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Daily use

Illustration 1-2: Master Video with wireframe cube

Illustration 1-1: Tracking with decisive points in VioTrack R

2 Daily use

2.1 Switch on 1/1
For the daily start-up of the system, please use the following steps:

1. Start master and slave cameras: the slave camera is switched on 
and off via the power supply which may be provided by the master 
camera.

2. Set the camera at starting position: for the best possible start, 
the camera is to be placed approximately in the position where the 
first keyframes were taken.

3. Start Tracking Workstation: the system boots and automatically 
starts the preset VioTrack. Three processes are then started:

3.a VioTrack Master

3.b VioTrack Master Video

3.c VioTrack R

4. The system will automatically restore the last reconstruction: 
the video of the slave camera will be examined, searching for the 
pattern of the last used reconstruction and the camera will locate its 
position based on the detected points.

5. The system now sends the real-time tracking data to the 
graphics engine: In the VioTrack R window, the known part of the 
video is marked in blue because reliable points are detected there 
(illustration 1-1). In the VioTrack Master video, the C key can be used 
to display a wireframe cube which is on the ground at the origin 
(illustration 1-2) and becomes larger and smaller when zooming 
analogously to the real video.
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2.2 User interface
VioTrack launches a specially configured 
Linux client that is reduced to the essential 
functions needed for operation.
The interface components are named as 
follows:

1. Taskbar: displays menus, which can 
be opened and processes which are 
currently running. Here: VioTrack R 
Master Video (minimized), VioTack 
R Master (configuration window, 
minimized) and VioTrack R (window 
open).

2. System log: displays a real-time 
log with information and any error 
messages which may occur.

3. VioTrack R: the slave process of 
camera tracking with an embedded 
video. The master process and the 
associated video are displayed in 
separate open windows.

Illustration 1-3: VioTrack R User Interface with Open VioTrack R Slave Process
1.

2.

3.
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Illustration 1-5: VioTrack R Camera Settings

Illustration 1-4: VioTrack R Window without Slave Camera Video

2.3 Switch on error diagnostics 1/3

2.3.1 No image of slave camera
The Slave Camera is a network camera which must register with the 
computer and the VioTrack process. The boot process may take a few 
minutes.

If the camera starts after the VioTrack process or during the running 
tracking process, it may not have been recognized. This can easily be 
fixed by restarting the image source: Illustration 1-6: Status-LED of the slave camera

2. In the VioTrack R window, click on Settings.

3. In the Settings window, click to the tab labeled Camera.

1. Make sure that the Slave camera has fully booted. Status-
LED (Illustration 1-6) illuminates either blue or green constantly 
throughout.

4. Click on Restart Image Source.
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Illustration 1-8: Load reconstruction under optimized conditions with Load Reconstruction

Illustration 1-7:Indicator of incorrect recovery: light blue image areas, as they occur only 
moderately here, predominate in the image

2.3.2 Graphics are incorrect / not located at all
Check that the reconstruction could be restored plausibly. If the actual 
scenery differs greatly from that in the reconstruction (changed lighting, 
etc.) or the camera is far from known patterns or is panned in unknown 
directions, this may result in incorrect detection of values. Please carry out 
the following steps:

1. Restore the reconstructed scenery: switch to the on-air lighting 
situation, switch off working lights.

2. Move the camera to the approximate starting position of the 
reconstruction.

3. In the VioTrack R window, click on Load Reconstruction and select 
the reconstruction you wish to apply.

If the scenery has changed permanently or the current lighting 
situation should be used for an alternative, selectable show 
configuration, a new reconstruction must be created and saved. 
See section 3.2.

2.3 Switch on error diagnostics 2/3
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Illustration 1-10: System Log Display with correctly attached IMU data with Dump IMU-
option enabled.

Illustration 1-9: IMU tab in VioTrack Master window

2.3 Switch on error diagnostics 3/3

2.3.3 Graphic sluggish / rushes ahead
Check that the IMU is working correctly.

1. In the event of any irregularities when switching on, it may not have 
entered operating mode correctly. Check if data is available: activate 
Dump IMU in the IMU tab of the VioTrack R Master window. If data is 
available, number columns run through the System Log. This option 
can be turned off again after checking procedure is completed.

Illustration 1-11: Cable connection of the IMU (Small case on the tracking camera)

2. If the data is unavailable, nothing is displayed in the system log. In 
which case, Start the VioTrack Master Process anew by means 
of (Re-)Start VioTrack R In DIAG Menu. Please check the IMU Data 
again.

3. If the data still does not appear, check cable connections. 
Disconnecting and reconnecting the connection could help. 
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Illustration 1-13: Reconstruction as a point cloud. Below the already located floor as a grid. 
The yellow line shows the camera movement between the keyframes.

Illustration 1-12: Slave video with intact tracking. The blue crosses show stable tracking 
points.

3 Real Environment

3.1 Reconstructions
VioTrack R studies the real environment through an automatic process and 
stores the resulting reconstruction in a 3D point cloud. The system will 
continually examine the slave video for this known pattern and determine 
the camera pose from their position towards it.
   The detection works by means of corners and edges, which can be 
identified clearly in the image from several perspectives. These points are 
called feature points.
    If the position of these points changes because the objects are moved 
or illuminated differently, they will no longer be available for tracking. If the 
changes become increasingly excessive, the pattern can no longer be 
reliably detected, and the recovery will fail.
   Various reconstructions, for example, for different studios or lighting 
moods, can be created and saved to be able to switch between them more 
conveniently (see section 2.3.2).
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Illustration 1-14: Video after reset in segmenter mode (black and white) with detected 
markers

3.2 Initialization: Create new reconstructions 1/2
To create a new reconstruction, VioTrack R+ uses VioTrack markers which 
are installed as physical reflectors or displayed on an LED display as  a 
fixed reference. The following steps are performed:

1. Start VioTrack R+.

2. Press Reset in the VioTrack R window: the system will reinitialize: 
search for the VioTrack pattern and create a new reconstruction.

Illustration 1-15: Set automatic keyframes by moving through the room. Indicators for set 
keyframes light up green in the video.

3. Learn: Slowly move the camera through the entire room to be used 
by the camera for broadcast.

• Several keyframes should be taken which include the VioTrack 
markers (at least 4).
• Fast movements must be avoided. 
• The slave camera should always see as much known reference 
as possible, to be able to put new information in correct relation 
(about two thirds of the image should display blue tiles).
• Only pan or tilt movements hardly provide new 3D data and are 
to be combined with movement.
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4. Check the results in the VioTrack R window: are blue crosses 
regularly distributed in the image throughout the tracking area? If it’ 
is less than expected, then is it possibly too dark.

Illustration 1-16: Result: The wire frame cube is back at its intended position

Illustration 1-17: Fair number of tracking points in slave video

Illustration 1-18: Finish the reconstruction creation

5. Check the result in the VioTrack R Master Video window: Press C to 
display the wireframe cube. Is it where it is supposed to be?

6. If the results are good, press Save Reconstruction in the VioTrack 
R window.

7. Switch off the further gathering of points by removing the check 
of the Allow Extension option in the VioTrack R window.

3.2 Initialization: Create new reconstructions 2/2
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Illustration 1-20: Collect new keyframes based on the loaded reconstruction

Illustration 1-19: Load Basic Reconstruction and Enable Allow Extension

3.3 Rework: Expanding reconstructions
If significant parts of the scenery change or new areas of the studio are 
opened up, which are either not yet used or under-sampled, existing 
reconstructions can be extended:

1. Start VioTrack R+.

2. Click Load Reconstruction in the VioTrack R window.

3. Select the basic reconstruction you want to extend. After 
selection, the system will automatically try to find its way into the 
reconstruction.

4. Make sure that location is successful within the loaded scene. 
Especially since the environment may have already changed or 
areas have not yet been reconstructed, it is recommended to move 
the camera near the starting position, where the reconstruction was 
started. See also Section 2.3.2.

5. Enable the Allow Extension option. 

6. Continue to study the environment as described in section 3.2 in 
points 3 to 7. It is suffcient to drive through the new areas.
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Illustration 1-22: Extension of the reconstruction by means of the camera with already 
known image contents in sight. Pan and Tilt alone do not bring new 3D information if they 
are not connected to motion.

Illustration 1-21: Reconstruction by recognizing points from two dio erent perspectives. 
Points contained in both keyframes are determined in 3D.

3.4 Error diagnosis initialization 1/3
Should the initialization fail, this may be caused by the following reasons:

1. Too many reference points have been lost during the walk-through 
the detection stage. The results are then inconclusive.

1.a Try to slow down the speed of the pan and tilt of the camera. 
new information must always be associated with already 
reconstructed information.

1.b While driving through try to avoid areas where little to no content 
has been placed, for example, a lot of green screen or extremely 
dark areas.
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2. Brightness may be an issue. Corners must be suffciently high in  
contrast. The VioTrack markers must be recognizable as clear, 
individual points and rings.

Illustration 1-23: Adjust the brightness of the camera. Switch to the normal display mode.

Illustration 1-24: VioTrack R is in initialization mode. Open the settings.

2.b The detection of the feature points and that of the VioTrack 
markers is evaluated in two different display modes. For the 
overall brightness of the image, switch to Image render mode 
Standard in the marker tab. 

3.2.1 Error diagnosis initialization 2/3

2.a In the VioTrack R window, click Settings...

2.c Switch to Camera tab. The brightness of the video can be 
adjusted using Exposure time. It should not exceed 4000us.

2.d Further brightness can be obtained by selecting gain. This can 
be set as a standard of up to 10dB but should not be increased 
above 15.
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Illustration 1-26: Switch to Segmentdisplay mode and adjust the Threshold until the markers 
are detected by the system and drawn yellow.

Illustration 1-25: Clearly detected markers are drawn in yellow and displayed with their code

2.e Adjust the detection of the VioTrack markers to the new 
brightness. Select the marker tab and switch to the Segmenter 
render mode.

3.2.1 Error diagnosis initialization 3/3

2.f Customize the Theshold. The markers should appear white and 
be clearly recognizable as rings or filled circles. For fully visible 
markers, a yellow drawing and a number are displayed.
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Illustration 1-28: Example of affxing the calibration patter for the camera oosett; the steel  
door ooers a flat surface.

Illustration 1-27: Position and orientation of the slave camera to the master camera must 
be known.

4 Maintenance
In general, VioTrack does not need to be calibrated regularly unless
significant changes are made to the environment or hardware.
For changes to the environment, see section „3 Real Environment“.
Changes to the hardware may affect:

4.1 Mounting Slave Camera: Calculation of 
Offset 1/3
Since the position and orientation is determined by means of an additional
sensor camera, the offset between the two cameras must be determined
and added.

If, for any reason, the position of the slave camera to the master camera 
is manipulated, follow these steps:

1. Place the calibration pattern firmly on a perfectly flat surface. The 
alignment is recognizable by the three rings in each pattern and 
rotated as in illustration 1-28.
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Illustration 1-30: Selection of lens calibrations.

Illustration 1-29: Ooset Calculator for calculating the ooset between master and slave 
camera.

2. Exit VioTrack using STOP VioTrack in the DIAG menu.

3. Start the Offset Calculator of the TOOLS menu.

4. Turn the master lens to the maximum wide angle and set the focus 
to infinity.

5. Make sure the current lens calibrations are selected. (see illustration 
1-29)

When does a new lens calibration need to be created? The 
slave camera is primarily calibrated by TrackMen and no longer 
needs to be manipulated. Thus, the calibration remains valid. The 
calibration of the master camera must be renewed when the lens 
and the camera head have been separated and reassembled.

5.a To change the calibration file, click on Settings...

4.2 Calculation of offset 2/3

5.b In the Settings window, switch to the master or slave tab 
respectively and select the current file from the Calibration file-
Drop-Down menu.
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Illustration 1-32: Save the changes to the VioTrack R Master.

Illustration 1-31: Create shots with recognized patterns in both cameras.

6. Align the camera so that the lower pattern is visible to the master 
camera and the upper pattern can be recognized by the slave 
camera. If the pattern is correctly detected, green lines, and blue 
and red dots are drawn. Furthermore, a green check mark appears 
Collinear: under both videos.

7. Take a shot with the Add Sample button. The camera and pattern 
must be unmoved to prevent mismatching of the recording instants.

8. Repeat points 5 and 6 from varying distances and angles until you 
have taken about 8 samples. 

9. Calculate the offset with Get Offset Transformation.

10. Check the result: colored crosses are projected onto the dots in 
the slave video image. Blue means a small recalculation error, while 
red means a higher one. Most of the crosses should be blue or 
green.

11. If the result is satisfactory, click Write Offset Transformation. If it 
is bad, quit the program and try again.

12. Exit the Offset Calculator with the X at the top right-hand corner 
of the window.

13. Launch VioTrack from the DIAG menu.

14. Click on Save in the VioTrack R Master window, to retain the 
changed offset.

Unlike lens calibration, it is not necessary to capture the entire video 
image and fill it with green dots during the offset shots!

4.2 Calculation of offset 3/3
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Illustration 1-34: Visualization of Center Shift 2: After zooming out, the graphic has moved 
away from the object without moving the camera.

Illustration 1-33:Visualization of Center Shift 1: Graphic and real object fit in the tele.

4.2 Master Camera Lens
The properties of the lens of the Master Camera are taken from a detailed 
calibration via its zoom and focus paths. However, due to manufacturing 
tolerances, the properties will vary slightly each time the lens is mounted. 
The following factors should be considered:

4.2.1 Center Shift
The lens will never be exactly in the middle of the chip and therefore will 
not zoom exactly to the center of the image (see Illustration 1-33 and 
Illustration 1-34). This variance must be reported in the graphic. After each 
lens installation, detailed in the steps listed below.
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1. Position the camera in a fixed position

Illustration 1-35: Center a corner in the image. Position the wireframe cube and a real object 
so that they meet at this corner.

Illustration 1-36: Show the cuboid (key C).

4.2.1 Center Shift 1/2

2. Switch to the VioTrack R Master Video window and see the cuboid 
(key C).

3. Switch to the VioTrack Master window and open the Cuboid tab. 
Position the wireframe cube using Center X and Center Y, and 
frame it in the center of the image.

4. Completely Zoom in exactly on a corner. Center the corner in the 
image. Activate The Center Cross for help. Now do not move the 
camera for the rest of the operation.

5. Place a real object, like a flat piece of paper, so that a corner is 
right on the corner of the cube. Fine adjustment can be performed 
by shifting the graphic with Center X and Center Y.
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Illustration 1-37: Result: Zooming in, the cube remains in its position in the center of the 
image

6. Zoom to wide angle. Observe how the wireframe cube moves in 
relation to the real object.

Illustration 1-38: Correct the position of the cube at wide angle using Center Shift X and Y.

4.2.1 Center Shift 2/2

7. In the VioTrack R Master window, switch to the tab labeled Lens.

Correct the position of the wireframe cube using Center Shift X 
and Center Shift Y until it has the same position in the wide angle 
as in the tele.

8. Check that the graphic now remains in the same position in the 
center of the image when zooming in and out.

9. Click on Save.
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Illustration 1-39: The calibration process in VioTrack R Lens Calibration

4.2.2 VioTrack R Lens calibration for offset 1/2
For the calculation of the offset in section 4.1, simplified lens calibrations 
are used, which can be created on site. 

Since the slave camera does not need to be altered, it also does not 
need to be recalibrated.

However, a re-assembly of the lens from the master camera will require 
a recalibration due to the above-mentioned deviations.

To do this, however, you must carry out the following steps:

1. Exit VioTrack using STOP VioTrack in the DIAG menu.

2. Start VioTrack R Lens Calibration in the TOOLS menu.

3. Drive the lens completely into the wide angle and set the focus to 
infinity.

4. Hold the calibration pattern in the picture. If it is recognized 
correctly, blue, and red dots and green lines are drawn on it. Keep it 
slightly beveled to the camera and fill in no more than about 1/12 of 
the image with the pattern.

5. The goal is to take pictures of the pattern throughout the entire 
image. Click on Add Sample for each recording and preferably 
proceed in an orderly sequence. For example, proceed by line and 
column, to make the process effcient.

6. Add about 6 shots at different points in the image where the board 
is aligned as slantwise to the camera as possible.

7. Add more shots where the green dots are underrepresented or do 
not reach the edges.

8. About 15 to 30 recordings should have been generated.
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9. Click on Save. A pop-up window opens:

4.2.2 VioTrack R Objektivkalibrierung für den Versatz 2/2

10. Check that the RMSE values are below 0.6.

11. Enter a name that can be recognizable in a future selection if 
possible. The date and time are automatically affxed.

12. Close the lens calibration with the X at the top right-hand corner 
of the window.

13. Select the calibration for future offset calculations: Start the Offset 
Calculator from the TOOLS menu.

14. Open Settings and switch to the tab labeled Master. 

15. Select the current lens calibration in the Calibration file Drop-
down menu and click on Save.
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Illustration 1-40: Filezilla as an exemplary FTP client for accessing the system.

4.3 Data connection to the tracking workstation
The system operates an FTP server that can be used to easily transmit 
data over the network. In order to access the entire folder structure, an 
FTP client such as the freeware Filezilla is a good option. To establish a 
connection, use the following access data:

Host: <IP of the Tracking Workstation>

Username: root

Password: tml42799l

4.3.1 Backups
A VioTrack system can be fully restored with small amounts of data if the 
following files have been backed up:

The folder /mnt/arch/config

The folder /mnt/arch/lenses

All files from the /mnt/data/VioTrackR_Workspace folder, 
with the exception of the folders contained therein, which are  
VioTrackR_Sequence[...] (it is the reconstructions, which 
change frequently but occupy a lot of memory).

4.4 Remote access
The operating system operates a VNC server that allows remote access 
over the network via a VNC viewer, which is available as freeware from 
different vendors.

The access data is the same as in section 4.3 for FTP access.
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Illustration 1-42: Sender tab in the master window, here exemplary for the provider Ventuz.

Illustration 1-41: Network Settings with generic values

5 Advanced settings 

5.1 Network
The network settings of the operating system can be found under Network 
Configuration in the CONFIG menu in the taskbar. The values IP address 
and netmask are mandatory to assign and must allow a connection to the 
graphics engine.

The other values are purely optional and are generally not used, as the 
tracking system does not require direct Internet access and, if possible, 
maintains a dedicated network with the graphics engines.

5.2 Configuring transmitters 
The tracking data is sent to the graphics engines over a network. This task 
is performed by the VioTrack Master process.

Depending on the graphics provider, different transmission paths and 
data formats are used. What they all have in common is that the Host and 
Port of the recipient must be defined. The tracking data is sent there as 
soon as it is collected (see section 2.1).

With the exception of changing addresses, there is no option that stops 
the tracking data from being sent.
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Illustration 1-43: Delay Settings in the VioTrack Master

5.3 Delay of tracking data
Click on the tab labeled delay in the VioTrack Master window, two different
controllers are available for delaying the tracking data:

5.3.1 Send Delay (ms): 
Adjusts sending time within a frame to adjust to the clock of the graphics
engine. If the graphic trembles or jumps when panning, test values
between 0 and 20 until the effect disappears.

5.3.2 Sample Delay (ms)
Used to synchronize graphics and real video. It is not purely a delay, but
also includes calculation time of the tracking itself.

The minimum value of 40ms for VioTrack R must not be exceeded to 
keep suffcient buffers!

In order to effectively adjust the delay of video and tracking, the 
following procedure is recommended:

1. Set the minimum value for Sample Delay (ms).

2. Pan the camera speedy from left to right to find out whether the 
real image content is lagging or the virtual ones.

3. Set a video delay in frames on the keyer so that the graphics are 
slightly ahead.

4. Gradually increase the Sample Delay (ms) until the graphics are 
synchronized with the video.
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5.3.3 Lens Delay
The serial lens data is collected via separate encoders and therefore has 
its own delay setting, Open the VioTrack Master window. Select the tab 
labeled SlaveCam. Adjust the Lens Delay value using with quick zoom 
motions, when the Sample Delay (see above) has been successfully 
determined.

Illustration 1-44: IMU Tab in the VioTrack Master Window

Illustration 1-45: The lens data is collected via separate encoders and therefore have its 
own delay setting

5.3.4 Prediction using IMU
Using additional sensors, a prediction may be made and can further 
reduce the delay in tracking data. To do this, open the VioTrack R Master 
window. Select the tab labeled IMU.

Here is a Prediction (ms) setting. An increase in this value will result in 
tracking data being sent with less delay.

The minimum value is 0. The upper limit depends on the setting of the 
Sample Delay (ms) in the tab labeled Delay. Too high a value will then 
no longer cause a change in the transmission time beyond the maximum 
time.
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Illustration 1-47: Position and orientation based on the origin marker.

Illustration 1-46: Relocator tab for centrally adjusting the position and orientation in the 
VioTrack Master.

5.4 Coordinate system
TrackMen uses a right-handed coordinate system in which the X and 
Y axis span the plane of the ground and the Z axis points upwards. If 
the graphics provider uses a different system, the data will be translated 
accordingly when it is sent. In the TrackMen interface, however, the above 
orientations are still used.

5.4.1 Coordinates at initialization
VioTrack R+ will automatically pin the origin and orientation of the 

coordinate system to the detected absolute markers and thus always 
locate them in the same relation towards them.

If the markers are measured individually, the zero point is projected 
under the origin marker onto the ground as shown in Illustration 1-47.

If a coordinate system with its own „studio“ has previously been set and 
measured zero point, it is automatically moved to this location and rotated. 
Here the absolute markers were calibrated from the outset in relation to 
the desired zero point and you can no longer read the position of the set 
on them. 

5.4.2 Move and rotate the coordinates
If you want to adjust the origin of the coordinate system, this can be 

done by clicking on the tab labeled Relocator in the VioTrack Master 
window.

Set the check mark on the Active option and enter the changes in 
meters or degrees for each axis.

Directions decides whether the transformations are measured from the 
desired point back to the original point or the other way round, and in which 
order the transformations are carried out; Move and rotate, or vice versa.

1 2 3
4 5 6 7 8

9 a b

+X

+Y

+Z

Origin

Keep in mind that the changes entered in the Relocator affect all 
reconstructions and are sent to each graphics engine.
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6 Appendix

6.1 System design

Slave Camera

Broadcast Camera

Tracking engine

Graphics EngineInternet

Sl
av

e 
C

am
er

a 
Vi

de
o

Et
he

rn
et

 m
in

. C
at

5+

M
as

te
r C

am
er

a 
Vi

de
o

H
D

-S
D

I B
N

C

Le
ns

 s
er

ia
l d

at
a

Tr
ac

ki
ng

 D
at

a
Et

he
rn

et
 R

J4
5

TrackMen
Remote Access

TrackMen
VioTrack R

Signal scheme

Li
ce

ns
e 

D
on

gl
e

Lens connection

IM
U

 s
er

ia
l d

at
a

R
J4

5 
m

in
. C

AT
5

1x
 s

er
ia

l: 
Fu

jin
on

 R
S2

32
 o

r C
an

on
 R

S4
22

,
2x

 s
er

ia
l: 

ex
te

rn
al

 e
nc

od
er

s 
R

S4
22

Sl
av

e 
ca

m
er

a 
po

we
r s

up
pl

y
op

tio
n:

 e
xt

er
na

l p
ow

er
 s

up
pl

y,
or

 P
oE

 in
je

ct
or

op
tio

n:
12

V 
ou

t

VN
C

 v
ie

we
r r

em
ot

e 
ac

ce
ss

6.1.1 Slave Camera: 
is mounted with a fi xed connection to the fi lming „master“ camera to 
perform each of their movements.

It sends the image data over two Gigabit network connections via GigE 
Vision protocol to a dedicated network port in the tracking workstation.

It is powered by a 12V power supply. Together with the infrared light 
ring, it draws up to 1A.

Built-in in the housing case is an additional measuring unit, the IMU, 
which sends its data via RS-422 to the tracking workstation.

6.1.2 Master Camera:
The fi lming camera sends an undelayed 1080i or 1080p HD-SDI signal 
to a video card in the tracking workstation. It may be taken from the 
camera body directly or from a distributor or base station. It is used for the 
calibration of the off set to the slave camera, as well as a reference for the 
video clock.

Furthermore, the zoom and focus positions of the lens are transmitted 
to the computer via serial data, which are read either by internal encoders 
(Canon Digitaldrive or Fujinon Digipower lenses) or by external, specially 
installed encoders.

6.1.3 Tracking Workstation
Each camera move is processed by a tracking workstation. It operates 

a compressed Linux as a fi rmware-like operating system. It calculates and 
then sends the tracking data over network to the graphics engines.

Serial signals are converted to USB.

The full functionality of the system is tied to a hardware dongle license.


