TRACEABILITY OF WATER CONTOUR ON CURVE
SURFACE FROM A PELTON BUCKET

J. Abregu, B. Solemslie and O. Dahlhaug

Abstract: This study explores the traceability of water contours
on curved surfaces essential for a Pelton bucket, employing
multiple techniques to determine the optimal combination of
colors and light. The tracking of fluid flowing over surfaces
presents a challenging task, especially when examining water
on steel or aluminum materials through image processing. This
research introduces a novel methodology for tracking the
boundary regions of a transparent fluid on colored surfaces by
utilizing a transparent material to create shadows.

The study incorporates a combination of colors and light to
enable visual inspections directly on a Pelton bucket. This
approach not only enhances the precision of the inspections but
also significantly reduces light consumption, making the
process more adaptable to various setups and allowing for a
lower need for illumination.

1 Introduction.

Digital processing of images obtained experimentally are commonly used to validate
numerical analyses, to quickly study variation of for example turbine design. However,
establishing validation data in such a way for images of water flowing on metallic
surfaces is challenging due to the transparent nature of water and the inherent
indistinct border areas. These factors limit the analysis the pixel value to create
differences and thereby reducing the accuracy in determining the borders.

This paper presents a study of different approaches that may vyield a better accuracy
when utilizing image processing to identify the boarders of water regions within a
rotating Pelton turbine.

The utilization of a borescope to enable on board image acquisition has previously
been carried out on multiple occasions [1, 2]. These previous studies have presented
a significant challenge when the results are aimed at validating the CFD
(Computational Fluid Dynamics) models. Acquiring images suitable images for
processing of transparent fluid flowing over metallic surfaces, presents several
challenges. The transparency of water complicates the ability of image processing
technique to distinguish the boundaries as is show in Fig. 1.
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Fig. 1. Traceability of transparent fluid over buckets. (a) Solemslie, NTNU [1]. (b) Perrig, EPFL [2].

In order to increase the quality of the images with respect to the post processing the
use of a tracer dye in the fluid is suggested, and this paper studies different
approaches to this solution. The use of tracer dyes may introduce new uncertainties
due to changes in densities and challenges associated with high-speed imaging, such
as light demands and exposure time. As an alternative to the use of tracer dyes, the
utilization of recent advancements in 3D printing technologies, like Digital Light
Processing (DLP) and new resins with unique properties, the use of 3D printed
transparent layers is employed to enable easier identification of water boundaries
within images.

2 Traceability of transparent fluids

2.1 Colored pictures and videos

The literature presents various techniques, such as Schlieren [3] and photographic
methods [4], which are challenging to apply to fluids moving over surfaces due to the
limited angles of light imposed by the bucket’'s nature. Consequently, the initial
experiment utilized transparent fluid over different colored surfaces to identify the
optimal conditions for contrasting the boarder of the fluid. The experiments indicated
minimal differences between surfaces of uniform colors when the light source was
aligned with the lens as shown in Fig. 2. However, a notable observation was made
with black backgrounds, where tracking the fluid became more difficult.

(a) (b) (c)

Fig. 2. Transparent fluid over surface with light source aligned with the lens
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The experiment was modified by painting buckets in different colors and testing the
same conditions, finding some areas with contrasts depending on the light angle and
the shadows moving over the curved surface of the buckets. The results for this part,
independent of color, show the importance of the angles of light incident in the fluid
and the background, this contrast of light shows a better possibility to create a
difference in the borders.

The following methods were used for improving the contrast between colors and
background. Using different colors of dye in the water and different colors in the
surface of the bucket, it was possible to make short videos and analyze the borders
with MATLAB. For this evaluation, transparent water was mixed with various dyes to
alter the color. The colors chosen were close to the basic hues, red (250.81.74), green
(2.125.35), blue (8.134.221), and yellow (202.215.3) to ensure better control.

Contrary to the authors experience when using the naked eye, the idea of using red
(250.81.74) with white background was found to be inferior compared to using light
blue (10.173.180) on the same background.

For this evaluation, it was found that the contrast between colors in one axis is
determined by the difference in their values across the axis, and the distance ranging
from a minimum of 1 to a maximum of 255. When evaluating any value in the scale
255, the absolute difference gives the contrast value. Therefore, the most extreme
values, such as 1 and 255, exhibit the highest contrast. The Fig. 3 illustrates the
difference using only the red axis. The first difference generates a value of 200 in red
axis, which corresponds to 60 in grayscale. The second difference results in a value
of 55 in red axis and corresponds only to 16 in grayscale, making it more difficult to
process the difference.

[R,G,B] [R,G,B] RBG difference  Grayscale difference
[255,0,0] [55,0,0] [200,0,0] [60]
[155,0,0] [100,0,0] [55,0,0] [16]

Fig. 3. Representation of difference between two colors from one axis in RBG and grayscale

Regarding work in the laboratories is difficult to isolate the experiments in one color
because it's exposed to the light and reflections, that’'s why is better work with three
dimensions in RGB standard code that work like a tridimensional space with axis R, G
and B. that’s more common find experimental in the experiments. The representation
of the difference involves the three axis and the distance between the tridimensional
space, represented by the Euclidean distance [5]. In the equation 1 where “D” is
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calculated RGB values (R1, G1, B1) and (R2, G2, B2) respectively for two colors in
the 3D RGB spectrum.

D =V((R1—R2)? + (G1 — G2)*> + (B1 — B2)?) Eq.1

Fig. 4 illustrates in the first line, the difference between a red color (255,0,0) and white
(255,255,255), how this difference is represented in Euclidean distance and grayscale
using three color axes. Additionally, it shows the difference between the initial red color
(255,0,0) and its exact inverted color, cyan (0,255,255). The figure demonstrates that
the Euclidean distance is greater for the inverted colors, that isn’t simple to capture
with the grayscale. This example explains how image processing software like
MATLAB that uses CIELAB color spaces, and used in this project, can be represented
by the Euclidean distance.

[R,G,B] [R,G,B] RBG difference Euclidean difference Grayscale difference
[255,0,0] [255,255,255] [0,255,255] [361] [178]
[255,0,0] [0,255,255] [255,255,255] [442] [103]

Fig. 4. Difference in value from two colors in Euclidean distance and Grayscale

The Fig. 5 shows the different level of contrast in 3D representation with the difference
between color using the Euclidean distance. (a) Low difference the gray color
(127,127,127) has an oppositive color like the same color, because has the same
range of color to the extreme places, and the difference between other can be bigger
than 127 in each dimension, making it less attractive for use in process image. (b)
Medium difference, the purple color (200,55,200) has like a opposite color to the green
dark (55,200,55). (c) High difference, the red color (255,0,0) has like an oppositive
color to the cyan (0,255,255), oppositive to the instinct of white (255,255,255) which
is less different than cyan.

(a) R (b) ™ © -
255 255 285,001 255
200 200 200
50
[R,G,B] 158 [200,55,200] L
(175,175,175) _ 20783 100 aota2
y 50 [65,200,55] =251 .
n2712727 | @) .-
‘ - G‘é/*/g * /;:é oo (;4”./“:‘ oo
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1"0:° ek A50 = % N 180
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255 255 ’.: 265
B B Q [0,255,255] B

Fig. 5. Representation of opposite colors in the RGB standard code like axis R, G and B. (a) Medium
contrast (b) High difference (c) Low difference.
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Coloring water with dyes and painting the bucket with the opposite color gives better
processing due the difference value of the colors in the water and the surface as is
shown in Fig. 6.

i A

YO

Fig. 6 Dye fluid over colored buckets and its process image with filters. (a) & (b) basic colors
configuration between dye and bucket. (c) Luminescence dye on opposite colored bucket

An additional experiment was made it with luminescent dye in the fluid as is show in
Fig. 6 (c). The fluid can shine under violet light at night, producing good results.
However, this process requires a significant amount of light due to the filters needed
to obtain ultraviolet light. Additionally, it is necessary to have space free from other
light sources.

The various dyes also changed the densities, ranging from 7% to 10%. The fluid with
10% dye concentration resulted in more vivid colors, providing greater flexibility in
processing images, but more interference in the density gives it a new challenge
regarding the evaluation with different densities.

2.2 Evaluation of transparent materials

The challenges in transferring the evaluations of denser colored fluids to experiments
with Pelton turbines have prompted the project to seek new materials and different
light arrangements for processing transparent fluids.

One of the important factors when working with transparent materials and light is the
background color, which is important for distinguishing the fluid from its environment.
The setup involved various configurations with light material and fluid. The Fig. 7
illustrates (a) Fluid over a transparent surface with light inside the material. (b) Light in
the fluid with different backgrounds (c) Transparent surface with light in the
background.
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Fig. 7. Test with transparent materials and lights in different dlsposmons

After numerous evaluations of the arrangements of light, materials, and background,
summary in Annex 1, one of the most promising configurations was the use of a
double-layer material with a transparent layer on top as is shown in the Fig. 8. The
contour of the water creates a shadow over the bottom material and gives the
possibility to work without color in the fluid.

Fig. 8. Fluid over a two-layer material with a transparent layer on top and its process with MATLAB
filters.

2.3 Monochrome pictures and videos

Using monochrome videos and pictures to study fluids is a challenge, because the
filters of three dimensions is reduce to just one. But most of the experiments use
grayscale high-speed cameras because use monochrome sensors, which capture
light intensity directly. These sensors don't need to filter light into different color
channels (red, green, blue), so they can capture more light at each pixel. This results
in higher sensitivity and better low-light performance, which is crucial in high-speed
imaging. High-speed cameras generate a massive amount of data because they
capture many frames per second (FPS). Grayscale images have less data per frame
because they only record one channel (intensity) instead of three (SRGB).

The Luminance Method [6] is a common method to convert SRGB to grayscale by
using a weighted average of the red, green, and blue components. This method
accounts for the fact that the human eye perceives green more strongly than red, and
red more strongly than blue. The formula for converting sRGB to grayscale is
represented in Equation 2 where the grayscale value is calculated regarding the
values from sRGB code where R, G, and B are the red, green, and blue color
components (each ranging from 0 to 255). The resulting grayscale value will also be
in the range of 0 to 255.
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Grayscaley e = (0.299 * R) + (0.587 « G) + (0.144 * B) Eq.2

For the experiment, a monochrome camera was used to capture grayscale images.
The initial experiments revealed that the background color produced different values
in the direct grayscale images. Upon evaluating these differences, it was found that
another factor influencing the conversion of color to grayscale is luminosity, which
significantly affects how colors are perceived in grayscale. The International
Commission on lllumination (CIE) provides recognized color standards such as
CIELAB and CIELUV [7]. These standards are perceptually uniform color spaces that
represent color more consistently based on human visual perception and take
illumination intensity into account. The considerations to change the color from sRGB
to CIE XYZ is given by the IEC 61966-2-1:1999 [8] working with the D65 illuminant.
And the equivalent from CIE XYZ to CIE LAB is possible following the CIE 15:2004 [9]
and it’s represented in the nest equations using normalize the X, Y, and Z values.

Reference white point for the D65 illuminant:
X, = 0.95047,Y,, = 1.00000, Z, = 1.08883,

Normalize the XYZ values:
X Y VA
X—E,y—Z,Z—Z Eq3
Nonlinear transformation :
(t) = {t’\(l/B), t > 0.008856
f6) = 7.787 = t + 16/116, t < 0.008856

Function values in CIELAB format:

L' = 116 f(y)- 16, a* = 500 % (f(x) = f(»)), b* =200+ (F») - f(2)) EQ5

The use of CIELAB format provides a more accurate representation of color value
variations in the experiment. By altering the arrangement and intensity of the light, as
shown in Table 1. The standard deviation of values in the CIELAB scale under low
illumination is 4%, compared to 13% with SRGB grayscale.

Eq.4

Table 1. Evaluation of colors using a monochrome camera under varying light intensities

Printed image for test Camera image, normal ilumination| Camera image, low ilumination |Camera image, high ilumination
Estimaded | Camera sRGB Camera sRGB Camera sRGB
Color RGB ClElab ] ClElab ] ClElab ) ClElab
Grayscale | image  Grayscale image Grayscale image  Grayscale
BE (2553131 55*78%61  [97] red [118] 7axox0 | [119]  s0*0*0 [ red [252]  99*0*0
B 02521 770071 (126 | M (201 42%0%0 - 60]  25*0*0 | [geen [162]  65*0%0
BEEEN (0161241 62+14+51 [121] |DENEE (1) 51%0%0 [70]  30%0*0 || Ble [183]  75*0%0
white  [255,255,255]  100*0*0 [255] white [255] 100*0*0 white [179] 73*0*0 white [255] 100*0*0

The experiment evaluated the yellowish effect of halogen light, referencing CIE
15:2004 [9] which presents an equivalent showing how sRGB values change with
temperature. In this experiment the approximate temperature of the halogen light
filament was around 2700K, resulting in a yellowish effect close to (255, 228, 196) in
RGB. The chosen opposite color for the background was (0, 35, 75), corresponding to
(6*2*-39) in the CIELAB scale. By increasing the light intensity or Lightness (L*) in the
CIELAB scale, a range of colors can be obtained. The testing colors for the
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background in the two-layer material were (248, 182, 0), (226, 102, 252), and (254,
249, 59) as shown in Fig. 9

(a) (b) (c)
[254, 249, 59]

1 - 4 < - : ‘ '- - '\:‘ .
- 2 . -~ - > "/. 'ep ’\ﬂ. *‘
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Fig. 9. Test two-layer material with transparent on top and different colors of background.

Using a monochrome high-speed camera with a frame rate of 7000 frames per second
and an illumination level of around 55000 lux provides an excellent evaluation of the
border area through MATLAB filters. These colors of background and light conditions
effectively follow the contour in nearly all the videos, as is shown in the Fig. 9, where
the blue line follow the contours.

3 Building Pelton with transparent layer

The method to build a two-layer bucket with transparent on top bucket presents a
challenge, passing for a different option including blow molding plastic or glass into
the desired shape, manufacturing from plexiglass, and casting. Ultimately, 3D printing
was selected due to accessibility and good performance.

The transparent resin was tested according to the availability of the market compatible
with the printer, that in the case of the experiment was the Phrozen Sonic Mega 8K
with a resolution of 43um. The types of resin were BASF Ultracur3D® ST45 Resin —
Naturell, Siraya Tech SIMPLE — Clear, Anycubic UV/DLP Resin — Clear and, eSun
eResin PM200 PMMA Like Resin, this last resin gives less yellowish and better
consistent with the setting of the printer. For the bucket base to support the transparent
layer it was used the eSUN Resin Hard-Tough gray, which gives a hard rating of 75-
81 Shore D. Creating marks on the background face of the transparent layer involved
various processes and evaluations to achieve precise lines and sufficient depth to
distinguish them from the paint on the surface. Fig. 10 illustrates the different methods
used, with the marker laser process ultimately providing the highest accuracy.

Fig. 10. Different process of marking over a curve surface. (a) Level laser with manual marker. (b)
Height gauge and marker. (c) Marker laser with CNC control.
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The gap between the base material of the bucket and the transparent layer was
adjusted to find the correct spacing for the glue material. It was determined that a
spacing of 0.25mm was necessary. The final bucket with the desired characteristics is
shown in Fig. 11.

Fig. 11. Final bucket with the characteristics of transparency and background color for the experiment

4 Set up of the experiment

The experiment setup utilized a Photron FastCam SA5 camera with a resolution of
1024x1024 and a 105 mm lens. The light source was a 110,000-lumen HMI Fresnel
lamp. The arrangement of the camera and the light is shown in Fig. 12. The bucket
with a two-layer was mounted in replace of one of the aluminum buckets.

Lightsource

o=y
2

Camera

Valve !

Free Surface Pump

77777 s I
Reservoir

Fig. 12. Set up of camera and light source in Pelton test rig.

s

5 Results

The results were evaluated by comparing the same conditions of the jet incoming over
the bucket at the same time. This comparison involved a normal bucket with a gray
surface (97, 97, 97) and a two-layer bucket with a background color (216, 182, 233),
as shown in Fig. 13. The top figures (a) and (b) depict the beginning of the water jet
flowing over the bucket, while figures (c) and (d) show a later moment when the water
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jet is deeper inside the bucket. In the left figures, it is challenging to differentiate the
water contour due to its transparency and lack of border contrast. However, in the right
figures, the shadows formed under the transparent layer make it easier to distinguish.

(a) (b)

Fig. 13. Evaluation of the water over a normal bucket and the two-layer, in two positions.
6 Conclusions

Using colored fluid to distinguish in the process image is significantly influenced by the
background color. For instance, when employing a red fluid with the sRGB code
(255,0,0) against a white background (255,255,255), the Euclidean difference is 360
on a scale of 422. However, if the background is changed to light blue (0,255,255),
the difference increases to the maximum 422. This substantial range of difference
enhances the ease of recognition in image processing.

Creating a two-layer surface allows recognize the border area of transparent fluid
(water) flowing over the surface for the formation of shadows. This is due to the
thickness of the transparent layer. The shadow effect is related to the background
color, utilizing the principle of contrast colors to be recognized by image processing.

The source and intensity of light are important in creating contrast colors. An
incandescent light source generates colored light due to its temperature, which is
transmitted to the transparent fluid. This, combined with the light’s intensity, are the
factors for the evaluation of the background color based on the optimal Euclidean
distance for the best contrast.

For this experiment, the recommended configuration to create a proper shadow to
enhance traceability was manufacturing a 1mm transparent layer over the bucket
using a resin printing process. The background should be a “light violet” color (216,
182, 233), and the source of light should be a halogen with 50000 lux for capture image
at 8000 frames per second with good contrast.

7 Discussion

The possibilities for working with transparent resin in 3D printing are expanding. In this
experiment, five types of transparent resin were used, each with a different setup.
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However, new types of resin are being released that offer better performance and
greater compatibility with more printers.

New LED technologies provide different light intensities with lower temperatures,
which can alter the chosen background colors. The color evaluation needs to be
adjusted for each experiment based on the distance and the yellowish hue generated
by the light source.
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11 Annex
11.1Recognized value from different colors of materials and fluids.

Register Solid Ground Fluid Ught Resuht
Consideration chose Estimoted  Contrast
image Goal Day Pics Testsold Material  Color Distance Color Fuid Color Density Type Distance Filter BestFiter reconzedfluid  w/Evn  Contrast w/Mat

select best image Colorated water withwi 818 20 plate plastic  white Colorated water biue high change Led flood light  200mm none 90% 95%
select the more difficult Bucket and Fluid 825 4bucket  sluminum Darkblue Lwminicense Pale red minimal change  Movile White  100mm Bive 0310 75% 95%
d 825 7bucket  aluminum  Ugth red Luminicense Green minimsl change  Movile White  100mm Bie 0290 95% 95%

select the more difficult Bucket and Fluid 825  8bucket  aluminum Darkblue Luminicense vellow minimal change  Movile White  100mm sive 0285 80% 95%
select the more difficult Bucket and Fluid 825  21bucket  aluminum Darkblue Luminicense Palered minimal change  Movile White  100mm none 0350 o5% 9%
select the more difficult Bucket and Fluid 825  1lbucket  sluminum Lighred Luminicense Yellow minims| change  Movile White  100mm Blue 0280 90% 2%
select the more difficult Bucket and Fluid 825  10bucket  aluminum Ligth blue Luminicense Green minimal change  Movile White  100mm none 0590 80% 2%
select the more difficult Bucket and Fluid 825  12bucket  aluminum Darkblue Luminicense 8iue minimalchange  Movile White  100mm sive 0190 95% 92%
select best image Transparentand white: 818 10 diskplate polycarbone white with transparent water none normal Ledflood light  200mm none 5% s0%
select best image Fluidwithtranspmat 824 16 plate polycarbonetransparent  150mm  sluminum  lumincence green minimal change strobe 300mm Blue 0370 0% 0% 20%
select best Image Fluidwithtranspmat 824 19 plate polycarbonztransparent  150mm  aluminum  lumincence pink minimal change strobe 300mm sive 0370 80% 70% 0%
select the more difficult Bucket and Fiuid 825  1lbucket  aluminum Darkblue Luminicense Yellow minimal change  Movile White  100mm none 0350 5% 90%
select the more difficult Bucket and Fluid 825  Bbucket  sluminum Lighred Luminicense Pale red minimal change  Movile White  100mm Ble 0370 70% s0%
ket and Fluid 825  9bucket  aluminum Darkblue Luminicense Green minimal change  Movile White  100mm Bive 0260 0% 0%

select the more difficult Bucket and Fluid 825  Bbucket  aluminum Ligthblue Luminicense Yellow minimalchange  Movile White  100mm Ble 0555 s0% 0%
select the more difficult Bucket and Fluid 825  12bucket  aluminum Ligthblue Luminicense Bive minimal change  Movile White  100mm Blue 0180 95% 90%
select best image luminated cylindershe 817 13 cylinder shaf polycarbonetransparent  200mm  dirty sink waster none normal strobe inside none 0850 50% 50% so%
select best image lluminated cylinder sha 8.17 10 cylinder shaf polycarbon: transparent  200mm dirty sink water none normal Strobe inside none 0550 95% 70% 80%
select best image 824 5 o smm sluminum  lumincence pink minimal change strobe 300mm Slve 0420 0% 80% 80%
select best image Fluid with tanspmat 824 7 eylinder shaf polycarbont transparent  Smm aluminum  lumincence green minimal change strobe 300mm Bive 0100 0% so% so%
select best image Huminated colored cyll 817 8 cylinder shaf polycarbonz transparent  200mm  dirty sink water none normal Strobe Inside green 0500 50% 70% 5%
select best image Bucket and Fiuid 824 8bucket  plastic  lighyeliow colored blue high change strobe 300mm none 0400 60% 60%
select best image Fluid withtranspmat 824 10 cylinder shaf polycarboni transparent  Smm aluminum colored blue high change strobe 300mm none 0430 0% 20% 60%
select best image lluminate water and sir 817 12 sink surface stanly steel dyrty water none normal strobe inside ween 0630 10% s0%
select best image Bucket and Fluid 824 17bucket  plastic  white colored blue high change strobe 300mm none 0ss0 so% 0%
select best image lluminated colored eyl 8.17 cylinder shat polycarbont transparent  200mm  dirty sink water none normal strobe inside green o0s30 0% s0% 0%
select best image Fluidwithtranspmat 824 8 half tube ins polycarbonz transparent  10mm  aluminum colored blue high change strobe 300mm none 0460 0% 10% 0%
select best Image Fluidwithtranspmat 824 8 halftube ins polycarboni transparent  10mm  aluminum  lumincence green minimal change strobe 300mm Blue 0360 0% 20% 0%
select best image Transparent surface wit 8.18 diskplate polycarbonztransparent  100mm dirtysink vater none normal ted flood light  200mm none 30% 10% 30%
select best image Bucket and Fluid 824 Bbucket  plastic  white lumincence pink minimal change strobe 300mm Blue 04s0 30% 30%
select best image Fluid with transpmat 824 s plastc  tansparent  20mm  aluminum  lumincence green minimal change strobe 300mm Blue 0350 so% 0% 30%
select the more difficult Bucket and Fluid 825  12bucket  sluminum Ugthred wminicense Green minimal change  Movile White  100mm none 0420 20% 30%
select the more difficult Bucket and Fluid 825  12bucket  aluminum Ligthred Luminicense Blue minimal change  Movile White  100mm none 0380 0% 30%
select best image luminated Bucket and | 8.17 bucket  plastic  ligthyellow water none normal strobe inside none 0430 20% 20%
select best image Bucket and Fluid 824  4Obucket  plastic  white lumincence wreen minimal change strobe 300mm Blve 0495 0% 20%
select best image Fluid behaivour in laye: 824 4 tray aluminum  aluminum lumincence green minimal change strobe 300mm Sive 0430 s0% 10% 20%
select best image Bucket and Fluid 824 iibucket  plastic lighyellow lumincence green minimal change strobe 300mm slue 0ass 0% 0%
select best image Bucket and Fluid 824 12bucket fiber with peYellow clare lumincence green minimal change strobe 300mm Sive 0220 5% 0%
select the more difficult Buckstand Fluid 825 4bucket  aluminum Ugthblue Lwminicense Green minimal change  Movile White  100mm siue 0430 30% 10%
select best image Black material with ilur 818 tube plastic  black water none normal strobe inside none 0% s%
select best image Tluminate water and En 8.18 srtpublic  glass transparent  20m dark red water none normal Natural none 80% 70% 5%
select best Image Bucket and Fluld 824 6 bucket plastic ligth yeliow Iumincence pink minimal change strobe 300mm Blve 0410 10% %
select best image Bucket and Fluid 824 6bucket  aluminum  aluminum fumincence pink minimal change strobe 300mm slue 0410 10% 5%
select best image Bucket and Fluid 828 Gbucket  aluminum aluminum colored blve high change strobe 300mm none 0430 5% 5%
select best image Bucket and Fluid 824 10bucket  fiber with peveliow clare colored blue high change strobe 300mm none 0430 5% 5%
select best image Bucket and Fluid 824 18bucket  aluminum  aluminum lumincence wreen minimal change strobe 300mm Blue 0420 10% 5%
select best image tube plastic  red vater none normal Ledflood light  200mm none 0% %
select best image Tube polycarbont transparent water none normal strobe Inside none s% % %
select best image Bucket and Water unde: bucket  aluminum aluminum water none normal strobe 300mm Biue 2% 2%
select best image Bucket and Fluid 10 bucket fiber with pz ellow clare lumincence pink minimal change strobe 300mm 8lue 0420 5% 2%
selectthe more difficult 825_11 Bucket and Fiuid 3bucket  aluminum Ligth blue Luminicense Palered minimal change  Movile White  100mm Sive 0350 5% %
select the more difficult 8253 Bucket and Fluid 12bucket  aluminum Ligth blue Luminicense Pale red minimal change  Movile White  100mm none 0350 5% 3%
select the more difficult 8258  Bucket and Fluid 2bucket  aluminum  Ligth blue Luminicense Bive minimal change  Movile White  100mm Bive 0400 o% o

11.2 Border recognized value from different background colors under
transparent layer

% Border recognized
BACKGROUND Initial Middle Final
Color RGB Filteredge  Sensitivity|SecdL Real |SecdL Real |SecdL Real
" R248G182B0  imbinarize 0.55  92% 95% 95%  94%
R226 G102 B252 imbinarize 0.55 90% 95% 95% 93%
| R182G182B182 imbinarize 0.55  90% 95% 95%  93%
R254 G249B59 imbinarize 0.55 95% 90% 90% 92%
- R1G247B182 imbinarize 0.55 80% 98% 95% 91%
R255 G155 B228 imbinarize 0.55 85% 90% 95% 90%
R255G31B31 imbinarize 0.55 95% 95% 80% 90%
R171 G104 BO imbinarize 0.55 80% 90% 95% 88%
RO G215 BO imbinarize 0.55 90% 90% 85% 88%
R255G12B188 imbinarize 0.55 70% 80% 80% 77%
R103 G222 B254 imbinarize 0.55 50% 70% 95% 72%
- R0 G81B173 imbinarize 0.55 50% 80% 80% 70%
[ | R124 G248 BO imbinarize 0.55 60% 70% 80% 70%
RO G161 B241 imbinarize 0.55 30% 80% 80% 63%
R255 G255 B255 imbinarize 0.55 60% 50% 50% 53%
- RO GO BO imbinarize 0.55 30% 10% 0% 13%
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