also be taken from another s
observation points without loss of information about the transm
sion function. This is since the measurements show the directi
dependence of the transmission pattern, which is only weakly
fluenced by the distance from the observation point to the tar

Performing many observations from different directions relat

ni-

,

002 by ASME AUGUST 2002, Vol. 124 Õ 223



c

g

i

r
o
t

-
r

T
t
-

a
h

rip-
he

up-
om-

ay
too

ea-
mis-
ight
s-
s, as

was
rce
ard

oard
i-
uld
rce
not
ion
een
rion.
ven
of
ual
the

ely
od
f the

ion
itivity
the

llu-
exit
ow
as
nt
rp-

eld,
this
r-

on.
no

rm

ken
ns
lls a
lu-
the

lu-
to

tion
as
the
ible.

nt in
nts
date
to the target, corresponding to different positions within a ref
ence surface such as the primary concentrator, can provide a
plete map of the transmission of radiation through the concen
tor, with full four-dimensional~4-D! resolution within the phase
space of geometric optics@14#. It is, therefore, possible to recove
the geometry of the concentrator that creates this mappin
phase space. The other diagnostic methods mentioned abov
volve loss of information: calorimetry collapses all transmiss
information to a single integral value, and flux measurement
duces the information from four to two dimensions. This integ
tion within the 4-D phase space results in a loss of informati
which makes it impossible to recover the geometry of the ac
concentrator from the results.

3 Experimental Method
The optical assessment method was applied to a secondary

centrator installed at the 9th floor of the solar tower at the Weiz
mann Institute of Science. The concentrator has a rectangula
trance aperture and a rectangular exit aperture. It is compose
eight plane facets of trapezoidal shape, as shown in Fig. 1.
geometry was optimized to accept radiation coming from
whole field of heliostats@15#, and is not limited to an axisymmet
ric acceptance cone typical of more conventional designs. T
concentrator can serve as part of an array of concentrators,
lowing the partitioned receiver concept@16,17#, due to its rectan-
gular aperture. The geometrical concentration is 4.5, and the tr
mission efficiency is 92.7% assuming 95% reflectivity. T

Fig. 1 „a… The geometry of the rectangular concentrator used
for the remote in-situ measurement. Eight plane facets of trap-
ezoidal shape interconnect a rectangular entrance aperture and
a rectangular exit aperture. „b… Representative rays entering the
aperture through a transmission region „white … and a rejection
region „hatched …; white circles indicate the points of penetra-
tion at the inlet aperture. Rays 1 and 2 reach the exit aperture
directly and after one reflection, respectively. Ray 3 is rejected
after two reflections.
224 Õ Vol. 124, AUGUST 2002
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nominal flux concentration hence is 4.17. A more detailed desc
tion of the design, construction and calorimetric testing of t
concentrator can be found in@11,15#.

In the laboratory measurement@14#, we have used an active
light source at the exit aperture, and the ambient light was s
pressed. The patterns that were produced were therefore c
posed of easily distinguished bright and dark regions. In anin-situ
measurement, it is more difficult to suppress ambient light. It m
be possible to perform the measurement at night, if there is not
much artificial ambient light present. However, in a daytime m
surement, the regions representing rejected rays in the trans
sion patterns are not dark. They contain reflected ambient l
from the sky or from the heliostat field. It is, therefore, not po
sible to analyze the transmission patterns based on brightnes
was done in the laboratory test.

The contrast between transmission and rejection regions
produced in the current test using color. The Lambertian sou
was constructed by placing a flat piece of bright orange cardbo
across the exit aperture of the concentrator. The rough cardb
reflected incident light diffusely, in all directions within the hem
sphere facing the primary concentrator. This reflected light co
be easily distinguished from ambient light by its color. The sou
was not exactly Lambertian, since the outgoing radiation was
necessarily at uniform intensity. The analysis of the transmiss
patterns, therefore, used a color criterion to distinguish betw
orange and non-orange regions, rather than a brightness crite

Photographs of the entrance aperture were taken from se
positions within the heliostat field. Figure 2 shows the layout
the WIS heliostat field and the observation positions. The eq
transmission contour lines indicate the acceptance range of
concentrator, according to ray-tracing simulation. The relativ
sharp transition from high to low transmission shows the go
adaptation of the concentration optics to the eccentric shape o
heliostat field.

Observation positions 1–6 were selected within the transit
region near the edge of the acceptance range, since the sens
of the transmission patterns to small geometric changes in
concentrator is highest in this region@14#. The patterns seen from
within the transition region are composed of regions that are i
minated bright orange by the Lambertian source across the
aperture, and regions that reflect ambient light and do not sh
the source color. The intensity in the bright orange regions w
essentially uniform, except for small variations due to differe
number of reflections at the concentrator’s walls that incur abso
tion losses.

Position 7 was chosen approximately at the center of the fi
where transmission is close to 100%. The observation from
position showed the full entrance aperture filled with bright o
ange radiation from the source, with no significant ray rejecti
For this reason, the measurement from position 7 requires
analysis, and provides no useful information other than to confi
the ray tracing result of complete transmission.

Images of the transmission patterns at each position were ta
using a camera with ASA 100 color slide film. An appropriate le
was chosen such that the concentrator entrance aperture fi
significant part of the picture, to provide sufficient image reso
tion. The acquired image resolution exceeded the resolution of
simulated image~Section 4.2!, and therefore was not a limiting
factor on the accuracy of the analysis. In principle, image reso
tion can be affected by the lens quality and by distortion due
thermal gradients in the air intervening between the observa
point and the target. We have found that the image quality w
sufficient to resolve the small features that were predicted by
simulation, and that the images seemed stable and reproduc
The lens and atmosphere effects were therefore not significa
the current tests. Additional experience with larger solar pla
and under various atmospheric conditions is needed to vali
this conclusion.
Transactions of the ASME
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4 Analysis of the Transmission Patterns

4.1 Image Processing. The pictures were scanned from th
color slides for further processing. The scanning resolution w
adjusted to provide about 45,000 pixels within the aperture, wh
matches the resolution of the simulated images~see Section 4.2!.
No processing or filtering was applied to the image during
scanning process. Figure 3 shows a typical scanned transmi
pattern as photographed from position 1. The transmission reg
can be identified as horizontal strips of nearly uniform gray, r
resenting the bright orange of the original photographs. The
gions that reflect ambient light show a variety of patterns, incl
ing images of heliostats that are much brighter than the radia
coming from the source. Nevertheless, the color criterion use
identify the transmission regions does not depend on rela
brightness, and therefore, the ambient light does not affect
measurement.

Fig. 2 „a… The layout of the Weizmann Institute heliostat field.
The positions of the heliostats are marked as squares. The
lines are equal transmission contours as predicted by ray-
tracing simulations. The positions of observation for the mea-
surement are shown as numbered dots. „b… The measurement
system.
Journal of Solar Energy Engineering
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The scanned images were processed to exclude the reje
regions, seen as reflected ambient light, from the patterns.
goal was to reach the same contrast between the transmission
rejection zones as was achieved in the laboratory measurem
where ambient light was suppressed@14#. The pictures were sepa
rated into the three RGB color channels. A new image was p
duced with the following rules: a pixel containing a large r
component but no significant blue component is considered
originate at the orange source and corresponds to a transmi
area. A pixel containing a significant blue and not much red
considered to originate in the environment and corresponds
rejection area. This choice obviously depends on the specific c
chosen for the source at the concentrator exit aperture; a
primary color ~corresponding to one of RGB channels! would
simplify the contrast criterion. The result of the filtering process
a high-contrast gray-level image with the orange features h
lighted, and the ambient light suppressed. Figure 4 shows
processed transmission patterns corresponding to positions 1–
the field. A comparison of image 1 in Fig. 4 to Fig. 3 demonstra
the effectiveness of this procedure in eliminating ambient ligh

4.2 Simulated Images. A model of the concentrator geom
etry was constructed for the simulation, including several f
parameters that may vary to represent manufacturing and as
bly errors. Eight linear dimensions which define the concentra
geometry and the slope angle~down from horizontal! were used.
The next section presents the sensitivity of the simulation res
to two of these parameters, one of the linear dimensions and
slope angle. The ray-tracing simulation was performed using
commercial optics code ASAP~Breault Research Organization
Tucson, AZ!. The distribution of rays was organized according
the resolution of the scanned image, such that a single ray
traced for each pixel in the image. The tracing started from
concentrator’s inlet aperture and proceeded towards the exit a
ture. A ray was marked as transmitted if it reached the exit ap
ture, and rejected if it was turned around and reached the i
aperture. About 45,000 rays were traced for each image, requ
about one minute of processing time on a PC.

Figure 5a shows a simulated pattern for position 1, correspon
ing to the measured pattern 1 in Fig. 4. One ray was traced in
simulation for each pixel in the measured pattern. The differ
gray levels within the transmission regions correspond to atte
ation due to a different number of reflections. The brightest ba
in the lower right edge of the aperture corresponds to direct s
of the exit aperture from the position of observation, i.e., dir
transmission of light without reflection.

Fig. 3 Transmission pattern photograph corresponding to po-
sition 1. Transmission regions are the two relatively uniform
horizontal gray strips „bright orange in the original color pho-
tograph ….
AUGUST 2002, Vol. 124 Õ 225
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4.3 Pattern Matching and Concentrator Geometry. In-
formation about the actual geometry of the concentrator as m
factured and assembled was obtained by matching the meas
transmission patterns to simulated patterns, using the follow
procedure. The simulated pattern and the measured pattern
overlaid and compared pixel-by-pixel. Figure 5b shows the differ-
ence between the two patterns. Matching areas, i.e., show
transmission in both the simulation and in the measuremen
rejection in both the simulation the measurement, are show
white. Two types of mismatch are shown as gray areas. Pixels
appear bright in the measurement but not in the simulation
shown in light gray. Pixels that appear bright in the simulation
not in the measurement are shown in dark gray. The sum of th
two types of mismatch is the total mismatch. The amount of m
match is found by simple pixel counting in the difference imag
The significant mismatch~of both types! between the pattern
indicates that the actual concentrator geometry is different fr
the design geometry, due to errors in the manufacturing or
assembly and alignment of the concentrator.

The accuracy of the mismatch values depends on image qu
and resolution. The measured image should be sharp, such th
transition between the transmission and rejection regions oc
over a single pixel. The experimental uncertainty in the area
each region is therefore proportional to the number of pixels
the boundaries of the region, since the exact transition line co
be anywhere between the center of one pixel and the center o
neighbor on the other side of the boundary. The assumption
the transition is exactly between the neighbor pixels has the
maximum error of half a pixel size, and an average error value
be set as a quarter of a pixel. The same argument applies to
simulated image where again each finite pixel area is represe
226 Õ Vol. 124, AUGUST 2002
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by a single ray located at its center. The actual tracing of the ra
exact~up to the computer round-off! and therefore contributes n
additional error. For a typical case in our analysis, an image
two mismatch regions in the form of elongated strips, having fo
boundaries, each about 370 pixels long. The error in misma
area, relative to the aperture area, contributed by each bounda
370/4/45,00050.002. Combining the four contributions as a sum
of-squares~since statistically the errors do not have to be in t
same direction!, the total error estimate is 0.004 or 0.4% of th
aperture area.

The geometric transmission of the concentrator for radiat
incident from the observation point is defined as the ratio of
transmission area to total aperture area in the image. This is
tinct from the radiation transmission, since the losses due to
perfect reflectivity are not taken into account. The geome
transmission is not necessarily very different between meas
ment and simulation, even when the mismatch is large. The
ference in geometric transmission equals the difference betw
the two types of mismatch. In the example of Fig. 5b, the mis-
match areas of the two types is nearly equal, and therefore
total difference in geometric transmission between measurem
and simulation is small for this observation point~not necessarily
for other observation points!. This demonstrates the detaile
information content of the transmission pattern measurem
which is lost when using integral measurement methods suc
calorimetry.

The next step is adjustment of the geometric model of the c
centrator in the simulation and seeking a better match betw
measurement and simulation. The procedure used was a ma
adjustment of the geometric parameters, one at a time, and ob
ing the effect of each change on the mismatch. The possibility
Fig. 4 Photographs of the transmission patterns after pre-processing. Numbers indicate
the positions of observation. The different resolution of the photographs is due to the
different camera distance to the concentrator for the different positions within the field.
Transactions of the ASME
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automating this process, and issues that may arise in more c
plex models of large concentrators, are discussed in Sectio
While each parameter was changed, the mismatch in all obse
tion points was examined. The matching of specific topologi
features in the transmission pattern, as well as the amoun
mismatch area, were used as criteria for improvement. We h
found that in general an improvement occurred simultaneousl
all parts of the image, and in all the images from the differe
observation points.

Physical measurement of the concentrator facets before as
bly has shown that the length of the front axial section~L1 in Fig.
1! was higher than the design by three millimeters. The sec
axial section was shorter by the same amount, such that the
length L was correct. To see if this error can be detected,
dimensionL1 was varied in the simulation according to the pr
cedure outlined above, and the best match was found at the co
length. Figure 6a shows the pixel mismatch for observation po
tion 1 whenL1 is varied in the simulation. The correct length ca
be easily identified as having the lowest total mismatch. This g
metric information cannot be derived from a calorimetric me
surement, because the total transmission is not sufficiently se
tive to this error, as seen in Fig. 6a. The sensitivity of the pattern
matching method, on the other hand, easily identifies errors
millimeter magnitude or even smaller. A similar optimal match
the same value ofL1 was observed in the images of the oth
observation points.

A different type of geometric parameter value that can be ea
detected is the alignment of the concentrator. Figure 6b shows the
pixel mismatch while varying the tilt angle of the concentra
axis downward from horizontal in the simulation. In this case
minimum in the total mismatch curve is less pronounced. Ho
ever, the optimal value is easy to identify since it provides the b
balance between the two types of mismatch. In this case, the
transmission shows reasonable sensitivity to the slope param
indicating that a calorimetric measurement could in principle
used to detect the correct concentrator slope. However, ex

Fig. 5 „a… Simulated transmission pattern for the observation
position 1. Gray levels correspond to different numbers of re-
flections. „b… The differences between the measured and simu-
lated patterns; simulated geometry of the concentrator was ac-
cording to the original design.
Journal of Solar Energy Engineering
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mental errors in a calorimetric measurement make it very diffic
to obtain the measurement accuracy of about 1% that is nee
here. The transmission patterns can be measured with neglig
error, since high image resolution is easy to achieve. It is, the
fore, possible to detect concentrator slope errors as small as
or even smaller.

Figure 7 shows the effect of the optimization of the leng
parameterL1 on the mismatch at all positions of observation. T
slope angle parameter was already corrected in these results
reduction in mismatch is significant, indicating that the concen
tor geometry in the simulation model is very close to the act
geometry. The remaining total mismatch of about 5% is due
the other geometric parameters that were not varied within
analysis.

5 Discussion
We have demonstrated anin-situ application of the remote op

tical assessment method for nonimaging concentrators. The m
surement was performed in a full-scale solar tower facility, us
easily available technical equipment. The measurement did
require contact with the concentrator, except for the placemen
a flat surface at the exit aperture. Analysis of the measured tr
mission patterns provided accurate information on the actual
ues of several geometric parameters of the concentrator. C
pared to an integral calorimetric test of a concentrator, the rem
optical method provides much more geometric information a
much higher accuracy. Compared to photogrammetry, the rem
optical measurement enables measurement of devices with
geometry and a non-uniform number of reflections, and does

Fig. 6 Pixel mismatch and the difference in geometric trans-
mission for observation position 1. „a… Variation of the axial
position of the intermediate aperture in the geometry used for
the simulation; „b… Variation of tilt angle of the concentrator
axis downward from horizontal. Mismatch 1: pixels when the
simulation is bright but the measurement is not. Mismatch 2:
pixels where the measurement is bright but the simulation is
not.
AUGUST 2002, Vol. 124 Õ 227
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require contact with or manipulation of the reflective surfac
Our method for non-imaging secondary concentrators
complement photogrammetry used for primary concentrators
provide a complete solution for characterization of two-stage
tical systems.

The high sensitivity of the pattern matching procedure provid
high-resolution values of the concentrator geometric parame
that were varied in our analysis. Variations of 1 mm in line
dimension and 0.1° in tilt angle were detected. The accurac
the measurement depends on the resolution of the measured
simulated images. The resolution of the measurement is ma
limited by distortions induced by the optical equipment and by
air. In our tests, these effects were not significant and did not l
the measurement accuracy. The resolution of the simulated re
can be chosen as desired, with higher resolution resulting in so
what higher~but not excessive! computational effort.

Small-scale geometric imperfections in the mirrors can infl
ence the measured images, but these effects were found insi
cant in our tests. The boundaries between areas of different c
in the images were quite sharp, up to image resolution, show
that any diffuse component in the reflection or small-scale wa
ness that creates effective scattering, were not significant. Stra
edges observed through a reflection in the mirrors are see
straight lines, with hardly any distortion. This indicates that lon
wave deformation of the mirrors is also insignificant up to t
limit of image resolution. We expect that specularity will not be
issue in most well manufactured concentrators. Long-wave de
mations may exist, especially in large facets, and should be id
tified and corrected. This can be done by modeling each facet
additional degrees of freedom for curvature, and calibrating
additional parameters using the distortions found in the meas
transmission patterns.

The question of uniqueness and local minima is always pre
in optimization problems. The rudimentary test presented her
matching two geometric parameters to known values was succ
ful, but this is no guarantee for success in general. We believe
for this particular application, the danger of misleading loc
minima is not severe. First, the initial guess should be close to
desired solution, since the geometric deviations sought shoul
relatively small for a reasonable concentrator. Second, the am
of information to be matched is large and complex. In princip
each pixel in an image can be regarded as a bit of informat
leading to 45,000 bits to be matched per image in our tests. S
of this information represents a complex interaction of many
rameters via multiple reflections. It is unlikely that different com
binations of geometric parameters will reproduce the same c
plex set of information embodied in the transmission patte
from different observation points. We have no rigorous proof

Fig. 7 Total pixel mismatch before and after the optimization
of the position for the intermediate aperture L 1 . The tilt angle
of the concentrator axis has already been optimized.
228 Õ Vol. 124, AUGUST 2002
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this conjecture; the best way to gain confidence in this issu
probably by accumulating experience in using this procedure w
different cocentrators.

In addition to the geometric model of the concentrator, the
timization may benefit from a few other free parameters. The
entation angles of the concentrator’s axis can be accurately fo
from optimization of the pattern match, as shown above. Ot
parameters that were not varied in the current work are the c
centrator’s position in the tower and the positions of the obser
tion points in the field. The selection of the appropriate fr
parameters for optimization depends on the uncertainty in
values that these parameters are assigned before the re
measurements.

In principle, the effect of different parameters in the geomet
model can be coupled, so that finding an optimum by varying o
parameter at a time is difficult. We have found that it is possible
decouple the parameters by a correct ordering of the 1-D par
eter searches. The reason for this behavior is that some featur
the transmission pattern are strongly affected by specific par
eters, and less affected by others. For example, the geomet
the apertures observed in the image is affected by a global pa
eter such as the concentrator tilt angle, but not by other parame
that define internal structure likeL1 . The tilt angle can be deter
mined by focusing on specific features in the images. Anot
important effect is that radiation leaving the exit aperture alwa
travels towards the inlet aperture, and cannot turn back. The
tern observed at the facets adjacent to the exit aperture is
affected by the geometry of facets farther towards the inlet ap
ture. The parameters defining the first ring of facets can then
determined separately from the rest of concentrator by match
only the part of the transmission pattern that is viewed throu
these facets. The same argument can be made by inductio
each successive ring of facets, after the geometry of the prev
ring has been determined.

In a large concentrator composed of many facets, the numbe
degrees of freedom in the geometric model can be large, requ
a higher computational load in the matching process. The dec
pling process described above can alleviate the computati
load, but it would still be a challenge. Therefore, it is desirable
construct a geometric model of the concentrator that is simpli
as much as possible. The simplification should be based on an
sis of the concentrator construction method and identification
the main types of geometric errors that would be expected.

The number of required observation points needed to fully ch
acterize a concentrator should be related to the number of deg
of freedom in the concentrator’s geometric model. A practical p
cedure for a large and complex concentrator can be as follo
Analyze a small number of patterns, say from three observa
points. Optimize the geometric model based on these patte
Then measure a few additional patterns from different positio
and test whether the optimized model provides a good matc
these patterns as well. If not, re-optimize with the larger set
patterns. Then repeat the test with new patterns. This increme
procedure should allow a reasonable compromise between e
and accuracy.

The analysis described here can be partly automated,
manual intervention and control for the high-level decisions
recommended. For a given type of concentrator, some expe
will be needed in order to define the decoupling and optimizat
order of the parameters in the model, and to identify which f
tures in the pattern should be matched for specific parame
This is important when the method is applied for a complex c
centrator with a large number of degrees of freedom and of
servation points, since the amount of computation for a fully a
tomatic optimization could be prohibitive.

Application of the remote measurement to solar plants wh
are much larger than the WIS field should be similar to the curr
application. As the heliostat field increases in size, the concen
tor inlet aperture will also increase by roughly the same ratio. T
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required optical setup is therefore similar, and possibly the o
effect will be somewhat higher interference due to the interven
air between the camera and the target.
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