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1 Introduction

This is a step-by-step guide for setting-up a seamless immersive projection
using cylindrical projection screen with overlapping projectors.

The calibration produces a perfectly aligned and geometrically correct image
by taking into account the projector positions and the screen shape.

At the end of the calibration, Immersive Calibration PRO exports the
perspective camera frustum settings (position, orientation and field of view),
which can be used directly in the game or other 3D engine to produce the
images for each projector.

Immersive Calibration PRO also exports the warping and blending
configuration to be loaded and used in Immersive Display PRO for warping and
blending the projected image to get a seamless display.

For multi-camera calibration we can use one or more HD webcams to
automatically map the projector images to the screen and automatically
calculate the needed warping and blending. Either a single camera can be
used, or multiple cameras can be used for each view. When a single camera is
used the camera has to be repositioned for each view.

For this step by step guide we will use 3 Logitech HD Webcam C920 cameras
mounted below the projectors to capture part of the screen and projectors
images.

For the purpose of this step-by-step guide we will use a cylindrical projection
screen with the following parameters: horizontal angle 200 degrees, height
1.8 meters and radius 1.7 meters (diameter 3.4 meters). The 3 projectors are
positioned in such a way that the complete projection screen is covered by a
projection images from projectors and that the projector images overlap by
about 15%.



Immersive Calibration PRO Multiple Camera Views Step-By-Step Guide

The cameras are positioned just below the projectors to capture part of the
projection screen and the full projector image on the screen, as well as the
overlap areas from the other projectors.

Camera 1
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Camera?2

Camera3

Before we continue with the calibration we will need to divide the screen in
equidistant horizontal and vertical sections (columns and rows). Those
sections will be used as a reference for mapping the projectors images to the
screen.
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For this calibration we will divide the screen in 6 rows and 20 columns. Because
there is no screen curvature along the vertical axis, the number of divisions in
rows can be smaller than the number of columns.

Depending on the curvature of the screen, the number of columns division can
be increased or decreased. Generally, for cylindrical screens a number
between 20 and 30 columns is enough.

For this screen dimensions we can calculate:
The height of a single row section is:
1.8m/6 = 0.3m.

The length of a single column section (along the screen edge arc) is:
((200 deg/360 deg) *2 *Pl * 1.7m) / 20 = 0.296m

The columns sections are numbered from left to right starting from 1. Rows
sections are numbered from top to bottom starting from 1. This numbering is
important later when we define the views.

Note that the numbers on the image above are for illustrative purposes. Users
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can use different methods to mark the rows and columns, including stickers
or other temporary markers.

Measure the edges of the screen and put physical markers on the screen edges
to mark the rows and columns. A UV pen and UV light can be

used to mark the screen with invisible markers that can be made visible with
UV light during calibration.

We will use two computers to perform the calibration:

One PC has at least 3 outputs connected to the 3 projectors. The simplest
configuration is to have one wide display (3x1) created either by using Matrox
TripleHead 2 Go or ATI Display Group or NVidia SLI Surround. The graphical
program (ex FSX, Prepar3D, X-Plane, etc) will run on this display.

Monitor
Drag the icons te mateh your maniods. kdentify Monitors
1. Genenc PnP Maonitor on MVIDLA GeForce -
Ressolution: Colors
Lo | High Haghest (32 bit) -
ow do | get the best display? .ﬁ.d‘.-anceds-eﬁ.mgs-....

Note: When using the latest version of P3D v3.3+ with ViewGroups.xml, make
sure that the displays are not grouped as one single display. P3D v3.3+ with
ViewGroups.xml require ungrouped displays in extended desktop mode.
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|!_| <« All Control Panel Items » Display » Screen Resolution - || Search Control Panel

Change the appearance of your displays

Display: 1. ASUS VH202 -
Resolution: [lﬁﬂﬂ = 900 (recommended) v]
Orientation: [Landscape v]

Multiple displays: ’Extend desktop to this display v]

The name of this PC is WIN7 and will be used as Rendering Client during the
calibration.

The second PC will be used as Controller Server. It can be any PC with a
moderate graphical card and connected in a network with the Rendering Client
WIN7 PC. The Name of the Controller Server PC is SERVER.

The SERVER PC is needed only during the calibration and can be removed after
the calibration is completed and calibration results are saved.
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2 First time Bonjour installation

In order to automatically recognize and connect the client and the server PC
on the network, a zero-configuration service is used. For this purpose the
Bonjour service needs to be installed on both the client and the server PC.
From the Immersive Calibration PRO locate and double click on the
INSTALL_FIRST_BONJOUR.bat script. This will start the installation of Bonjour.
This installation step is needed only once and should be performed the first
time Immersive Calibration PRO is used on the PC.

Follow the installation steps of Bonjour install script and finish the installation.

( jjg.! Bonjour Print Services Iﬁ‘

\ T\ *""-_-‘"n, Welcome to the Bonjour Print Services Installer
r -
r Y . 4 - o

/ m—— You will be guided through the steps necessary to install
Bonjour Print Services. To get started, dick Mext.

2.0.2.0 x4

< Back Mext = ] | Cancel

Note: If using firewall, make sure that the firewall is disabled on both the client
and the server PC in order to allow the client and the server PC to connect to
each other without being blocked by the firewall.
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3 Start and configure the Rendering Client

On the rendering client PC, start the Client.exe program from Immersive
Calibration PRO installation folder. Immersive Calibration PRO will start in
client mode and will show the available displays. Initially projector
configuration for each display is “None”.

.\ Display

Position 0,0

Right-click on the display that is connected to the projectors and select
projector configuration 3x1 from the popup menu.

10
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1 Mo projectors \\\Display

12 1 projector
e Pasition 0,0
&2 3 projectors | 3

12 4 projectors 13

£ 5 projectors

12 6 projectors

12 7 projectors

12 8 projectors

12 9 projectors

12 10 projectors

12 11 projectors

£ 12 projectors

12 13 projectors

12 14 projectors

12 15 projectors

The selected display will be configured with projector configuration 3x1 and
the rendering client will be prepared to be connected to the server.

Note: When using the latest version of P3D v3.3+ with ViewGroups.xml, there
will be 3 separate displays available. Right-click on each display and select

projector configuration 1x1 from the popup menu.

A tray icon will be shown on the system tray to indicate that the client is
running.

11
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=

Y\.\Display

Position 0,0
Resolution 3072x768
Projectors 3x1

1
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1
1
1
1
1
1
L

L

Press the “Hide” button to minimize the client window. When the server is
connected to the client, the client window will be opened in full screen mode
on the 3x1 display.

Note: The projector configuration will be automatically saved. The next time
Client is started, it will automatically use the saved projector configuration.

12
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4 Start and configure the Controlling Server

On the controlling server PC, start the Server.exe program from Immersive
Calibration PRO installation folder. Immersive Calibration PRO will start in
server mode.

Project

'
h Create new project
Load project file

Recent files

MapToProjector.project
Load recent project file

When starting for the first time, select “Create new project”. Once the project
is saved, the project can be loaded by selecting “Load project file.

For this setup we do not use multiple projectors layers (multi-stacking). So
from the projection stacking screen select “Tiled” projectors alignment.
Select the “Cylinder” screens shape and make sure the “Map to camera” is
selected. Press the “Create” button.

13



Immersive Calibration PRO Multiple Camera Views Step-By-Step Guide

Projector arangement

Stacked

Screen type

General Full Dome (Fisheye)

Full Dome

Partual Dome Cone

Horseshoe (Double) Cave

A

Horseshoe (Sinale) External Mesh

m Map on projector

We will enter the size and the divisions of the projection screen later.

The Controller Server window will be started that shows the “Virtual Display”.

14
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File Workflow Tools Camera Scanners On projectors Help
2. Screen 3. Views 4. N WS 5. Edge blend

Available client pr Select projector(s) resolution

Columns X Rows 3 o X 1

Display : Resolution ectors 3x1

The virtual display is initially not configured. Set the projector configuration
to 3x1 and select the individual projector resolution.

15
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Select single projector resolution

1600x1200 [UXGA]
1440x960 [FWXGA+]
1440x900 [WXCA=]
1280x1024 [SXCA]
1280x960 [SXCA-]
800 [WXGA]

1280x768 [WXCA]

1280x720 [HD/WXGA]

1024x768 [XGA]

3070x4096 [HXGA portrait]
FANM2RAN NN A nnrckraib]

width 1024 ~ Height

Cancel < Select

A pop window shows a list of standard resolutions per projector. Select the
projector resolution from the list of available resolutions or select “Custom
resolution” and enter the projector resolution.

The virtual display will be configured with projector configuration 3x1. The
individual projectors are not “assigned” and not connected yet to the
projectors defined in the “Rendering Client”. The available projectors from the
client(s) are shown in the left panel.

Double click on each projector to connect to a projector defined in the
“Rendering Client”. If the “Rendering Client” successfully connected to the
“Controller Server”, a list of the projectors will be presented. Select a projector
from the right list to “assign” the projector. This will assign and connect the
virtual display projector to a remote projector.

16
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Select remote projector

i i-_J Fly-Elise-ng-192.168.1.22:55555 0_0_3072_768 (3x1)

Projector1-(1x1) [1024x768]
53]
EI=) Projector3-(3x1) [1024x768

Cancel

Repeat this step for all projectors. When all projectors are assigned click the
“Screen” button to configure the screen.

17
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5 Screen settings

Before we continue with the calibration we have to enter all calibration settings
needed for successful calibration. This is one of the very important steps for
achieving first-time-right calibration.

In the screen settings window enter the screen dimensions, the angles and the
number of rows and columns sections.

File Workflow  Tools  Camera  Scanners  Onprojectors  Help

o<

1. Projectors 3. Views

Cylindrical screen Y OFf 360 Panorama  Projection side Front 3D Reference points (0 reference point(s) defined) ';f‘

Begin angle [deg] -100.00 End angle [dea] 100.00 : Radius [m] 1.70 :

-

Begin vertical [m]  -0.90 End vertical [m] 0.90

Columns Rows

-
-
-
-
-
-
-
-
-
-

Column length [m] Row length [m]

o

Our screen has an angle of 200 deg, height of 1.8 m and radius of 1.7 m. As
the reference point is in the middle of the screen, and the height axis points
to up, we enter the values -100 deg as begin angle and 100 deg as end angle.
Similarly, for the height we enter -0.9 m as vertical begin and 0.9 m as vertical
end. The radius is 1.7 m.

Because we divided the screen in 20 columns and 6 rows, we enter the
Columns and Rows values respectively 20 and 6.

After that click on the “Views” button to configure the Views.

18
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6 Views settings

In the views tab, we will define the number of cameras. For each camera we
will have to enter the screen sections (rows and columns) that are visible in
this camera view.

In this type of calibration, a view is defined as part of the screen “seen” by one
camera. When entering the screen rows and columns for a view, we will count
all the rows and columns that are fully visible from this camera.

Note: The red markers on the images below represent the visible or invisible
markers put on the screen. The numbers are for illustrative purposes to make
it easier to count the columns.

For a successful calibration it is very important that we enter the correct values
in the Views page. Automatic calibration will use those to automatically
calculate the warping, blending and the frustums info.

Because we use either 3 cameras, we will specify that we have 3 views.

File Workflow Tools Camera Scanners On projectors Help

. i3 i

1. Projectors 2. Screen 4, Map/Scan views 5. Edge blend

Number of views |3

\Eﬁ] View1 ‘ [(Kview2  [H views

Mapping View 1 Mapped to screen grid Off  Advanced

The mapping for each view will have to be set to “Mapped to screen grid”.

Now, for each view, click the View button (View1, View2 and View3) and select
the corresponding camera for that view.

19
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Tools Camera Scanners On projectors Help

o

2. 5creen

Mapping View 1 Mapped to screen grid hd Off  Advanced

Columns/Rows Projectors in view [Assign projector(s)]

Begin column 1 : Number of columns 9 : m P2 (= o]
= Number of rows -

Begin row 1

B olect camera | Logitech C920 - HD Prot 192

AT)

. i“ B

For each view we need to specify which part of the screen is visible in the view
and which projectors are visible (fully or partially) in this view.

Note: The red markers on the images below represent the visible o invisible
markers put on the screen.

Viewl1

20
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Looking at the camera image we can see that the camera covers row 1 and
covers all 6 rows (1, 2, 3, 4, 5 and 6). The camera image captures 9 columns
starting from 1 (1, 2, 3, 4, 5,6, 7, 8 and 9).

So we enter the values for Viewl accordingly: Begin column 1, Number of
columns 10, Begin row 1 and Number of rows 6.

In this camera view projector 1 is fully visible and projector 2 is partially
visible. So we make sure that Projector1 and Projector2 are selected.

21
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File  Workflow  Tools  Camera  Scanners  Onprojectors  Help

e

2. Screen

::t] View3
Mappin v 1 Mapped to screen grid Off  Advanced

Columns/Rows
Beqin column 1 Humber of columns 9

Beqin row il Humber of rows 6

|- Toggle Infi [ |

AR =5 ,' Select camera  Logitech

View?2

Select View?2 and select the camera 2.

22
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Looking at the camera image we can see that the image covers row 1 and
covers all 6 rows (1, 2, 3, 4, 5 and 6). The camera image captures 10 columns
starting from 6 (6, 7, 8,9, 10, 11, 12, 13, 14 and 15).

So we enter the values for View2 accordingly: Begin column 6, Number of
columns 10, Begin row 1 and Number of rows 6.

In this camera view Projector? is fully visible and Projector1 and Projector3 are
partially visible.

So we make sure that Projector1, Projector2 and Projector3 are selected.

Camera Scannel On projectors Help
1. Projectors 2. Screen

(K views
Mapping View 2 Mapped to screen grid Off  Advanced

Columns/Rows

~ Number of columns 10

= Number of rows [}

Beqgin row

|- Toggle Info
R - Reset View

- e Logitech €320 - HD Pra2

PRI T P SO SRS O T SV T

View3

Select View3 and select camera3 for this view.

23
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Looking at the camera image we can see that the image covers row 1 and
covers all 6 rows (1, 2, 3, 4, 5 and 6). The camera image captures 9 columns
starting from 12 (12, 13, 14,15, 16, 17, 18, 19 and 20).

So we enter the values for View3 accordingly: Begin column 12, Number of
columns 9, Begin row 1 and Number of rows 6.

In this camera view Projector? is partially visible and Projector3 is fully visible.
So we make sure that Projector1 and Projector3 are selected.

24
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Tools Camera Scanners On projectors Help

= N

1. Projectors 2. Screen 5. Edge blend

Mapping View 3 Mapped to screen grid v OFf  Advanced

Columns/Rows Projectors in v

2 : Number of columns 9 =on]

Beqin row . Number of rows [

|- Taggle Info

R - Reset View i '.' Select camera  Logitech C920 - HD Pro3

(TS S S S | R T SN R

mlbannis .
e

This finishes the configuration of the calibration settings. The next steps will
describe the mapping of the screen in the camera views.

Use the File/Save menu to save the calibration project.

25
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7 Map & Scan Views

Press the “Map & Scan View” button to enter the map & scan configuration
screen.

Repeat the steps in this section for each camera view.
For each camera view, part of the projection screen and the projectors visible
in that view will be mapped and scanned.

File  Workflow  Tools  Camera Scanners  Onprojectors  Help

= w3 0 - ~

1. Projectors 2. 5creen 3, Views 5. Edge blend 6. Perspective 7. Export

— r 1
F= o - "
‘ [~ screen [(Kviewz | - 5

Images, = Calculate
=2 mask ) 7
Info  Align all Move Single [R:1 C;1] [px:0.000 py:0.000] # Logitech C920 - HD Pro1 @15fps|0deq M:HOVD

A 5 ==

EX5) Projector 1

OFf  Lock grid i"’;’. Select camera

C[1:9] R[1:6]

on @ Automap ':'~_ "_ Off Show screen l:l, Projectors BX8) B8 [112]

For this mapping we will use the Automap functionality that will automatically
map the screen grid in the camera view to the screen edges. For Automap we
will need at least 6 grid points to be mapped to the screen edges.

For the best mapping results the points have to be selected to cover the most
part of the camera image.

For this guide we will use the most outer points of the screen top and bottom
edge visible in the view as well as two points in the middle of the image.

Enable the “Automap” check box on the left corner and move the
corresponding grid control points to the marked points on the screen.

26
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Optionally press the “Z” button to enable the zoom preview for more accurate
positioning.

After the grid point is positioned on the screen point press the CTRL + Left
mouse button or “Space” to mark this point as mapped. The grid points will
change the shape to a rotated rectangle and will change the color. This point
will be used to Automap the rest of the grid points.

File Workflow  Tools  Camera Scanners  On projectors  Help
1. Export
N ]

L3
Images,  Calculate

Logitech C920 - HD @15fps|0deg M:HOVO

EXI=) Projector 1

EX5) Projector 2

Off  Lock grid iL.'l Select camera

C[1:9] R[1:6]

on @ Auomip % w OFF ' Show screen D. Projectors BYs) B8 [1]2]

At least 6 points are required to do the auto mapping. However, if more points
are used the mapping can be more accurate.

Use the Right mouse button to drag the point with subpixel resolution. Set the
points on the screen markers as accurately as possible.

Now press the “Auto map screen 3D” button, to map the rest of the screen
grid to the screen automatically.

27
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Tools Camera Scanners On projectors Help

3. Views . e 6. Perspective 7. Export

= : .

(Kviewz [(Kviews - -

— ‘ =3 ey
Images,  Calculate

27 mask 7
(@15Fps|0deg M:HOVO

EX5) Projector 1

[= o

Off | Lock grid B Geloct camera \ .

C[1:9] R[1:6]

on @ Automap :4__ &) Off Show screen D, Projectors BEI®) EXS) [112]

After the screen grid is mapped to the screen, we will proceed with the
projectors scanning in this camera view.

Press the “Mask” button, and select “Screen grid”. This will make sure that the
scanning of the projector circles will be limited to the area marked by the
screen gird. Any projector image coverage outside of the screen will be
ignored.

28



Immersive Calibration PRO Multiple Camera Views Step-By-Step Guide

File  Workflow  Tools  Camera  Scanners  Onprojectors  Help

x

1. Projectors 2. Scree 3. Views : 5. Edge blend 6. Perspective

Aviewz [Hviews Sy S

B
La
Images,  Calculate

Info Align all Move Single_ita Lonitech 7920 . WD Brad 18201 030@15Fps|0deg M:HOVO
X2 Projector 1

EX%) Projector 2

Off Lock grid

[T]. sceenGiid ¥ Forder padding 0.000% =

Automatic projectors mapping is a process to accurately map the projector
images on the screen in order to automatically calculate the needed
geometrical correction and soft-edge blending.

Camera images will be used to automatically map the projectors. This is the
same for all projectors.

Select the first projector from the list of projectors in this view.

Make sure the “Camera scanning is enabled” and press on “Recognize
projector circles” button.

Press the “Recognize projectors circles” button will quickly verify which circles
can be successfully recognized and mapped. The recognized circles will be
shown in green color. Not all circles need to be successfully recognized for a
successful calibration. The not recognized circles will be automatically
estimated by the software. If needed, adjust the camera settings and increate
the circle size to be able to recognize as much circles as possible.

29
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- (X g ~

4. Map/Scan views

EX5) Projector 1

=0f

MO

N ENEMONO XN ONORO MO HON DN
2
©

B

‘““”“‘immm

OO ON D OB G

O] amers s S ]
Note: The camera has to be fixes and should not be moved during the rest of
the calibration.

For successful calibration it is important that all automatic camera features
(auto-focus, auto-zoom, white balance, etc.) have to be turned off.

Press the camera properties button to open the camera properties widow. This
window is provided by the camera drivers and can look differently for different

cameras.

@ Select camera ! \ ®

11px  Circle size 1.00 : Distance 1.50

30
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Webcam Control Advanced Settings

Q Trouble being heard?

If you are having trouble with your
microphene, you may have the wrong
microphone selected. To select the right

microphone, go to your video calling
Q application and leok for the micrephene input
setting.
D Follow my face
D RightSound
D Auto-focus
ah o™

No Auto focus

Webcam Control Advanced Settings

Image Quality:

D RightLight

Exposure (——

Gain (—— () uto
Brightness (——

Contrast e

Color Intensity A —
White Balance C— D Auto

Anti-flicker: Image orientation:
Off * Normal
& NTSC - 60Hz Mirrored
PAL- 50Hz

No Auto Gain and Auto White Balance

Use the camera controls to adjust the camera image for the best projector
scanning and calibration results.

31
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Exposure b oy

Gain E
Brightness 5
Contrast :E

Color Intensity :E

The primary control of the camera image is the “Exposure” control. Use the
Exposure to get the most natural looking camera image.

The camera image should look natural and should not be too dark, too bright
or saturated. The black and darker colors and the white and brighter colors
should utilize the complete camera colors range.

In order to help and facilitate the adjustments of the camera properties, the
software comes with a tool called Histogram to evaluate and calculate the used

camera dynamic range.

Select the Histogram button and press on the calculate button.

& (]

The software will project a number of patterns on the projection screen and
will calculate the range between the dark colors and the bright colors as well
as the middle distance.

32
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_d

ila Calculate Close

The camera histogram shows two peeks. The left peek is for the dark colors
and the right peek is for the bright colors.

_d

ila Calculate Close

Camera histogram peeks

Use the camera properties (primarily the Exposure) to change the camera
properties in such a way that the two peeks are as far as possible and that
there orange line lies in the middle between those peeks.

Note: Make sure that you recalculate the Histogram each time the camera
parameters have been changed.

Repeat the same steps for all projectors in the camera view, to make sure all
projectors will be scanned successfully.

33
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A

4. Map/Scan views

=0f

4
b4

=0

B e e D
o 5 e
B i D)

A
e N
LS a

Once the pre scanning is completed and verified, we can proceed with

completely scanning all projectors in the camera view.
Click on the screen button and click on “Scan projectors in view” button. This

will scan all the projector in this view.

34
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] (K iy ~
4, Map/Scan views
D
=0 e
1 Y-
Ly ( Lo/
i il
- I o - -
- N o
% yog
1
44 b
ey :
'ws,r* g} £ 1
:th pG-L P
\ 04 P
b ! i 2. -
9 ~ » X3S
& 4 3% .
: a0 St S
¥ "y ot ety S
>
4
. =Q =0 .

After the scan is completed, the projectors will show the recognized while

circles on the screen for this view.
Go to the beginning of this section and repeat the same step for View2 and

Views3.

When projecting static images, video, of games that do not support multiple
perspective views, Immersive Display PRO will calculate the warping and
blending to map this single virtual camera view to the projection screen. The
actual (real) field of view will be determined by the field of view of this single

virtual camera.
Press the “Calculate” button to calculate the geometrical correction, auto-

alignment and edge blending.
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File  Workflow  Tools  Camera Scanners  On projectors  Help

= Wy

1. Projectors 2. Screen 3. Views . Ma BW 5. Edge blend

K view1
Images,,

@15Fps|0deg M:HOVO
EX) Projector 1
EXE) Projector 2

EX5) Projector 3

5 — o
-
— Y EST AT T Erng

OFff  Lock grid i"'i" Select camera 4

C[6:10] R[1:6]

on @ Automap % <& OFf  Show screen D. Projectors 15 €IS [1213]

After calibration finished, the geometrical correction and the soft-edge
blending will be calculated and send to the Rendering Client PC. A test image
will be projected on the screen from multiple projectors.
Optionally, change the images to preview the alignment.

36
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8 Edge - blend

Click the edge-blend button to fine tune the edge blend if needed. The default
settings give the best results for most of the projectors. If the projectors have
different gamma profile, do a slight change to the gamma value to achieve the
best edge blend. Use different images to verify the blending.
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File Workflow  Tools  Camera Scanners On projectors  Help

= K iy '
2. Screen 3. Views 4. Map/Scan views 5. Edge blend 6. Perspective

Gain o.500

Edge blend
Images,

- S S e
- Slope 1220 _ Gamma 2000 _

Input

When the result is satisfactory Save the selected settings in a “.project” file
using the File/Save menu.
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9 Perspective projection

When projecting the content of a 3D application (Games, Simulators, CAD, etc.)
that have support for multiple cameras, each projector can project image from
a single virtual camera. The total projected image will not be constrained by a
single camera field of view but it will match the projection screen field of view.

Before calculating the perspective mapping, make sure that the previous steps
are performed successfully. Those steps will perform projectors mapping to
screen mapping which is a basis for the perspective mapping.

Select the “Perspective” button to enter the perspective configuration screen.
First press the “Find frustums” button. This will find the perspective frustums
for all projectors.

File WorkFfow Tools Camera Scanners On projectors Help

= WY £ b

1. Projectors 2. Screen 4. Map/Scan views 5. Edge blend

Perspective scenes

On . Asymmetric frustums o
= T - =
. Use roll on @ use perspective f\ |8 2 I3t
2 freret b e Tunnel Screen e Calculate perspective
I: ojectol

Evepoint [m] (4/Y/2)

a .
- oo

Pos[m] 0.000 . 0.000

Frustum
a o a
L oo

T 365deg o
= 455deg . R

375deg L B

perspective *  on @ Allprojectors | on @ Projection o @ Frustum 020 o

Note: When using the latest version of P3D v3.3+ with ViewGroups.xml, the
asymmetric frustums option can be used to calculate the frustums to fit
optimally and to maximize the pixel usage.

Most of the game engines do not support asymmetric frustums so make sure
the symmetric frustum option is enabled.
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Then press “Calculate perspective” button. This will calculate the perspective
correction and the edge blending for each projector.

After calibration finished the results are send to the Rendering Client PC. A
test 3D mesh scene or a tunnel scene that corresponds to the screen shape
will be projected on the screen from multiple projectors.

Use the available perspective scenes to verify the calculation.
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10 Export the calibration result

The calibration can be exported to a file that can be used inside Immersive
Display PRO. Also a set of virtual camera parameters (frustums) will be
exported that can be used directly or indirectly in to position and orient the
cameras in the game or other 3D engine software.

Press the “Export” button to enter the export screen.

File WorkFfow Tools Camera Scanners On projectors Help Men: Heap [132.3 Phys [126.9 MB] Img [4/3.7 MB | MAX

[ K A 7 &

1. Projectors 2. Screen 3. Views 4, Map/Scan views 5. Edge blend 6. Color correction

(o}
=

Export data
Export folder \export
Procalib Warp & Blend on Q Single frustum (single.procalib)
T On 0 (Perspective) Multi frustums (multi.procalib)
P3D/FSX
A-Plane
DCs
Frustums
Projector map
View map
WaveFrontObj
OpenWARPZ
Barco Pulse
Barco WarpBox
f VESA MPCDI

EasyBlend

Select the needed additional exports and press the “Export data” button.
Several .procalib files will be exported with the filename selected from the
export dialog. The .procalib files can be imported in Immersive Display PRO.

Note: When asymmetric frustums are used, some of the export options are
not available because the corresponding software does not support
asymmetric frustums. Disable the asymmetric frustum option in the “virtual
camera configuration window” to enable those export options.

4]



Immersive Calibration PRO Multiple Camera Views Step-By-Step Guide

» export
=
Vv Burn New folder

Name

| 3 .frustums

L 3xd.fsx

| 3xd_multi.procalib
|| 3x1_single.procalib

The _single.procalib file should be used when projecting a single virtual
camera content (video, desktop, etc). The _multi.procalib file should be used
when projecting multiple virtual cameras content (games, simulators, 3d
engines, etc).

@ Info 2 Displays '?_1 Preferences 2 License

© External calibration

1 No projectors WADISPLAY1
Intel(R) HD Graphics 4600
Generic PnP Monitor
Posi
Resolutio
Projectors 3x1
External calib export_single.procalib
rnal calib desktop export_single.procal

12 1 projector
12 2 projectors
12 3 projectors

12 4 projectors

B G

12 5 projectors ',
12 6 projectors
12 T projectors

12 8 projectors

2 9 projectors
12 10 projectors
2 11 projectors
Deskl &2 12 projectors

E12 13 projectors

4
4
3
b
4
b
4
4
b
4
b
4
4
]

3 Config EX5) 14 projectors arLoad (D quit
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11 Prepar3D v3.3+ camera settings

Prepar3D v3.3 introduced a feature named View Groups. On multi display
systems, View Groups can be created to easily configure views across multiple
displays using the View Group Management window.

http://www.prepar3d.com/SDKv3/LearningCenter/getting_started/view_syst
em/display_configuration.html

There is no more need for modifying the flight files (fxml files) for creating
correct geometry for multi-projection systems.

One important feature of View Groups is the possibility for asymmetric
frustums (camera). This allows Immersive Calibration PRO to calculate the best
frustum fit and ensure minimum pixel loss and minimum image stretching.
In Immersive Calibration PRO make sure that the option “Asymmetric frustum”
is enabled when before pressing “Find frustums”.

File Workfow Tools Camera Scanners On projectors Help

=4 x | ~

1. Projectors 2. Screen 3. Views 4. Map/Scan views 5. Edge blend 7. Export

Perspective scenes
on @ Asymmetric Frustums : o1

e on @ Use perspective ﬂ & A s
OFF Use ro Find frustums Toecal G Sphere Calculate perspective
I Projector!
B2 Projector?

B Projector3

Eyapoint [m]

Pos [m] 0.000 0.000 - 0000 o

Frustum
Rotation [deg]
-
86 L 0000

T 30dey o

| -46.0deg 35deg LR

-

-

-37.5 deg

perspective *  On @ Allprojectors | on @ Projection o @ Frustum 020 o

When using asymmetric frustums, the calculation of the frustums will be
optimized to minimize the pixel loss and maximize the projector image usage
on the screen.
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This will export a file ViewGroups.xml that can be copied into the P3D
configuration folder.

Open the folder “%APPDATA%\Lockheed Martin\Prepar3D v3”. The easiest way
is to press WIN + R keys, type %APPDATA% and press enter. This will open the
“%APPDATA%\ folder. Open the underlying Lockheed Martin\Prepar3D v3
folder.

4 Run >

==  Typethe name of a program, folder, document or Internet
= resource, and Windows will open it for you.

SLAPPDATA%) v

Cancel Browse...

Rename/backup the existing ViewGroups.xml file and copy the exported
ViewGroups.xml file in this location.

M = | Prepar3Dv3 = m] X

“ Home Share View [7]

_I x 7 New item + |£| HH setect an
£ ] Easy access - Select none
Pinto Quick Copy Paste Delete Rename  New Properties .
access O] to 0 = folder < EL, £ Invert selection
Clipboard QOrganise New Open Select
« . g > ThisPC » OS(C) > Users > FlyElise-ng > AppDats > Roaming > Lockheed Martin > Prepar3Dv3 v| & | SearchPrepar3Dv3 r
Name Date modified Type Size
v 3 Quick access
Centrols File folder
& Downloads
SimObjects File folder
B Desktop Substitutions File folder
Google Drive [ cameras.cfg CFGFile 11KB
|=] Documents 4 [*| DefaultRecordAndPlayback.xml XML Document 16KB
&= Pictures v =] DIsConfiguration.xml XML Document 1KB
Photos1 =] Displays.xml XML Document 1K8
Putty 5] dxdiag.bet Text Document 60 KB
| ] fdr.dat DAT File TKE
resources
| ] Legbook.bin BIN File 2Ke
ROERINE; £ LWcfgaml XML Document TT1KE
& OneDrive ] MonitoringSystemProfilesaaml XML Document 3K8
=] Multichannel xml XML Document 1KB
(5 This PC [ Prepar3D.cfg CFG File 8KB
= Network =] Prepar3D.cfg.tet Text Document 3K8
| ] SimDirector.layout LAYOUT File 3KB
4 Homegroup =] SimDisplay.xml XML Document 1KB
=] UlSettings.xml XML Document 17Ke
|| VehicleFavorites.xml XML Document TKe
=] ViewGroupsxml XML Document 2Ke
| ViewGroups_origaml XML Document 2K8
] WaterConstantsV3.Xml XML Document 2KB

[ wastationlist.bin BIN File 5K8

23items =
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When P3D is restarted it will load the exported ViewGroups.xml.
Open the P3D View menus and select View Group Management.

Note: The latest versions of P3D v3 moved the configuration data to the global
location C:\ProgramData\ Lockheed Martin\Prepar3D v3. If this folder exists,
copy the exported ViewGroups.xml file in this location.
Note: The latest versions of P3D v4 moved the configuration data to the global
location C:\ProgramsData\ Lockheed Martin\Prepar3D v4. If this folder exists,
copy the exported ViewGroups.xml file in this location.

Scemaric Vehicle World Optiors  Miews  Analysis  MNetwork  Tools  Help

+' Full Streen ALT+EMTER
Hew View

Change View

Urelack View

Close View

Famel Only View

Edit Cuestom Canseras

View Group Management—.

‘Ohsenver Management...

Windaw Tribes

Al Indlcator

Tep-down Grientation
w Virtual Eockplt - View o0

-

e

Just make sure that the enumerated displays and graphics cards on your
system match the DisplaylD exported in the ViewGroups.xml file. If they do
not match, assign them the correct DisplaylD using the View Group
Management window.
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Displays ) Configuration 1 ) Intel(R) HD Graphics 4600.0.0

4 MName
Intel(R) HD Graphics 4600.0.0

View Groups ) LCD Designer PRO ) LCDLanelCENTER

4 Name
LCDLanel CENTER

[<}

Left: 0.000
Right: 0.000
Top: 0.000
Bottom: 0.000
4 EdgeOverlap
Left: 0.000
Right: 0.000
Top: 0.000
Bottorn: 0.000

]3[4+l J4]+

¥ 4Js <[+ 4]+

4 ViewFrustum

Now you can start any flight in cockpit mode or virtual cockpit mode.
Use the right button and click on the current view (not the View Menu) and

select View Groups, then click on Immersive Calibration PRO. This will create
the position the views on the corresponding projectors.

46



Immersive Calibration PRO Multiple Camera Views Step-By-Step Guide

v Cochkpit
Outside

Tower

Runway

Aircraft

Sensor

View Groups None

Custom Camera v’  Immersive Calibration FRO

=

Panel Only i

Window Titles

Y
Axis Indicator »- .

Top-down Orientation »
Hide Menu Bar

Mouse Yoke

Note: When using the ViewGroups.xml file, there is no need to update the
flight fxml files. The ViewGroups.xml file will make sure that the view are
positioned on the correct projector.

Start Immersive Display PRO. For each ungrouped display, click on the display,

select external calibration and chose the exported _multi.procalib file. Now
restart P3D and select the View Groups/Immersive Calibration PRO.
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p
(

(i) nfo  E@Displays | [Z]] Preferences

WADISPLAY1
NVIDIA GeForce GTX 970
S211HL (HDMI)
Paosition 0,0
Resolution 1920x1080
Projectors 1x1

O Desktop warping

\\DISPLAY
NVIDIA GeForce GT
S2ATHL (HDMI)
Pasition 1920,0
Resolution 1

WADISPLAYZ
NVIDIA GeForce GTX 970
S211HL (HDMI)
Position 3840,0
Resolution 1920x1080
Projectors 1x1
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12 FSX/Prepar3Dv2 configuration

FSX and Prepar3D provide a mechanism to create one or more windows inside
the simulator and define the camera parameters (position, rotation and zoom)
per window.

Next to the .procalib file Immersive Calibration PRO will export also a .fsx file.
This file contains the windows and camera configuration files that can be
copied in the FSX/Prepar3D .flt file.

» export
= ——

Vv Burn New folder

»
Name

| 3x1.frustums

|| 3xd.fsx

|| 3x1_multi.procalib
|| 3x1_single.procalib

Open the FSX/Prepar3D .flt file and delete all [Window.x] and [Camera.x.x]
sections. Copy the content of the .fsx file inside the .flt file at the same place
as the original [Window.x] and [Camera.x.x] sections.

Make Note: Make sure that the file %APPDATA%\Microsoft\FSX\fsx.cfg
contains the following entry:
WideViewAspect=True

Also make sure that the model.cfg file of the aircraft that is used does not

contain the interior. Comment out the interior part by putting // before the
interior section in the file.
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il
[Window.1]
Order=0
Active=True
Undocked=False
Maximized=False
ScreenUniCoords=4, 4, 1, 1
CurrentCamera={B1386D%92-4782-4682-A137-738E25D1BABS5}

[Camera.l.1]
Guid={B1386D92-4782-4682-A137-738E25D1BABS5}
Zoom=255
Translation=0, 0, 0
Rotation=-90, 0, O

[Window.ZH

Order=2

Active=False

Undocked=False

Maximized=False

ScreenUniCoords=0, 0, 2731, 6144
CurrentCamera={B1386D92-4782-4682-A137-738E25D1BABS5}

[Camera.2.1]
Gmid={R1RANAI2-4782-4AR2-A17-T7TRE25NTRARS}

Note: Prepar3D v2 uses a fxml file instead of .flt file. The exported .fxml file
can be integrated in the Prepar3D v2 in the similar way.

Start Immersive Display PRO select external calibration and chose the exported
_multi.procalib file.
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(i) Info B Displays @Prer’erences A" License

@ External calibration
L_! No projectors
E12 1 projector

2 2 projectors \ADISPLAY1
Intel(R) HD Graphics 4600
Generic PnP Monitor
Position 0,0

Resolutio
[
External calib e - multi.procalib
ternal calib desktop export_single.procall

E12 3 projectors
12 4 projectors
E12 5 projectors
2 6 projectors
12 7 projectors
12 8 projectors
2 9 projectors

12 10 projectors

“““""""""E“““"""""““““““““““I‘”“

&2 11 projectors
12 12 projectors
&2 13 projectors
7 b 12 14 projectors
12 15 projectors

v v v v Vv Vv VvV ¥V Vv ¥V W V¥V Vv W Wwv v

3 Conf © 16 projectors

-

wr Load

Start FSX in full screen mode. FSX will open 3 internal windows and each
window will show part of the scene.

Projection screen will show perfectly aligned and soft-edge blended image.
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13 Other 3D game engines configurations

We also offer a plug-in for X-Plane 9 and X-Plane 10 to enable the MultiView
settings in X-Plane. By checking the X-Plane (.settings) file in the export
dialog, a multiview.settings file will be exported that can be directly copied in
X-Plane plugins folder.

For all other 3D game engines we also export a generic .frustums file that can
be used to configure the games virtual cameras.

The .frustums file contains 3 sections per virtual camera (FieldOfView,
Lens/Frustum and Offset.) Those can be used directly in OpenGL or DirectX
programming code.

The general frustums configurations is also exported in an xml file and
contains information for left hand and right hand based graphics coordinate
systems

= export frustums |

1 Camera Row 1 Column 1
2 i

3 FieldOfView

4 {

5 LespectRatio 1.25;

& VerticalFCQV T1.586&3;
HorizontalFCOV 84.0568;
8 }
9 Lens

10 {

11 Frustum -0.00901301 0.00%01301 -0.00721041 0.00721041 0.01 100;

L% Cffset

15 RotateX (Fitch) -0.00923%2; // Positive pitch Up
16 Rotate¥Y (Yaw) &7.5016; // Positive rotation Left
1 RotateZ (Bank) 0; // Positive bank Left

18 Position 0 0 O:
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