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1

Introduction

OpenPTV is the abbreviation for the Open Source Particle Tracking Velocimetry consortium. The core of this software
is the 3D-PTV software originally developed at ETH Zurich. The consortium of the academic institutions is working
on improving the core algorithms, developing a stand-alone library with a simpler and clear API. We also develop the
new user interface in Python, that started at the Tel Aviv University. Read more about the consortium on our website
http://www.openptv.net
In the future we would like to allow everyone to add their algorithms to the OpenPTV library, named
liboptv and develop several interfaces, combining it with the pre- and post-processing routines using
Python/NumPy/SciPy/PIL/Matplotlib/etc. See the existing repositories on http://github.com/OpenPTV

1.1 About 3D-PTV measurement method
3D-PTV in a nutshell

1.1.1 Objectives of the 3D-PTV experimental method
We are convinced that the three dimensional tracking method that provides otherwise inaccessible information about
the flow can make an impact in various applications, allowing for the researchers and industry to get a deeper insight
into their flows. Most of the flows are highly complex and turbulent and only few of them can get a limited lowdimensional or analytical description that explains the different flow phenomena. Experimental research is inevitable
in observing the flow and discovering new phenomena, in addition to assisting to explain the old ones.

1.1.2 Introduction
The 3D Particle Tracking Velocimetry (3D-PTV) offers a flexible technique for the determination of velocity fields
in flows. It is based on the visualization of a flow with small, neutrally buoyant particles and a stereoscopic recording
image sequences of the particles. During 80’s-90’s the successful research work performed by the Institute of Geodesy
and Photogrammetry at ETH Zurich led to an operational and reliable measurement tool used in hydrodynamics
and space applications. In cooperation with the Institute of Hydromechanics and Water Resources Management at
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ETH Zurich further progress has been achieved in the improvement of the existing hard- and software solutions.
Regarding the hardware setup the acquisition system used at the ETH Zurich was upgraded from offline to online
image digitization.

1.1.3 Data acquisition
• Seed a flow with tracer particles
• Illuminate a 3-D observation volume inside the flow by a pulsed lightsource
• Image the scene by 2 (or rather 3-4) synchronized
• Length of image sequences depending from imaging rate and storage device
The system used at the ETH Zurich was upgraded from offline to online image digitization. In the previous system,
the image sequences were firstly recorded on analogue videotapes and digitized afterwards, while in the new system
two frame grabbers (Matrox Genesis) are used to provide online digitization and storage. The length of the recorded
digital image sequences is nowadays restricted by the storage device capabilities. The data rate for a 60 Hz full-frame
camera with a resolution of 640 x 480 pixels is about 19 MB/sec, and hence in an experiment which lasts for 1 minute
four cameras deliver a total amount of about 4.5 GB image data.
The Particle Tracking Velocimetry software performs the following tasks:
• Calibration of the multi-camera system (determination of camera exterior and interior orientations, lens distortion and further disturbances, (e.g. Willneff and Maas, 2000) and the exact geometric modelling (“multimedia
geometry” - each beam from a particle to the sensor passes the three optical media water, glass, air with different
refractive indices, which leads to a twice broken beam).
• Image preprocessing: perform highpass filtering due to non- uniformities in the background illumination
• Detect particles in the images by a modified thresholding operator, localize particles with subpixel accuracy by
a centroid operator
• Establish stereoscopic correspondences
• Determine 3-D particle coordinates
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• Storage of all relevant object and image space information
• Perform tracking in 2-D image and 3-D object space

1.1.4 Data Processing
• Image preprocessing: perform highpass filtering due to non- uniformities in the background illumination
• Detect particles in the images by a modified thresholding operator, localize particles with subpixel accuracy by
a centroid operator
• Establish stereoscopic correspondences
• Determine 3-D particle coordinates
• Storage of all relevant object and image space information
• Perform tracking in 2-D image and 3-D object space
A crucial point is the handling of ambiguities occuring in different steps of the data processing chain:
• Particles may overlap in the images. For that reason a modified thresholding/centroid operator was developed
searching for local maxima in the images and dividing particle images at local minima under certain conditions.
• Due to the fact that particle images cannot be distinguished by features like size, shape or color, the only
criterion for the establishment of stereoscopic correspondences is the epipolar line. Ambiguities occur when
multiple candidates are found in a search area defined by the epipolar line. These ambiguities can only be
solved if a third (or even a fourth) camera is being used.
• Ambiguities may also occur in the tracking procedure. Criteria like local correlation and smoothness of the
velocity field are employed to solve these criteria.
Another important issue is an accurate calibration of the system (determination of camera exterior and interior orientations, lens distortion and further disturbances) and the exact geometric modelling (“multimedia geometry” - each
beam from a particle to the sensor passes the three optical media water, glass, air with different refractive indices,
which leads to a twice broken beam).

1.1.5 Potential
• Truely 3-D technique: all three components of the velocity field are determined in a 3-D observation volume
• Delivers 3-D vector field for Eulerian analysis plus 3-D trajectories for Lagrangian analysis
• A system based on 4 CCD progressive scan cameras (digitized to 640 x 480 pixels) is capable of tracking more
than 1000 particles
• The ralative accuracy of the velocity vectors is ~ 1:4000 of the field of view
Real time image processing schemes
• Real time image compression using a customized FPGA design,
• Real time image processing using a on-camera FPGA,

1.1. About 3D-PTV measurement method
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1.1.6 Collaboration
• Institute of Environmental Engineering, ETH Zurich
• Institute of Photogrammetry, ETH Zurich
• Turbulence Structure Laboratory, Tel Aviv University
• Technical University Eidnhoven, Applied Physics
• Riso National Laboratory
• International Collaboration for Turbulence Research, ICTR
• COST action “Particles in Turbulence”
We organize the PTV benchmarking (open, free and user-friendly, we’ll publish only what you want to be published)
in order to make our algorithms validated versus each other and improve our particle tracking abilities worldwide.
Write to ‘Alex‘_ if you want to join with your own version of particle tracking software or with your data test case
(e.g. that you find difficult to track or to improve).

1.1.7 See also
• Particle Tracking Velocimetry on Wikipedia

1.1.8 References
• Maas, H.-G., 1992. Digitale Photogrammetrie in der dreidimensionalen Strömungsmesstechnik, ETH Zürich
Dissertation Nr. 9665
• Malik, N., Dracos, T., Papantoniou, D., 1993. Particle Tracking in three dimensional turbulent flows - Part II:
Particle tracking. Experiments in Fluids Vol. 15, pp. 279-294
• Maas, H.-G., Grün, A., Papantoniou, D., 1993. Particle Tracking in three dimensional turbulent flows - Part I:
Photogrammetric determination of particle coordinates. Experiments in Fluids Vol. 15, pp. 133-146
• Srdic, Andjelka, 1998. Interaction of dense particles with stratified and turbulent environments. Ph.D. Dissertation, Arizona State University.
• Lüthi, B., Tsinober, A., Kinzelbach W. (2005)- Lagrangian Measurement of Vorticity Dynamics in Turbulent
Flow. Journal of Fluid Mechanics. (528), p. 87-118
• Nicholas T. Ouellette, Haitao Xu, Eberhard Bodenschatz, A quantitative study of three-dimensional Lagrangian
particle tracking algorithms, Experiments in Fluids, Volume 40, Issue 2, Feb 2006, Pages 301 - 313.
• Kreizer Mark, Ratner David and Alex Liberzon Real-time
ticle tracking velocimetry,
Experiments in Fluids,
Volume
‘http://adsabs.harvard.edu/abs/2010ExFl...48..105K‘_

image processing for par48,
Issue 1,
pp.105-110,

• Meller, Y. & Liberzon, A., (2016). Particle Data Management Software for 3DParticle Tracking Velocimetry
and Related Applications – The Flowtracks Package. Journal of Open Research Software. 4(1), p.e23. DOI:
‘http://doi.org/10.5334/jors.101‘_
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Installation instructions

2.1 Introduction
The OpenPTV contains of:
1. Core library written in C, called liboptv
2. Python/Cython bindings, shipped together with the liboptv
The Python bindings allow the easy access to the C library. There are two Python GUI packages that are built around
the Python bindings to allow the end-user to use it in a more intuitive way:
1. Python 3 with PyQt GUIs and command line scripts from Yosef Meller called The Particle Bureau of Investigation or pbi
2. Python 3 based GUI (using TraitsUI, Enthought Chaco, etc.) called PyPTV

2.1.1 The overview
1. if you plan to use C/C++/Fortran/etc. - compile the liboptv from source using cmake and testing it using libcheck
library (see below instructions for Linux and Mac OS X).
2. if you plan to use it only from Python (either through pbi command line approach or using pyptv GUI) then you
can save time on installing liboptv by pip (see below) or compiling through Python bindings and testing it from
Python.

2.1.2 liboptv - a library of the OpenPTV algorithms
This is a library - you can build it and link to it in your own project, e.g. calling functions from your own GUI or
command-line software. When the package is installed correctly, you can reference it in your code by including files
from the optv directory under the standard include path. For example:
#include <optv/tracking_frame_buf.h>
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To build your program you also link it with liboptv. On gcc, one adds the flag -loptv to the command line.
Other compilers and IDEs have their own instructions for adding libraries; consult your IDE/compiler manual for the
details.
The library is using Check framework for the unit tests and Cmake project for the build. We recommend installing
both software packages, however it is not obligatory, you may skip the relevant parts if you’re not going to develop or
test the library.

2.1.3 Installation of PyPTV (the GUI, including liboptv)
On the new Apple Macbook M1 machines, it is recommended to use Enthought Python Distribution (edm) and not
Anaconda Python Distribution. Run the following lines from the:
edm install numpy
edm shell
edm install pip
python -m pip install pyptv --index-url https://pypi.fury.io/pyptv --extra-index-url
˓→https://pypi.org/simple

Then run pyptv from the edm shell
On Linux, Windows, etc. install Python 3 (it is easier with Anaconda):
python -m pip install --upgrade pip
pip install numpy"<1.24"
pip install pyptv --index-url https://pypi.fury.io/pyptv --extra-index-url https://
˓→pypi.org/simple

• note that you need a C compiler, on Mac OS X and Linux it’s included as gcc or clang, but on Windows you
might want to install one https://wiki.python.org/moin/WindowsCompilers

2.1.4 Use our test case folder to see PyPTV in action like in video tutorials
Download and run the test case:
git clone --depth 1 -b master --single-branch https://github.com/OpenPTV/test_cavity.
˓→git
pyptv test_cavity

If you want to try the software but not really to get a development version, you can use our docker image:

2.1.5 Try Docker
Install Docker on Linux or Docker Desktop on Mac OS X and Windows. You can pull the ready image or build locally
the docker image. This installation works on any platform through the noVNC browser. It already contains the test
folder. Follow the instructions here:
OpenPTV + PyPTV Dockerfiles

2.1.6 Building development version and installation
If you want your own copy of the software, compiled and tested on your platform, then you first need to install Python
3. Note that we work on the Python 3 version but it is not ready yet.

8

Chapter 2. Installation instructions

OpenPTV User Guide, Release 0.0.06

2.2 Recommended Python distribuitons
Instead of using the Python 3 that comes with your system we recommend to install one of these distributions - later it
will miminize the issues of cross-compiled packages.
1. Anaconda Python distribution for Windows or Linux
2. Canopy (Enthought Python Distribution) for Mac OS X.

2.2.1 Installation of liboptv and Python bindings
Install Python 3 (Anaconda or anything else):
pip install optv

Now you can proceed to Python shell and try:
import optv

2.3 If nothing works, where I can get help?
Send your build logs, description of the problem and details of the operating system, Python version, etc. to our
Google group or forum: <https://groups.google.com/forum/#!forum/openptv>

2.2. Recommended Python distribuitons
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Tutorials

3.1 Detailed documentation
• The original manual [Link] and the reference guide [Link] written by Jochen Willneff in 2003 (Read it
first).
• Thesis of Maas [Link to PDF]
• Thesis of Jochen Willneff that explains most of the theory behind the 3D-PTV [Link]
• Multi-plane calibration manual by Lorenzo del Castello, TU/e. [Link]
• Dumbbell (or wand) calibration, Dumbbell Calibration
• PTV file system description: briefly about rt_is and ptv_is files <PTV_files> or detailed [Link]
• Technical aspects of 3D PTV [Link]
• Python Bindings to PTV library [Link]
• Tutorial written by Hristo Goumnerov [Link]
• Master thesis, three-dimensional particle tracking velocimetry for turbulence applications, written by Jin-Tae
Kim in 2015 [Website Link]
• Report and tutorial by Dominik Bauer, Particle Tracking Velocimetry with OpenPTV, [Link]
• Coordinate systems used in OpenPTV by Yosef Meller [Link]
• Skew-midpoint algorithm by Yosef Meller [Link]

3.1.1 PTV Files
The PTV program generates several files for each frame.
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1. File Extensions
Each file is encoded according to the Experiment and Frame number as follows: ****.XXXYYYYY, where **** is the
file name (see further on), XXX is the experiment number and YYYYY is the frame number in the experiment. (e.g.
cam1.18612740 is file cam1 for frame 12,740 in experiment 186.)
2. File names
a.In the Image folder The image folder contains data from all (4) cameras in the experiment, each frame
has 8 files (frame is the extension as described above):
i. Image Files cam1.*frame*, cam2.*frame*, cam3.*frame* and cam4.*frame* - are files representing the images encoded in tiff format. Thus e.g. cam1.18612740 is the tiff image shot
from camera 1 at frame 12740 of experiment 186.
ii. Targets Files Each image file has a target file associated with it, and named the same as the
image with _targets added (e.g. cam1_targets.18612740). These files contain information on all the detected particles in the image, and is formatted as a tab-delineated text
file, with the following structure:
• The first row contains only one column, specifying the number of particles detected in
the image.
The other rows contain 8 columns each:
• Particle number, x_location, y_location, area (pixels), x_length(pixels), y_length(pixels),
sum of grayscale values in the particle, and correspondence.
The particle ID is arbitrary, and is given by the detection algorithm.
The x and y location are the location of the particle center of mass, and can thus have
sub-pixel value.
The area is the actual number of pixels taken up by the particle.
The x and y length are the lengths of the major and minor axes of the particle (i.e. the
length and the height of the particle if it were rotated to a horizontal position)
The sum of grayscale is the sum of all greyscale values of the particle
Correspondence is a flag that gets 1 if this particle was detected in more than one camera
(i.e. if the particle is located on the intersection of 2 or more epipolar lines). A particle that
with a positive number in the correspondence flag gets an ID in the rt_is file (see below),
and is located at the corresponding line there.
b. In the Res folder The res folder contains the tracking results from the whole sequence, and has 3
files per frame.
i. rt_is Files These files contain the summary of the particles found in the frame, formatted as a tab-delineated text file, with the following structure: + The first row contains
only one column, specifying the number of particles in the file.
The other rows contain 8 columns each:
• Particle number, x_location, y_location, z_location, id1, id2, id3, id4
The particle ID is arbitrary, and is given by the tracking algorithm.
The x, y and z location are the location of the particle in 3d, measured in mm.
id1, id2, id3, and id4 are the particle IDs of that particle in corresponding camera frames.
If the particle was not detected in a certain frame, its corresponding ID is -1.
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Note: rt_is files start with 1 and not 0, so the IDs need to be incremented by 1!
ii. ptv_is Files These are files used to track particles, and is essentially similar to the
rt_is file, but with the following columns: + previous_particle, next_particle,
x_location, y_location, z_location + Previous Particle is the particle ID of that particle
in the previous frame, or -1 if it was first detected in the current frame. + Next Particle
is the particle ID of that particle in the next frame, or -2 if it was not detected in the next
frame.
iii. added Files These are files used to track particles added to the list of particles during the
forward-backward-forward projection. It is essentially the same as the corresponding
ptv_is file (see above), with the addition of a last column which is (always?) 4, and
could signify the number of cameras over which the particle was identified.
For more information regarding to the PTV file system, look at the PTV file system descrption manual in the additional documentation section

3.1.2 3D-PTV benchmark proposal
Introduction
During the meeting in Zurich in August 2009 the working group concluded that the three-dimensional particle tracking velocimetry (3D-PTV) is one of the established experimental approaches in the field of Particles in Turbulence.
As a consequence, many algorithms, software packages have been developed over years by various research groups
worldwide. This action is an attempt to learn best practices from each and to develop the open source particle tracking
velocimetry that will combine the know-how of all the involved parties.
The first step, proposed during that meeting, was to develop few test cases that different research groups can use to
test their own algorithms and software. The report of the groups will help to identify those performing best at different
stages of the analysis and to expose the best practices to the other members of the action. There is a single important
condition - open science. The codes, algorithms, data should be open to all the members of the action. The main goal
is to make particle tracking better and accessible.
Test cases
At the moment there are few test cases available. These are of the two major types:
1. Synthetic images - for the demonstration purposes, we use the Standard PIV Images project. Specifically, we
use the 3D standard images: http://www.piv.jp/image3d/image-e.html.
2. Experimental dataset
Synthetic images test cases
There are four cases on the Standard 3D Images website [1] that seem to fit our purpose of testing the tracking software
packages:
Transient 3D flow field from 3 angles with wall refrection
Case 351 (Jet Shear flow)
+ Number of particles = 2000
+ Camera calibration Images are imX999.raw
(x,y,z) = (-0.8:0.0:0.8, -0.8:0.0:0.8, -0.8:0.0:0.8) 27 points
(continues on next page)
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+ Three-cameras are on the holizontal plane
Case 352 (Jet Shear flow)
+ Number of particles = 300
+ Camera calibration Images are imX999.raw
(x,y,z) = (-0.8:0.0:0.8, -0.8:0.0:0.8, -0.8:0.0:0.8) 27 points
+ Three-cameras are on the holizontal plane
Transient 3D flow field from 3 angles with unknown wall refrection
Case 371 (Jet Shear flow)
+ Number of particles = 500
+ Camera calibration Images are imX999.raw
(x,y,z) = (-0.4:0.0:0.4, -0.4:0.0:0.4, -0.4:0.0:0.4) 27 points
+ camera parameters are not known
Case 377 (Jet Impinging flow)
+ Number of particles = 500
+ Camera calibration Images are imX999.raw
(x,y,z) = (-0.2:0.0:0.2, -0.2:0.0:0.2, -0.2:0.0:0.2) 125 points
+ cameras are set at the bottom of impinging plates

As we see, we can process the various cases and compare our algorithms versus the
• given particle positions (aspects of stereo-matching, center-of-gravity, calibration and camera models, etc.)
• given tracking (aspects of tracking, length of trajectory, filters along the trajectory, post-tracking “gluing” algorithms, etc.)
For example, comparing the case 352 and 371 will show if the effect of “known” vs “unknown” wall reflections on
your camera model, comparing case 351 wit 352 will show the traceability parameter best, where the number of
particles density is much higher in the “same” flow in case 351.
How to prepare and post the test case
For the demonstration purposes, we use the test case no 352: “Transient 3D flow field from 3 angles with wall
refrection”. We find that the way Standard PIV Images project defined the test cases is simple and comprehensible.
We suggest to adopt this way of formatting your experimental data for the test case. Below we report the way 3D-PTV
software (ETH Zurich) is used to analyze the case #352 and to report the results for further analysis.
General description
1.Demo images- to provide a quick overview Source:
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2.Textual information of the authors:
PIV Three-dimensional Standard Images #352
Generator: K. Okamoto (Univ. Tokyo) Program: ddr.c Date: March 27, 1998
3.Parameters:
Target Flow Field:
Reynolds Number:

Jet impinging on the Wall
3000
2cm
------------|
|-----------| 15cm/s
V
XXX
XXX
----------------------------Number of Particles inserted in the field
1000 Particles
Number of Particles visualized in one Image
320 Particles(average)
Diameter of Particles
5 pixel (average)
2
(standard deviation)
1
(minimum)
Maximum Velocity
12 cm/s
Target Flow field
2cm x 2cm x 2cm
Time Interval between images
5 msec
Laser Illumination
Cylindrical from bottom (radius = 5cm) [almost whole
˓→illumination]
Water refractive index
1.33
Wall distance
3 cm from center
orientation
parallel to #1 camera image

4. Camera positions:
#0 Distance from center
20 cm
angle to X axis
-30 degree
#1 Distance from center
angle to X axis

20 cm
0 degree

#2 Distance from center
angle to X axis

20 cm
30 degree

No orientation variations were considered.

5. Sketch of the coordinate system:

3.1. Detailed documentation
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^ y
|
|/
------------+---------------> x
/|
/ |
/
/z
L
TOP VIEW
|
O| Particles
--------------+-----------------> x-axis
/|
/ |
/ |
n=1.33(water)
==============|===================== WALL
/
|
n=1.00(air)
/theta|
/ (-30)|(30)
/
|
#0
|
#2 camera
camera
|
#1 camera
|
| z-axis
V

6. Data description
Image Files (imX???.raw):
X:
camera# (0-2)
???: serial# (000-144)
Total 720msec
Image size 256x256 pixel (8bit:256)
Calibration File (imX999.raw)
Particles (Total 27 particles)
x = -0.8, 0, 0.8 cm
y = -0.8, 0, 0.8 cm
z = -0.8, 0, 0.8 cm

Vector files(vec???.dat):
x
-0.80
-0.80
-0.80

y
-0.80
-0.80
-0.80

unit: x,y,z
u,v,w

z
-0.80
-0.60
-0.40

u
0.17542
-0.18245
-0.78761

v
-4.51977
-4.11870
-3.38484

w
0.01204
-0.26516
-0.41633

[cm]
[cm/s]

Particle Files(ptc???.dat):
#1 camera
#2 camera
#3 camera intensity
ID
x
y
z
X
Y
X
Y
4 -0.301 0.584 0.893 147.61 64.91 95.55 65.10

X
53.07

Y
65.92 208.18
(continues on next page)
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6 -0.898 1.266 -0.258
0.00
0.00
0.00
0.00 46.22
8 1.178 0.886 0.149 249.88 38.07 251.10 35.42 219.99
9 0.720 -1.242 -0.530 183.76 252.88 201.24 254.40
0.00

0.15 208.69
32.46 191.52
0.00 211.21

unit: x,y,z [cm]
X,Y
[pixel]

The particle ID is unique number, therefore, the same particle could be easily
˓→tracked with checking the ID for serial particle files.

Thanks to the authors of the Standard 3D PIV Images: Dr. Okamoto (okamoto@tokai.t.u-tokyo.ac.jp)
Back to top
PIV Standard Images test case 352
We keep a mirror copy of the data for the case 352 on case 352 copy
Synthetic data were used to validate the algorithm. The synthetic data were from the PIV-STD library that was
developed by the Visualization Society of Japan and served as the benchmark for many PIV/PTV research efforts
(Okamoto et al 2000, Ruhnau et al 2005, Kim and Sung 2006). Data set 352 was chosen, which describes a jet flow
impinging on a wall. The flow is transient and three dimensional. Data from Camera 0, frame 0–89 were adopted. At
each frame, about 300 particles were in the observed region, which has a size of 256 by 256 pixels. The fluid motion
was captured by three cameras. The particle spacing displacement ratio (PSDR), which is defined as the ratio of the
average particle spacing to the mean particle displacement between two consecutive frames and serves as an important
indicator to the difficulty of the tracking process (Malik et al 1993), is about 3.4 for thewhole image domain. However,
compared to the left half of the images, the right half contained denser particles and larger particle displacement (see
figures 4 and 5), which results in a lower PSDR. The PSDR is about 2.6 for the right half of the image domain and
about 2.2 for the right quarter of the image domain. Such a small value makes it hard to track particles through 90
frames (Malik et al 1993).
** A multi-frame particle tracking algorithm robust against input noise**, by Dongning Li, Yuanhui Zhang, Yigang
Sun andWei Yan, Meas. Sci. Technol. 19 (2008) 105401
3D-PTV software applied to the test case #352 (Standard PIV Images project)
Here we report the technical procedures, the results and the analysis of the case #352 processed using 3D-PTV software
(ETH Zurich, Tel Aviv University).
1. Download images and the data for the test case #352 from the original web site http://piv.vsj.or.jp/piv/image3d/
image352.html (just in case the website/data will disappear, we’ll keep a local copy on our web server)
2. Obtain 3D-PTV software from the website: http://www.openptv.net/docs/ (for Windows platforms, if no source
is needed, the ZIP file below includes the executable, so it’s plug-n-play ready test case)
Pre-processing procedure
Download the ZIP file with the directory ready for use with the software. Extract the file into the experiment directory,
e.g. C:/PTV/test352
verify it has the directory structure:
C:/PTV/test352
/img
/res
(continues on next page)
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(continued from previous page)

/cal
/parameters
read more about the software handling on http://www.openptv.net/docs/add_doc.html

1. convert RAW images to TIFF images (no compression, 8 bit). On Windows , IrfanView (with plugins) used for
batch image conversion and rename.
image0XXX.raw -> cam1.1XXX (1XXX= 1000 to 1144). Note that we also name our cameras: 1,2,3 as the PIV STD
project calls them 0,1,2
move the images into the the sub-directory /img
2. We already converted the calibration images: im0999.raw -> cam1.tif, im1999.raw -> cam2.tif, im2999.raw ->
cam3.tif
and added the calibration images to the sub-directory /cal
Basically, we convert the information provided for this test case into the calibration files, compatible with the 3D-PTV
software. The camera configuration is well explained on the Evaluation of standard PIV images website by Georges
Quenot from http://www-clips.imag.fr/mrim/georges.quenot/vsj-eval/evaluation3.html
This is precisely the same coordinate system as used by the 3D-PTV software. Therefore the conversion of the
parameters is easy:
in the /cal directory you’ll find the *.ORI files for each camera. These consist of
101.8263 -9.9019 65.1747 projective center X,Y,Z, [mm]
0.4151383 -0.0069793 1.5073263 omega, phi, kappa [rad]
0.0634259 -0.9979621 -0.0069792 rotation matrix (3x3)
0.9130395 0.0608491 -0.4033067 [no unit]
0.4029095 0.0192078 0.9150383
-0.6139 -0.0622 xp, yp [mm]
8.7308 principle distance [mm]
0.0 0.0 30.0 window (glass) location [mm]
so the three cameras are oriented approximately:
cam1.tif.ori
-100.3781
0.0117
173.0085
0.0000154 -0.5432731 -0.0000624
0.8560213 0.0000534 -0.5169406
-0.0000704 1.0000000 -0.0000132
0.5169406 0.0000477 0.8560213
0.0000
0.0000
20.0000
0.000000000000000
0.000000000000000

30.000000000000000

cam2.tif.ori
0.4331
-0.0829
199.4893
0.0005046
0.0022530
0.0001731
0.9999974 -0.0001731 0.0022530
0.0001743 0.9999999 -0.0005046
-0.0022529 0.0005050 0.9999973
0.0000
0.0000
20.0000
0.000000000000000
0.000000000000000

30.000000000000000

cam3.tif.ori
101.0432
0.0872
-0.0004084
0.5476053

172.5569
0.0000590
(continues on next page)
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0.8537737 -0.0000503 0.5206442
-0.0001537 0.9999999 0.0003487
-0.5206442 -0.0003777 0.8537737
0.0000
0.0000
20.0000
0.000000000000000
0.000000000000000

30.000000000000000

Calibration File (imX999.raw)
Particles (Total 27 particles)
x = -0.8, 0, 0.8 cm
y = -0.8, 0, 0.8 cm
z = -0.8, 0, 0.8 cm
is converted into a text file in the format, compatible with the 3D-PTV software ˓→four columns of: ID, X, Y, Z, using the Matlab code (attached to the ZIP file):
1
-8
-8
-8
2
-8
0
-8
3
-8
8
-8
4
0
-8
-8
5
0
0
-8
6
0
8
-8
7
8
-8
-8
8
8
0
-8
9
8
8
-8
10
-8
-8
0
11
-8
0
0
12
-8
8
0
13
0
-8
0
14
0
0
0
15
0
8
0
16
8
-8
0
17
8
0
0
18
8
8
0
19
-8
-8
8
20
-8
0
8
21
-8
8
8
22
0
-8
8
23
0
0
8
24
0
8
8
25
8
-8
8
26
8
0
8
27
8
8
8
Processing (particle locations, stereo-matching, 3D positions, tracking) is then
˓→according to the standard 3D-PTV procedure. All the parameters are given in the ZIP
˓→file and reproduced here as a snapshot of the respective menus:
Following 3D-PTV tutorials we proceed with:
Start -> Tracking -> Sequence/Tracking to complete the full cycle of processing. The
˓→results appear in two subdirectories:
2D particle locations in pixels, per camera in /img directory, named cam?.1XXX_
targets
3D particle locations and tracking information in /res directory named ptv_is.1XXX

˓→

Comparsion of results
• 3D-PTV
• PIV

3.1. Detailed documentation
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Back to top
Test case 371

Here we first copy the original description of the experimental conditions from their case 377 website:
No.
377
Unit
Image Size
256 x 256
pixel
Area
1 x 1
cm
Laser Illumination
Volume mm
Interval
0.001
sec
Max. Velocity
10
pixel/interval
Max. out-of-plane Velocity
??
DATA DOWNLOAD

%

* The format of the images are RAW data.[64KB]
* The particle data file[100KB] contains; (1) particle ID, (2-4) particle 3d location
˓→[x,y,z] (cm),
(5,6) particle location in Image 0 [X,Y] and (7,8) particle location in Image 1 [X,Y]
˓→and
(9,10) particle location in Image 2 [X,Y] and (11) maximum intensity of the particle
˓→[I].
The particle ID is unique, so that the same particle location could be correctly
˓→tracked with using
the serial particle files. Please see the example
* The vector file[50KB] contains; (1-3) node of the image (X,Y,Z) [cm] and (4-6)
vector (U,V,W) in the unit of [cm/s] Please see the example

PIV Three-dimensional Standard Images

Generator:
Program:
Date:

#377

K. Okamoto (Univ. Tokyo)
ddr.c
March 27, 1998

Parameters:
Target Flow Field:
Reynolds Number:

Jet impinging on the Wall
3000
2cm
(continues on next page)
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------------|

|-----------| 15cm/s
V

XXX
XXX
----------------------------Number of Particles inserted in the field
Number of Particles visualized in one Image
Diameter of Particles

40000 Particles
500 Particles (average)

5 pixel (average)
2
(standard deviation)
1
(minimum)

Maximum Velocity
Target Flow field
Time Interval between images

12 cm/s
5mm x 5mm x 5mm
1 msec

Laser Illumination

Cylindrical from bottom (radius = 1cm)

Water refractive index
Wall distance
orientation

1.33
7 mm from center
y-direction (simulate impinging plate)

Camera positions
#0 (x,y,z) = (5.77, -10, 0)
#1

(x,y,z) = (-2.88, -10, -5)

#2

(x,y,z) = (-2.88, -10, 5)

Small Orientation variations were considered.

^ y
|
|/
------------+---------------> x
#2
/|
/ |
#1
#3
/
/z
L

Side View

^
| y-axis
|
O| Particles
--------------+-----------------> x-axis
/|
n=1.33(water)
==============|2mm==================
/ |
n=1.33(acryl)
==============|7mm================== WALL
Jet

(continues on next page)
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/
/
/
/
#2,3
camera

|
|
|
|
|
|
|

n=1.00(air)

#0 camera

The wall surface is (y=-7mm)
Jet impinging plate is (y=-2mm)
Visualized region is (-2,-2,-2) < (x,y,z) < (2,2,2)mm

Image Files (imX???.raw)
X:
???:

camera# (0-2)
serial# (000-200)

Image size

Total 200msec

256x256 pixel (8bit:256)

Calibration File (imX999.raw)
Particles (Total 125 particles)
x = -0.2, -0.1, 0, 0.1, 0.2 cm
y = -0.2, -0.1, 0, 0.1, 0.2 cm
z = -0.2, -0.1, 0, 0.1, 0.2 cm

Vector files
x
-0.80
-0.80
-0.80

y
-0.80
-0.80
-0.80

(vec???.dat)

unit: x,y,z
u,v,w

Particle Files

z
-0.80
-0.60
-0.40

u
0.17542
-0.18245
-0.78761

v
-4.51977
-4.11870
-3.38484

w
0.01204
-0.26516
-0.41633

[cm]
[cm/s]

(ptc???.dat)

#1 camera
#2 camera
#3 camera intensity
ID
x
y
z
X
Y
X
Y
X
Y
4 -0.301 0.584 0.893 147.61 64.91 95.55 65.10 53.07 65.92 208.18
6 -0.898 1.266 -0.258
0.00
0.00
0.00
0.00 46.22
0.15 208.69
8 1.178 0.886 0.149 249.88 38.07 251.10 35.42 219.99 32.46 191.52
9 0.720 -1.242 -0.530 183.76 252.88 201.24 254.40
0.00
0.00 211.21
unit: x,y,z
X,Y

[cm]
[pixel]

The particle ID is unique number, therefore, the same particle could
be easily tracked with checking the ID for serial particle files.
(continues on next page)
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If you have any questions, please contact Dr. Okamoto
(okamoto@tokai.t.u-tokyo.ac.jp)

Download and prepare the test case
1.Download the images, point and vec files from the original website using [2] . 2.Create 3D-PTV directory:
C:/PTV/case377
/img
/res
/cal
/parameters

3. Convert RAW images into TIFF (8 bit) images using IrfanView (on Windows), ImageMagick or Matlab. The
name convention is cam1.XXX cam2.XXX cam3.XXX (not .tif extension)
4. Use the attached [3] Matlab file (remove .txt extension) to generate the calibration images and necessary ASCII
files (see >> help ptc999_to_man_ori_377 for more information).
5.The orientation of the cameras turned to be quite tricky as the authors didn’t mention the rotation around the imaging
axis. Never mind, the ORI files are attached (remove .txt extension) . These could be significantly improved using
iterative SHAKING algorithm of Beat.
Sample run
If all the previous steps were successful, then running start.bat will open the main window. From there, Start, then
Tracking -> Sequence/Tracking will be the fastest way of checking it. At the end, Tracking -> Show trajectories should
show something of the kind:
Prepare calibration
function ptc999_to_man_ori_377(dir1,dir2,midplane)
% PTC999_TO_MAN_ORI_377(DIRNAME1,DIRNAME2,MIDPLANE)
% takes the PTC999.DAT file from DIRNAME1 as an input
% and generates all the necessary files for the 3D-PTV software
% (almost) automatic calibration in DIRNAME2:
% MAN_ORI.DAT
% MAN_ORI.PAR in /parameters
% CAL377.TXT
% CAM1.TIF, CAM2.TIF, CAM3.TIF in /cal
%
% There is only CAM1-3.TIF.ORI files are missing.
%
% MIDPLANE = 0 or 1 (false or true) - useful if only the midplane
% points are used for the calibration.
%
% Author: Alex Liberzon
%
if ~nargin
dir1 = 'c:\PTV\benchmarks\piv_std_377\ptc\';
(continues on next page)
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dir2 = 'c:\PTV\Software\sortgrid_from_initial_guess_Oct09\case377\';
midplane = 0;
end
% PTC999_TO_MAN_ORI_377
% read ptc999.dat file from the case 377
d = load(fullfile(dir1,'ptc999.dat'));
cal = fullfile(dir2,'cal377mid.txt');
dat = fullfile(dir2,'man_ori.dat');
par = fullfile(dir2,'parameters','man_ori.par');
cam1 = fullfile(dir2,'cal','cam1.tif');
cam2 = fullfile(dir2,'cal','cam2.tif');
cam3 = fullfile(dir2,'cal','cam3.tif');
% cm -> mm
d(:,2:4) = d(:,2:4)*10;
% transform axis: x->x y->-z z -> y
tmp = d;
d(:,3) = tmp(:,4);
d(:,4) = -tmp(:,3);
% indices:
% d(:,1) = d(:,1) + 1;
% if one plane only:
if midplane
midplane = find(d(:,4) == 0);
d = d(midplane,:);
d(:,1) = 1:size(d,1);
id = [1,5,21,25];
else
d(:,1) = d(:,1) + 1;
id = [1,5,121,125];
end

% write cal377.txt
fid = fopen(cal,'w');
fprintf(fid,'%5d %9.4f %9.4f %9.4f\n',d(:,1:4)');
fclose(fid);
% choose points
id = [1,5,21,25];
fidpar = fopen(par,'w');
fiddat = fopen(dat,'w');
for i = 1:4
fprintf(fidpar,'%3d\n',d(id,1));
end
for i = 1:4
fprintf(fiddat,'%6.3f %6.3f\n',d(id(i),5:6));
end
for i=1:4
fprintf(fiddat,'%6.3f %6.3f\n',d(id(i),7:8));
end
for i=1:4
(continues on next page)
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fprintf(fiddat,'%6.3f %6.3f\n',d(id(i),9:10));
end
fclose(fidpar);
fclose(fiddat);
% generate images:
% Image generation parameters
Radius = 2;
sx = 256;
sy = 256;
%% Cam1
x = d(:,5);
y = d(:,6);
% figure, scatter(x,y)
bw = uint8(zeros(sx,sy));
for j = 1:length(x)
output_coord = plot_circle(x(j),y(j),Radius);
bw = imadd(bw,uint8(poly2mask(output_coord(:,1),output_coord(:,2),sx,sy)));
end
bw(bw>0) = 255;
% figure, imshow(bw)
imwrite(bw,cam1,'tiff','compression','none')
%% Cam1
x = d(:,7);
y = d(:,8);
% figure, scatter(x,y)
bw = uint8(zeros(sx,sy));
for j = 1:length(x)
output_coord = plot_circle(x(j),y(j),Radius);
bw = imadd(bw,uint8(poly2mask(output_coord(:,1),output_coord(:,2),sx,sy)));
end
bw(bw>0) = 255;
% figure, imshow(bw)
imwrite(bw,cam2,'tiff','compression','none')
%% Cam1
x = d(:,9);
y = d(:,10);
% figure, scatter(x,y)
bw = uint8(zeros(sx,sy));
for j = 1:length(x)
output_coord = plot_circle(x(j),y(j),Radius);
bw = imadd(bw,uint8(poly2mask(output_coord(:,1),output_coord(:,2),sx,sy)));
end
bw(bw>0) = 255;
% figure, imshow(bw)
imwrite(bw,cam3,'tiff','compression','none')

Attachment
• ptc999_to_man_ori_377.m.txt
• cam1.tif_.ori_.txt
3.1. Detailed documentation
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• cam2.tif_.ori_.txt
Back to top
Experimental dataset
Test case from Wesleyan University
The data is posted on http://gvoth.web.wesleyan.edu/PTV/Wes_data.htm
After some transformations (the detailed instructions will be posted soon), Alex got this:

There are 310 trajectories of various length, few longest are 200 frames (full run) long:
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some e-mail that should be converted into the website
1.The data is Wesleyan data. 2.The software is 3D-PTV software, v1.02 (I installed the batteries-included-version
http://ptv.origo.ethz.ch/wiki/Windows_Installer_Package) 3.All the changes were performed in the /test subfolder of
this installation in order to be sure that the same parameters are set up. (parameters.zip is attached).
• our coordinate system is different and it’s not flexible, so I had to change it to:
– x -> z, y -> x, z -> y
• renamed image files to the format of cam1.10001 - cam4.10200(I added 10000 for the convenience, I never sure
about 0xxx format of the extension)
• renamed calibration images
– av_calib1_edit -> cam1.tif
• We use ‘negative’ images, i.e. white dots on dark background. some matlab trick is attached
our coordinate system is different and it's not flexible, so I had to change it
to:
x -> z, y -> x, z -> y
renamed image files to the format of cam1.10001 - cam4.10200(I added 10000 for
˓→the convenience, I never sure about 0xxx format of the extension)
renamed calibration images
av_calib1_edit -> cam1.tif
We use 'negative' images, i.e. white dots on dark background. some matlab trick
˓→is attached
˓→

3.1. Detailed documentation
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• created orientation files. first version was simply the copy of the information from Wes_data.htm, e.g. for
camera 1:
650.0 70.0 650.0 <-- x,y,z camera position
0.2 0.0 0.0
<-- angles, 0.2 rad looking d
0 1 0
0 0 1
0.0 0.0
&nownwards
1 0 0
bsp; <--- xp,yp, default
100.0
<--- focal distance, unknown parameter
500.0 0.0001 500.0 <--- interface, perpendicular to the camera, radius of the tank

• the attached *.ori files are already after static (using the calibration plate) and dynamic calibration (shaking).
• created calblock.txt file that numbers the points on the calibration plate from 1 to 100, such that:
1 ... 9
.......
91 .. 100

top left is 1 and top right is 9, bottom left is 91 and bottom right is 100. the origin is point 95.
• changed the Main Parameters to have 10 mm glass and images of the 1280 x 1024 pixels. I didn’t know the
pixel size, changed it to 10 micron (should not be a big problem on average) and I do not know how much it
affects the final results.
• using manual tagging of points 1,9,91,100 and few iterations, the data was pretty well calibrated, due to large
distance from the calibration plane, the numbers are below 1 micron accuracy.
• added dynamic calibration using first 50 frames. the parameters folder is zipped and attached.
• standard run of the 3D-PTV software (v1.02, from the standalone installation, see origo) with sequence/tracking
and tracking backwards created the data which is attached in wes_data.zip. The files were converted from
_targets files to the cam1,2,3,4_2D.dat using our Matlab subroutine (attached, et_targets_to_bench2D_format).
• the branch of our post_processing software (see on origo) that is called bench_3D_output creates the text file
(inside the wes_data.zip) called wes_bench3d.txt. the format is as it was before: x,y,z,frameId,trajID
Hopefully, everyone can now re-run it with the same settings to get the same/close result. If possible, someone has to
repeat the steps (now it’s easier) and type a tutorial of how to use Wesleyan data in 3D-PTV software. Since it’s a nice
one-plane calibration that evolves as a dynamic calibration is added - we could consider this case as a nice tutorial for
the 3D-PTV users. we can also test various dynamic calibrator algorithms on this case, as a part of the post-benchmark
collaboration.

3.1.3 Calibration tutorial
New experiment:
• For a new set of experiments open a new folder. The file should contai the following sub-folders: cal: for
calibration, parameters, img and res. For example, a clean file for example (copy it and rename the file) is
in ptv/fresh_test.
Calibration files:
• The cal folder contains: calibration images, one for each camera, e.g. cam1.tif, cam2.tif and so on,
orientation files cam1.ori, cam2.ori . . . , and a calblock.txt file that contains the x,y,z coordinates of
28
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the calibration target.
• ori files: camera’s orientation files:
10.0 10.0 300.0
0.01 0.05 0.0002
1.0 0.0 0.0
0.0 1.0 0.0
0.0 0.0 1.0
0.0 0.0
80.0
0.0001 0.0001 100.0000

• First row: x,y,z of the camera sensor from the calibration target origin (0,0,0)
• Second row: the angles [radians], the first is around x axis, then y axis and the third is the angle of rotation
around z direction which coincides with the imaging axis of the camera (the line that connects the sensor and
the target)
• The next three rows is the rotation matrix
• next 2 parameters are the xp,yp positions of the pinhole in respect to the image center in millimeters. if the
camera imaging axis is at 90 deg. to the sensor, then xp=yp=0.0.
• Next parameter is the back-focal distance, typically called f. For example, if we have a ratio of world image to
chip image of 500 mm to 65 mm (384 pixels is therefore corresponding to 17 microns), e.g. 1:8. The distance
from lens to calibration target is about 800 mm. Hence the focal distance is about 100 mm.
• Last row with the 3 parameters is the the position of the glass in respect to to the origin and in the coordinate
system of the calibration target (x is typically from left to right, y is from bottom to top and z is by definition
the positive direction looking at the camera. so if the glass wall is perpendicular to the imaging axis and parallel
to the calibration target, and the distance in water is about 100 mm the last row is 0.0 0.0 100.0. Since
division by zero is not recommended we sugest to use a very tiny deviation from 0.0, e.g. 0.0001
Calibration best practice:
In the first run- choose reasonable parameters according to the cameras positions in the experiment.
• Gain 4 calibration pictures, one for each camera, and copy them to the cal file.
• right click on the current run. choose calibration parameters:
1. Image data:
Fill in the name of the four calibration pictures ,four orientation data pictures and file of coordinates on plate.

3.1. Detailed documentation
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2. Calibration data detection:
Different parameters in order to detect the dots on the calibration target.

3. Manual pre-orientation:
Fill in the numbers of four points on the calibration target. The numbers should be set as chosen in manual orientation.

4. Calibration orientation parameters:
The lens distortion is modeled with up to five parameters :k1,k2,k3+ p1,p2
Affin transformation: scx, she
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Principle distance: xp, yp
In the first calibration process don’t mark those parameters. After establishing the calibration, the different parameters
can be marked in order to improve the calibration.

• In the upper toolbar choose : calibration and create calibration
• load/show images*: shows the calibration images
detection: detect the calibration dots on the calibration image. check that all the dots were identified correctly and
marked in blue, and that there aren’t any extra dots.
mark the four points from the manual pre-orientation in each camera and press manual orient. This creates the
man_ori.dat. Next time, skip this stage and press detection and then orient with file.
show initial guess: The yellow dots show where the dots from the calibration plane would end up on your images if
the initial guess would be correct.
If the yellow dots aren’t in the right location, change the ori files - edit ori files and press show initial guess again to
see the change, do it until the yellow and blue dots match.
Check that the position of each camera according to the ori files is also reasonable according to the cameras position
in reality.
sort grid: situates all the dots in their positions. Check that all dots were found and marked correctly.
orientation: creates the orientation.
In order to improve the orientation : mark some of the Calibration orientation parameters and press orientation again.

3.1.4 Dumbbell Calibration
Example 1
Calibration is the heart of the 3D-PTV. Therefore, having a better calibration will lead a better solution. There are
two ways to calibrate the cameras. One can use traditional calibration (target block calibration) for which a three
dimensional calibration target is required. The basic idea is to use a reference object with known coordinates. The
calibration target should be seen by four cameras.

3.1. Detailed documentation
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The other possibility is to use dumbbell calibration. In some applications, it is not feasible to use a calibration target
inside or outside the investigation domain as a result of lack of space. The main idea is to move two points, with a fixed
distance and known diameter, around the investigation domain. This movement will provide a 3D domain. As long
as the points are seen by four cameras for all time instances, initial guesses converge. If the quality of the recordings
is good enough, software will find two correspondences per image which are the points of dumbbell. Afterward
calibration optimizes the distances by which the epipolar lines miss each other while maintaining the detected distance
of the dumbbell points.
Here is an example of a dumbbell calibration:

During the experiments, image splitter and four mirrors are used to mimic four virtual cameras. For a detailed preview, please check (http://ptv.origo.ethz.ch/wiki/four_view_image_splitter_3d_ptv). The investigation domain is the
ascending aorta replica which has a diameter of 20 mm. The index of refraction is matched to avoid the noises.
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Firstly, dumbbell is moved behind the aorta. Then, it is moved in front of the aorta. All movements are recorded in
5000fps. The images are combined with a time step of 0.0176 s. It means that there are 62 time instances for dumbbell
calibration.
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The pre-calibration parameters and initial guesses are quite important to reach better results faster. For a rough initial
guess, it will take some time to converge. The better initial guess, the less convergence time. Since it starts converging,
the software will find two correspondences.
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Dumbbell parameters will help to find the optimum eps values. One can start with a coarser numbers, then switch
them into finer ones. After a certain number of iterations, the software converges. At this point, the quality of the
result is related to user’s satisfactory. If the rms values are not good enough, one can go for a finer gradient descent
factor and dumbbell penalty weight.

There is a small trick to go beyond converged numbers. One can apply shaking to the best initial guesses. Shaking
improves the result. It helps to reduce error below 10 microns. But in any case one should back up ori files. Because
sometimes it crashes!!!
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Now, you have a dynamic calibration by using dumbbell. Here are the plots of dumbbell tracking.
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Example 2
Sometimes it is inconvenient to position a calibration target. Either because there is something in the way, or because
it is cumbersome to get the entire target again out of the observation domain. It would be much easier to move a simple
object randomly around the observation domain and from this perform the calibration.
This is what \ Dumbbell calibration\ is doing. The simple object is a dumbbell with two points separated at
a known distance. A very rough initial guess is sufficient to solve the correspondence problem for only two particles
per image. In other words, the tolerable epipolar band width is very large: large enough to also find the correspondence
for a very rough calibration, but small enough so as not to mix up the two points. From there on, calibration optimizes
the distances by which the epipolar lines miss each other, while maintaining the detected distance of the dumbbell
points.
Unlike previous calibration approaches, Dumbbell calibration uses all camera views simultaneously.
Required input

3.1. Detailed documentation

37

OpenPTV User Guide, Release 0.0.06

Somehow, an object with two well visible points has to be moved through the observation domain and recorder. The
dumbbells points should be separated by roughly a third of the observation scale.
Note that the accuracy by which these dumbbell points can be determined in 2d, also defines the possible accuracy in
3d.
Processing:
• Copy at least 500 images of the dumbbell (for each camera) as a tiff file to a new file Prepare target files using
matlab code: tau\_dumbbell\_detection\_db\_v3b. Every target file should contain only 2 points.
• Right click on the current run: choose main parameters.
Main parameters:
write the name of the first dumbbell image, and the name of the calibration images you want to use.

Particle recognition: * since there are ready target files, mark \ use existing\_target\_files\.
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Sequence processing:
Fill in the numbers of the first and last picture in the sequence processing, and the base name for every camera.

Criteria for correspondences:
min corr for ratio nx: min corr for ratio ny: min corr for ratio npix: sum of gv: min for weighted correlation: tol band:
The number that defines the distance from the epipolar line to the possible candidate [mm].
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Processing of a single time step:
• In the upper toolbar choose: start and then pre-tracking ,image coordinate, after that the two points of the
dumbbell are detected. Then choose pre-tacking, correspondence. This establish correspondences between the
detected dumbbell from one camera to all other cameras
• you can press one point of the dumbbell in each camera and to see the epipolar lines.
• The processing of a single time step is necessary to adjust parameters like grey value thresholds or tolerance to
the epipolar line.
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• In the upper toolbar choose: sequence, sequence without display
• In the upper toolbar choose: tracking, detected particles. Then tracking, tracking without display and then show
trajectory.
• Right click on the current run. choose calibration parameters:
1. Dumbbell calibration parameters:

3.1. Detailed documentation
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Eps [mm]: It is the tolerable bandwith by which epipolar lines are allowed to miss each other during calibration. should
be the same number as the tol. band in Criteria for correspondences Dumbbell scale [mm] :distance
between the dumbbell points. It is quite important Since the algorithm optimizes two targets, the epipolar mismatch
and the scale of the dumbbell particle pair Gradient descent factor: if everything would be linear then a factor of 1
would converge after one step. Generally one is a bit instable though, so a more careful, but slow, value is 0.5. Weight
for dumbbell penalty: this is the relative weight that is given to the dumbbell scale penalty. with one it is equally bad
to have dumbbell scale of only 24mm and to have epipolar mismatch of 1mm. After rough converge this value can be
reduced to 0.01-0.2, since it is difficult to precisely even measure this scale.
Step size through sequence: it is step size. It could be different then 1 when the dumbbell recording is very long with
successive images that are almost identical, then step size of 10 or so might be more appropriate.
In the upper toolbar choose : calibration and create calibration. choose orient with dumbbell.
See also: Dumbbell Calibration
1. Shaking calibration:

1. Processing of a single time step
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2. Main parameters:
Write the name of the first image, and the name of the calibration images you want to use.

1. Particle recognition:
Don’t mark use existing_target_files. fill the particle recognition parameters in order to find the particles.

• Press start in the upper toolbar. the four picture images from main parameters, general will appear.

3.1. Detailed documentation
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• Under Pretracking the processing of a single time step regularly starts with the application of a highpass filtering
(Highpass). After that the particles are detected (Image Coord) and the position of each particle is determined
with a weighted grey value operator. The next step is to establish correspondences between the detected particles
from one camera to all other cameras (Correspondences).
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The processing of a single time step is necessary to adjust parameters like grey value thresholds or tolerance to the
epipolar line.
1. Sequence:
After having optimized the parameters for a single time step the processing of the whole image sequence can be
performed under Sequence .
• Under main parameters, Sequence processing. Fill in the numbers of the first and last picture in the sequence
processing, and the base name for every camera.
• In the upper toolbar choose sequence with or without display of the currently processed image data. It is not
advisable to use the display option when long image sequences are processed. The display of detected particle
positions and the established links can be very time consuming.
• For each time step the detected image coordinates and the 3D coordinates are written to files, which are later
used as input data for the Tracking procedure.
1. Tracking:
1. Tracking parameters:
Before the tracking can be performed several parameters defining the velocity, acceleration and direction divergence
of the particles have to be set in the submenu Tracking Parameters. The flag‘
Add new particles position’ is essential to benefit from the capabilities of the
enhanced method. To derive a velocity field from the observed flow.
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1. Tracking, Detected Particles displays the detected particles from the sequence processing.

1. Choose tracking, tracking without display. Again it is not advisable to use the display option if long
sequences are processed. The tracking procedure allows bidirectional tracking.
2. Tracking, show Trajectories displays the reconstructed trajectories in all image display windows.
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3.1.5 Four-view image splitter for single-camera-3D-PTV projects
Project description
Establishment of stereoscopic imaging is the vital part amid settling other optical pieces for an experiment based on
3D-PTV. Two cameras are enough for stereoscopic focusing but four provides a welcome redundancy albeit not cost
effective. A smart technique that spares the expense for the costly camera is to use image splitter having a shape of the
pyramid. Instead of having four cameras, four mirrors assume the virtual camera role. Annexed figure here illustrates
the idea.

3.1. Detailed documentation
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There exists no such a priori to set mirrors and stuffs and it could be enigmatic enough that someone may stress to
have a hard and fast rule based on empirical observation. But pros and cons of the positioning of the individual optical
tool with respect to the position of the setup itself is a function of the area to be focused. In this orifice experiment,
observation area is approximately 20X 24 mm.
Proper magnification covering the observation domain accompanied by clean and equal focus from all four mirrors
may lead to emerge overlapping problem of the images with each other. Here overlapping refers the blending of an
image projected from one arbitrary mirror on to the image splitter with either its horizontal or vertical counterpart (or
even in both direction). So mutual overlap from all four mirrors at the same time actually spoils the view of the flow
domain as one particular image is interfered by the extent of other three images reflecting some extent of the flow and
undesirably laying on to it.
What attributes most to this intricate issue of image overlap is the relative distance of the mirrors from the image
splitter. Overlap in both direction can be effectively minimized (in some cases eliminated even) if the mirrors are
placed away from the pyramid. Then obviously the mirror reflects the unnecessary parts of the flow geometry (where
there is no flow, i.e., solid part) producing poor zoom in. This imposes the challenge to find an optimal position by
continuously moving the mirror towards the pyramid up to the point where magnification and focus are satisfactory
with non upsetting overlap. Here, one may define the non upsetting overlap as the extent of critical overlap from a
mirror that stretches out (horizontally or vertically) but does not dilate so far to ruin the neighboring image; i.e., this
overlap lays itself onto the solid part of the adjacent image causing no harm to flow visualization out there. This degree
of overlap is tolerable as it does not necessitate masking the mirror. If higher magnification is on demand (as it was
the case for orifice setup) then the mirror should come as close as possible to the pyramid making not only the whole
arrangement quite congested but also allowing the previously innocent part of the overlap from the next mirror to grow
and eventually swallow the image under scrutiny. So the definition of optimal position of the mirror does not always
necessarily provide good enough magnification. Since at this point, magnification can not be compromised; the only
measure left to eliminate the overlapping problem is to create a suitable mask on the mirror to make it appropriately
partial blind. This task is sensitive to minute geometric precision of both mirror and pyramid surface and appeared to
be painstakingly monotonic.
Once the whole optical setup gets ready to go certificate, it should remain untouched because the linear distances can
be measured and saved but the angle of the mirrors on to the stand is difficult to measure and therefore to reproduce
the system once again is close to nightmare.
Strictly speaking, this description surfaces from the experience out of orifice experiment and may get new face for
another type of experimental effort.
As it happens in the laboratory At the very beginning mirrors were tuned under low laser illumination for safety
reason as it takes quite a while to get the right perspective. In this preliminary tuning stage the operating parameters
were as such: camera frequency-50 FPS,laser-16 amp,camera aperture-16 and the consequent output is seen in the
following figure.
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In this arrangement,mirrors were placed so close to the camera objective (in order to achieve maximum magnification
possible only on the zone of interest) that mirror clamps were almost brushing the lens. This became obvious as
illumination is increased (but not full).A black part is seen engulfing every quarter of the image leaving the channel
(and/or flow domain) obscure. This unwanted black part onto every images arose due to the intimate placement of the
mirror to the camera which caused mirrors to reflect objective surface and overwhelm the image all over.

So mirrors were dragged away to produce undisturbed image as seen here.
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Up to this point, all the distances and angular position of the mirror are assumed to be the best possible set and subject
to leave as it is. From this figure we can infer something about orientation of the mirrors and the much anticipated
overlap.
A closer look on the two screws seen at the bottom mirrors gives the evidence of almost identical inclination of those
mirrors as it is also the case for the upper two.
The bottom quarter of the images certainly intrudes to each other by their edge but definitely do not reach out to the
important flow regime. This two images are also swept over vertically by a narrow margin from the upper quarter but
again that extent of vertical overlap does not hamper the channel view all the way. This particular figure exemplifies
the concept of optimal image overlap that does not require any external mask on the mirror but with an expense of
relatively lower zoom in.
After these time consuming adjustments,its time to examine the setup under desired operating conditions, i.e., full
laser illumination as well as required temporal resolution(2000 FPS for this experiment).Even at full laser power,
image seen at 2000 frame/sec at aperture 16 is quite dim and henceforth it was bound to tune low aperture number
allowing more light to come through.
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Lower aperture allows not only more light but also enhances reflection from the surface. This is evident in figures
below. Camera aperture was 5 and 2.8 in the figure left and right respectively.

At this point one can now fiddle around with the camera option like “color adjustment” including parameters such as
gain,gamma,contrast and brightness together with the “Additional feature” that facilitates to shift the bit.
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After careful manipulation the final image appeared as in figure.

This is only a quick and dirty explication about what are the major challenges on the way to derive a clear image in
accordance with demands in hand and how to prevail over those problems. Although detrimental reflections stand still
in this orifice experiment which is quite stubborn and a way to get rid of the reflection is a must.
New Optical Image Splitter
Optical Image Splitter
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What is it?
An optical image spitter system splits the camera view into several sub views, typically we use four. These sub views
each have different viewing angles onto the observation domain. This results in several virtual viewing points, thus
allowing for stereoscopic imaging with just one single camera. Optical Image Splitter
Why use it?
Sometimes you either do not have the money to spend on several cameras, or you do not have the space to squeeze
four 5kg cameras in front of your tiny flow setup. Then it is time to use an image splitter system like it is used in IfU at
ETH Zurich, in the Turbulence Structure Laboratory in Tel Aviv University, or in the St. Anthony Falls Laboratories ,
University of Minnesota.

How much does it cost?
Of the shelf a complete system can be purchased via photrack Ltd for the price of separate parts, integration and
transport. The mirror setup is shown and you can order the parts on your own, directly from Linos, and likely slightly
cheaper. The pyramid drawings are also available from photrack Ltd. The software will require some adaptations and
fine tuning that are available from the same source.

3.1.6 Coordinate Systems in 3D-PTV Algorithms
#1#2
The 3D-PTV method of finding 3D positions of particles in flow has an easy to understand general scheme: use 2D
images of particles taken from several distinct points of view for calculating a 3D position of the observed particles.
The implementation of this idea, however, is somewhat more involved. The basic idea already implies the existence of
at least 2 coordinate systems - the 2D view coordinates and the global 3D coordinates. Practical considerations expand
this list further, and this document attempts to list and summarize the purpose and properties of all coordinate systems
involved in the process. A more thorough but possibly less accessible guide may be found in ref. .
Spatial Coordinates
There are two types of spatial (3D) coordinate systems involved in 3D-PTV: the Global Coordinates, and each camera’s
Local Frame.
3.1. Detailed documentation
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The Global Coordinates are the base coordinate system. Everything in the PTV system lies within it. Although
this system is initially arbitrary, it is commonly expressed in millimeters for small to medium experiments and is
determined by the arbitrarily defined positions of points on a calibration target. Typically one well-identified point
on the target will be designated as the origin, and two other points (in an orthogonal point spread) or even just one
(non-orthogonal) will determine the direction of axes. It is important, when designating the control points, to note that
the Z direction must be consistent with a right-handed system, and that all other calibration points should be consistent
with the determined axes.
The Local Frame of each camera is received from the global coordinates by rotation and translation. Their origin is the
camera’s primary point (The imaginary focal point of the Tchen camera model, which resembles a pinhole camera).
The Z axis points opposite the lens direction (i.e. the sensor and observed volume are always in the local negative Z).
The local X and Y directions are aligned with the image, such that if the Z axis is horizontal in the global frame and
the camera is held upright, the Y direction points up. The X axis is right-handed and therefore would in this setting
point to the right of an imaginary photographer holding the camera.
In OpenPTV The image plane position is described in terms of the local coordinates, and 3D operations such as
ray tracing and finding image coordinated rely on this description together with the transformations that describe the
frame. In some other PTV experiments, the Tchen model is discarded in favor of a fitted function transforming image
coordinates to 3D rays directly in global coordinates. Then the local frame is not needed.
Image Coordinates
The most relevant image coordinate systems are the native Pixel Coordinates, the Metric Coordinates, and the Flat
Coordinates, which account for camera distortions. Their relationship is described in this section, and summarized in
Figure .

Fig. 1: Image coordinate systems[fig:Image-coordinate-systems]
The Pixel Coordinates are the most obvious, they are the row and column in the image data matrix. The origin is at the
top-left of the image, the y axis points down, the x axis points right, and the units are pixels. The Metric Coordinates
are a simple linear transformation of this system into one where the origin is at the image’s center point, y points up,
x still points right, and units are in millimeters. The unit conversion factor is based on the pixel size in the sensor, so
that the rightmost pixel x-coordinate in the Metric system is half the sensor width in millimeters. The sensor width
and pixel size may be found in camera data sheets.
For example: For a sensor of 1280×1024𝑝𝑖𝑥𝑒𝑙𝑠(𝑜𝑛𝑡ℎ𝑒𝑥𝑎𝑛𝑑𝑦𝑑𝑖𝑟𝑒𝑐𝑡𝑖𝑜𝑛𝑟𝑒𝑠𝑝𝑒𝑐𝑡𝑖𝑣𝑒𝑙𝑦), 𝑒𝑎𝑐ℎ0.014𝑡𝑜𝑎𝑠𝑖𝑑𝑒, 𝑇 𝑎𝑏𝑙𝑒[𝑡𝑎𝑏 :
𝑝𝑖𝑥𝑒𝑙 − 𝑚𝑒𝑡𝑟𝑖𝑐]𝑠ℎ𝑜𝑤𝑠𝑡ℎ𝑒𝑝𝑖𝑥𝑒𝑙𝑎𝑛𝑑𝑚𝑒𝑡𝑟𝑖𝑐𝑐𝑜𝑜𝑟𝑑𝑖𝑛𝑎𝑡𝑒𝑠𝑜𝑓 𝑡ℎ𝑒𝑖𝑚𝑎𝑔𝑒𝑐𝑜𝑟𝑛𝑒𝑟𝑠.
|c|c|c|
Corner
&
Pixel
Coordinates
(𝑥, 𝑦) &𝑀 𝑒𝑡𝑟𝑖𝑐𝑐𝑜𝑜𝑟𝑑𝑖𝑛𝑎𝑡𝑒𝑠 (𝑥, 𝑦) 𝑡𝑜𝑝𝑙𝑒𝑓 𝑡&0, 0&
−
8.96, 7.168𝑡𝑜𝑝𝑟𝑖𝑔ℎ𝑡&1280, 0&8.96, 7.168𝑏𝑜𝑡𝑡𝑜𝑚𝑙𝑒𝑓 𝑡&0, 1024&−8.96, −7.168𝑏𝑜𝑡𝑡𝑜𝑚𝑟𝑖𝑔ℎ𝑡&1280, 1024&8.96, −7.168
Flat coordinates are a special case of the metric coordinates. They arise from the fact that lens distortion and sensor
shift lead to a recorded image which is somewhat different than what would be seen by an ideal pinhole camera as
assumed by the simpler model. The metric image coordinates denote coordinates of objects as seen by the camera.
The flat coordinates denote the position where an ideal camera would see the same objects.
The flat coordinates are what you receive from using the multimedia code to trace back a ray from a known 3D
position to its intersection with the sensor plane. To get to the Metric system, you must first add the sensor shift to the
coordinates, then calculate the distorted coordinates using the usual distortion formulas.
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The reverse operation is to find a point on the image plane that, when tracing a ray from the camera primary point
through it, after all refractions, will intersect the object represented by a given Metric target coordinates. This operation
appears mainly in calculating average 3D position from ray intersections. To do this one must first undistort (or
correct) the Metric coordinates. This is an inverse problem to that of distortion and is solved iteratively. Then the
sensor shift is subtracted from the result to yield the Flat coordinates.
In the old 3DPTV code, with some exceptions, Pixel coordinates are held in the pix arrays; Metric coordinates are in
the crd arrays; and Flat coordinates are in the geo arrays.

3.1.7 Refactoring plan for improving PyPTV code quality
In the file docs/todo.txt the interested reader may find several ideas on how to improve the scientific value of PyPTV.
There is certainly a lot of potential, but it will not be easy to realize, due to existing code quality problems, which also
affect the operation of existing features. In this file I present the tasks needed in order to bring the code up to quality
standards in usability, maintainability, readability, trustworthiness and extensibility.
Each task below has an explanation and a status description. The status description should be updated whenever a task
is changed.
Yosef Meller.
Factor out duplicated code
There are repeated code pieces for some things. Repetition is bad because if you find a problem or want to add a feature,
you must do it consistently across all copies. It is inevitable to forget some copies sometime, leading to divergent code
having slightly different problems and features at each place it is used. Furthermore, each reuse requires a new copy
of the entire functionality.
The task is to identify duplication and move into common functions. Minor differences should be settled by removal
or parameterization.
Status:
By now I’ve identified duplication related to handling of the frame-buffer variables (t4, c4, mega): in allocation, filling
from text files, and writing results. Other duplications are yet to be identified.
The frame-buffer variables are no longer needed by the forward-tracking code, which uses the new proper framebuf
class (in tracking_frame_buf.{c,h}). The other tracking routines still use them, but all related duplication in ptv.c has
been collapsed into functions in tracking_frame_buf.c.
In tracking.c there are many repeating or almost-repeating snippets that can be made into functions. Already started
with {reset,copy}_foundpix_array().
Removal of global variables
Almost all system state is global. Since the state is used extensively, it is changed by several parts of the program
without coordination. So far one result identified is the use of assumed-initialized memory without initializing it.
Other possible misuses of globals are documented in extensive literature online, and I fully expect to encounter them
at some point.
Globals must be replaced by discrete objects passed in as parameters to functions, each holding only the subset of
system variables that the function needs. Our strength is in our disunity. The caller (Python) should be tasked with
keeping track of the relevant state.

3.1. Detailed documentation
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Status: (t4, c4, mega) are no longer used in forward tracking, but still used in backward tracking and in the unused
algorithm in ptv.c. There’s a start of handling the calibration globals in calibration.{c,h}.
Testing
Currently there are very few unit tests. The task is to find a unit-testing framework that works for C (maybe nosetests
can be used, who knows), and start increasing coverage.
Status: Selected Check as the C testing framework. All new code is tested except some recent functions that just
removed duplication in track.c. The processing workflow (sequencing, tracking, tracking back) is tested against reference results using Python unit-tests in pyptv_gui/test/test_processing.py
Error handling
Errors are currently handled by printing a message and then doing nothing. The result is crashes somewhere away
from the actual error, where the error becomes relevant.
Functions which can fail should be modified to return their error state, and that state must be checked by callers and
handled appropriately.
Status: All frame-buffer functions return an error state if needed, but the callers do not check this right now, so the
error printing is kept. however, we now return on any sign of error, rather than try to write to a file we couldn’t open.
Hygiene
Meaningful variable names. Indentation is mostly OK, but needs work. Paragraphs. Janitoring.
Status: not started.

3.1.8 Research projects based on OpenPTV
• Advection and diffusion processes of complex-nozzle jet flows [Link]
• Agglomerate breakage in turbulence [MISSING LINK]
• Experimental analysis of aortic flow in human aorta [MISSING LINK]
• Experimental study of turbulent entrainment in swirling jet [MISSING LINK]
• Velocity derivatives in turbulent flow from 3D-PTV measurements
• JET growth motion in aerosols module observed under micro-gravity conditions on the sounding rocket MASER
8
• Anaglyph display of a portion of a velocity field determined by 3-D PTV (use red/blue glasses for stereoviewing)
• Study on the applicability of 3-D PTV to surface tension driven convection (Marangoni convection)
• Study on the applicability of 3-D PTV for measurements in liquid columns (joined project with ESA-ESTEC
and Alenia Aerospazio)
• 2-D projection of a 3-D trajectory field in a vortex measured with 3-D PTV
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3.2 How to use the custom image segmentation and target files
Sometimes there is a need for a sophisticated particle (or any other object) identification that is not possible using
standard OpenPTV tools (highpass with edge detection and particle center identification, see `liboptv` for details).
One of such examples is our dumbbell calibration - one needs to identify two (and only two) bright spots of relatively
large objects that could not be implemented using OpenPTV. Therefore, we implement the object identification in
Python and write per each image the `_target` file in the same folder as the images (i.e. if /img/img.10001 we add
/img/img.10001_target). Then we tell the OpenPTV-Python not to use the `liboptv`, but instead use the existing
`_targets` files. There is a checkbox to be checked in in the `Main Parameters`.

3.2.1 Step 1
Run your image processing routine, e.g. https://github.com/alexlib/alexlib_openptv_post_processing/blob/master/
Python/dumbbell.ipynb and save the identified objects into the files, see an example of the writing subroutine:
def write_dumbbells(filename, centers, radii, indices): counter = 0 with open(filename,’w’) as f:
f.write(‘%dn’ % 2) for idx in indices:
x, y = centers[idx] r = radii[idx] f.write(‘%4d %9.4f %9.4f %5d %5d %5d %5d
%5dn’ % (counter,y,x,r**2,2*r,2*r,r**2*255,-1)) counter+=1

3.2.2 Step 2
Check in the \ use existing\_target\_files\ in the `Main Parameters`

All the rest should work as usual: `Sequence -> Tracking `
Please, see our screencasts for the quick overview and the step-by-step tutorial:
• Tutorial 1: <http://youtu.be/S2fY5WFsFwo>
• Tutorial 2: <http://www.youtube.com/watch?v=_JxFxwVDSt0>
• Tutorial 3: <http://www.youtube.com/watch?v=z1eqFL5JIJc>

3.2. How to use the custom image segmentation and target files
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If you want to practice, install the software and download the necessary files from the http://github.com/openptv/test_
cavity.

3.3 Tutorial
New experiment:
• For a new set of experiments open a new folder. The file should contain the following sub-folders: cal: for
calibration, parameters, img and res. For example, a clean file for example (copy it and rename the file) is
in ptv/fresh_test.

3.3.1 Calibration files:
• The cal folder contains: calibration images, one for each camera, e.g. cam1.tif, cam2.tif and so on,
orientation files cam1.ori, cam2.ori . . . , and a calblock.txt file that contains the x,y,z coordinates of
the calibration target.
• ori files: camera’s orientation files:
10.0 10.0 300.0
0.01 0.05 0.0002
1.0 0.0 0.0
0.0 1.0 0.0
0.0 0.0 1.0
0.0 0.0
80.0
0.0001 0.0001 100.0000

• First row: x,y,z of the camera sensor from the calibration target origin (0,0,0)
• Second row: the angles [radians], the first is around x axis, then y axis and the third is the angle of rotation
around z direction which coincides with the imaging axis of the camera (the line that connects the sensor and
the target)
• The next three rows is the rotation matrix
• next 2 parameters are the xp,yp positions of the pinhole in respect to the image center in millimeters. if the
camera imaging axis is at 90 deg. to the sensor, then xp=yp=0.0.
• Next parameter is the back-focal distance, typically called f. For example, if we have a ratio of world image to
chip image of 500 mm to 65 mm (384 pixels is therefore corresponding to 17 microns), e.g. 1:8. The distance
from lens to calibration target is about 800 mm. Hence the focal distance is about 100 mm.
• Last row with the 3 parameters is the the position of the glass in respect to to the origin and in the coordinate
system of the calibration target (x is typically from left to right, y is from bottom to top and z is by definition
the positive direction looking at the camera. so if the glass wall is perpendicular to the imaging axis and parallel
to the calibration target, and the distance in water is about 100 mm the last row is 0.0 0.0 100.0. Since
division by zero is not recommended we sugest to use a very tiny deviation from 0.0, e.g. 0.0001
Calibration best practice:
In the first run- choose reasonable parameters according to the cameras positions in the experiment.
• Gain 4 calibration pictures, one for each camera, and copy them to the cal file.
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• right click on the current run. choose calibration parameters:
1. Image data:
Fill in the name of the four calibration pictures ,four orientation data pictures and file of coordinates on plate.

2. Calibration data detection:
Different parameters in order to detect the dots on the calibration target.

3. Manual pre-orientation:
Fill in the numbers of four points on the calibration target. The numbers should be set as chosen in manual orientation.

3.3. Tutorial
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4. Calibration orientation parameters:
The lens distortion is modeled with up to five parameters :k1,k2,k3+ p1,p2
Affin transformation: scx, she
Principle distance: xp, yp
In the first calibration process don’t mark those parameters. After establishing the calibration, the different parameters
can be marked in order to improve the calibration.

• In the upper toolbar choose : calibration and create calibration
• load/show images*: shows the calibration images
detection: detect the calibration dots on the calibration image. check that all the dots were identified correctly and
marked in blue, and that there aren’t any extra dots.
mark the four points from the manual pre-orientation in each camera and press manual orient. This creates the
man_ori.dat. Next time, skip this stage and press detection and then orient with file.
show initial guess: The yellow dots show where the dots from the calibration plane would end up on your images if
the initial guess would be correct.
If the yellow dots aren’t in the right location, change the ori files - edit ori files and press show initial guess again to
see the change, do it until the yellow and blue dots match.
Check that the position of each camera according to the ori files is also reasonable according to the cameras position
in reality.
sort grid: situates all the dots in their positions. Check that all dots were found and marked correctly.
orientation: creates the orientation.
In order to improve the orientation : mark some of the Calibration orientation parameters and press orientation again.

3.3.2 Dumbbell calibration
Sometimes it is inconvenient to position a calibration target. Either because there is something in the way, or because
it is cumbersome to get the entire target again out of the observation domain. It would be much easier to move a simple
object randomly around the observation domain and from this perform the calibration.
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This is what \ Dumbbell calibration\ is doing. The simple object is a dumbbell with two points separated at
a known distance. A very rough initial guess is sufficient to solve the correspondence problem for only two particles
per image. In other words, the tolerable epipolar band width is very large: large enough to also find the correspondence
for a very rough calibration, but small enough so as not to mix up the two points. From there on, calibration optimizes
the distances by which the epipolar lines miss each other, while maintaining the detected distance of the dumbbell
points.
Unlike previous calibration approaches, Dumbbell calibration uses all camera views simultaneously.
Required input

Somehow, an object with two well visible points has to be moved through the observation domain and recorder. The
dumbbells points should be separated by roughly a third of the observation scale.
Note that the accuracy by which these dumbbell points can be determined in 2d, also defines the possible accuracy in
3d.
Processing:
• Copy at least 500 images of the dumbbell (for each camera) as a tiff file to a new file Prepare target files using
matlab code: tau\_dumbbell\_detection\_db\_v3b. Every target file should contain only 2 points.
• Right click on the current run: choose main parameters.
Main parameters:
write the name of the first dumbbell image, and the name of the calibration images you want to use.

3.3. Tutorial
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Particle recognition: * since there are ready target files, mark \ use existing\_target\_files\.

Sequence processing:
Fill in the numbers of the first and last picture in the sequence processing, and the base name for every camera.
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Criteria for correspondences:
min corr for ratio nx: min corr for ratio ny: min corr for ratio npix: sum of gv: min for weighted correlation: tol band:
The number that defines the distance from the epipolar line to the possible candidate [mm].

Processing of a single time step:
• In the upper toolbar choose: start and then pre-tracking ,image coordinate, after that the two points of the
dumbbell are detected. Then choose pre-tacking, correspondence. This establish correspondences between the
detected dumbbell from one camera to all other cameras
• you can press one point of the dumbbell in each camera and to see the epipolar lines.
• The processing of a single time step is necessary to adjust parameters like grey value thresholds or tolerance to
the epipolar line.
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• In the upper toolbar choose: sequence, sequence without display
• In the upper toolbar choose: tracking, detected particles. Then tracking, tracking without display and then show
trajectory.
• Right click on the current run. choose calibration parameters:
1. Dumbbell calibration parameters:
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Eps [mm]: It is the tolerable bandwith by which epipolar lines are allowed to miss each other during calibration. should
be the same number as the tol. band in Criteria for correspondences Dumbbell scale [mm] :distance
between the dumbbell points. It is quite important Since the algorithm optimizes two targets, the epipolar mismatch
and the scale of the dumbbell particle pair Gradient descent factor: if everything would be linear then a factor of 1
would converge after one step. Generally one is a bit instable though, so a more careful, but slow, value is 0.5. Weight
for dumbbell penalty: this is the relative weight that is given to the dumbbell scale penalty. with one it is equally bad
to have dumbbell scale of only 24mm and to have epipolar mismatch of 1mm. After rough converge this value can be
reduced to 0.01-0.2, since it is difficult to precisely even measure this scale.
Step size through sequence: it is step size. It could be different then 1 when the dumbbell recording is very long with
successive images that are almost identical, then step size of 10 or so might be more appropriate.
In the upper toolbar choose : calibration and create calibration. choose orient with dumbbell.
1. Shaking calibration:

1. Processing of a single time step
2. Main parameters:
3.3. Tutorial
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Write the name of the first image, and the name of the calibration images you want to use.

1. Particle recognition:
Don’t mark use existing_target_files. fill the particle recognition parameters in order to find the particles.

• Press start in the upper toolbar. the four picture images from main parameters, general will appear.
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• Under Pretracking the processing of a single time step regularly starts with the application of a highpass filtering
(Highpass). After that the particles are detected (Image Coord) and the position of each particle is determined
with a weighted grey value operator. The next step is to establish correspondences between the detected particles
from one camera to all other cameras (Correspondences).

3.3. Tutorial

67

OpenPTV User Guide, Release 0.0.06

The processing of a single time step is necessary to adjust parameters like grey value thresholds or tolerance to the
epipolar line.
1. Sequence:
After having optimized the parameters for a single time step the processing of the whole image sequence can be
performed under Sequence .
• Under main parameters, Sequence processing. Fill in the numbers of the first and last picture in the sequence
processing, and the base name for every camera.
• In the upper toolbar choose sequence with or without display of the currently processed image data. It is not
advisable to use the display option when long image sequences are processed. The display of detected particle
positions and the established links can be very time consuming.
• For each time step the detected image coordinates and the 3D coordinates are written to files, which are later
used as input data for the Tracking procedure.
1. Tracking:
1. Tracking parameters:
Before the tracking can be performed several parameters defining the velocity, acceleration and direction divergence
of the particles have to be set in the submenu Tracking Parameters. The flag‘
Add new particles position’ is essential to benefit from the capabilities of the
enhanced method. To derive a velocity field from the observed flow.
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1. Tracking, Detected Particles displays the detected particles from the sequence processing.

1. Choose tracking, tracking without display. Again it is not advisable to use the display option if long
sequences are processed. The tracking procedure allows bidirectional tracking.
2. Tracking, show Trajectories displays the reconstructed trajectories in all image display windows.
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CHAPTER

4

Information for developers

OpenPTV need developers. Your support, code and contribution is very welcome and we are grateful you can provide
some. Please send us an email to openptv@googlegroups.com to get started, or for any kind of information.
We use Git for development version control, and we have our main repository on Github.

4.1 Development workflow
This is absolutely not a comprehensive guide of git development, and it is only an indication of our workflow.
1. Download and install `git`. Instruction can be found here.
2. Set up a github account.
3. Clone OpenPTV repositories using:
git clone http://github.com/openptv/openptv.git

4. create a branch new_feature either in liboptv where you implement your new feature.
5. Fix, change, implement, document code, . . .
6. From time to time fetch and merge your master branch with that of the main repository.
7. Be sure that everything is ok and works in your branch.
8. Merge your master branch with your new_feature branch.
9. Be sure that everything is now ok and works in you master branch.
10. Send a pull request.
11. Create another branch for a new feature.
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4.2 Programming languages
As a general rule, we use ANSI C for the liboptv library and Python for the interface. You are welcome to use
Python for the core algorithms as well if it does not make any difference with code speed. In those situations where
Python speed is the bottleneck, we have some possibilities, depending on your skills and background. If something
has to be written from scratch use the first language from the following which you are confortable with: Cython, C,
C++, Fortran. If you have existing, debugged, tested code that you would like to share, then no problem. We accept
it, whichever language may be written in!

4.3 Things OpenPTV currently needs, (in order of importance)
1. Move all the core algorithms into liboptv, clean and tested
2. Documentation
3. Cython wrappers for C algorithms, see pybind directory.
4. Flow field filtering and validation functions, see post-ptv repository
5. Better graphical user interface design, e.g. Qt, QML, . . .
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CHAPTER

5

How to add/fix documentation

We decided to use Github to host our documentation and Sphinx to generate it. Sphinx allows us to create automatic
docs in HTML, LaTeX, or PDF from the docstrings of Python and C code. In addition, it uses a relatively simple
ASCII test format (reST) that can be easily edited on any platform, yet create a good documentation website.
The source files of the documentation are in the openptv-python/docs/source directory, and the respective
images are in docs/images directory

If you want to add/fix documentation, then:
1. fork the openptv-python repository
2. add the document using reST http://sphinx-doc.org/rest.html#lists-and-quote-like-blocks
3. add images to images directory and downloads to downloads directory
If you wish to see the result in HTML, then
1. download and install Sphinx http://sphinx-doc.org/latest/install.html
2. run ‘‘ make html ‘‘ from openptv-python/docs directory to generate your local copy of the documentation. Use your browser to see ../../docs/html/index.html
For example:
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cd /Users/alex/openptv-python/docs
make html

The result may look like:

5. When the documentation is ready - please submit your pull request and the group will review the submission.
Eventually, using the same setup we will regenerate the HTML and push it to the documentation repository under
http://www.openptv.net/docs (see for example http://alexlib.github.io/docs)
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6

The OpenPTV graphical user interface

• Python Bindings to PTV library [Link]
• Tutorial written by Hristo Goumnerov [Link]
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CHAPTER

7

Additional software projects

The command line version of the 3D-PTV is the only derivative that is distributed under the same license. Other
packages will be slowly adopted by the 3D-PTV project but these are developed by the independent authors. Please,
pay attention to their license files
• Streaks tracking software by Matthias Machacek
• Command line version of the 3D-PTV software from the University of Plymouth
• Post-processing software package by Beat Luethi
• Real Time Particle Tracking Velocimetry using FPGA on camera particle identification
• Two-frame tracking from University of Rome, written by Luca Shindler
API:
{% if not READTHEDOCS %} code
{% endif %} api_reference downloads_page
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CHAPTER

8

Indices and tables

• genindex
• modindex
• search
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