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1. Setup the camera

raytrix oo Follow the ,,Camera Connection
SVS Camera GigE Connection Guide Guide” in Seﬁng 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

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

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

.
® Check IP configuration of camera and PC network card. Should both be static, same S u p p O rt @ ra Vt 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:
e Set jumbo frames of PC network card to 9k

e Restart SVCapture, check again

If still no image transmission is possible in SVCapture:
o Use adifferent PC network card

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

Geschaftsfihrer: Dr. habil. Christian Perwab, Dr. Lennart Wietzke
080 - Finanzamt Kiel-Nord wenburgerstraBe 116 - D-24118 Kiel

Scha el - Germany
Férde Sparkasse - Konto: 1400055669 - BLZ 21050170 Telefon: +49 (0)431.5606-240 - Fax: +49 (0)431.26090065
BIC: NOLADE21KIE - 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.

— IR TR

S o o 1 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

7 RxLive 2.10 - 64 bif

File' Cameras' Exiras| View! | Window! " Hilp 1 ) Select the camera
L_LFile ~ [_! Saveas iy Source [P Depth :’ Settings =~ M Update 3 ¢ d
(=l Fil;-‘ @ R29-M-D | ) @ Refocus | (=) Stereo | /- Calih<at€*=5 Raw | ) you Ve Con neCte

Model: Rzg.M.i[) 1 /k‘ Move = Length Area B Value™ K2 Cross Section Line @ Rotate ~ gl Histogra

Serial: 25929 "

2.) Start image capture

Resolution: 6576x4384
Grayscale (No Bayer)

Camera Control 2

o (0o o 3.) Switch to the ,Raw” or

Ml rigger ,Calibrate” tab
Shtr. 50,00 :
FPS (2,5 - w
Auto Shutter Auto Gain
O

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.
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4. Adjusting the shutter speed

e o G Vo Vi e The default shutter speed
fdfie - [ soveas | % Source [ Depth §F Settings B Update . )
(] 8 0 e T e T 1. probably won‘t provide

e e e e . you with a well

Gopse Mo eye) illuminated image.

Camera Contrel Displaying the histogram
Q 000 can help you find a good
5.3*9-1 shutter speed.

FPS 2 = W
—— 1.) Dispaly the intensity
© 060 histogram (2.).

= —

7 e ® 3.) Adjust the shutter

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

Y
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5. Adjust the aperture

2
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Light Field Cameras
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In light field photography the main lenses
effective aperture has to match aperture of the

micro lenses.

1.) Adjust the main lenses aperture until the
micro lens images touch without overlapping.

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
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Micro lens images are
overlapping.

Close the aperture!
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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

2

— TN TR

"lgzvg's e Il 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.

Choose a shorter focus

distance!

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.

10
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8. Re-adjust the shutter speed

View Window Help
§ Source P Depth $ Settings | 3
& Refoc | Stedo| /- Calibrate [J= Ra

T 3%:3%%25%%%%

B2l RLive 2.10- 64 bi

File Cameras Extras View Win

LiFile - 5] saveas | % Source [ ]

=] File| @ R29-M-D

Model: R29-M-D
Serial: 25929

Resolution: 6576x4384
Grayscale (No Bayer)

Camera Control

Q 00

ternal Trigdem ©

’ \1\' Light Field Cameras

Copyright © 2014 by Raytrix GmbH, Germany

The calibration filter only transmits 18% of the incoming
light. Unfortunately this requires you to re-adjust the
shutter speed.

Since you are going to take a gray image soon, please
make sure not to overexpose.

Consult the histogram at the bottom of the image.

1.) Switch to the calibration tab.

2.) Re-adjust the shutter speed until you have a well
illuminated image. Try to use 2/3 of the dynamic range
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.
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8. Re-adjust the shutter speed

Underexposed

Overexposed

12
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9. Create a lens profile

e om— EECEEE || ) Createanewlens

e - s | g e B 2 calibration.
= File| 1@ R29-M-D Lens i .
2";‘:;'2@”‘” Zeiss Apo Sonnar T* 2/135mm ZF.2 >
ey 2.) Enter the lenses name.
Camera Control
O O c Cancel ‘ . .
GO 4 ) 3.) Save the new calibration.

3.

Shtr. 745100 2 @
FPS 25 = m
[] Auto Shutter  [] Auto Gain

4.) Create a new lens setting.

©Q 00O

Calibration

| ons Seting 5 5.) Enter the lenses aperture
, , and focus.
@ = E @
0,
= 6.) Save the new lens setting.
4, " Cancel
6.

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

3
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10. Calibration

52 RuLive 2.10 - 64 bil
File Cameras Extras

View Window Help
W Source [ Depth § Settings | B Update

[ File| @@ R29-M-D & Refocus | (=) Stereo | / Calibrate | BE Raw

Model: R29-M-D (% Move = Length || Area 3 Value ||\ Cross Section Line

Serial: 25929

Resolution: 6576x4384
Grayscale (No Bayer)

Camera Control
© 000
External Trigger
Shtr. 600,00 z

Auto Gain

FPS 25

Auto Shutter
v

Calibration
‘ZEISS Apo Sonnar T* 2/135mn v ‘

Z O

Lens Setting:
£/8,0:080m -

1 Capture Grey Image |

[he calibration has changed. Make
gure to take a new grey image,

Image Type Raw Processe d - Lens Grid Rotation o0
- 3 Lens Diamet
[ Auto Calibrate v Full e el ¥ 33
‘ ) 383
Lens Border = 0,5 px
< = 0,022
Lens Grid Offset ¥ | i Rad.Dist e [none =

& Dongle: 5/5 ~ @8 Network ~ @ GeForce GTX780,v3.5 ~ 715/3072 MB

’ w’ Light Field Cameras

Copyright © 2014 by Raytrix GmbH, Germany

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.

15

Light Field Cameras r aytr iX OO

Copyright © 2014 by Raytrix GmbH, Germany

www.raytrix.de




12. Start the depth calculation

File Cameras Extras View  Windassses
L iFile « [ savees | 7 Sourch B Depth &K Settings I Update

(=] File| @ R29-M-D P RETOCUS nstereo | /- Calibrate | BF Raw

Serial: 25929

Resolution: 6576x4384
Grayscale (No Bayer)

Camera Control 3 .
N
QO QoY

e g

itr.  B00,00

Model: R29-M-D [T PWVE = Length | Area B3 Value || Cross Se

Calibration

|zeiss Apo Sonnar T* 2/135mn ~

Lens Setting:

/8,0:0,80m v

=

Capture Grey Image

& Dongle: 5/5 ~ 8 Network ~ @ GeForce GTX780,v3.5 ~ 627/3072 MB

’ \“’ Light Field Cameras

Copyright © 2014 by Raytrix GmbH, Germany

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

oS

File Cameras Extras View Window Help

jFile « [ Saveas | % Source [ Depth @K Settings | B Update
=l File| @@ R29-M-D @ Refocus |3 Stereo | /- Calibrate | B# Raw EF Depth Map | @ Depth 3D {Preprocess | Refocus | Depth
@ Move = Length  Area £3 Value Cross Section Line @ Rotate ~ ki, Histogram Basic Preprocessing

@ Rotate - i, Histogram

@ Move = Length | Area B3 Value || Cross Section Line

Model: R29-M-D
Serial: 25929

Resolution: 6576x4384
Grayscale (No Bayer)

Camera Control

Denoise

_ 1 = 5 AR §<f =
o 4 Ty 3 R ERve E
< I 3 228 “ s = | 5
External Trigge S ~£% |> S BEvig i EE L L
al Trigge 3 ¥ &3 ES o ey o* o B =
2 525 8 g £ ¢ Vi -
S ) 2 8 S2uE I
Shir. (300,00 : O 5 it X I SEEE M Eﬂ ,
J [ = = Y > 8 <
== = < HRR - -
Fs 25 - e S5%E $ i o g S 8
g0 a® 0 = TR ] o E “ )
Auto Shutter  [7] Auto Gain I g be | Ei Sy 9o 1% |
s 8 X Y gk L ]
3 s&agkb 3 p = B = Sharpness Preprocessing
= E.E'_.“* B g s gioced oy :
5 g 8 <
o P | = | s~ 8 EE )
-] g“" I 5 > 2 = aE8E v
= B 8.8 £ )] Fl |
@ g 5 S oF N Use only f
Calibrati m o= 8§ 2 S
alibration ESSar 2 = Sell T - *
- | gord o & - 5% 20 ~ Eg ‘ ’
Zeiss Apo Sonnar T 2/135mn + = g [ S e g% &
- v 9 T pfis @ 8
S BEdE e e R
= 2 TE 2 i °og B N
e 28 B < E:a
8 SEL S = I =& g o
a8, PRS- & a§0 2
Lens Setting: ° Y E s 3 &
= &
£/8,0:0,80m - ~lew f?”'s 2 8 g8E&
e -84 H E~Egk
= Sz 522
[ s & i
s ESd

Capture Grey Image

A

View Offset X

View Offset ¥

Focus type Total Focus v ' 000

Evaluate Depth Auto Sensitivity [custom -
Focus lens type | All - Zoom .
< * 000 =
Result Size 1644 1096 v] | Postrocess  [custom -
- Resolution Custom ~|

B B Depth:14,82ms ) Refocus: 5,39ms 5 Capture: 14ms (2fps) - Display: 390ms (fps)

= Dongle: 5/5 ~ ) Network ~ @ GeForce GTX 780, v3.5 ~ 890/3072 MB

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 aytr 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.

18
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14. Disable the depth fill

=T ™ N = =

It‘s useful to look at the ,raw”
R P o depth calculation without the

@& Move = Length Area 3 Value || Cross Section Line @ Rotate ~ i, Histogram Depth Calculation 1
Max. Virtual Depth 15 %

: depth map being filled to judge

Near Resolution Level
P i > 3

the parameters.

Far Middle | Near

Pixel Step

< Y05

T e 1.) Switch to the ,,Depth” tab
Min. Correlation . n p *
< 0970

Extremum Curvature

< » 005

Correlation Patch Diameter
< i

Correlation Patch Stride - 2.) Disable ”Depth Fi””.

| Depth Fill
Enabled

%
&
&2
Y
¥
&
et
a]
N
-
:3,
f1
gl

Depth Post-Process
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15. Sharpness

e -8
1.
EF Depth Map | = Depth 3D Preprocess MRefocus | Depth
& Move = Length Area 33 Value |[X£ Cross Section Line @ Rotate ~ i, Histogram Basic Preprocessin g
=8
-
Denoise
i Qj
. <
<
— =
= == ;
] s
g Ee - - 0:)
N .
£ar &
e Bharpness Preprocessing N
v
l 7] Sharpness
= Y 200

V| Use only for calculation

] Blurring Standard Deviation

- bo250
f

i

i
2§ Pefadodr I
3 j,. Siey m} o U(*,A"L Ld,“}dﬂ -

;
g
g
5
:
g
£
;
5
;

£
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’ \\\’ 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.
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16. Correlation patch diameter and stride

I =m® During the 3D calculation the
I 1. algorithm compares patches of
T e A - the micro lens images. Their size
e 2. and spatial resolutions have a
TR — strong influance on the depth
o i algorithm‘s performance and the
i o = depthdensity.

Correlation Patch Diameter
< 1] » o4

— 1.) Switch to the Depth tab

Correlation Patch Stride
< [T

J(=) and g = g{x) for0
denote the regiom between ths gra
vxfth, X

, Ltsw—ra)u—Ltsa-ua)

curve in the plauns, and that there exists 8 ¢

reveros

|

the raxis divides tha curve into the tmion

fanctions g =

: | 2.) Select ,Use same settings for
De/pth Post-Process | a” Iens typesll

1
A=z f (5(a)y/ () ~ pla)'(a)) do = f oW

T Refrg): 0gr<1 md g(e) Sy < AE)

|
3
2
®
5
1
:-
®
A
»
X
s

7~ (8) aad
ﬂ-m dm)‘

=y{dia-¢

’ Pﬁm&). Let 0

Tisa
¥ 20 {hat

In
<m.wwm(@aMMInu

|
H
) Define (e
7@

P
} (wee
%

3
z
by
b

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.
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17. Standard Deviation and Min. Correlation

Two parameters determine if a

T —hm X
depth calculation is considered
B e oy Py ——Y Pevr— successful:
e The correlation of the patches
matched in the 3D calculation and
- L the contrast of a micro lens
: S image.

L¥iS03

of 4~ in praciesly .
opposite directioos. 7

Prove that

( l(sw—a&)-—[’_(sd—rda}

cemme= 1. Their standard deviation is used

: as a proxy for the contrast.

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

vog
Correlation Patch Stride
<[ Vo1

parwmetrisation of
=4$). The
of the curve.
¥ = f(z) and y = g{z) for0 < s <1,
0 denote the regiom between the gra

and y(¢) traval in
2~exis divides tha curve fnto the tmion

bewTns
tnctions
0 Pigwre 6), Lot

1
A=3 [ {&(a)y/(s) ~ pla)x'(8)) do == [ afaly'(:

) Raflrg): 0gz<1 md gle) <p< )

T 15 & curve in the plans, snd thes there exists 8.8

[ |
3
-
3
5
3
s .
1
®
A
s

Depth Post-Process

pekoin g o
rlentatiog

the

@)

In
‘m,wwm(aﬂ;xapmmhﬁ

|
H
) Defing ¢ae

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®.
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18. Result size

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

s performance.

of vy by v

is preciesly

7(€)_traval in opposite directions. 7
af the curve. Prove that

divides the curve into the tpion

¥=f(z) and y = g(5) far 0 < s £ 1,

£). The image of v~
Figwe 6). Lot 0 denote the region betwoex the 28

‘ /'(tw—v&)-[_(fﬂ-vh)
[ (®(a)y/(s) ~ pla)e'(e)) do = [ o/ (:
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19. Reenable depth fill

L _________ "= |

EF Depth Map | @ Depth 3D

@& Move = Length | Area B Value

Preprocess | Refocus | Depth

)£ Cross Section Line @ Rotate ~ i, Histogram Depth Calculation

Max. Virtual Depth  [15 |2
Sparse Lens Set

Near Resolution Level
« il

7] Use same settings for all lens types

Correlation Patch Stride
<m

V| Enabled

7| Complete FQ
.

FillTteration Count
« r 7

Fill Iteration Size
7
Depth v Simimaann
.
Wiedian Radius =
< i
Mean Radius
I
V] Bine
— .
Filter Radius
Edge Smoothing Factor
<

Noise Reduction Factor

Result Size

Resolution

Evaluate Depth
5288 %2192

Custom

Auto Sensitivity

[custom

" v] | Post-process

[ custom

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
I o better results at the cost of
e ™ 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

8 B Depth: 1809,94ms

’ \“’ Light Field Cameras

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

mean/median filter, tries to preserve
fine structure.
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20. (optional) Reenable the auto adjustment of
the color scaling

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

Il S 2.) Enable ,Auto Update”

Minimal Virtual Depth
aximal Virtual Depth
Collimation Plane Virtual Depth

aaaaaaaaa

5
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21. Save and load settings
B3 Rutive 210 - 64 bit I

1. Cameras Extras  View Wi
) Load Image/Seq... Strg+0 l
B Import Image...
Save Image... Strg+S -
Save Multi-View...
3.'5 Loaﬂettmgs —
P - Samettlngs... —
Close
\1’ Light Field Cameras
S | Copyright © 2014 by Raytrix GmbH, Germany

The parameters discussed can be saved to
a .rxset file.

1.) Click ,File”

2.) Select ,Save Settings...”, enter a file name
and save.

To load a .rxset file:

3.) Select , Load Settings” -> ,Load”

www.raytrix.de
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