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5.7 Shutter Speed Testing

As the incoming light and thereby the shutter speed is of such importance for
the plenoptic camera to get proper results, tests using different shutter speeds are
provided. The tests include low light with large shutter speed, and much light with
low shutter speed. The tests are presented in videos found in the attachment.

When pausing the totalfocus video as the object is moving fast, it is clear to
see that the video with much light and low shutter speed provides the best results.
When the fish is moving fast, the depthmap is also more complete in the video
with low shutter speed. This can also be seen in the images from the field test in
the attachment.

The results determine that much light is most likely needed, such that the
shutter speed can be decreased, when working with fast moving objects.



Chapter 6

Conclusion

The objective of this research was to verify the metric depth measurements pro-
vided by the Raytrix plenoptic camera technology underwater, and thereby find
out if plenoptic technology can potentially be used for biomass estimation within
an ocean fish farm. Biomass estimation would benefit the production of the aqua-
culture fish breeding industry, and could potentially also benefit the fish’s welfare.

The camera used throughout this research is the Raytrix R42 color camera.
The focus has been to find an appropriate setup along with a good choice of
lens and calibration. Metric measurements underwater have also needed to be
verified, as this technology has no documented use underwater. Several tests have
been conducted for establishing ground results on what setup will provide the best
results. The tests have included testing with different backgrounds, different lenses
and different underwater housings.

The test results clearly state that the best choice for underwater housing is
the flat port. The best results using the flat port in water was when the camera
calibration was conducted in air, before moving the camera into the housing and
into the water. This is very fortunate, as the calibration can be hard to perform
in water.

During testing, different background tests were also provided. The results
shows that a plain background with few contrast areas performs best. During
testing a black background is chosen as to best imitate the background of the sea.

The fish farms contain a lot of noise due to big particles in the water from
food and excrement. This means that the fish should be close to the camera
for obtaining good results. I addition, it is also stated that biomass estimation
algorithms will most likely have the need for classification, and will therefore need
to have room for the entire fish in the image. These statements are important
when considering what lens should be used. During this research only two lenses
are tested. A 12 mm lens with a normal field-of-view, and a 25 mm lens with a
narrow field-of-view. From the tests, it is seen that the 25 mm lens performs a
bit better than the 12 mm, but due to the statements above, the 12 mm lens was
chosen for testing in field, and is probably the better choice, due to its field-of-view.

From the test results provided, it is clear to say that this technology must be
further developed and tested before a complete biomass estimation system can be
made, but the results also clearly indicate that this technology has potential for
biomass estimation in fish farms.
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Chapter 7
Future Work

As explained in the conclusion, there is potential in this technology, but for plenop-
tic technology to be used for biomass estimation in a fish farm, many issues must
first be resolved. Some of the issues are directly related to the camera, while others
are to the setup and the environment.

The most obvious problem is that the images taken are blurry, due to high
shutter speed. A blurry image is useless for the depth estimation algorithms, so
a sharper image must be provided for this technology to be used in an ocean fish
farm measuring salmon swimming up to 15 km/h. It could be possible to reduce
the shutter speed by expanding the aperture, but as explained in a
smaller aperture gives a larger depth-of-field. Tests using various shutter speed
and aperture should be done to try and solve this issue.

The next challenge has been the limited working distance that has been avail-
able for calibration. The Raytrix cameras has been made mostly for microscopy
and small distances. During this research Raytrix has been working on improv-
ing their calibration algorithms for larger distances. This could mean that the
results achieved in this research could easily be somewhat improved using the new
calibration algorithms.

A challenge directed to both the camera and the environment, is the several
lightning conditions that occurs in an underwater fish farm. The camera is very
sensitive to light condition changes, so for this system to be doing biomass es-
timation in a fish farm every day, all year without having to recalibrate, could
potentially be a challenge. This could of course be solved by attaching adjustable
lights close to the camera. But this would also create a new problem due to the
particles in the water. A fish farm containing several hundred thousand fish pro-
duce a lot of large particles. When lights are lit close to the camera, all particles
right in front of the camera reflects most of the light before it reaches the fish
in the background and thereby produce much noise. This phenomenon is called
back-scattering and is a large problem dealing with underwater imaging. A way
of solving this could be to place the lights a distance from the camera, but con-
sidering that the system should also be kept small and neat for easy maneuvering,
makes the lightning issue a complex problem.
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A.1 - Test 1

Lens type 25 mm
Background | Black
Object target | Test-fish
Medium Air

Table 7.1: Setup for test 1.

Test 1 - Parameter values in RxLive 4.0
Gradation Line | Disabled
Denoise | Enabled
Filter Diameter | 4
Noise Level | 0.10
Preprocessing Blend Facﬁor 0.20
Sharpening | Enabled
Sharpness | 1.50
Blurring Standard Deviation | 2.50
Use only for estimation | Enabled
Color | Disabled
Focus | -
Focus Depth Blending Scale | 0.00
Focus Resolution | 3858 x 2682 px
Depth Algorithm | Depth Path
Min Virtual Depth | 2.00 VD
Max Virtual Depth | 15.00 VD
Enabled Lens Types | Near, Middle, Far
g:g:::a tion Min Correlation | 0.900
Min Std Deviation | 0.010
Patch Diameter | 3 px
Patch Stride | 2 px
Consistency Check | Enabled
Depth Map Resolution | 1929 x 1341 px
Filling | Disabled
oepth Map Bilateral Filter | Enabled
Filter Radius | 5 px
Edge Smoothing Factor | 0.050
Calibration Shutter Speed | 100
Settings Stars | 3
Shutter Speed Near | 100
g;il:rile tors Shutter Speed Middle | 100
Shutter Speed Far | 100

Table 7.2: Parameter values in RxLive 4.0 for Test 1.
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Distance 70 cm

Image 1 | 205.725 mm
Image 2 | 205.246 mm
Image 3 | 206.056 mm
Image 4 | 205.968 mm
Image 5 | 205.339 mm
Image 6 | 205.695 mm
Image 7 | 205.778 mm
Image 8 | 205.435 mm
Image 9 | 204.618 mm
Image 10 | 205.038 mm

Distance 85 cm

Image 1 | 197.559 mm
Image 2 | 196.810 mm
Image 3 | 197.055 mm
Image 4 | 198.274 mm
Image 5 | 197.757 mm
Image 6 | 196.188 mm
Image 7 | 197.234 mm
Image 8 | 198.787 mm
Image 9 | 197.144 mm
Image 10 | 196.257 mm

Distance 100 cm

Image 1 | 189.169 mm
Image 2 | 190.757 mm
Image 3 | 190.065 mm
Image 4 | 191.627 mm
Image 5 | 189.755 mm
Image 6 | 189.157 mm
Image 7 | 188.277 mm
Image 8 | 189.622 mm
Image 9 | 181.753 mm
Image 10 | 189.082 mm

Table 7.3: Measured lengths of object in test 1.
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A.2 - Test 2

Lens type 25 mm
Background | White
Object target | Test-fish
Medium Air

Table 7.4: Setup for test 2.

Test 2 - Parameter values in RxLive 4.0
Gradation Line | Disabled
Denoise | Enabled
Filter Diameter | 4
Noise Level | 0.10
Preprocessing Blend Facﬁor 0.20
Sharpening | Enabled
Sharpness | 1.50
Blurring Standard Deviation | 2.50
Use only for estimation | Enabled
Color | Disabled
Focus | -
Focus Depth Blending Scale | 0.00
Focus Resolution | 3858 x 2682 px
Depth Algorithm | Depth Path
Min Virtual Depth | 2.00 VD
Max Virtual Depth | 15.00 VD
Enabled Lens Types | Near, Middle, Far
g:g:::a tion Min Correlation | 0.900
Min Std Deviation | 0.010
Patch Diameter | 3 px
Patch Stride | 2 px
Consistency Check | Enabled
Depth Map Resolution | 1929 x 1341 px
Filling | Disabled
oepth Map Bilateral Filter | Enabled
Filter Radius | 5 px
Edge Smoothing Factor | 0.050
Calibration Shutter Speed | 100
Settings Stars | 2
Shutter Speed Near | 100
g;il:rile tors Shutter Speed Middle | 100
Shutter Speed Far | 100

Table 7.5: Parameter values in RxLive 4.0 for Test 2.
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Distance 70 cm

Image 1 | 234.202 mm
Image 2 | 236.925 mm
Image 3 | 234.401 mm
Image 4 | 233.709 mm
Image 5 | 236.145 mm
Image 6 | 236.753 mm
Image 7 | 235.117 mm
Image 8 | 235.249 mm
Image 9 | 236.164 mm
Image 10 | 235.970 mm

Distance 85 cm

Image 1 | 237.982 mm
Image 2 | 232.629 mm
Image 3 | 232.458 mm
Image 4 | 233.397 mm
Image 5 | 232.735 mm
Image 6 | 232.284 mm
Image 7 | 233.944 mm
Image 8 | 234.933 mm
Image 9 | 231.922 mm
Image 10 | 233.258 mm

Distance 100 cm

Image 1 | 229.825 mm
Image 2 | 227.417 mm
Image 3 | 232.431 mm
Image 4 | 235.954 mm
Image 5 | 234.140 mm
Image 6 | 229.906 mm
Image 7 | 229.948 mm
Image 8 | 229.589 mm
Image 9 | 226.498 mm
Image 10 | 229.134 mm

Table 7.6: Measured lengths of object in test 2.
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A.3 - Test 3

Lens type 25 mm
Background | Structured
Object target | Test-fish
Medium Air

Table 7.7: Setup for test 3.

Test 3 - Parameter values in RxLive 4.0
Gradation Line | Disabled
Denoise | Enabled
Filter Diameter | 4
Noise Level | 0.10
Preprocessing Blend Facﬁor 0.20
Sharpening | Enabled
Sharpness | 1.50
Blurring Standard Deviation | 2.50
Use only for estimation | Enabled
Color | Disabled
Focus | -
Focus Depth Blending Scale | 0.00
Focus Resolution | 3858 x 2682 px
Depth Algorithm | Depth Path
Min Virtual Depth | 2.00 VD
Max Virtual Depth | 15.00 VD
Enabled Lens Types | Near, Middle, Far
g:g:::a tion Min Correlation | 0.900
Min Std Deviation | 0.010
Patch Diameter | 3 px
Patch Stride | 2 px
Consistency Check | Enabled
Depth Map Resolution | 1929 x 1341 px
Filling | Disabled
oepth Map Bilateral Filter | Enabled
Filter Radius | 5 px
Edge Smoothing Factor | 0.050
Calibration Shutter Speed | 100
Settings Stars | 2
Shutter Speed Near | 100
g;il:rile tors Shutter Speed Middle | 100
Shutter Speed Far | 100

Table 7.8: Parameter values in RxLive 4.0 for Test 3.
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Distance 70 cm

Image 1 | 210.640 mm
Image 2 | 211.707 mm
Image 3 | 210.498 mm
Image 4 | 209.450 mm
Image 5 | 209.237 mm
Image 6 | 207.462 mm
Image 7 | 206.727 mm
Image 8 | 207.093 mm
Image 9 | 210.291 mm
Image 10 | 207.113 mm

Distance 85 cm

Image 1 | 199.482 mm
Image 2 | 200.641 mm
Image 3 | 200.270 mm
Image 4 | 202.792 mm
Image 5 | 197.838 mm
Image 6 | 199.107 mm
Image 7 | 202.416 mm
Image 8 | 200.652 mm
Image 9 | 200.192 mm
Image 10 | 200.225 mm

Distance 100 cm

Image 1 | 234.309 mm
Image 2 | 233.892 mm
Image 3 | 240.705 mm
Image 4 | 233.402 mm
Image 5 | 233.663 mm
Image 6 | 240.044 mm
Image 7 | 236.366 mm
Image 8 | 233.761 mm
Image 9 | 236.390 mm
Image 10 | 234.594 mm

Table 7.9: Measured lengths of object in test 3.
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A.4 - Test 4

Lens type 12 mm
Background | Black
Object target | Test-fish
Medium Air

Table 7.10: Setup for test 4.

Test 4 - Parameter values in RxLive 4.0
Gradation Line | Disabled
Denoise | Enabled
Filter Diameter | 4
Noise Level | 0.10
Preprocessing Blend Facﬁor 0.20
Sharpening | Enabled
Sharpness | 1.50
Blurring Standard Deviation | 2.50
Use only for estimation | Enabled
Color | Disabled
Focus | -
Focus Depth Blending Scale | 0.00
Focus Resolution | 3858 x 2682 px
Depth Algorithm | Depth Path
Min Virtual Depth | 2.00 VD
Max Virtual Depth | 15.00 VD
Enabled Lens Types | Near, Middle, Far
g:g:::a tion Min Correlation | 0.900
Min Std Deviation | 0.010
Patch Diameter | 3 px
Patch Stride | 2 px
Consistency Check | Enabled
Depth Map Resolution | 1929 x 1341 px
Filling | Disabled
gfg;ﬂol\fap Bilateral Filter | Enabled
Filter Radius | 5 px
Edge Smoothing Factor | 0.050
Calibration Shutter Speed | 100
Settings Stars | 0
Shutter Speed Near | 50
g;il:rile tors Shutter Speed Middle | 100
Shutter Speed Far | 100

Table 7.11: Parameter values in RxLive 4.0 for Test 4.
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Distance 40 cm

Image 1 | 212.277 mm
Image 2 | 217.294 mm
Image 3 | 219.372 mm
Image 4 | 220.792 mm
Image 5 | 216.201 mm
Image 6 | 222.264 mm
Image 7 | 216.262 mm
Image 8 | 218.127 mm
Image 9 | 220.637 mm
Image 10 | 220.758 mm

Distance 80 cm

Image 1 | 202.111 mm
Image 2 | 210.220 mm
Image 3 | 198.071 mm
Image 4 | 201.791 mm
Image 5 | 199.957 mm
Image 6 | 199.098 mm
Image 7 | 198.628 mm
Image 8 | 198.149 mm
Image 9 | 201.699 mm
Image 10 | 199.006 mm

Distance 120 cm

Image 1 | 190.446 mm
Image 2 | 195.545 mm
Image 3 | 197.966 mm
Image 4 | 206.550 mm
Image 5 | 190.858 mm
Image 6 | 209.683 mm
Image 7 | 200.674 mm
Image 8 | 198.542 mm
Image 9 | 205.929 mm
Image 10 | 199.295 mm

Table 7.12: Measured lengths of object in test 4.
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A.5 - Test 5

Lens type 12 mm
Background | White
Object target | Test-fish
Medium Air

Table 7.13: Setup for test 5.

Test 5 - Parameter values in RxLive 4.0
Gradation Line | Disabled
Denoise | Enabled
Filter Diameter | 4
Noise Level | 0.10
Preprocessing Blend Facﬁor 0.20
Sharpening | Enabled
Sharpness | 1.50
Blurring Standard Deviation | 2.50
Use only for estimation | Enabled
Color | Disabled
Focus | -
Focus Depth Blending Scale | 0.00
Focus Resolution | 3858 x 2682 px
Depth Algorithm | Depth Path
Min Virtual Depth | 2.00 VD
Max Virtual Depth | 15.00 VD
Enabled Lens Types | Near, Middle, Far
g:g:::a tion Min Correlation | 0.900
Min Std Deviation | 0.010
Patch Diameter | 3 px
Patch Stride | 2 px
Consistency Check | Enabled
Depth Map Resolution | 1929 x 1341 px
Filling | Disabled
oepth Map Bilateral Filter | Enabled
Filter Radius | 5 px
Edge Smoothing Factor | 0.050
Calibration Shutter Speed | 100
Settings Stars | 0
Shutter Speed Near | 60
g;il:rile tors Shutter Speed Middle | 80
Shutter Speed Far | 100

Table 7.14: Parameter values in RxLive 4.0 for Test 5.
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Distance 40 cm

Image 1 | 225.225 mm
Image 2 | 238.018 mm
Image 3 | 221.299 mm
Image 4 | 223.741 mm
Image 5 | 232.078 mm
Image 6 | 239.196 mm
Image 7 | 220.880 mm
Image 8 | 233.108 mm
Image 9 | 234.274 mm
Image 10 | 232.891 mm

Distance 80 cm

Image 1 | 224.010 mm
Image 2 | 234.945 mm
Image 3 | 233.441 mm
Image 4 | 238.387 mm
Image 5 | 253.327 mm
Image 6 | 239.509 mm
Image 7 | 241.784 mm
Image 8 | 246.827 mm
Image 9 | 232.161 mm
Image 10 | 239.227 mm

Distance 120 cm

Image 1 | 213.636 mm
Image 2 | 227.713 mm
Image 3 | 238.878 mm
Image 4 | 218.748 mm
Image 5 | 214.838 mm
Image 6 | 211.183 mm
Image 7 | 207.140 mm
Image 8 | 208.203 mm
Image 9 | 219.619 mm
Image 10 | 211.747 mm

Table 7.15: Measured lengths of object in test 5.
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A.6 - Test 6

Lens type 12 mm
Background | Structured
Object target | Test-fish
Medium Air

Table 7.16: Setup for test 6.

Test 6 - Parameter values in RxLive 4.0
Gradation Line | Disabled
Denoise | Enabled
Filter Diameter | 4
Noise Level | 0.10
Preprocessing Blend Facﬁor 0.20
Sharpening | Enabled
Sharpness | 1.50
Blurring Standard Deviation | 2.50
Use only for estimation | Enabled
Color | Disabled
Focus | -
Focus Depth Blending Scale | 0.00
Focus Resolution | 3858 x 2682 px
Depth Algorithm | Depth Path
Min Virtual Depth | 2.00 VD
Max Virtual Depth | 15.00 VD
Enabled Lens Types | Near, Middle, Far
g:g:::a tion Min Correlation | 0.900
Min Std Deviation | 0.010
Patch Diameter | 3 px
Patch Stride | 2 px
Consistency Check | Enabled
Depth Map Resolution | 1929 x 1341 px
Filling | Disabled
oepth Map Bilateral Filter | Enabled
Filter Radius | 5 px
Edge Smoothing Factor | 0.050
Calibration Shutter Speed | 100
Settings Stars | 0
Shutter Speed Near | 60
g;il:rile tors Shutter Speed Middle | 80
Shutter Speed Far | 100

Table 7.17: Parameter values in RxLive 4.0 for Test 6.
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Distance 40 cm

Image 1 | 244.037 mm
Image 2 | 293.460 mm
Image 3 | 243.198 mm
Image 4 | 284.081 mm
Image 5 | 234.862 mm
Image 6 | 253.275 mm
Image 7 | 225.092 mm
Image 8 | 236.805 mm
Image 9 | 249.865 mm
Image 10 | 229.102 mm

Distance 80 cm

Image 1 | 267.810 mm
Image 2 | 261.491 mm
Image 3 | 225.442 mm
Image 4 | 256.250 mm
Image 5 | 248.869 mm
Image 6 | 242.480 mm
Image 7 | 266.630 mm
Image 8 | 245.148 mm
Image 9 | 241.336 mm
Image 10 | 249.868 mm

Distance 120 cm

Image 1 | 233.813 mm
Image 2 | 215.391 mm
Image 3 | 197.782 mm
Image 4 | 190.532 mm
Image 5 | 195.026 mm
Image 6 | 200.093 mm
Image 7 | 199.042 mm
Image 8 | 201.876 mm
Image 9 | 209.955 mm
Image 10 | 208.753 mm

Table 7.18: Measured lengths of object in test 6.

75



A.7T - Test 7

Lens type 25 mm

Background | Black

Object target | Test-fish

Medium Air through a dome
Table 7.19: Setup for test 7.

Test 7 - Parameter values in RxLive 4.0
Gradation Line | Disabled
Denoise | Enabled
Filter Diameter | 4
Noise Level | 0.10
Preprocessing Blend Facﬁor 0.20
Sharpening | Enabled
Sharpness | 1.50
Blurring Standard Deviation | 2.50
Use only for estimation | Enabled
Color | Disabled
Focus | -
Focus Depth Blending Scale | 0.00
Focus Resolution | 3858 x 2682 px
Depth Algorithm | Depth Path
Min Virtual Depth | 2.00 VD
Max Virtual Depth | 15.00 VD
Enabled Lens Types | Near, Middle, Far
g:g:::a tion Min Correlation | 0.900
Min Std Deviation | 0.010
Patch Diameter | 3 px
Patch Stride | 2 px
Consistency Check | Enabled
Depth Map Resolution | 1929 x 1341 px
Filling | Disabled
oepth Map Bilateral Filter | Enabled
Filter Radius | 5 px
Edge Smoothing Factor | 0.050
Calibration Shutter Speed | 100
Settings Stars | 3
Shutter Speed Near | 100
g;il:rile tors Shutter Speed Middle | 100
Shutter Speed Far | 100

Table 7.20: Parameter values in RxLive 4.0 for Test 7.
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Distance 70 cm

Image 1 | 239.481 mm
Image 2 | 237.049 mm
Image 3 | 237.992 mm
Image 4 | 236.913 mm
Image 5 | 237.490 mm
Image 6 | 236.846 mm
Image 7 | 236.107 mm
Image 8 | 238.383 mm
Image 9 | 236.817 mm
Image 10 | 235.633 mm

Distance 85 cm

Image 1 | 223.596 mm
Image 2 | 225.214 mm
Image 3 | 226.963 mm
Image 4 | 225.624 mm
Image 5 | 225.500 mm
Image 6 | 224.605 mm
Image 7 | 224.123 mm
Image 8 | 225.667 mm
Image 9 | 227.225 mm
Image 10 | 225.163 mm

Distance 100 cm

Image 1 | 218.842 mm
Image 2 | 217.857 mm
Image 3 | 218.175 mm
Image 4 | 220.554 mm
Image 5 | 221.085 mm
Image 6 | 218.377 mm
Image 7 | 220.648 mm
Image 8 | 218.734 mm
Image 9 | 219.591 mm
Image 10 | 219.340 mm

Table 7.21: Measured lengths of object in test 7.
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A.8 - Test 8

Lens type 12 mm

Background | Black

Object target | Test-fish

Medium Air through a dome
Table 7.22: Setup for test 8.

Test 8 - Parameter values in RxLive 4.0
Gradation Line | Disabled
Denoise | Enabled
Filter Diameter | 4
Noise Level | 0.10
Preprocessing Blend Facﬁor 0.20
Sharpening | Enabled
Sharpness | 1.50
Blurring Standard Deviation | 2.50
Use only for estimation | Enabled
Color | Disabled
Focus | -
Focus Depth Blending Scale | 0.00
Focus Resolution | 3858 x 2682 px
Depth Algorithm | Depth Path
Min Virtual Depth | 2.00 VD
Max Virtual Depth | 15.00 VD
Enabled Lens Types | Near, Middle, Far
g:g:::a tion Min Correlation | 0.900
Min Std Deviation | 0.010
Patch Diameter | 3 px
Patch Stride | 2 px
Consistency Check | Enabled
Depth Map Resolution | 1929 x 1341 px
Filling | Disabled
oepth Map Bilateral Filter | Enabled
Filter Radius | 5 px
Edge Smoothing Factor | 0.050
Calibration Shutter Speed | 100
Settings Stars | 0
Shutter Speed Near | 70
g;il:rile tors Shutter Speed Middle | 100
Shutter Speed Far | 100

Table 7.23: Parameter values in RxLive 4.0 for Test 8.
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Distance 40 cm

Image 1 | 188.233 mm
Image 2 | 186.651 mm
Image 3 | 187.790 mm
Image 4 | 185.562 mm
Image 5 | 189.306 mm
Image 6 | 185.799 mm
Image 7 | 188.579 mm
Image 8 | 190.127 mm
Image 9 | 189.134 mm
Image 10 | 189.424 mm

Distance 80 cm

Image 1 | 143.414 mm
Image 2 | 142.576 mm
Image 3 | 147.822 mm
Image 4 | 142.931 mm
Image 5 | 141.987 mm
Image 6 | 142.665 mm
Image 7 | 147.057 mm
Image 8 | 149.367 mm
Image 9 | 143.147 mm
Image 10 | 143.299 mm

Distance 120 cm

Image 1 | 114.699 mm
Image 2 | 115.127 mm
Image 3 | 113.793 mm
Image 4 | 113.453 mm
Image 5 | 114.211 mm
Image 6 | 114.169 mm
Image 7 | 113.816 mm
Image 8 | 114.470 mm
Image 9 | 114.177 mm
Image 10 | 112.562 mm

Table 7.24: Measured lengths of object in test 8.
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A.9 - Test 9

Lens type 25 mm

Background | Black

Object target | Test-fish

Medium Air through a flat port

Table 7.25: Setup for test 9.

Test 9 - Parameter values in RxLive 4.0
Gradation Line | Disabled
Denoise | Enabled
Filter Diameter | 4
Noise Level | 0.10
Preprocessing Blend Facﬁor 0.20
Sharpening | Enabled
Sharpness | 1.50
Blurring Standard Deviation | 2.50
Use only for estimation | Enabled
Color | Disabled
Focus | -
Focus Depth Blending Scale | 0.00
Focus Resolution | 3858 x 2682 px
Depth Algorithm | Depth Path
Min Virtual Depth | 2.00 VD
Max Virtual Depth | 15.00 VD
Enabled Lens Types | Near, Middle, Far
g:g:::a tion Min Correlation | 0.900
Min Std Deviation | 0.010
Patch Diameter | 3 px
Patch Stride | 2 px
Consistency Check | Enabled
Depth Map Resolution | 1929 x 1341 px
Filling | Disabled
oepth Map Bilateral Filter | Enabled
Filter Radius | 5 px
Edge Smoothing Factor | 0.050
Calibration Shutter Speed | 70
Settings Stars | 3
Shutter Speed Near | 90
g;il:rile tors Shutter Speed Middle | 100
Shutter Speed Far | 110

Table 7.26: Parameter values in RxLive 4.0 for Test 9.
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Distance 70 cm

Image 1 | 243.767 mm
Image 2 | 244.252 mm
Image 3 | 244.070 mm
Image 4 | 242.251 mm
Image 5 | 239.648 mm
Image 6 | 242.427 mm
Image 7 | 243.260 mm
Image 8 | 243.857 mm
Image 9 | 241.049 mm
Image 10 | 241.248 mm

Distance 85 cm

Image 1 | 225.433 mm
Image 2 | 226.103 mm
Image 3 | 225.425 mm
Image 4 | 225.121 mm
Image 5 | 226.016 mm
Image 6 | 225.858 mm
Image 7 | 229.189 mm
Image 8 | 225.085 mm
Image 9 | 228.262 mm
Image 10 | 225.627 mm

Distance 100 cm

Image 1 | 227.711 mm
Image 2 | 223.059 mm
Image 3 | 227.456 mm
Image 4 | 220.067 mm
Image 5 | 220.906 mm
Image 6 | 224.639 mm
Image 7 | 226.017 mm
Image 8 | 226.035 mm
Image 9 | 219.404 mm
Image 10 | 225.798 mm

Table 7.27: Measured lengths of object in test 9.
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A.10 - Test 10

Lens type 12 mm

Background | Black

Object target | Test-fish

Medium Air through a flat port

Table 7.28: Setup for test 10.

Test 10 - Parameter values in RxLive 4.0

Preprocessing

Gradation Line

Denoise

Filter Diameter

Noise Level

Blend Factor

Sharpening

Sharpness

Blurring Standard Deviation
Use only for estimation
Color

Disabled
Enabled
4

0.10

0.20
Enabled
1.50

2.50
Enabled
Disabled

Focus

Focus
Depth Blending Scale
Focus Resolution

0.00
3858 x 2682 px

Depth
Estimation

Depth Algorithm
Min Virtual Depth
Max Virtual Depth

Enabled Lens Types
Min Correlation
Min Std Deviation
Patch Diameter
Patch Stride
Consistency Check

Depth Path

2.00 VD

15.00 VD

Near, Middle, Far
0.900

0.010

3 px

2 px

Enabled

Depth Map
Creation

Depth Map Resolution
Filling

Bilateral Filter

Filter Radius

Edge Smoothing Factor

1929 x 1341 px
Disabled
Enabled

5 px

0.050

Calibration
Settings

Shutter Speed
Stars

70
0

Other

Parameters

Shutter Speed Near
Shutter Speed Middle
Shutter Speed Far

20
80
110

Table 7.29: Parameter values in RxLive 4.0 for Test 10.
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Distance 40 cm

Image 1 | 207.056 mm
Image 2 | 208.306 mm
Image 3 | 211.432 mm
Image 4 | 207.471 mm
Image 5 | 207.928 mm
Image 6 | 208.157 mm
Image 7 | 206.040 mm
Image 8 | 209.004 mm
Image 9 | 208.054 mm
Image 10 | 207.901 mm

Distance 80 cm

Image 1 | 203.376 mm
Image 2 | 205.394 mm
Image 3 | 200.440 mm
Image 4 | 203.854 mm
Image 5 | 203.118 mm
Image 6 | 205.711 mm
Image 7 | 203.671 mm
Image 8 | 206.338 mm
Image 9 | 208.911 mm
Image 10 | 205.439 mm

Distance 120 cm

Image 1 | 205.979 mm
Image 2 | 196.318 mm
Image 3 | 184.936 mm
Image 4 | 183.587 mm
Image 5 | 190.348 mm
Image 6 | 192.354 mm
Image 7 | 190.115 mm
Image 8 | 204.986 mm
Image 9 | 188.849 mm
Image 10 | 188.816 mm

Table 7.30: Measured lengths of object in test 10.
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A.11 - Test 11

Lens type 25 mm

Background | Black

Object target | Test-fish

Medium Water through a dome

Table 7.31: Setup for test 11.

Test 11 - Parameter values in RxLive 4.0

Preprocessing

Gradation Line

Denoise

Filter Diameter

Noise Level

Blend Factor

Sharpening

Sharpness

Blurring Standard Deviation
Use only for estimation
Color

Disabled
Enabled
4

0.10

0.20
Enabled
1.50

2.50
Enabled
Disabled

Focus

Focus
Depth Blending Scale
Focus Resolution

0.00
3858 x 2682 px

Depth
Estimation

Depth Algorithm
Min Virtual Depth
Max Virtual Depth

Enabled Lens Types
Min Correlation
Min Std Deviation
Patch Diameter
Patch Stride
Consistency Check

Depth Path

2.00 VD

15.00 VD

Near, Middle, Far
0.900

0.010

3 px

2 px

Enabled

Depth Map
Creation

Depth Map Resolution
Filling

Bilateral Filter

Filter Radius

Edge Smoothing Factor

1929 x 1341 px
Disabled
Enabled

5 px

0.050

Calibration
Settings

Shutter Speed
Stars

100
3

Other

Parameters

Shutter Speed Near
Shutter Speed Middle
Shutter Speed Far

70
100
120

Table 7.32: Parameter values in RxLive 4.0 for Test 11.
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Distance 70 cm

Image 1 | 252.957 mm
Image 2 | 251.620 mm
Image 3 | 250.705 mm
Image 4 | 245.782 mm
Image 5 | 249.456 mm
Image 6 | 248.754 mm
Image 7 | 251.478 mm
Image 8 | 253.275 mm
Image 9 | 250.116 mm
Image 10 | 250.095 mm

Distance 85 cm

Image 1 | 220.942 mm
Image 2 | 220.323 mm
Image 3 | 224.349 mm
Image 4 | 224.839 mm
Image 5 | 224.126 mm
Image 6 | 220.732 mm
Image 7 | 225.436 mm
Image 8 | 223.964 mm
Image 9 | 222.199 mm
Image 10 | 223.868 mm

Distance 100 cm

Image 1 | 205.454 mm
Image 2 | 206.504 mm
Image 3 | 206.959 mm
Image 4 | 212.241 mm
Image 5 | 210.724 mm
Image 6 | 211.909 mm
Image 7 | 211.268 mm
Image 8 | 208.787 mm
Image 9 | 209.858 mm
Image 10 | 207.276 mm

Table 7.33: Measured lengths of object in test 11.
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A.12 - Test 1

2

Lens type 12 mm

Background | Black

Object target | Test-fish

Medium Water through a dome

Table 7.34: Setup for test 12.

Test 12 - Parameter values in RxLive 4.0

Preprocessing

Gradation Line

Denoise

Filter Diameter

Noise Level

Blend Factor

Sharpening

Sharpness

Blurring Standard Deviation
Use only for estimation
Color

Disabled
Enabled
4

0.10

0.20
Enabled
1.50

2.50
Enabled
Disabled

Focus

Focus
Depth Blending Scale
Focus Resolution

0.00
3858 x 2682 px

Depth
Estimation

Depth Algorithm
Min Virtual Depth
Max Virtual Depth

Enabled Lens Types
Min Correlation
Min Std Deviation
Patch Diameter
Patch Stride
Consistency Check

Depth Path

2.00 VD

15.00 VD

Near, Middle, Far
0.900

0.010

3 px

2 px

Enabled

Depth Map
Creation

Depth Map Resolution
Filling

Bilateral Filter

Filter Radius

Edge Smoothing Factor

1929 x 1341 px
Disabled
Enabled

5 px

0.050

Calibration
Settings

Shutter Speed
Stars

100
0

Other

Parameters

Shutter Speed Near
Shutter Speed Middle
Shutter Speed Far

40
100
120

Table 7.35: Parameter values in RxLive 4.0 for Test 12.
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Distance 40 cm

Image 1 | 192.090 mm
Image 2 | 196.171 mm
Image 3 | 191.721 mm
Image 4 | 191.199 mm
Image 5 | 192.238 mm
Image 6 | 195.128 mm
Image 7 | 192.026 mm
Image 8 | 193.124 mm
Image 9 | 189.548 mm
Image 10 | 197.226 mm

Distance 80 cm

Image 1 | 124.291 mm
Image 2 | 122.385 mm
Image 3 | 126.478 mm
Image 4 | 133.333 mm
Image 5 | 132.528 mm
Image 6 | 130.420 mm
Image 7 | 130.925 mm
Image 8 | 131.939 mm
Image 9 | 143.793 mm
Image 10 | 134.155 mm

Distance 120 cm

Image 1 | 98.047 mm
Image 2 | 96.378 mm
Image 3 | 97.656 mm
Image 4 | 98.001 mm
Image 5 | 113.470 mm
Image 6 | 97.794 mm
Image 7 | 105.026 mm
Image 8 | 97.350 mm
Image 9 | 101.649 mm
Image 10 | 97.681 mm

Table 7.36: Measured lengths of object in test 12.
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A.13 - Test

13

Lens type 25 mm

Background | Black

Object target | Test-fish

Medium Water through a flat port

Table 7.37: Setup for test 13.

Test 13 - Parameter values in RxLive 4.0

Preprocessing

Gradation Line

Denoise

Filter Diameter

Noise Level

Blend Factor

Sharpening

Sharpness

Blurring Standard Deviation
Use only for estimation
Color

Disabled
Enabled
4

0.10

0.20
Enabled
1.50

2.50
Enabled
Disabled

Focus

Focus
Depth Blending Scale
Focus Resolution

0.00
3858 x 2682 px

Depth
Estimation

Depth Algorithm
Min Virtual Depth
Max Virtual Depth

Enabled Lens Types
Min Correlation
Min Std Deviation
Patch Diameter
Patch Stride
Consistency Check

Depth Path

2.00 VD

15.00 VD

Near, Middle, Far
0.900

0.010

3 px

2 px

Enabled

Depth Map
Creation

Depth Map Resolution
Filling

Bilateral Filter

Filter Radius

Edge Smoothing Factor

1929 x 1341 px
Disabled
Enabled

5 px

0.050

Calibration
Settings

Shutter Speed
Stars

100
3

Other

Parameters

Shutter Speed Near
Shutter Speed Middle
Shutter Speed Far

90
105
120

Table 7.38: Parameter values in RxLive 4.0 for Test 13.
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Distance 90 cm

Image 1 | 224.846 mm
Image 2 | 224.939 mm
Image 3 | 226.526 mm
Image 4 | 225.431 mm
Image 5 | 223.918 mm
Image 6 | 224.649 mm
Image 7 | 222.745 mm
Image 8 | 224.983 mm
Image 9 | 221.947 mm
Image 10 | 220.564 mm

Distance 105 cm

Image 1 | 221.301 mm
Image 2 | 223.489 mm
Image 3 | 226.669 mm
Image 4 | 223.216 mm
Image 5 | 222.942 mm
Image 6 | 222.787 mm
Image 7 | 220.882 mm
Image 8 | 220.556 mm
Image 9 | 222.807 mm
Image 10 | 220.488 mm

Distance 120 cm

Image 1 | 216.900 mm
Image 2 | 217.526 mm
Image 3 | 218.097 mm
Image 4 | 218.166 mm
Image 5 | 219.428 mm
Image 6 | 220.061 mm
Image 7 | 216.529 mm
Image 8 | 218.157 mm
Image 9 | 218.647 mm
Image 10 | 220.835 mm

Table 7.39: Measured lengths of object in test 13.
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A.14 - Test

14

Lens type 12 mm

Background | Black

Object target | Test-fish

Medium Water through a flat port

Table 7.40: Setup for test 14.

Test 14 - Parameter values in RxLive 4.0

Preprocessing

Gradation Line

Denoise

Filter Diameter

Noise Level

Blend Factor

Sharpening

Sharpness

Blurring Standard Deviation
Use only for estimation
Color

Disabled
Enabled
4

0.10

0.20
Enabled
1.50

2.50
Enabled
Disabled

Focus

Focus
Depth Blending Scale
Focus Resolution

0.00
3858 x 2682 px

Depth
Estimation

Depth Algorithm
Min Virtual Depth
Max Virtual Depth

Enabled Lens Types
Min Correlation
Min Std Deviation
Patch Diameter
Patch Stride
Consistency Check

Depth Path

2.00 VD

15.00 VD

Near, Middle, Far
0.900

0.010

3 px

2 px

Enabled

Depth Map
Creation

Depth Map Resolution
Filling

Bilateral Filter

Filter Radius

Edge Smoothing Factor

1929 x 1341 px
Disabled
Enabled

5 px

0.050

Calibration
Settings

Shutter Speed
Stars

100
0

Other

Parameters

Shutter Speed Near
Shutter Speed Middle
Shutter Speed Far

25
30
80

Table 7.41: Parameter values in RxLive 4.0 for Test 14.
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Distance 60 cm

Image 1 | 205.770 mm
Image 2 | 198.574 mm
Image 3 | 202.143 mm
Image 4 | 205.698 mm
Image 5 | 202.062 mm
Image 6 | 203.676 mm
Image 7 | 202.590 mm
Image 8 | 205.222 mm
Image 9 | 208.359 mm
Image 10 | 204.067 mm

Distance 90 cm

Image 1 | 199.681 mm
Image 2 | 201.789 mm
Image 3 | 205.689 mm
Image 4 | 210.428 mm
Image 5 | 206.179 mm
Image 6 | 205.104 mm
Image 7 | 204.828 mm
Image 8 | 206.617 mm
Image 9 | 209.455 mm
Image 10 | 200.703 mm

Distance 120 cm

Image 1 | 204.193 mm
Image 2 | 193.823 mm
Image 3 | 190.336 mm
Image 4 | 207.804 mm
Image 5 | 208.086 mm
Image 6 | 191.918 mm
Image 7 | 200.282 mm
Image 8 | 199.163 mm
Image 9 | 203.167 mm
Image 10 | 201.453 mm

Table 7.42: Measured lengths of object in test 14.
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