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1.0 Introduction

• Why this workshop?
• What is video-tracking?
• What are the technologies 
involved?
• What are the advantages 
and the restrictions?
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Why this workshop? 

The video-tracking workshop for artists and designers 
is there to generally introduce the field of video-tracking 
to them and show various ways they can take advantage 
of. Some softwares and hardwares that we introduce in 
the workshop might not have been developed focusing 
on designers and artists however they have a lot of po-
tential in interesting installations and quick prototyping. 
Knowing ways of how to easily tweak or hack existing 
modules or build new ones quickly presents various 
possibilities of how a non-engineering and non-pro-
gramming community can achieve various interesting 
results by easily exploiting a ‘perceived’ complicated set 
of tools.

The workshop also describes various forms of com-
munication between the softwares, software to hard-
ware and hardware to hardware which can be over any 
communication or network port. Gesture recognition, 
motion analysis, space analysis, trajectory analysis and 
real-time image manipulation techniques are just some 
of the possibilities of video-capture and video-tracking. 
 
In a sentence - the goal of this workshop is to impart 
artists and designer with enough knowledge about 
video-tracking basics that they can then develop to 
build interesting works or quick prototypes.
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What is video tracking? 

“Video tracking is the process of locating a moving 
object (or several ones) in time using a camera. An 
algorithm analyses the video frames and outputs the 
location, optionally in real time”, wikipedia

It is one of the most common applications of computer 
vision and has various possible applications for building 
interactive installations, products, spaces etc.
Generally, video tracking involves analyzing image-data 
captured by electronic systems. The data is then used 
for performing actions according to the scene captured. 
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What are the technologies 
involved?

Mostly video-tracking involves a device with a capture 
mechanism, a processing system and often a display 
unit to visualize the captured and analyzed data. The 
most common combination that discuss in this booklet 
would be:
a camera, like a web-cam, a PC running an operating 
system like windows, and then the software that allows 
one to tell the computer what he wants to do or analyse 
from the captured images. 

The camera is the part of the system that has sensors 
that can capture a scene it is pointed at just like the hu-
man eye. It basically reads a scene, converts the scene 
into digital communication and then communicates 
this information via communication ports like USB or 
firewire to the computer. Faster communication is pre-
ferred to achieve better quality and to minimize analysis 
errors.

The computer is basically representing any processing 
unit having any operating system like Windows, Mac 
OSX, Linux etc. These are not compulsory CPU configu-
rations for performing video-tracking however as most 
of the non-engineering community is on desktops/lap-
tops running Windows/Mac OSX therefore this is what is 
explained in the workshop. 

The softwares are the interface for the user to the 
technologies. Through them the user can translate his 
requirements into the language that the computer un-
derstands. A simple software would permit the user to 
direct the computer in a language easy for the user to 
understand and then would convert it automatically
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to machine-friendly code. A good software would allow 
a user to do any action he desires with the capture im-
ages. The set of ‘directions’ the user compiles can allow 
him to interpret the images being captured and perform 
a certain task. In this booklet we intend to impart the 
minimum knowledge to artists and designers to be 
able to compile this set of instructions through various 
simple and good softwares we found.

Also by knowing basic inter-software-hardware com-
munication techniques one can use the results of video-
tracking in many possible ways to generate graphics, 
music, physical movement etc. 
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What are the advantages and the 
restrictions?

Since computer vision involves electronic devices there-
fore it has substantial differences from human vision. 
Some of the many common advantages are:
• being able to see frequencies that human-eyes cannot 
perceive, infrared and ultra-violet being just some of 
them.
• being able to see faster than the human eye
• being able to alter reality-time
• being able to see more than what a human eye could 
see, for eg. panoramic vision.

Some of the common disadvantages are
• the quality of cameras that are readily available today 
are poor
• the communication between cameras and computers 
are restricted by standardizations
• the speed of processing units are presently in-suf-
ficient to perform exactly real-time with the vast 
amounts of information flowing in from cameras
• the algorithms presently available keep the computer 
very stupid to the input and thus requires a lot of work 
fora the end of the user to analyze the data.
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2.0 The Applications 

• Motion Analysis
 • Gesture recognition
 • Trajectory analysis
• Space Analysis
• Real-time video manipulation
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Motion Analysis

Video Tracking Technologies presently have various 
kinds of applications. Discussed below are some of the 
broad categories in which they can be distinguished. 
Though most of them do not differ drastically from each 
other however they are still categorized separately with 
fine lines between them.

Motion analysis systems use camera-tracking tech-
nologies to analyse the motion of one or many objects 
that are being captured with the camera. Most of the 
simple softwares restrict themselves to capturing only 
2 dimensions as the �rd dimension cannot be captured 
completely accurately unless the system and the envi-
ronment is highly controlled. Motion analysis softwares 
detect movement from one part of the screen to an-
other as well as movement within an object standing 
stationery. The latter one opens up the area of gesture 
recognition technology that is discussed below.

	 •	Gesture	recognition generally applies to 
studying motion of humans and interpreting the motion 
to understand what gesture is being performed. Gesture 
recognition began with only studying movement in 2D 
space of human limbs, head movement etc but is now 
being developed to extract meaning and expressions out 
of gestures. A simple example would be to move ones 
hand up and down to lower or raise the volume of ones 
music system.

	 •	Trajectory	analysis is the study of motion 
analysis combined with some laws of physics and 
physiology. Trajectory analysis can be used to analyse 
and predict the motion of objects that follow types of 
motions governed by laws of physics or body physiology. 
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For example if a ball is thrown up the computer can 
extract its motion and in a basic manner predict what 
path it might follow. Also if a person moves his hand the 
computer can predict, by studying the body, where the 
hand would go. This kind of systems is used in analyz-
ing dance and athletic performances.
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Space Analysis

Space analysis is the study of a space/region in which 
there might or might not be any movement. Motion 
analysis generally relates to particular objects whereas 
space analysis relates to the whole space in and around 
the object. Space analysis technologies are used in 
face-recognition systems where a whole view is stud-
ied, regions are identified and depending on their size, 
shape, location, contours etc an analysis is performed. 
This is majorly used in security and forensic science to 
identify people, victims, culprits etc. 
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real-time video manipulation

real-time Image manipulation is one of the treatments 
a user can achieve with the stream of images flowing 
in from the camera. The simpler the manipulation the 
more real-time the results are. This technique is used 
in applications like getting real-time panoramic camera 
capture. The panoramic lens captures a completely dis-
torted ��0 degree image and then the software converts 
that image and re-distorts it to the right proportions for 
human vision. These systems open a whole new realm 
to the film industry of making films that capture the 
whole space and not just a scene. 
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Projects	realised	with	
camera tracking
• 1��0 :: VideoPlace 
• 1��0’s :: Reality window manager
• 1��� :: DancePlace
• 200� :: Messa di voce
• 200� :: Music Mediated Reality
• 200� :: NH Santo Stefano
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1970 :: Videoplace 
computer controlled relationships between 
humans	and	graphic	objects

Videoplace can be considered as the first generation 
experiments on augmented reality art. It was done by 
an artist whose interest mainly lay in Virtual Reality. 
Videoplace creates an augmented space where a 
computer has control over the relationship between 
the camera captured and extracted image of a human 
with virtual, graphical objects. In these experiments 
the computer controlled reality was different from our 
physical world. Laws of gravity, size, space etc did not 
apply and therefore the human could perform many 
more actions than what one could do normally in the 
real world. A series of simulations were programmed 
based on any possible set of rules. Videoplace offered 
50 compositions and interactions including critter, indi-
vidual medley, fractal, finger painting, digital drawing, 
body surfacing, replay amongst others. 
To illustrate, when the participant’s silhouette pushed a 
graphic object-the computer could choose to move the 
object or the silhouette. Or, as in Finger Painting where 
each finger created flowing paint without the distraction 
of the silhouette.
 
credits: Myrong Krueger
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1980’s	::	Reality	window	manager 
Augmenting mediated reality space by re-
placing real vision elements with computer 
controlled/generated elements

‘Using the mediated-reality toolkit, Mann has created 
a window manager for a wearable computer system 
that overlays computer generated elements onto planar 
patches in the environment around the user. These 
are visible to the user through the ‘EyeTap’, a head-
mounted camera/display mechanism. The lightspace 
and graphics hardware framework along with EyeTap 
technology allows realtime tracking, replacement and 
rendering.

Reality Window Manager (RWM) is an application of 
Computer Mediated Reality in which computer informa-
tion is displayed in the real-world, attached to real-
world objects.

To depict the concept of RWM (Reality Window Man-
ager) experiments were done where billboards and 
other unwanted advertisements were replaced by a web 
browser and other useful content.’ - www.eyetap.org 

credits: Steve Mann



01/01/2005 pag 1�GraphicsGuidelines

 projecTS reAlISed

1996 :: danceplace 
An interactive performance place

The danceplace project was an interactive space where 
dancers could create music and graphics through their 
performance. As the dancer entered the space, a num-
ber of virtual music elements got attached to their body. 

The dancer would then dance and generate a layer of 
interactive music over a consistent background track. 
Complicated mappings would permit the dancer to con-
trol the music generated in detail however the interac-
tivity could be tailored differently for every performance. 
Even though the different performances varied but by 
having a consistent underlying ambient tune ensured 
that all of them would more or less sound the same. 

The music generated is enhanced by a graphic trail left 
by the dancer on a wall screen. The trail is also cre-
ated as a result of the movement of each dance perfor-
mance. 

credits: Flavia Sparacino
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2003 :: Messa di voce 
visually augmenting sound in an interactive 
space

Messa di voce is an interactive space where sound, 
shouts and songs are augmented by visual graphics 
and animations. The qualities of the graphics and ani-
mations usually enhanced that of the sound therefore a 
loud sound would create a large visual impact.  

‘The performance touches on themes of abstract 
communication, synaesthetic relationships, cartoon 
language, and writing and scoring systems, within the 
context of a sophisticated, playful, and virtuosic audiovi-
sual narrative.’ Golan Levin

credits: Golan levin
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2003 :: Music mediated reality 
music controlled mediated vision system

‘MRV is an system which alter’s a user’s visual percep-
tion of the world based on the music. In the same way 
that the simple spectrum analyzer (or other xmms 
plug-in) thumps along with the beat, MRV takes a video 
stream and alters it in time with the music.  

Mediated reality is to “augment, diminish, or otherwise 
alter your visual perception of reality.” Most readers will 
be familiar with the concept of virtual reality. Mediated 
reality is a similar to virtual reality in that both alter 
the user’s perception of their environment, typically 
by replacing their vision with the output from a head-
mounted display. However, virtual and mediated reality 
differ in that virtual reality seeks to create an entirely 
new environment for the user, whereas mediated reality 
alters what you would normally see - i.e. it alters your 
perception of your actual environment.’ - www.eyetap.
org

credits : Steve Mann, james Fung, corey Manders
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2006 :: nH Santo Stefano 
Interactive shadows or interactive sound?

This system took advantage of a calibrated camera and 
projector to track people moving in the foyer of the hotel 
and project white shadows following them with time 
delay therefore forming a slightly long trail. The trail 
flowed behind people moving on the ground and un-ob-
trusively interacted with the people some of who would 
notice while others would not.

credits: Giovanni cannata, Anurag Sehgal, Idlab
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System

• Hardware
 • Camera
 • Computer
• Software
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Hardware

The most simple and common hardware configuration 
of a video-tracking setup requires a good quality cap-
turing mechanism, like a DV-camera or a webcam, and 
a processing unit, like the common household desktop 
computer or a laptop computer. 

 • The camera of a setup is as important as the 
computer that it feeds the images into. Presently many 
of the softwares that are easy enough to be used on a 
desktop computer process the camera input without 
much correction. That means that the webcam cap-
turing the image with a lot of noise would introduce 
difficulty to the user to analyse the end result. Generally 
good video-cameras using fast communication ports 
like USB and firewire are sufficient. Also the length of 
the wire between the camera and the computer can af-
fect the quality of the image. 

The other thing that might be important to consider 
in the camera is  the frequency of light it captures. 
In many circumstances one might want to eliminate 
visible light like projections from a space. In that case 
an infra-red filter on the camera is useful. However 
having an infra-red filter also requires an abundance of 
infra-red light in the space being observed otherwise it 
appears very dark to the camera lens making it tougher 
to analyse any kind of motion. Infra red light being invis-
ible to the human eyes doesn’t affect the appearance of 
the space. Similar is the effect of UV light. 

It is very critical to keep in mind that the area to be 
captured is well lit as most of the cameras do not see 
as good as the human eyes do. Also any change in 
lights might also be perceived as motion by the tracking 
system.



01/01/2005 pag 2�GraphicsGuidelines

 SySTeM

 • The computer is mostly required to be as fast 
as one can afford it to be. The operating system needs 
to be appropriate depending on which software one 
wishes to use for performing his camera-tracking work. 
There are some softwares that are cross-platform while 
others generally work on only one. The computer could 
be checked to have the right ports, like USB or firewire, 
that communicate fast with the camera and a good 
video-card that allows for fast image rendering ability. 
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Softwares

Most of the hardware usually ends up to be generally 
the same for such systems. The hardware might end 
up effecting the quality of the end result however the 
whole range of possibilities of what a user can do with 
camera-tracking is usually presented by what software 
he chooses. In this section we will briefly explain a few 
popular softwares that we find useful. All of these soft-
wares have their advantages and disadvantages, some 
of which are described below.

 • processing (www.processing.org) is an open 
source initiative that allows people to program  images, 
animation, and sound in very simple ways. It has a very 
well developed graphics and animations library and 
an easily comprehendible syntax that allows the non-
programming community to develop code to perform 
the required functions easily. Amongst many things 
that can be done with this software, camera-track-
ing is sufficiently strong. The advantage of performing 
video-tracking and video-manipulation with processing 
is the flexibility of using the analysed data. Being still a 
programming environment one can easily code any kind 
of result he wishes to obtain with the video-stream. The 
disadvantage being that one has to laboriously pro-
gramme each and every component of his result. 

The processing software has a small library that 
permits one to do basic capture and analysis of video-
streams and then perform the various other functions 
processing permits to perform related to the video-
stream. Apart from that there is also a third party initia-
tive by Josh Nimoy called Myron. (http://webcamxtra.
sourceforge.net)
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Myron  is the cross-platform, cross-language, open 
source, video capture and  computer vision plugin. One 
core C++ object gets cross-compiled as  a handful of 
high level language “wrapper” libraries.  The wrapper 
for Java and Processing is called JMyron. The wrapper 
for  Macromedia Director is called WebCamXtra. The 
aim of the project is  to keep computer vision free and 
easy for the new media education and  arts community.

 • director (www.macromedia.com) software 
is a software that allows users to easily create interac-
tive media elements. Allowing one to easily create and 
manage graphics, sounds, animations and movies this 
software is very useful to create high fidelty visual pro-
totypes. This software also has third party initiative with 
camera tracking. One of them is the Myron webcam 
Xtra mentioned above. After installing the webcam Xtra 
one can perform basic operations on the videostream 
which are supported by the xtra. There are examples 
and references to work with this xtra. The other xtra 
available is called ‘‘trackthemcolors’’. This xtra has 
other basic functions regarding camera tracking and 
video manipulation. 

Being part of a software like director these xtras give 
an opportunity to the user to make highly graphically 
pleasing results with video-tracking. Being able to 
work with a range of media elements this environment 
gives the user very high fidelity results for his camera 
tracking operation. The disadvantage being that one is 
limited to the language of the software. Though direc-
tor benefits from having a rich programming lingo with 
which one can achieve many results that seek flexibility 
however it is less than that of processing.
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 •	EyesWeb	(www.eyesweb.org). Many parts of 
the text below are taken from IDCast. The original can 
be found at the link given below

http://www.interactiondesign-lab.com/cgi-bin/moin.
cgi/EyesWebWeek200�

EyesWeb is a graphical development environment 
(which means that you make software by joining boxes 
with lines) for real time processing of video. It is devel-
oped by the Laboratorio di Informatica Musicale at the 
University of Genova, in the context of the ENACTIVE 
European project.
 
The user gives his directions in this software by con-
necting a set of visual blocks with message cords. A set 
of such blocks, which directs the computer to perform 
certain functions, is called a patch. In an EyesWeb 
patch there are movie camera blocks that represents 
a video camera attached to the computer. Many other 
blocks are attached to the video stream coming from 
this movie block to perform various processing steps on 
the image which is finally attached to a display block to 
display the result on the monitor.

It is based on an Intel library called OpenCV, it is open 
source, freely distributable, and you don’t pay royalty 
even if you use it for commercial purposes.
 
Apart from many technical usages this software brings 
the possibilities of making interfaces that use video 
tracking or unusual means of control, which could be 
interesting to designers and artists to create quick 
prototypes or art installations that have computer vi-
sion. Offering a wide range of applications of computer 
tracking this software can be used to capture and 
analyse gestures or perform motion and space analysis 
operations.
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One can also perform realtime video-stream manipula-
tion and perform other various functions with sounds as 
well. An EW program (also called a patch) can con-
trol other software (like Max MSP) through simulated 
mouse clicks and OSC commands. Also having the pos-
sibility to communicate by text file, serial, midi and even 
over the network this software gives the user many 
possibilities to control a various range of softwares and 
hardwares on the one or many computers.  

The target user of EW is not a programmer, but needs a 
good idea about media representation, such as what is 
RGB, what is MIDI etc.
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