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Abstract 
A monochrome 2foptical performance measurement system 

was developed at Sandia. To meet the goals of an optical test 
method that can be done in a relatively short period of time, 
requires little space, uses "off the shelf" test equipment, and 
provides a quantitative measure adequate to address quality 
control requirements, necessitates conversion of the system to 
use color. 

This test method is based on common ray trace calculations 
for targets and images at the radius of curvature for spherical 
and parabolic ( f m 3 )  concentrators. The implementation of a 
color system involved changing hardware and software. Target 
design - the layout, materials, and color selection - is a 
primary consideration. As the system development neared 
completion, it was used in several applications to measure solar 
concentrator facet performance and evaluate system 
performance. Included in this testing was a side-by-side test 
with the SHOT system at the National Renewable Energy 

This paper discusses the development of the color system 
hardware, reviews the results of testing, and presents 
requirements for the color system software. 

Laboratory. 

Introduction 
The Sandia 2f measurement system (Grossman, 1994) was 

developed as a tool for measuring the optical performance of 
solar mirror facets with f D 2 4  The concept was to provide a 
system that could be used in a manufacturing environment to 

provide quality control measurements during facet production. 
The system was designed to be less complex and less expensive, 
while relaxing the accuracy of the laboratory systems c m n t l y  
in use. Quick results with a minimum of analysis time were also 

Field tests of the original monochrome system showed that 
the test and analysis time (45 minutes), while substantially 
reduced from the laboratory systems (1 to 2 hours), was st i l l  too 
long. The target had to be manipulated as the images of a series 
of black disks with increasing diameters were individually 
recorded through a video digitizer. Each digital image then had 
to be viewed to determine the pixel count of the black pixels in 
the image. Fially, these values were combined to determine the 
final facet figure-of-merit- In addition, the monochrome system 
was not well suited to the 2f application, since it responded to 
intensity and not color. 

One solution was to use a color target with a distinct color 
for each band (a multi-colored bulls eye) that could be analyzed 
as a single image. Wide the basic approach and the associated 
mathematics remained the same for the system, the new 
challenges were to find a digitizer system that would distinguish 
the individual colors, determine what colors would work, and 
design the target. 

reqllired. 

The Color System 
Most color systems used in computer imaging rely on 

combining the primary colors red, green and blue (commonly 
referred to as RGB). The color of each pixel in a typical 512 x 
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Figure 1 Histogram of Initial Test Colors 

512 image is represented by a value from 0 to 255 (8 bits) at the 
position of the pixel in the three color arrays. Evaluating pixel 
colors in a RGB format therefore involves manipulating three 
large arrays and can be very memory intensive and slow. 

In reviewing the available image digitizing boards for this 
project, an alternate color graphics format was found that had 
distinct advantages over RGB. In th is  format, values for hue- 
saturation-intensity (HSI) are used to describe the pixel color. 
Hue is the pure color of the pixel, saturation measures the 
dilution of the color with white, and intensity is the gray scale 
value for the black and white image. The advantage of this 
format is that only one of the three arrays needs to be analyzed. 
In the case of the 2ftest, a histogram of the hue array provides a 
frequency distribution of the target image in a facet, easily 
determinin g the pixel count for each color band. 

The HSI format is digitally converted from the RGB image 
(Wilson 1988) by the digitizer board. The cameras, monitor, 
and computer are all standard commercially available 
equipment. The digitizer does require software packages 
specifically written to use the HSI format. For the development 
of this system, a general HSI graphics software package that also 
included a C++ function library that would allow custom 
software development if required. The hardware purchased for 
the system consisted of a Sony XC711RGB camera, Sony 
PVMIWRGB monitor, power supply, and a Data Translation 
D12873 digitizer. The software used is FC-IMAGE from Foster 
Findlay Associates. Limited. Costs excluding the personal 
computer were approximately $1 1,OOO. 

Choosing Target Colors 
A wide array of colors were sampled to find materials and 

colors suitable for use with the color 2f. This preliminary work 
also provided information on how the system viewed colors. 
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The first colors viewed were on artist poster board. The colors 
chosen were spectrally far apart so that their histograms would 
hopefully not overlap. The material had a flat finish to reduce 
reflections. Figure 1 shows the histograms of the first eight 
colors tested (turquoise, purple, green, yellow, red, blue, black 
and white). All the colors, except black and white, appeared to 
be good candidates for target colors. Black and white proved to 
have some unique characteristics that affected the final target 
configuration 

Black is usually thought of as the absence of color. 
However in a dye process, a black pigment is used and 
consequently a hue value frequency curve exists for black. 
Figure 2, showing the hue values of black, is a departure from 
the characteristic curves of the other sampled colors. There is 
not the expected small range of hue values with large frequency 
counts, but rather smaller peaks spread over the entire range. 
This characteristic appeared in many of the other dark tones such 
as dark blues and browns, making these unsuitable as target 
colors. 
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Figure 2 Hue Value Frequency Resonance for Black Poster 
Board 
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Figure 3 Hue Frequency Curves for Vinyl Samples 

The white response was also unexpected. White is thought 
of as the sum of all  colors, but a pigment of titanium dioxide is 
used to make dyes and paints. White surfaces tend to be highly 
reflective and the effect of this high reflectance on the camera 
system was found coincidentally. Testing is normally done in a 
darkened mom with quartz laps illuminating the target. On one 
occasion during testing, an overhead door behind the camera was 
opened causing an increase in the frequency count of the white 
target for the hue values associated with a light blue color 
sample. The camera had responded to the reflection of the sky 
in the white target. White was deemed Unacceptable because of 
its high reflectance. 

The system response to black and the effect of reflections 
on the camera created a challenge as to how to accommodate the 
lens at the center of the target. In the original 2f system, the 
black lens in the center of the black target background had been 
treated as the first disk on .the target. White sheets with holes 
increasing in 1.3 cm increments were positioned over the target 
up to a diameter of 29.2 cm. Larger black disks from 30.5 cm to 
76.2 cm in 14.2 cm increments al l  contained a center hole the 
diameter of the lens. When the lens face was analyzed with the 
color 2fsystem the hue frequency response did not behave as the 
black color but more like the white target. The surface coating 
on the lens made it reflective, just like the white poster board. 
To eliminate this effect, a color Nter was added to the quartz 
light to force the reflective color into a predetermined hue range. 

When 
viewing the focused reflected image from a test facet, the lens 

This worked when viewing the colors directly. 

reflected the predominate color in the image. Since the color of 
the image would change with the quality of the surface, the lens 
response would also change and the presence of a large lens in 
the target face was unacceptable. The target surface was 
modified so the lens opening was only a 0.635 cm (-025 in) 
diameter. The area of the lens opening represents 0.04% or less 
of the target area for a 30.5 cm or larger diameter target and has 
no discernible effect on the image results. The only draw back 
to this solution is the lens for this system is a 55 mm diameter 
zoom lens. Chosen for use with a wide range of facet sizes and 
focal lengths, this lens is not designed to have a small aperture 
placed in front of it. However, the modiied target did prove 
workable by using less lens zoom. In a system setup for a single 
facet size, small diameter fxed focus lenses can be obtained. 

The target used .for some of the early testing mentioned 
above was fabricated from poster board. Concerns about the 
durability and color fastness prompted a search for more 
sustainable materials. The sign industry uses rigid plastic foam 
and colored adhesive backed vinyl that proved well suited as 
target materials, Numerous colored vinyl samples were tested. 
Figure 3 shows the hue frequency curves for ten of the tested 
colors. Having found usable colors, the next step in system 
fabrication was taken. 

Target Design 
For the original target, 1.3 cm increments in ring diameter 

were used up to a 30.5 cm diameter target. This provided a 



more than adequate resolution for the system while testing 1.5 
and 3 m diameter facets. In the color version, the 8 bit 
resolution for the hue limited the number of rings available for 
the target. Nine colors proved to have hue ranges that did not 
significantly overlap and could be used for a target. The error 
resolution of a ring is a function of the facet size, focal length, 
and ring size. The relationship between any radial location T on 
the target and the resulting slope error 01 was determined in the 
original 2fdevelopment as:. 

tm-l( T + R . S ~ ( B )  
R.cos(6) )-' 

2 a= 

where: 

e =&(;) 
r = facet radius 
R = facet radius of curvature. 

The minimum and maximum slope errors of a ring can be 
defined by the inner and outer ring radii. The limits of the 
uniform slope error for the facet are obtained by summing the 
prcducts of the fraction of the ring in the image (the hue range 
pixel count divided by the total image pixel count) times the ring 
slope errors for all the target rings. The facet figure-of-merit is 
calculated in the same fashion using an average value for each 
ring radius. The radius that divides the ring into two equal area 
sub rings is normally used. 

To determine what size rings were best for color targets, 
data from the original 2f testing was parametrically analyzed. 
The goal was to find a combination of nine ring sizes that 

A the difference between the original facet figure-of- 
merit results and the facet figure-of-merit determined for ring 
sizes under consideration while maintaining an acceptable 
minimum to maximum slope error range. Using a spread sheet, 
ring diameters were determined for two targets 0.31 m and 0.76 
m in diameter. These were for use with facets having 1.5 m and 
3 m diameters respectively. This method was indeed empirical 
and relied totally on existing facet data. Starting a target design 
for an untested facet would be an iterative process and would 
also depend on the type of results desired. As an example, a 
quality control application might require 80% of the facet to 
have a slope error of 3 mr or less and 95% of the facet less than 
5 mr. The design of this target would be straightforward and 
only need two colors. 

Table 1 describes the radial width of the colored rings of 
the two targets. In addition, single color 0.3 m disks were made 
for each color on the targets to provide calibration of the hue 
ranges. The hue response varies with different reflective 
materials. For several colors, overlap at the edge of the hue 
ranges occurs. b r i n g  analysis, frequency counts in these ranges 
are proportioned to each color based on the ratio of the 
calibration frequency counts. As an example, color 1 and color 
2 have counts for a single hue number of a and b respectively. 
The test image has a count of n for the same hue number, color 1 
is docated count of 

nxb/a+b 
and color 2 is allocated count of 

. .  . 

n x b/a + b. 

Table 1 Target Design 
Target diameter m 

Color 0.3048 0.760 
AT m AT m 

Red 0.0127 .0254 
pink 0.0127 .0254 
purple 0.0127 .0254 
Violet 0.0127 .0254 
Dark Yellow 0.0127 .0254 
Lemon Yellow 0.0127 -0254 
Dark Green 0.254 .0762 
SeaFoamGreen 0.254 .0762 
Light Blue 0.254 .0762 

Data Analysis 
Another drawback to the original 2fsystem was the analysis 

time and to a limited extent the subjectivity of the image 
evaluation. Currently a spreadsheet is used for data analysis. 
Each color disk is viewed in the focused facet. An area of the 
image showing color only with no edge effects is used to 
produce a hue frequency histogram for each color. The 
histograms are loaded onto a page of the spreadsheet, a column 
for each color (9) and a row for each frequency (255). The rows 
are summed across to determine the total count for each hue 
value and the columns are summed to check that each color has 
the same total pixel count. A normalized calibration matrix is 
created that includes the ratios for overlapped ranges. A page is 
created for each image where the hue values are multiplied by 
the calibration array, and then summed to provide the pixel 
counts for the individual rings from which the slope errors are 
calculated as described above. These values are determined as 
soon as the image hue file is loaded into the spread sheet, 
providing a substantial reduction in the analysis time from 45 
minutes to less than 5 minutes. If needed, additional time 
savings (less than 1 minute) could be achieved by writing 
custom software with the function library purchased with the 
image analysis package used for the HSI frame grabk .  

Test Results 
There is no standard by which optical measurement systems 

can be calibrated. In the past, test results have been compared 
with different measurement systems testing the same set of 
facets (Wendelin and Grossman, 1995). A comparison between 
the color 2f and the Scanning Hartmann Optical Test (SHOT) 
instrument (Wendelin et al, 1991) was performed at the National 
Renewable Energy Laboratoxy (NREL) using two different glass 
facets. One advantage of the SHOT system is that the facet-to- 
target alignment is not as critical as with the 2f system. During 
a SHOT test, care is taken to position the facet correctly, but it is 
not critical since any alignment m r s  are determined and 
compensated for in the analysis. ?he 2f setup is much more 
sensitive to facet positioning - a test fixture with 2 axis 
adjustment is desirable. 



The 2ftarget and camera are mounted on a stand that allows 
1.6 m of travel along the facet optical axis. This facilitates easy 
movement of the target while maintaining alignment. Multiple 
images of the target, each with a different vertex-to-target 
distance, can be obtained quickly. 

The first facet tested was a 2.7 m diameter stretched metal 
membrane facet with a thin glass mirror reflective surface. For 
these tests, a facet shipping fixture was used as the test stand. 
While it p v i d e d  an adequate test stand for SHOT, making the 
small adjustments for the 2fsystem was difficult and variability 
was inkoduced into the results. 

The first qualitative resdts from viewing the 2fimages was 
that the facet optical axis was not in the same plane as the facet 
physical center. Four sets ‘of images were taken for this facet. 
For each set of images, a measured distance between the center 
of the camdtarget stand and the facet was set. Images were 
sampled at incremental distances around this center location. 
Each image was analyzed for the facet figure-of-merit and the 
percentage of the target appearing in the image. The image 
results are graphed as a function of facet-to-target distance and 
curve fits are used to find inflection points in the data. 

The results are summarized in Figures 4 and 5. The values 
listed in the legends after the ampersand are the vertex-to-stand 
center distance. The two sets of images taken on 5/9/95 provide 
the best starting point for the discussion of the results. These 
two data sets were done consecutively with great care taken to 
maintain the alignment with the image. The facet figure-of- 
merit curve fit (broad dashed line in figure 4) has a minimum 
value of 35 mr at a vertex-to-target distance of 18.7 m (9.4 m 
focal length) and has 71.4% of the target in the image. The 
percent of target in the image curve fit (broad dashed line in 
Figure 5 )  has a maximum of 74.7% at a vertex-to-target distance 
of 17.6 m (8.8 m focal length) and a facet figure-of-merit of 3.9 
mr. Another way of viewing these results is, at 17.6111 25.3% of 
the facet has an error greater than 10.8 mr, and at 18.7 m 28.6% 
of the facet has an error greater than 10.2 mr. These two 
inflection points define the “dual focus” locations for the 
“bathtub” shaped facet. The point of maximum percentage is 
where the target fills the image as completely as possible, while 
the minimum figure-of-merit is where the center of the facet is 
most sharply focused. The values for the percent of target in the 
image are also an indication of the facet quality. For a g d  
facet, this value should be above 90% and in the mid to high 
80’s for au average facet. A way to quantitatively evaluate the 
portion of the image that is off the edge of the target has not 
been devised. However, the 2fresults can be considered the best 
case values because including the portion of the facet not 
showing the target in the calculation will only increase the slope 

The other two sets of data tend to confuse the analysis. 
Neither set has a facet-to-target distance range of the May 9 
data, but they do illustrate the difficulty in obtaining repeatable 
data for this facet. The slope error data for these tests agree very 
well, indicating overall lower values at the longer facet-to-target 
distances. At the shorter distances, the data approaches the May 
9 results, but does not extend to the shorter distances. At the 
same time, the percentage data for the two sets is offset (Figure 
5). The May 8 results are consistent with the May 9 results, 
while the May 11 results are higher than the May 9 results. 
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Figure 4 Facet Figure-of-Merit Results for the 
2.74 m Dia. Glass Facet 

(Facet -to-target distances in the legend indicate 
stand center positions.) 

These results suggest that the alignments were different between 
tests. This difficulty is attributed to the fact that the facet 
mounting was not optimal to the alignment requirements for 
small consistent adjustments to the position. The May 11 slope 
error results suggest the inflection point for one of the two focal 
points occurs at 19.9 m with a facet figure-of-merit of 2.7 mr 
and the target visible in 68.2% of the image. 

When the SHOT data were fit to a second order surface (i.e. 
a parabola), the resulting slope error was 4.01 mr (Wendelin, 
1995). Plots of the slope error indicated surface regions that 
were flatter than the ideal parabola and slope regions steeper 
than that of the ideal parabola. The slope errors occurred 
primarily at the edge of the dish and the surface was steeper than 
that of the ideal parabola. This “bath-tub” profile has been seen 
in elastically-deformed membranes (Grossman et al, 1995) and 
tends to become more pronounced with higher vacuum pressures 
(shorter focal lengths). The glass tiles did not have a significant 
effect on the membrane surface. The best focal distance for the 
facet was between 9.0,l and 9.16 meters. The difference in these 
numbers indicates a slight asymmetry to the surface. 

-- 
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Figure 5 Percent of Target in the Image Results for the 

2.74m Dia Glass Facet 
(Facet -to-target distances in the legend indicate 

stand center positions.) 

For this facet the results indicate: 

1. The optical and physical centers of the facet are 
different, indicating some asymmetry in the facet 
(confirmed by SHOT). 



Figure 6 Comparison of Hue Calibrations 

2. 

3. 

Dual focal points ,indicative of a “bathtub” profile are 
indicated by the results (also confirmed by SHOT). 
The focal points are at 8.8 m and 9.3 m (bracketing the 
SHOT result) and the best possible figure-of-merits are 
3.9 mr and 3.5 mr respectively . 
The amount of the image outside the target (>25%) 
qualitatively indicates a marginal facet. The facet 
figure-of merits would have larger values if this area 
was included in the data and would probably be cIoser 
to the SHOT value of 4.01 mr. A larger target would 
reduce the area not included in the data. 

4. 

a vertex-to-target distance of 11.0 m (5.5 m focal length). The 
maximum area of the image Nled by the target is 90% at a 
vertex-to-target distance of 10.9 m. Another way of viewing 
these results is, at the focal point 10% of the facet has an error 
greater than 6.95 mr. Again, a way to quantitatively evaluate the 
portion of the image that is off the edge of the target has not 
been developed. However, the 2f results can be considered the 
best case values because including the portion of the facet not 
showing the target in the calculation will only increase the dope 
error. 

Two 1.5 m diameter, glass covered, stretched-membrane 
facets, one facet with 0.7 mm thick glass on the front surface 
and the other with 1.0 mm thick glass, were also tested. As 
mentioned above, the hue response does change with mirror 
surface. Figure 6 shows the calibration for the 0.7 mm glass 
facet and the same curve for the 1 .O mm glass facet. Changes in 
the hue ranges can be seen illustrating why calibration is needed 
for each different type of mirror surface. 

The results for the 0.7 mm glass facets are summarized in 
Figures 7 and 8. The minimum facet figure-of-merit is 2.4 mr at 
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Figure 8 Percent of Target in the 
Image Results for the 0.7 mm Glass 

Facet 

Figures 9 and 10 show the results for the 1.0 mm glass 
facet. This facet displayed values quite different from the 0.7 
mm glass facet. The locations of the minimum facet figure-of- 
merit and the maximum percentage of target in the image were 
displaced from each other. This is characteristic of a “bathtub” 
profile for the membrane surface. The center portion of the 
facet has a longer focal length than the outside of the facet. In 
this case, the center is focusing at 5.6 m (11.2 m vertex-to-target 
distance) where the figure-of-merit is a minimum of 2.9 mr. 

Figure 7 Facet Figure-of-Merit 
Results for the 0.7 mm Glass Facet 
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Figure 9 Facet Figure-of-Merit 
Results for the 1.0 mm Glass Facet 

This is somewhat empirical since the curve fit is increasing 
whereas the actual trend is believed a leveling of the data. The 
other important factor is, at the same time, the area of the image 
viewing the target is only about 54.6% (versus 90% for the 0.7 
mm glass facet), indicating a poor quality facet. The percentage 
of the target in the image is a maximum (54.8%) at 5.4 m (10.8 
m vertex-to-target distance) where the outer portion of the facet 
focuses. The facet figure-of-merit is 3.0 mr, but again 45.2% of 
the facet has an error of 6.6 mr or larger. 

A larger target (.76 m.diameter) was placed at the position 
with the highest percentage data point (10.8 m). The results 
indicated more of the image was seeing the target, 77.3% and 
the figure-of-merit was 3.4. These results st i l l  show this facet 
was not nearly as good as the fmt facet. Visually the mirror 
seams and cracks were more pronounced in the image, 
suggesting the thicker glass was not conforming to the 
membrane surface curvature. 
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Figure 10 Percent of Target in the Image Results 
for the 1.0 mm Glass Facet 

The SHOT was used to test the 0.7 mm thin glass facets 
(Wendelin, 1995). When the data were fit to a parabola, the 
slope error was found .to be 2.44 mr, The effect of the glass tiles 
on the polymer substrate beneath it is observable at the edges of 
the tiles. Because the glass is so much stiffer than the 
membrane, it changes the structural response of the membrane to 
the vacuum load. As a result, the slope error increases at the 
edges of the tiles. The effect on the overall slope error is not as 
significant as expected, however. This is probably due to the 
flexibility of the thin (0.7 mm) glass. While a SHOT test was 
not done, the thicker 1 mm glass is expected to be optically 
worse as was observed in the 2f testing. The focal length was 
determined to be 5.56 in the horizontal and 5.32 meters in the 
vertical as calculated from the expansion terms. Again some 
slight asymmetry in the surface is noted. 

For these facets the results indicate: 

1. The 0.7 mm glass facet has a facet figure-of-merit of 
2.4 nu with the target in !X% of the image at a focal 
point of between 5.6 to 5.5 meters. SHOT results are 
similar with a 2.44 mr slope error and horizontal focal 
length of 5.56 meters and a vertical focal length of 
5.32 meters. 
The 1.0 mm glass facet displayed the characteristics of 
dual focal points resulting from a “bathtub” surface 
shape. The focal points are at 5.4 m and 5.6 m, figure- 
of-merits of.2.9 and 3.0 IK respectively. The mount 
of the image outside the target (>45%) qualitatively 
indicates a marginal facet. The facet figure-of-merits 
would have larger values if this area was included in 
the data. Testing with a larger target yielded a figure- 
of-merit of 3.4 mr and reduced the area not included in 
the data to 32.7%. 

2. 

The two comparison tests indicate similar results for the 
color 2f and SHOT. In the case of a good optically performing 
facet such as the 0.7 mm glass facet, the results match quite 
well. For a facet with lower optical performance, the 2fhas 
different indicators than SHOT but the conclusions are the same. 
The “bathtub” shape is indicated in the 2f by a separation of the 
focal lengths determined by the facet figure-of-merit and the 
area of the target in the image. The slope error plot from SHOT 
gives the same indication while determining an average focal 
length. For the large facet tested here, the range of the SHOT 
determined focal length brackets the average of the 2f focal 
lengths. In this case, where SHOT determines a larger uniform 
slope error, the combination of the facet figure-of-merit and the 
large percentage of facet area where the target is not in the 
image, lead to the same determination of facet quality. 

Conclusions 
The color 2fsystem bas provided a significant improvement 

over the original black and white system, removing much of the 
subjectivity. Both test and analysis times have been reduced 
from 45 minutes to 5 minutes and further reductions in analysis 
times probably are possible with custom software. Comparison 
tests with SHOT indicate good agreement between the two 
methods. For the 2f system, initial alignment is critical to 



achieving consistent and accurate results. Proper facet mounting 
hardware is essential. Target design will vary with each 
application and calibration must be done for each reflective 
surface type. 

References 
Grossman, J. W., 1994, “Development of a 2f Optical 

Performance Measurement System,” Solar Engineering 1994, 

Wilson, A., 1988, ‘What Color Is Color,” FSD. Magazine, 
January, 1988. 

Wendelin, T. J., and Grossman, J. W., 1995, “Comparison 
of Three Methods for Optical Characterization of Point-Focus 
Concentrators,” Solar Engideering 1995 Volume 2, pp. 775-780. 

Wendelii, T. J., Jorgensen, G. J., and Wood, R. L., 1991, 
”SHOT A Method For Characterizing the Surface Figure and 
Optical Performance of Point Focus Solar Concentrators,” The 
Second ASME-JSES-JSME International Solar Conference, pp. 
555-560. 

Wendelin, T. J. Personal Communication to J. Grossman 
May, 1995. 

Grossman, J.W., Erdman, W. W.. Houser, R. M., and 
Davenport, R. L. 1995, ‘Testing of the SAIC Facets on the 
Stretched-Membrane Dish,’’ Solar Engineering 1995 Volume 2, 

pp. 25-32. 

pp- 787-794. 

This work at Sandia National Laboratories, Albuquerque, New 
Mexico, is supported by the U. S. Department of Energy under 
contract DE-AC04-94AL85000. 

DISCLAIMER 

This report was prepared as an account of work sponsored by an agency of the United States 
Government. Neither the United States Government nor any agency thereof, nor any of their 
employees, makes any warranty, express or implied, or assumes any legal liability or responsi- 
bility for the accuracy, completeness, or usefulness of any information, apparatus, product, or 
process disclosed, or represents that its use would not infringe privately owned rights. Refer- 
ence herein to any specific commercial product, process, or service by trade name, trademark, 
manufacturer, or otherwise does not necessarily constitute or imply its endorsement, recom- 
mendation, or favoring by the United States Government or any agency thereof. The views 
and opinions of authors expressed herein do not necessarily state or reflect those of the 
United States Government or any agency thereof. 


