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1. Setup the camera

raytrix oo Follow the ,Camera Connection
SVS Camera GigE Connection Guide Guide(( in Seting up the Camera-

Camera is not found in RxLive:
e Check physical connections: power, ethernet

e Camera: Make sure ethernet cable is connected to port opposite to the power cable

I If you encounter problems not
covered by the troubleshooting
section, please contact the
Raytrix support team:

Start SVCapture

e Located at Start -> Programs -> Raytrix -> Camera Tools

o If the camera is not found by SVCapture, there must be a hardware network problem.
Please contact us with details.

.
e Check IP configuration of camera and PC network card. Should both be static, same S u p p O rt @ ravt r I X . d e

subnet.

e If SVCapture can connect to camera, check if image transmission works

If no image transmission is possible in SVCapture:
« Set jumbo frames of PC network card to 9k

e Restart SVCapture, check again

If still no image transmission is possible in SVCapture:
* Use a different PC network card

e Let us know the details of your setup, including network settings.

Geschaftsfiihrer: Dr. habil. Christian Perwa, Dr. Lennart Wietzke
Ust-IdNr.: DE264446080 - Finanzamt Kiel-Nord SchauenburgerstraBe 116 - D-24118 Kiel - Germany
Férde Sparkasse - Konto: 1400055669 - BLZ: 21050170 Telefon: +49 (0)431.5606-240 - Fax: +49 (0)431.26090065
BIC: NOLADEZ1KIE - IBAN: DE38 2105 0170 1400 0556 69 info@raytrix.de - www.raytrix.de
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2. Adjust the lenses focus distance

1.) Set the main lenses focus distance to roughly
match the distance of the object you want to

capture.

—___ TR

S s 0 1o This setting will be fine tuned in a later step and
doesn‘t have to be exact at this stage.
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3. Select the camera and start image capture

1.) Select the camera
you‘ve connected

File  Cameras Extras View Window Help

LEFile - veas | Ui Source [ Depth :J Settings | M Update

=l Fig] & R29-M-D & Refocus | &2 Stereo | = Calibfa
Model: R29-M-07 1 & Move = Length Area B Value™TEZ Cross Section Line i Rotate - g, Histogra
Serial: 25929 °

2.) Start image capture

Resolution: 65764384
Grayscale (Mo Bayer)

Camera Control 2

3.) Switch to the ,,Raw”

@ v
ernal Trigger ta b
Shtr. 50,00 =
FPS |25 = wl
Aute Shutter Auto Gain

Calibration

| nitial Calibration ~

First you will have to select the camera you‘ve connected and start image capture.
Since the camera isn‘t calibrated yet switch to the ,Raw” tab to start with the

calibration.

’{ Light Field Cameras raytrix OO
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4. Adjusting the shutter speed

e Gomes G Ve o o The default shutter speed
;%;..‘?;D — .:w;:z:m?,ﬁm = 1. probably won‘t provide

m:&;&mn @ Move S=length  Ares B Volue [If CrossSectionline M (g Rotate () you W|th a We“

oy o By illuminated image.

Camera Control

Displaying the histogram
can help you find a good
shutter speed.

1.) Dispaly the intensity

© 060 histogram (2.).

Core—

3.) Adjust the shutter
speed so you have a well
illuminated image.
Regularly check the
histogram to avoid
overexposure.

ﬁ Light Field Cameras raytrix w
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5. Adjust the aperture

In light field photography the main lenses
effective aperture has to match aperture of the
micro lenses.
Q\zmgg . 05 1.) Adjust the main lenses aperture until the
| micro lens images touch without overlapping.
Sitloe | You can zoom into the image by holding the
right mouse button.

See the next slide for example images.
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5. Adjust the aperture

re e L b B 5 & J
*seve s s it i 5 8 B
seew sEEPREIEN

sevedPpoesvenvese
pPee ( EEXXTRER Y R

Micro lens images are
overlapping.

Close the aperture!

Light Field Cameras
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Micro lens images are
touching without
overlapping.

Aperture optimal!
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Micro lens images aren‘t
touching.

Open the aperture!
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6. Fine tune the main lenses focus distance

—— I TR

‘l!{;vg’s 2 Ll 9l

Light Field Cameras
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The furthest object that can be measured in a
light field will have a two times redundancy in
the raw image.

You can use this to fine tune the main lenses
focus distance.

1.) Zoom in on the furthest away part of the
scence you still want to capture.

(Move the mouse while holding the right mouse
button)

2.) Fine adjust the focus distance. One lens type
should be sharp with 2 times redundancy.

See the next slide for examples.
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6. Fine tune the main lenses focus distance
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Sharp micro lens images.

High redundancy.

Sharp micro lens images.
Low redundancy.

No sharp micro lens

images. No redundancy.
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Focus distance optimal!

Choose a longer focus

distance!
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7. Put the calibration filter on the lens

The next calibration steps require a
homogeneous gray image.
The calibration filter will provide this.

1.) Put the calibration filter on the lens.

0
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8. Re-adjust the shutter speed

:'j:mf;:“;f; e 1. The calibration filter only transmits 18% of the incoming
sraluad o |jight, Unfortunately this requires you to re-adjust the

% Move = Length e |\ Cross Sec
| shutter speed.
— Since you are going to take a gray image soon, please
S - O e [ smea [ make sure not to overexpose.
Consult the histogram at the bottom of the image.

=I File| M8 R29-M-D

Model: R29-M-D
Serial: 25929

Resolution: 6576x4384
Grayscale (No Bayer)

Camera Control 1.) Switch to the calibration tab.

Q 00

emal Trigfer

2.) Re-adjust the shutter speed until you have a well
illuminated image. Try to use 2/3 of the dynamic range
o and don‘t overexpose.

If in doubt enable , Auto Shutter” and wait for RxLive to
adjust the shutter speed.

See the next slide for examples.

ﬁ Light Field Cameras raytrix 0.@)
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8. Re-adjust the shutter speed

_ o

Overexposed

2
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9. Create a lens profile

1.) Create a new lens

= ;
File Cameras Bdtras View Winc @ . .
- ‘F\\e-HSaveas Wl Source E 2 Callbratlon.
@ w10 Lens
Model: R29-M-D
el 25929 Zeiss Apo Sonnar T* 2/135mm ZF.2 >
e o 2.) Enter the lenses name.

- Cancel
©ooo0 ‘ﬁ' 3.) Save the new calibration.

Shtr, 74500 =] i _ :5
FFS [25 = m
o 4.) Create a new lens setting.

@UWU

e 1 mesesns
TR - 5.) Enter the lenses aperture

Lens Seiting

and focus.

o [—_t >
9 6.) Save the new lens setting.
4. Cancel

None of those values are used in any calculation. There purpose is to indentify a
calibration when using multiple lenses and settings.

Light Field Cameras r aytl" iX OO
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10. Calibration

2 RuLive 2.10 - 64 bi
File Cameras Bdras View Window Help

Ltfile « [o) saveos | % Source [P Depth # Settings | B Update

= File | @ R29-M-D &\ Refocus | &3 Stereo| ~° Calibrate | BE Raw

Model: R29-M-D @ Move = Length | Area [ Value || Cross Section Line
Serial: 25929

Resolution: 6576x4384
Grayscale (No Bayer]

Camera Control

Q 000
Bxternal Trigger

Shtr, 600,00 =
FPS (25 = w
Aute Shutter Aute Gain
5

Calibration
| Zeiss Apo Sonnar T* 2/135mn ~ |

Z Q) #

Lens Setting:

£/8,0:0,80m -

he calibration has changed. Make 2|
re to take a new grey image,

(@ Rotate -

Lens Grid Offset ¥
4

\ nesq | Rad Dist Type  |None

& Dongle: 5/5 ~ 8 Network = @ GeForce GTX 780,v3.5 ~ 715/3072 MB

’ w’ Light Field Cameras
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The micro lens images have to be allined with the
calibration grid.

You can use the auto calibration of RxLive to achieve
this.

This step is necessary for a correct 3D calculation and
2D refocusing.

The gray image caputred under 3. is used to devignette
the micro lens images. If you don‘t capture one, you
will see micro lens structure in the refocused image.

1.) Run the auto calibration

2.) Make sure the auto calibration was succesful and
the lens grid and micro lens images allin.
Check the corners in particular.

3.) Capture a gray image. This will also save your
calibration.

raytrix oo
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11. Remove the calibration filter

You have completed the calibration!

The calibration filter is no longer needed,
remove it.

1. Remove the calibration filter.

5
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12. Start the depth calculation

s The next goal is to find parameters for the 3D algorithm

File Comeras Extras View Winda
Ltrile - [ saveas | % sourclLBP Depth 8 settings I Update
= File| M@ R29-M-D (RS RETOCUE NSt ereo | . Calibrate | BF Ra

Model: R29-M-D
Serial: 25929

Resolution: 6576:4384
Grayscale (No Bayer)

Camera Control 3 5

Calibration
| Zeiss Apo Sonnar T* 2/135mn +

Lens Setting:
1/8,0:0,80m

=}

Capture Grey Image

Focus lens type  [4ll -

& Dongle: 5/5 ~ F Network - % GeForce GTX780,v35 ~ 627/3072 MB

’ m’ Light Field Cameras

Copyright © 2014 by Raytrix GmbH, Germany

that suit your application.
1.) Switch to the ,, Refocus” tab

2.) Since you have removed the calibration filter, adjust
the shutter speed again (or enable , Auto Shutter”).

3.) (optional) Stop continuous image capture.

This will stop RxLive from continously running the depth
calculation once it‘s enabled. Making it more responsive.
Consider this step optional if you have a lot of processing
power to spare.

4.) Display the ,,Depth“ and ,Settings” windows.

5.) Switch ,Focus type” to ,Total Focus”.
Doing so will start the depth calculation.

raytrix oo
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12. Start the depth calculation

File Cameras Extras View Window Help

§File « [5) savess | 3 Source [ Depth § Settings | B Update
EF DepthMap | & Depth 3D  Preprocess | Refocus | Depth

(=] File| @ R29-M-D @ Refocus |3 Stereo | /- Calibrate | B2 Raw
Model: R29-M-D @ Move = Length = Area 3 Value [ Cross Section Line @ Rotate ~ k. Histogram @ Move = Length | Area B2 Value ||\ Cross Section Line @ Rotate ~ i, Histogram Basic Preprocessing
Seriak: 25929 i
B ,

Resolution: 6576x4384
Grayscale (No Bayer)

Camera Control

. I = 5 5 SiEE e
S = S/ =
Q@ O 00 3 »8 8 S s = agvig = Denoise
2 ) | 3 5 Eo8E = 3 7=
5 % &8 L H o VI -
External Trigge > cER = R B SaVlig | .‘;i L;-;‘ ‘ )
9 = o = > . T
2 - 5 ) = £a0¢8 Vi B e S
Shtr. (300,00 : < spiid = o Il 2588 S 9 B )
) BE mirac. oL & 3 e
PS [25 7 . iy o g2 z =~ E) = -
k) %5 | Z = &2 = 2 i
g0 a* = S5 D8 = ’
Auto Shutter Auto Gain I fo5¢ [ S 5 - IB g
@ — B3 T o = 8
< - %"E 5 Q) 5 = 4555 o Sharpness Preprocessing
= g He g s g, 58 vi o
3 o Ee | ST 2£0s ol B L
= ia -1 3 g = e v
= P 8 5 > AchRE S Use only for calculation
Calibration O 92T s = g = B 2 ¥ n
- 0 e [
ot I fos b=cs o = A8asc 3 ‘
Zeiss Apo Sonnar T* 2/135mn v = | > M- AP ¢
SRR ST E BiaEe g ei8% &
> g4 =8 St Fod™ =
& g == B oiey =sEs
5 SFC% b e o e
2 R A5y g %
Lens Setting: < %8 0 =3
s s Lo oS8 ]
S s
£/8,0:0,80m - —leq ;«.gg 5 g 3 gg, ¥;
e — =&F =L gf
g 82§
[ _ g% ~—.=
= 2 5155
o s Eed
|
Capture Grey Image e = i |
Focus type }Total Focus = \j\zw Offset X o \flew OffsetY 5
Evaluate Depth Auto Sensitivity [ custom -
( Zoom .
Focus lens type | 2 « * 0,00
Result Size 1644 X 1096 v| | Post-process  [custom -
~|||| Resotution Custom -
« '

& Dongle: 5/5 ~ ks Network ~ @ GeForce GTX780,v35 - 890/3072 MB $ B Depth:14.82ms ) Refocus: 539ms 1| Capture: 14ms (2fps) - Display: 390ms (fps)

At this stage RxLive should look like this, with the depth map and the ,,Settings”
window on the right hand side.

Light Field Cameras r dytl" iX OO
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13. (optional) Turn off auto adjustment of the
color scaling

On default RxLive will auto adjust the depth map’s color
scaling, presenting the furthest depth value as blue and
the nearest as red.

This will help distinguishing small differences in height
when the camera’s depth of field isn‘t exhausted.
However, changing color scaling can be annoying when
adjusting depth algorithm parameters.

1.) Switch to the ,Refocus” tab in the ,Settings” window

2.) Disable ,,Auto Update”

3.) Virtual depths below ,, Minimal Virtual Depth” or beyond the ,,Maximum
Virtual Depth” are displayed as gray. Adjust both until no gray is displayed or set
both to their extrem values, 2 and 15.

8

Light Field Cameras r dytl" iX OO 1
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14. Disable the depth fill

= ™ N =

It‘s useful to look at the ,,raw”
et = R‘*Dl depth calculation without the

% Move = Length | Area f3 Value ||\ Cross Section Line i@ Rotate - g, Histogram Depth Calculation
Max. Virtual Depth 15

et depth map being filled to judge

Hear Resolution Level
bl m b3

et o the parameters.

Far Middle | Mear

5 Pixel Step

° [ boos
Min, Standard Deviation . 7,
: B o 1.) Switch to the ,,Depth” tab
Min, Carrelation * W I V24 *
4 v o970
Extremum Curvature
[ ' o00s

Correlation Patch Diameter
il il

—re— 2.) Disable ,,Depth Fill”.

Depth Fill
Enabled

%
2
a
ﬁ
&
"
¥
b
e
a
J
o
g
&
i
&
S
b

Depth Post-Process

’\{ Light Field Cameras raytrix OO
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15. Sharpness

[ [ o (-ia

EF Depth Map | = Depth 3D

{mdy = g%

o e} vm e ]
STV A
e (e di s ¢ e

7] Use only for calculation

EE:E:N
3
E]
H
o B

Blurring Standard Deviation
4 k

(i)l ia;

..
z j.

{ fzdy
¥ vertiaug.
WIUED e rasy sesieme (afier o porsibie dhasge ks or
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’ w’ Light Field Cameras

Sharpening the image before
running the depth calculation
can improve the density of
depth values greatly, especially
in low contrast areas.

It also has the potential to
increase the noise in the depth
map. Apply with care.

1.) Switch to the Preprocess
tab

2.) Turn on ,Sharpness
Preprocessing”.

Select ,Use only for
calculation”

Try setting ,,Sharpness” to 2
and adjust from there.

raytrix oo
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16. Correlation patch diameter and stride

— scmem  During the 3D calculation the
EF DepthMap | = Depth 2D Preproce: Rafocl' algorithm Compares patCheS Of
S ROE oo 5 B the micro lens images. Their size
w20 and spatial resolutions have a
R strong influance on the depth
3 ;ZE 1 : 3 g%ﬁg g A algorithm‘s performance and the
e -y ; L) aVI \Q. r:lm Correlation " H
L IR A e =, depth density.
S RET L o Y 4 P 3.
Ciplg g1 gt |
s it | & gg,fﬁ : 1.) Switch to the Depth tab
N I
DREHS S M
3 s Hil= Eagé T : | 2.) Select ,,Use same settings for
":E ll.- - ] 4 :g é a_. Depth Post-Process ” I "
-~ 443 i F;,_ : : . all lens types
€ ' o -:?f;;:;.

3.) For generally good results set
the diameter to 4 and the stride
tol

If performance is an issue use a diameter of 3 and a stride of 2. If the depth map is
noisy and performance isn‘t a major concern, you can try a diameter of 5.

q\{ Light Field Cameras raytrix OO
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17. Standard Deviation and Min. Correlation

Two parameters determine if a
depth calculation is considered
successful:

Depth Calculation

[ v=u__} ™ N = -

E¥ Depth Map | = Depth 3D

(% Move = Length | Area B3 Value ||)c* Cross Section Line (@ Rotate - i, Histogram

Max. Virtual Depth 15

et The correlation of the patches
i matched in the 3D calculation
and the contrast of a micro lens
. image.
~wl.  Their standard deviation is used

- [pe—— as a proxy for the contrast.

IS Calculations, not meeting the set
| requirements, will be dismissed.

/| Use same settings for all lens types

rhr
2™ in peaciesly
directioos. T

sand"y{¢) traval in oppoaite di
e Qlonttion of th parve. Prove that

Correlation Patch Diameter
« i

-4
In the plans, snd that therw existsa v
dividea tha cures Into the tpion
= f{z) td g = glz) fr 0L s 51
} denoto the reglon between the gra

$). The image of

Toversm m of
, _[r(sfw—rt)-- L_ (sdy - yds)

+a

1
A F1 j_‘ {=(a)y/(s) ~ yla)a"(a)) dos= [ 2o

, B=ieg): 052 <1 and pla) S.< KA

[ {=(a)y'(a) — {0}/ (o)) di ma f (o) {s)ds =

1
i
) Defing ¢3¢
G
1~ (1)

Depth Post-Process

T =

ingy
-}
‘w"'ﬂvm(@apmmhn

1.) Set ,,Min. Standard Deviation“
to 0.080.

Set ,,Min. Correlation” to 0.903
and adjust from there.

As a rule of thumb a low contrast image requires a low ,,Min. Standard Deviation”
and noise is best filtered by a strict ,Min. Correlation®. In a high contrast image
loosen ,Min. Correlation” and filter noise via high ,,Min. Standard Deviation®.

’\{ Light Field Cameras raytrix OO
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18. Result size

1.) Select a spatial resolution for the
depth map. Higher resolutions cost
performance.

s£1,

"5ure B). Let © dencte the region between the gra

of v by 7
i precissly .
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The image of 7~
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19. Reenable depth fill

I 4@ 002 SSS8S),vh e

EF Depth Map | & Depth 3D Preprocess | Refocus| Depth

@® Move = Length = Area By Value ||\ Cross Section Line @ Rotate ~ i, Histogram Depth Calculation

Max, Virtual Depth 15 |2
Sparse Lens Set

Near Resolution Level
< il Fie3

7] Use same settings for all lens types

Al
Pixel Step
< 05
Min. Standard Deviation
< 0,080
Min. Correlation
< 0,903
Extremum Curvature
< 0,05

Correlation Patch Diameter
< il

Correlation Patch Stride
<o

Edge Smoothing Factor
<

Noise Reduction Factor

Evaluate Depth Auto Sensitivity [custom
Result Size [B288x2192 ] v| | Post-Process | custom
Resolution [custom |

8 B Depth: 1809,94ms

w’ Light Field Cameras

’ Copyright © 2014 by Raytrix GmbH, Germany

) Refocus: 5,17ms | Capture: 14ms (2fps) - Display: 390ms (3fps)

You can reenable the depth fill now.
1.) Enable ,,Depth Fill“

2.) (optional) Adjust ,Fill Iteration
Count” and ,Fill Iteration Size“. A
high count with low size will yield
better results at the cost of
performance.

3.) (optional) Apply a mean/median
filter.

High values will result in a smooth
depth map but fine structure might
be lost.

4.) (optional) Apply a bilateral filter.
More ,intelligent” version of the
mean/median filter, tries to preserve
fine structure.
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20. (optional) Reenable the auto adjustment of
the color scaling

1.) Switch to the , Refocus” tab in the ,Settings” window

nnnnnnnnnnnnnnnnnnnnnnn

eeeeeeeeee 2.) Enable ,,Auto Update”

\\\\\\\\\\\\\\\\\\

5
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21. Save and load settings
on Ruive 210 - 64 bit [N The parameters discussed can be saved to a

1. -Cameras Extras  View Wil .rxset file.
Load Image/Seq... Strg+0 I

B Import Immage... 1.) Click ,,FiIe”
Save Image... Strg+5 -
Save Multi-View... 2.) Select ,Save Settings..., enter a file name
3-4( anefimQE — 3 and save.
) == '::-E‘JEEE{'EIHQS... —
Close To load a .rxset file:

3.) Select , Load Settings” ->, Load”

Q\{ Light Field Cameras raytrix oo
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