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1. Introduction

1.1. What is Motion Tracking?

Used on stage, motion tracking* allows performers (dancers, actors, musicians) to influence secondary media such as music, video projections and stage lighting through their movements.  There are various ways to do this, divisible into two approaches:  

body-oriented, where sensors attached to the body measure physiological and physical artifacts of movement (acceleration, bending of joints, body heat, body electricity), and 

environment-oriented where sensors take the form of video cameras, infrared monitors, laser beams, etc. With this approach, the space itself is sensitive to motion.

In my work as a choreographer, I have used electrodes attached to the body to measure brain waves, the rhythm of the heart, skeletal muscle contractions and the skin-to-skin contact between performers.  The low voltages picked up on the surface of the skin are amplified and sent to a computer where they are re-routed, so to speak, to other media -- music, sound samples, video images and so on.  This is the body-oriented approach and it usually involves what to dancers are cumbersome wires and electronic devices strapped to the body. 

With the environment-oriented approach, the stage itself is made sensitive to movement.  The easiest way to do it is using a video camera attached to a computer.  It is easy in the sense that video technology has been around for decades and has not only made remarkable advances but is also relatively cheap. It is also easy in the sense that video images offer a rich source of data -- information about the performer's position and movements.  With motion tracking software one can track such features as position on stage, which body part is moving, how much its moving, height from the floor and direction of travel.  Other features such as color, direction of a turn and symmetry in the body are somewhat trickier  (for a more complete list, see Table ___, "Input Parameters", page ____).

This book focuses on the environment-oriented approach.  The reasons are largely technical:  the environment-oriented approach is software intensive, while the body-oriented approach is hardware intensive.  This makes a difference.  Software is something everyone can learn to use, even those who know nothing about programming or engineering.  Hardware, on the other hand, especially the kind of garage-electronics we are talking about here, is trickier.  Even if you are good at it, it takes a lot of tweaking and will remain relatively unstable.  Working with electrodes also carries with it a certain risk.  Electricity can flow through every circuit in two directions -- away from the body, and, if something goes wrong, towards it.  Zap.

However you do it, it will attract attention.  The past ten years have seen an explosion of interest in motion tracking technology; particularly in dance, theater and contemporary music (electroacoustic music).  Its has moved from being the trick pony of a handful of experimental high-tech groups (Troika Ranch, Palindrome, Ventura Dance) to a cause célèbre of high-profile dance companies (Trisha Brown, Krisztina de Chatel, Merce Cunningham), theater (Robert Lepage), opera (André Werner, Robert Wilson) and pop entertainment (Blue Man Group).  Some use it gratuitously, as a special effect, while others, make it so subtle and obscure that even experts can't discern its effects.  (See "Case Studies", Chapter 4.4)

1.2. The Amazing Vegematic

A thousand uses.  Maybe you want to count the cars going past your window or let the movements of your goldfish play music.  Discovering new uses is not as interesting as it might sound.  They all seem cool at first.  What's important to the performing artist are the connections of movement to media that work!  Where the expression in some way augmented.  Anything else is irrelevant at best, distracting and pretentious at worst.  The point is, there are many ways to track motion and most of them have little to do with art.    Why do some applications work so well and others so badly?  This is what this book is about.
There are patterns.  Many people who apply motion-control to their work go through the same phases.  For example, there is the well-known burst of enthusiasm followed by a let down.  
In the beginning something catches the eye.  The movement and sound are connected in an uncanny way.  Was it a coincidence or simply well-rehearsed?  After a couple of  similar events it is clear that some trick has been perpetrated on us.  Depending on the music and the movement, this by itself can be interesting -- for a short while.  

Without dwelling on the trick itself, it can give the impression that the player is empowered, that he or she is in command of their environment.  The fact that it is strange, or not understandable to the audience is not necessarily a problem.  This happens all the time in theaters.  Performers, of course, do not need to be who they really are and the world they are in does not need to follow any given set of rules.  So far so good.  
Still, if our trick occurs too often, or if it does not evolve or serve additional theatrical, choreographic or musical purposes, it will quickly lose its edge.  
You hear it said today that the whole interactive art scene is going through a crises, or at least a recession.  Some say the whole world is going a through a technology-disappointment phase now, but this is certainly an oversimpli​fi​ca​tion.  There are always cool things happening somewhere and only a fool would say that digital technology has no future. 

The disappointment comes because many applications of digital technology in art and elsewhere fail to deliver what they seemed to have promised.  To put it another way, there is beauty and sensuality in life and art which technology does not quite seem to be able to quite touch.   
A woman in a workshop once came up with a piece using stones arranged on a table.  When the visitor picked up a stone it triggered a whispering voice -- sometimes just a word or two, repeated over and over, sometimes a longer text.  Each stone offered another bit of content.  It was a simple idea, certainly nothing fancy in terms of the motion tracking, still, the particular combination of materials  and content created a mood -- one which could not have been accomplished by other means.  This is the litmus test for technology in art.  Using motion tracking well doesn't depend on the latest tools, but rather on the steadiness of the artist's hand.

When we see someone move and in so doing change some media around them, there can happen a split in our perception of the event.  In other words, under the right conditions, we experience it neither as visual, nor acoustic, but something more integrated, more visceral.  This is something we do not think about, but lies deep in our instincts.  This lies at the heart of interactive performing.  What we are doing with motion tracking is using new technology to conjure ancient impulses and reactions.  Do it right and motion tracking can make a piece seem spontaneous, surprising, personal and communicative -- in other words, more in the moment.  You might call this way of working interactive.  You might call it real-time.  You might call it bullshit.

1.3. Estragon has it
Most people are either technophobic or technophilic -- geeky or artsy.  My dream is not to see more artists use technology, nor is it to see more engineers create art.  What I would like is to see these distinctions disappear altogether, or at least stop being so annoyingly familiar.  This book is neither for the engineer-closet-artist, nor for the artist-turned-engineer, but for the renaissance person within us all.
"Writing a book about motion tracking is like writing a book about a screw driver.  Its just a tool.  Its completely boring!".  This is the response I got when I told a certain well-known choreographer about my book.  Thank you very much.  I obviously have another take on it, but before I begin, welcome to my book, and welcome to motion tracking!  I am assuming you've never done it, or that if you have, that you will enjoy, or at least tolerate, another artist's perspective on the matter (well-known choreographer not withstanding). 
This book is for performers -- dancers, musicians, actors, directors -- anyone interested in creating art with human motion and technology.  It is written neither for the media scientist, nor the computer freak, but for artists more at home in a studio than behind a monitor.  

If you've read any of the scientific books on new media, digital performing and so on, then you will notice something right away:  This is not one of them.  "...dance first and think afterwards", says Estragon in Samuel Beckett's Waiting for Godot.  Long-winded yaks on the significance of new media in the age of blah-blah-blah will not help you.  At least they never helped me.  Like Estragon, I am a firm believer in starting with the body -- your body.  A propos:  have you been to the studio today?  Done your yoga?  No?  Then please do so.  Come back later.  I'm not joking-  the mind functions differently after moving your body.  If I've learned one thing in 30 years of working with technology as an artist it is this point:  Body first, technology after.  

2. Tech Part I  - Getting Started 

2.1. What You Need to Track Motion

The first step (after yoga) is to buy, beg or borrow the equipment, hook it up and turn it on.  Your investment of money will be anywhere from zero, if you a free 30-day software and you happen to already have an appropriate camera and computer, to 2000 dollars if you buy everything shiny and new.  Once the parts are assembled, your investment of time (to get to the point where you can raise your hand and hear a sound) will be about an hour.  Less if you're savvy.  

You probably know a computer freak, it seems like everyone does.  Don't call her.  Not yet.  Issues will arise and you will probably need to at some point, but there is something to be said for doing as much as can by yourself.  Yes, it will take longer, but motion tracking will make more sense -- or a different kind of sense -- if you find your own way with these things.  Artists work with technology differently than the way engineers do and while this difference may seem arcane or irrelevant, in fact it is neither.  
To track motion, you will need four things:  

software


a computer


a camera or other sensor device

a frame-grabber*
*- Technically you don't need a frame-grabber, but for reasons which will be explained later, it is highly recommended. 

2.1.1. Motion Tracking Software

There are a number of motion tracking software programs available.  Because their inventors had different users in mind, they vary widely in look-and-feel.  Some were thought of more as research tools, some were made for composer/musicians, others for choreographer/dancers, etc. 
	Software
	Author(s)
	URL (where to get it)
	OS
	Hardware?
	Comments
	Cost

	Big Eye
	Steim institute
	www.steim.org
	mac
	no
	last updated in 2000 so its pretty old by digital technology standards.
	$300

	Very Nervous System
	David Rokeby
	www.homepage.mac.com/
davidrokeby/vns.html
	mac
	yes and no

(available in different forms)
	object-oriented programming
	$350
(30-day free)

	Eyes Web
	Antonio Camurri
	www.eyesweb.org
	PC
	no
	object-oriented programming
	

	Cyclops

	Eric Singer
	www.ericsinger.com/cyclopsmax.html
	
	no
	
	

	EyeCon
	Frieder Weiss
	www.eyecon.palindrome.de
	PC
	no (but frame-grabber recommended)
	performer- oriented interface
	$300
(30-day free)


EyeCon is probably the easiest system to set up and operate and it is adaptable to a great many performance applications.  Also, it is under current development (or it was at the time of writing this) which means it is compatible with current versions of operating systems, video cameras and so on.  

The other reason I focus on EyeCon is that it was developed for the needs of my dance company, so that besides being just a little biased ;) I happen to know it pretty well. 

While the instructions part of this book focus on one particular system, the principles apply to any of them.  The step-by-step instructions are included not to promote any one system, but simply so that you will realize that you can do it -- you, yourself -- even if you have no computer expertise.  This book concerns the artistic aspects working with motion tracking, but to get there, for the arguments to make any sense to you, you need the experience of doing it.
2.1.2. Computer

To use EyeCon, you need a Windows PC with at least a 800 MHz P3 processor (stronger computer recommended for interactive video output).  Windows version 98/2k/XP or Vista.

2.1.3. Camera or Other Sensor Device
You don't need a camera to track motion.  Indeed, in many cases the video camera is acting merely as a switch, turning on or off media according to movement.  If this is so, then why not just use a switch?   This simple question cuts to the chase and deserves a good answer.  

My company and I recently made a piece about human language with the title "A Human Conversation".  It involves two dancers talking to each other using gestures and sampled sounds instead of words.  The opening and closing of the mouth was one gesture we used, as was the opening and closing of the eyes.  At the premiere we used a video camera focused on the mouth and eyeball of the two dancers.  (see "DVD, Sample ___).   In later performances, however, we wondered if the exact same effect could not be attained with a hidden switch which each dancer simply presses whenever they made the gesture.  The point being, if the effect is exactly the same, then why not use the simpler method?
There are good reasons to use cameras and we will go into them.  For now, suffice it to say that every stage situation is different and different pieces have different needs.  Sometimes a switch is exactly what is needed.  An input for switches and other mechanical sensors is integrated into the EyeCon program for just this reason (and is discussed in detail under "Non-video Sensor Options", Section ___). 

But now to the question of what type of camera is compatible with the EyeCon motion tracking system.  The most common question we hear (next to, "Does EyeCon work on Macintosh?"), (no, it doesn't) is "Can I use the video camera I already have?"

The answer is, yes and no.  Technically it should work, but it might not satisfy your needs.  There are a number of issues such as latency, resolution and camera angle which must be looked at.  It may surprise you to hear that the issue is not one of how new or fancy your camera is.  Digital cameras, for example, offer no real advantage over analogue ones.  So the quick answer is that if money is tight, try the one you have already.  It might work, but an analogue surveillance camera is, in any case, the best option.  
Because the video camera plays such an important role in motion tracking (and because they are so complex and interesting), they are discussed in detail under "Camera Issues and Alternatives", Section 2.3.
2.1.4. Frame Grabber 

Modern computers all have a "video out".  This is where your monitor is attached (or with laptops, it is the jack where you can attach an external video projector.  Now try finding a jack labeled "video in".   This is why you need a frame grabber, to provide that input.  The EyeCon program was written for a particular frame grabber board, namely, the Falcon from the company IDS Imaging (www.ids-imaging.com).  It supplies two composite video and one SVHS input, in other words, you can attach up to three cameras.
2.1.5. Extras

Cameras need to hold still.  This is what tripods are for.  For motion tracking, however, you may need the camera up high to get a bird's-eye view of the action.  So, what you really need is not a tripod, but a camera clamp.  (Sure, you can gaffer-tape your camera into position; this, however, is a terrible idea.  Not only does tape get gooey under theater lights, loosen up and leave stickem on everything, but wait until you need to adjust the camera position for the sixth time from the top of a 12-foot ladder!)
Together with your clamp, you will want a ball-joint swivel head so that you can point the camera in just the right direction.  Since you will not be panning, the head does not need to be a fancy expensive one -- the ball joint does not need to float smoothly.  You simply loosen the screw, move the camera to where you want it and then retighten the screw.  
In contrast to the swivel head, you want a good quality clamp.  Every performance space is different, so you never know what you're going to be clamping on to.  You don't want it coming loose -- cameras are extremely breakable!  The Manfrotto company makes the best camera clamps (for example, their MA035).  Together with their extension arm and ball joint swivel head (MA244) you'll have a really good mounting system.  

Good, now the only other thing you need is video cable.  Any standard video cable will work.  In fact, audio cable will probably even work, but to sound cool you want to ask for co-axial 75 Ohm RG-59/U.  Buy a short one and a long one so you are ready for anything, for example 5 and 25 meters.  You're going to need a co-axial-to-RCA adapter to plug into the frame grabber and, while you're at it, get an adapter to connect two co-axial cables together (female-to-female).  This way you can extend your video cable length should you need to . 

When you're running the video cable from camera to computer, keep it away from high voltage power cables and especially transformers of any kind as they will put snow into your video picture quicker than you can say "white noise".   Also, remember to plug the power supply of the camera into a "clean" power outlet.  Not a circuit with a lot of lights or other power-hungry devices on it. 

Finally, if you don't know how to spool up a video cable, get a theater techy to show you how.  It sounds dumb, but there is a knack to doing it and this not only lengthens the life of the cable, but also prevents really nasty tangles.  Believe me, it is not like spooling yarn. 
2.2. Hook-up, Installation and a Quick Test
There are current step-by-step instructions for installing EyeCon and the Falcon frame grabber in the help file that comes with the program.  The tips that follow here are for people who have never installed hardware or software.
2.2.1. Installing the Frame Grabber
The frame grabber has two parts:   the physical board with the chips on it, and a small software that runs it called a driver.  Get the software first so it is ready when you need it.  In this case, you need the special driver written for the EyeCon-Falcon  combination.  It is available free from the EyeCon website, www.eyecon.palindrome.de.  When you have on your hard drive, unpack it (decompress it) so that its contents are available in a folder.  If this doesn't happen by double clicking, then you need to install the decompression software winzip  (free from www.winzip.com).  

Now you can install the board.  If you've never opened a computer before this will be fun.  Get a screw driver, pull out the power cord and open 'er up.  There you will see something that looks like a model of Tokyo in the year 3000.  This is the mother board.  On it, you will find one or more free plastic plugs that perfectly fit the edge of the Falcon board (they are usually white).  These are PCI buses or slots.  Choose any one you like.  The part of the frame grabber with the video jacks on it obviously needs to be accessible when computer box is closed so you will probably need to remove a little metal plate on the box of the computer.  That is, you will be replacing one of the metal plates that came on the computer with the plate on the Falcon board. Sometimes you unscrew them and sometimes you literally break them off.  
Now you can plug in the Falcon.  It may be stiff going in so make sure it goes in all the way.  To keep it from wiggling around and coming loose, there is usually a screw at the top of the metal plate that holds it tight against the back wall of the computer.   That's it.  Close the box.
When you turn on the computer, the windows operating system will recognize that it has something new and will ask for the location of the driver.  It does this through a series of arcane questions and little windows.  Read them carefully and they might make at least partial sense.  Since different versions of windows do this differently it makes little sense to try to guide you through it step by step.   Just try what makes sense.  In the worst case you can always de-install it and start over (you can't harm your computer with mistakes in this process).  

2.2.2. Installing EyeCon 

Once the computer is happy with its new frame grabber you can install EyeCon.  Get the current version from the web site and install it by double clicking and answering the questions.  It will ask you what video device you wish to use.  If you live in an NTSC country, then the answer is "Full Installation for EyeCon Framegrabber NTSC (EIA) Video-signal", or for PAL countries, load the PAL version.  If you are not sure what kind of country you live in, see: www.calle.com/world.
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2.2.3. A Quick Test

Plug your video camera into the lower of the two free RCA jacks on the Falcon board.  Now you should see a video picture in the video window of the EyeCon program.  If its blue, then there is no video signal coming in.   If the picture is black, then there are two things to check:  one is the aperture or amount of light the camera is allowing to reach the video chip.   To test this, twiddle the rings on the lens.  One of them is usually the aperture (it might be labeled with "O" for open, and "C" for closed).  Some cameras don't have this ring.  Some, such as camcorders, have an auto-aperture.   In any case, the second thing to check is the video parameters settings of EyeCon.  These are found under Options>Videopara (or press F6).  There you will see brightness, contrast and other controls.  Play with these until you see something.  
Now set the zoom on the lens (if there is one) and finally the focus.   In the end you want a black and white picture (color only adds noise and does nothing to help EyeCon) that is focused onto yourself and is as bright as possible without being overexposed.  That is, there should be no areas that are totally white, at least none in the performing area. 
To test EyeCon, first make sure your computer has sound, for example, by playing some music.  Now click the button line  top left in the Element Window.  You will see a little green line in the corner of the Video Window.  Move this with the mouse till you can reach out and touch it with your hand.   Now give the line the property of a midi-note by going to the menu tab midi-note in the Element Window by clicking midi note and then note on.  Finally, in the Global Window, click the red background button, followed by the triangular on or play button.  Now reach out and touch your virtual touchline and you will play the middle C on a piano.     
pic

2.3. Camera Issues and Alternatives
There are highly specialized and expensive cameras used in astronomy, surgery, biology, all kinds of industrial production and of course the military.  But the affordable "consumer" video cameras that have inundated modern society are of three types.  

many others used by industry and science).  Equally common and of much lower cost is the webcam.  These are simple digital cameras without recorders attached and are used primarily for internet communication (i.e. you can see the person you are talking to). 

These are the surveillance Factories use them to control production and scientists use them for things like astronomy.  The types of camera you are likely to have seen though (or can afford) include the webcam, the camcorder and the surveillance camera (see Table _____ below).  
Webcams are those little cameras people use to see the face of the person they are skyping (internet chatting) with.  They are digital and plug into the USB port of the computer.  The camcorder is battery-powered a camera and recorder in one.  The newer ones are all digital and the older ones are all analogue (I will go into this distinction later on). 

With enough tweaking and modification (both in the technology and/or in the choreography) you can probably get any video camera to track motion.  But for our purposes, the best type of camera is the analogue surveillance camera.  There are a whole bunch of reasons why, concerning   

image resolution and noise,

lens angle (field of view),

automatic camera control features,


mounting,

latency and cable length. 

These issues are important, so let's take each one separately. 

2.3.1. Image Resolution and Noise
Surveillance cameras generally have higher resolution and lower noise than either webcams or camcorders.  High resolution is good.  Why?  Because higher resolution means more detail in the picture and more detail means that the system will be sensitive to smaller changes in the performer's body.  Noise (video noise) is the graininess or snow you see in a bad picture.  The problem with it is that it tends to be in motion.  This means that the motion tracking software can mistaken noise for a performer's movement.  
Instead of getting a higher resolution camera, you ask, why not simply zoom in the camera you have?  DV camcorders, for example, have really good zooms.  To an extent this works, but it is not that simple.  The picture from a highly zoomed camera is less stable since even tiny camera movements have a large jostling effect.  Also, a highly zoomed image will be noisier. 

Finally, a zoomed-in camera has the obvious disadvantage that the rest of the stage is no long available for motion tracking (assuming you are using only one camera).  

Resolution is determined largely by the size of the MOS chip, or optical light sensitive CCD (Charge-Coupled Device).  This is the light-sensitive silicon chip behind the lens of every video camera and the larger it is the more detail, i.e. resolution, the image can have.  These are discussed in detail in chapter _____, but for now let us simply be aware that for virtually all of the types of cameras that come into question for us, there are three sizes to choose from: 1/4", 1/3" and 1/2".  
2.3.2. Lens Angle (Field of View) 
You will find that enough zoom is rarely the problem, much more the opposite.  Work in theaters or studios often requires a really wide-angle field of view. While camcorders are good at zooming in, they are pretty bad at zooming out.  If you have ever tried to video a dance with a fixed-position camera then you know what I am talking about.  You simply can't get everything in the picture.  Surveillance cameras have the advantage that you can screw on wide-angle lenses or, better still, variable angle lenses that let you go from normal to wide to super-wide.  If your theater is smaller than the MET, then you will find such a lens extremely useful.
In addition to generally higher picture resolution, larger chips have the advantage that they generate a wider-angle field of view.  For a given lens, the larger the chip, the wider the field of view (see Figure _//illustration lens angle//__).    Widening the field of view by way of a wide-angle lens comes at a cost, namely distortion.  Every lens has a focal length which is measured in millimeters.  The smaller the focal length, the wider the field of view and the greater the distortion.   As a rule of thumb, I advise you to avoid lenses with focal lengths less than 2.8 mm (even 2.8 will sometimes drive you nuts).   
With the right lens, you can see behind yourself, but the picture on the computer screen will be so bent and behave so strangely that it will be virtually impossible to work with.  How and why this happens is discussed in ____.   For now just remember, for reasons of resolution and field of view:  the bigger the chip the better.  
This table relates chip size to focal length and floor area coverage. 
	Chip Size

(CCD)
	Focal Length of Lens
	Height camera must be above the stage 
in order for the entire stage to be in the picture

	
	
	12 x 9 meter stage
	10 x 7.5 meter stage
	8 x 6 meter stage
	6 x 4.5 
meter stage
	4 x 3 meter stage

	1/4"
	2.6 mm

2.8 mm

3.0 mm

4.0 mm

7.0 mm
10  mm

	8.5

9.3

10

13.4

24

34
	7.2

7.8

8.3

11

19.5

28
	5.8

6.2

6.6

8.9

15.6

22.2
	4.3

4.7

5

6.7

11.7

16.7
	2.9

3.2

3.4

4.5

7.9

11.2

	1/3"
	2.6 mm

2.8 mm

3.0 mm

4.0 mm

7.0 mm 
10  mm

	6.5

7

7.6

10

17.6

25.2
	5.5

5.9

6.4

8.5

14.6

21
	4.4

4.7

5

6.7

11.7

16.7
	3.3

3.5

3.8

5

8.8

12.6
	2.2

2.4

2.5

3.4

5.9

8.4

	1/2"
	2.6 mm

2.8 mm

3.0 mm

4.0 mm

7.0 mm
10  mm

	4.9

5.3

5.7

7.5

13.3

18.8
	4.1

4.4

4.7

6.3

11

15.7
	3.3

3.5

3.8

5

8.8

12.5
	2.5

2.7

2.9

3.8

6.6

94.
	1.7

1.8

1.9

2.6

4.4

6.3


* - Keep in mind, this is the distance you would need in order to this dimension of floor space, not the performers!  Along the edges of this field, only the performer's feet will be visible.  To know the distance you need for the entire performer to be visible, add the height of the performer to this number.

Unfortunately, its a bit more complicated than this.  Since different lenses and lens types cause different degrees of distortion, you will ultimately have to go through a trial-and-error process.  Remember, cameras do not see "straight".  Although good lenses attempt to compensate for it, there is an unavoidable distortion that occurs when you turn 3-dimensions into two.   The rectangular stage space will probably look something like the diagram below.  The values above refer to the average stage width and height, shown below in red. 
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2.3.3. Automatic Camera Control Features
Both digital and analog camcorders come with auto-focus and auto-aperture features.  When these are running, EyeCon will not be very happy.  Think about it:  when the performer steps into the view of an "auto" camera, then the camera will immediately start making picture adjustments -- to focus better on the performer and to set the light exactly right.  This sounds good, but the problem is that changes -- any changes -- are interpreted by EyeCon as movement, and the movement we are interested in is the performer's, not the camera's.

If there's no little switch on the side of your camcorder to turn these things off, then try reading the instruction manual (novel idea).   Sometimes its hidden in a sub-sub-menu.  If you can't turn auto-aperture off, you might just survive if the lighting is relatively stable.  The autofocus is another matter.  Its a catastrophe.  You'll need another camera.  There may be a "spotlight" setting within your camera.  This prevents the aperture from over compensating for a relatively dark stage and thus helps give a more stable light.
2.3.4. Mounting

Typical surveillance cameras are only a few centimeters across and so are really easy to mount (see Extras ____).  You need to find a place out of the way where they won't be disturbed (or stolen!).  As you might imagine, the best place for the camera depends on the scene and particular actions you wish to track (for tips on this, see ___).
2.3.5. Latency and Cable Length
Camcorders would seem to offer a good solution.  Many performing artists have them already (or wouldn't mind owning one) and offer up a digital video signal of reasonable quality in a form compatible with the windows environment through the now ubiquitous USB or Firewire connectors.  But, and this is a big but, they will have a noticeable latency.  This is because IEEE1394 is fixed at full TV resolution which results in a high data rate and a fraction of a second latency. There is no easy way around it and for most motion tracking applications the latency is completely unacceptable.

Another problem with both the webcam and the camcorder options is the restrictions on video cable length.  With both USB and Firewire the signal starts to be lost or become unstable around 10 meters.  Analogue video cable, on the other hand, can be long. Very long. 
So, to sum it all up, if your camcorder has good resolution, if it has an analogue output, if you can defeat the automatic controls, if you have a good place to mount it and if the field of view is sufficient for your needs, then you might just get away with it.  Otherwise, get a surveillance camera.

By the way, SVHS (super VHS), or using the SVHS jack of a DV camera, has no advantage for EyeCon since the picture is only improved in its color, and not black and white aspects.  There is, however, no disadvantage in using an SVHS signal should this be the type of cable and jacks you happen to have around.  Cable length limitations are similar to those of standard video.
	device
	comments
	pro’s
	con’s
	price $
	picture

	industrial analog surveillance camera
	this is the all-round best solution for motion tracking.

Black and white surveillance camera with 1/3" chip, such as TV-CCD 460 with Vario lens 2,8-10 mm, or a comparable 1/2" chip camera with 4-10 mm Vario lens.
	almost unlimited cable length is possible. allows professional mounting, changeable easily-available lenses and a fast and good quality picture.
	requires that you to buy a frame-grabber (see the section on frame-grabbers below)
	200-500
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TV-CCD 460 (left) with Vario lens 2,8-10 mm (in this picture with automated aperture and remote control zoom)

MTV-73KR11 (right) with 1/2" chip and manual zoom

	analog camcorder

(for example an old VHS, SVHS, Hi-8, or Super-8 camera)
	needs to have a "video out" jack. black & white is fine. some models don’t allow you to turn off the auto focus or automatic aperture - a serious problem because EyeCon will mistaken the camera's automatic picture changes with movement on stage!
	often adequate picture quality, depending on the camera quality.

almost unlimited cable length.

very low price
	requires you to buy a frame-grabber (see the section on frame-grabbers below).

can be noisy. wide-angle usually not very wide. 
	0-50

can be found lying around, or in a used camera market
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	webcam
	make sure it has a so-called WDM driver (newer models generally come with it). you also should get a model that allows you to turn off the automatic exposure. switch it to black and white mode and set a high frame rate.
	can be used with laptop computers

low price
	cable length limited. fixed lens. low picture resolution. high noise level. 
	70-80
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Philips ToUCam Pro PCVC740K. 

	DV camcorder
	DV is always full TV resolution, which results in a high data rate and a slight delay.  fire wire causes additional delay problems.

Larger 3-chip models often have high resolution (though mostly in full color mode, which may be irrele​vant to EyeCon.
	relatively high quality picture though this varies from camera to camera.  
	perceivable delay (latency) and limited cable length when using digital interface. 

wide-angle usually not very wide.
	1000 - 5000
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Video Camera Alternatives. 
2.4. How it Works  
Next to the personal computer and cell phone, the video camera is the most sophisticated piece of technology in popular use.  From the silicone chip that captures the light, down to the batteries and machinery that let you record the image, video cameras are a amazing pieces of engineering.  It is not something anyone sitting around with friends could have cooked up.  It is clever on another order of magnitude.  It is the result of billions (that's billions with a 'b') of euro investment by companies like Kodak, Fuji and Hewlett Packard.  In all, three Nobel Prizes have gone to the scientists who did the basic research that lead to video [list all 3] among them, one Albert Einstein).  It sounds absurd, but from a technical standpoint, video may be mans crowning achievement. 

Video starts with a camera.  A camera is a box with a hole in it.  The hole has a lens in front of it and, traditionally, a piece of light-sensitive film is placed opposite the hole inside the box.  The hole is normally covered up, but for a moment you uncover it and then quickly cover it up again, thus exposing the film to the pattern of light corresponding to whatever happens to be opposite the camera at the time.  

Instead of film, video cameras have a specially treated piece of silicon behind the lens.  Silicon is sensitive to light, but not in the same way camera film is.  When it is exposed to light it doesn't change color, but instead gives off electricity.  This is the so-called photoelectric effect.  Pretty fancy.  Fancy indeed, the man that figured it out was named Albert Einstein and it won him a Nobel prize.
-.....
There are different kinds of video cameras.  Some have shutters that open and close, just like film cameras, but the ones used in webcams, camcorders and surveillance cameras do not need a shutter.  The hole in the camera is open all the time.  Its not that these cameras take a flowing or continuously-changing picture.  They don't.  They take a series of stills (known as frames) just like a movie camera.  Its just that the frames are accomplished electronically instead of mechanically. In other words, the silicon chip is being turned on and off many times each second.  Each time it is on, it stores one movie frame and then sends it down the wire. 
This chip, the CCD, is an amazing piece of architecture so I thought it might be fun to explain how it works in detail.  I doubt this will help you make better pieces, but artists are if nothing else curious beings so here we go: 
Light is a really good way to track motion.  It is both fast and rich in data.  
++

physics of the photoelectric effect at the atomic level.

chip architecture

analogue vs. digital video 

++

How EyeCon Software Tracks Motion
++
3. Tech Part II - Step-by-Step Tutorial

3.1. Lesson 1:  program layout
3.1.1. Operation Windows

3.1.2. Elements



dynamic fields



touchlines



feature fields



position trackers

3.2. Lesson 2 - controlling onboard MIDI with touchlines

3.2.1. Creating and moving touchlines

3.2.2. Assigning midi notes and midi patches

3.2.3. Testing in simulation mode

3.2.4. Playing scales, chords and arpeggios

3.3. Lesson 3 - controlling external sounds with dynamic fields 

3.3.1. Creating Dynamic Fields

3.3.2. Playing wave files

3.3.3. Control options

3.3.4. External Devices

3.3.5. MIDI and UDP-OSC protocols

3.4. Lesson 4 - advanced motion sensing options

3.4.1. Feature fields

3.5. Lesson 5 - programming scenes

3.5.1. Scene management

3.6. Lesson 6 - controlling lights and images with movement

3.6.1. Controlling pictures 

3.6.2. Controlling movies 

3.6.3. Controlling stage lighting 

4. Art
4.1. Cannon Fodder
Some people like to play with technology.  Fine.  You have to wonder though, does this have something to do with art?

I made my first interactive piece in 1973.  I was student in high school and had two elective classes:  electronics and modern dance.  My project took the form of a dance in which I controlled sounds through a homemade electronic device I called the "squealer".  It had a photoelectric chip on it and it made different sounds depending upon how the light was striking it.  I'm not sure what my intention was except perhaps to make a piece that would be stand out in some way.  This may not be the worst of motivations for an artist, but since then I have come to know others. 

To move and have the environment respond to your movement is the basic idea.  It means that your physical presence or expression is enlarged or amplified by the technology and in this sense, motion tracking is not so very different from say costumes, lights or other stage set accoutrements.  Louis XIV, the Sun King, was a great fan of automata and remote-acting devices of all kinds

toys?  rifles and cannons, history and capabilities.    then louis sense that he was an agent of god.  ie. the power trip in strong action -- for example, destruction -- from a distance and with relatively small movements.

Who but a god could lift his a finger and have there be light?  Well, me, for example.  James Bond movies but vanilla sky too.  he touches a switch and the screen and it recedes into the floor.  It isnt that the floor space is needed, or that this is somehow easier or more practical than simply moving it out of the way.  it is the act of mechanical control that we, supposedly, enjoy.   fascination with remote or transmitted action.  telephone  or light, or tv or anything was considered entertaining _even without content_.   the internet telephone, and the comment again:  it is not the content or even the usefulness or capabilities, but simply that it is newly seen and results from our actions.  ie. gimmicks, ie. toys.   phones or sms or even cars were not predicted.  other things are predicted, but do not come to be. (how many times have we heard it predicted that someday soon video phones would replace audio-only phones?).  
Tools interest us.  This is nothing new.  Acheulean hand axes are considered to be mankind's first technology.  They were made in great numbers by early Homo erectus from 1.5 million to 100,000 years ago.  While some finds were made near Saint Acheul in France, the earliest ones are found in Africa where they are at some sites so common that you literally have to avoid stepping on them. They made them by the thousands and when early man began to spread out of Africa they brought this technology with them.   Studies have shown that they are quite time-intensive to make and there are other ways to fashion axes from stone, some which cut better, some which hack better and yet the Acheulean design completely dominates pre-history.  In other words, the tools seem to have had some value that goes beyond their utilitarian functions. You have to wonder if these tools were made at least partly for the sheer enjoyment of making or having them.  
And if one of the reason we use tools is simply because they give us pleasure, what does this say about technology in art?  Does this belittle or increase its validity?  Concerning the art of today, the point which seems most obvious is that it appropriateness or justification depends less upon the particular tools than it does upon which hands are wielding them; what skill and sensibility their user posses and of course to what purpose he or she is putting them.  This is one reason I cringe when I hear theater and new media experts talk about which technologies are leading the way in the arts.  

Computers are a special case in that they offer not so much a tool as a ..............

But if we think of sensors and digital technology merely as a new stage set in which to insert our dance/theater/music works, then we are missing the point.  You may make a good piece this way, but it will be good in spite of and not because of the technology.  I've seen this over and over again, including by quite excellent and famous artists, and it always makes me sad because of the missed opportunity.  Most interactive art, I have to say, is neither.  But before I come completely unglued, let's get down to basics. 

My point here is that technology is hugely distracting.  It has its aesthetic, its cultural impact, certainly its impact on how we do business, buy things, stay in touch with distant friends. etc.  and certainly there is ample justification for pieces of art that comment on these artifacts and changes. 
but as tool in creation, as a way of extending the expressive power of the performer... 
4.2. Raison d'être    

The human body in motion draws its expressive power in no small measure from the special sensitivity of the human eye to particular kinds of movement.  This is obviously a large part of what dance is, but the movements of musicians, for example, can change our impression of what we have heard.   I hardly ned to point out that actors and actors can also profoundly affect the way we feel about what we have heard or seen.  These are felt by the actor or dancer in her or his so-called kinesthetic awareness, but they are equally important to the audience for they are the things which guide their appreciation of the piece.  Though we are rarely aware of it, the human brain does a lot of signal processing -- between the retina and the heart, all kinds of things can happen. 

So, there is a difference between what the eye sees and what the mind perceives, this is clear, my point is that this is especially true in the perception of human motion.  We need to think of interaction primarily as a psychological process, rather than a technical one.  You certainly don't need cameras and computers to be interactive.  Interactivity is the instinctive back-and-forth of energy that occurs when animals gather to speak, gesture, touch or, in the case of human beings, create art.   In each case, the heart rate and other basal metabolic indicators rise.  Certain facial muscles tense and a slew of social rules kick in concerning posture, position in space, timings, gesture and speech.  Interaction is what we are not doing now.  If you were to write back to me, I would have your re-action, but we wouldn’t really start inter-acting until we met up and hashed it out.  

Just to be completely clear on this point:  while the two are often confused, automation in no way implies interaction.  Bringing a new technology on a stage may generate excitement, but this by itself is no guarantee of interactivity.  It is what we do with the technology as artists that makes it interactive.  
4.2.1. Interaction:  Who with Whom?  

We can speak of different kinds of interaction:

· between performers 

· between performers and audience

· between audience members  

· between performer and a computer system

· between audience and a computer system 
You can find good examples of all of these -- "good" in the sense that they engage people.  The same psychological underpinnings are always involved -- the quality I call interactive. Technologies such as motion tracking, can turn on basic animal instincts and impulses. 

Interactivity requires a certain looseness or openness on the part of the performer.  If the actions of a piece are completely fixed, there can be no interaction.  It is like trying to have a conversation with someone who already knows what they want to say (the exasperation of which is known to all).  Looseness then, or a certain indeterminacy, is needed in both the material and in the performer's handling of it on stage.  It is related to, though not quite the same as, improvisation.  My own dances are probably 90% choreographed and yet even within the prescribed movements there is room left for choices.  One of the performer's jobs is to play within this room and to discover something new each time they do.  Interactive performing is, above all, a psychological orientation, a mindset.  Some performers are better at it than others (though this doesn't necessarily make them better performers!).  It is the sense that no matter how much the piece is rehearsed its outcome can never be fixed.  
Performing artists tend to be specialists.  Dancers, at least those who do not happen to also be musicians, are not accustomed to listening to their movements.  Nor are musicians in the habit of sensing how they appear.  You might think of it as a special type of performing, though in fact, rather than something futuristic, it actually harkens back to an earlier age when performers mixed their media much more freely than they do today.  I am thinking, of course, of the theater-dance-music events of primitive cultures.  

To sum up, while interaction may be the essence of human social contact, it is certainly not the essence of art.  Painting, literature, sculpture, film, recorded music... all exist in interaction-free zones.   Even in the performing arts it is not a required.  A piece with more interaction will not necessarily be better than the same another piece with less. Interaction is, however, an important -- sometimes key -- element in many theater, dance and live music events and it provides us with a potent paradigm for applying motion tracking and other digital technologies to the stage.    
4.3. Straws to Grasp
Interactive elements on stage can work (or fail) artistically for unknown reasons.  There is really no science to making a good piece of art, even one with high technology.  And if this statement would seem to defeat the basic premise of this book, then so be it.  As I've said, the blah-blah -- excuse me, analyses -- of art and technology has rarely been of much help to me in making pieces.  But as you may have already discovered, this business is not easy.  We look for help where we can find it and grab at what straws we can.  

Motion tracking can certainly make some strange things happen.  To go beyond this we must think.  The theatrical effect of motion tracking relates to :


amplification of gesture


communication with an unseen player, or 

visual or acoustic accompaniment.
4.3.1. Amplification of Gesture

Like the sculptures of Claus Oldenburg, things that are normally very small, can be made very large.  This is a powerful tool in theater, some would say it is the essence of theater.  (There are enough books on this subject that I'm sure there is nothing I could add -- only perhaps to say to say that motion tracking follows a very long tradition of tools used to exaggerate, enlarge or otherwise empower our humble performer).   
4.3.2. Communication with an Unseen Player

The "response" of the media to performer's movements can serve as a subtext beneath the larger text of the live action.  It is like hearing the conscience talking, i.e. its part of performer, reflecting their inner state.  It can also can be felt as a comment from the outside -- from an unseen player. 

4.3.3. Visual or Acoustic Accompaniment

Dancers particularly, but actors and musicians as well, work to synchronize their actions with accents in the music.   Call it rhythm.  Call it musicality.  Its an important business.  The relationship between the visual and acoustic worlds is complex.  When people watch dance, for example, I've noticed they sometimes credit the choreographer with things the composer has done (and vice versa).  That is, we confuse what we see with what we hear!  

There are many ways to synch up images and sounds, and the exact way an artist does it -- the milliseconds here and there, the types of attack and decay, expectation and fulfillment -- these things are not trivial.  If you reduce motion tracking to "the music follows the movement, instead of the other way around", then you oversimplify the relationship.  

4.4. Who is Using Motion Tracking and Why?  Four Case Studies.

4.4.1. Case Study #1

4.4.2. Case Study #2

4.4.3. Case Study #3

4.4.4. Case Study #4

4.5. Mapping

Mapping is an important concept in interactive work.  It means, in simple terms, what causes what to happen.  There are three components to mapping: input, output and compliance.  

4.5.1. Input

Motion tracking input refers to the performer's actions on stage, but not just any actions.  We need to get used to thinking about action in terms of specific movement features, or parameters.   Sometimes they are obvious, but other times they must be teased out, for remember what I said earlier:  cameras and computers do not see in the same way as humans do. 

There are really three separate sets of parameters which concern us:  first there are the things which the computer can see (in other words, what the technological system can measure);  second, there are there the things which you, the piece maker, see; and finally, and most importantly, there are the things which an unsuspecting audience member might be expected to see, or at least respond to on some level.  Designing a piece that works both technically and artistically, means lining up the last of these with the first. Understanding the differences between them means the difference between a nerdy, high-tech piece which you and your friends will like, and something artistic.  

Some of the more input parameters are listed in Figure 4. 

	Approach 
	Number of performers
	           Movement parameter
	Easy to track using EyeCon
	Somewhat more difficult to track with EyeCon
	We've done it with EyeCon, but it was tricky  
	Trackable with Big Eye
	Trackable with Eyes Web
	Trackable with body-oriented
 electrode-based systems
	OK at one place on the stage, but tricky when you start moving around

	environment-oriented
	one performer
	presence or absence of motion 
	x
	
	
	x
	x
	x
	

	
	
	amount of movement (activity level, roughly graded, e.g. low, middle and high)
	x
	
	
	x
	x
	x
	

	
	
	amount of movement (activity level, more finely graded, e.g. 0-10)
	
	x
	
	x
	x
	
	

	
	
	movement a single body part, independent of others (e.g. hand, head, etc.)
	x
	
	
	x
	x
	x
	x

	
	
	presence or absence of body parts at assigned points in 3-D space
	x
	
	
	
	x
	
	x

	
	
	absolute (x,y) position of a single body on the stage
	x
	
	
	x
	x
	
	

	
	
	direction of travel (left-right, upstage-downstage) of a single performer
	x
	
	
	x
	x
	
	

	
	
	speed of travel  
	
	
	x
	
	x
	
	

	
	
	level of movement nuance (how repetitive the movement is)
	
	
	
	
	x
	
	

	
	
	height (distance from floor) of highest point in the body
	x
	
	
	x
	x
	
	

	
	
	direction of travel (upwards-downwards) of highest point in the body
	x
	
	
	
	x
	
	

	
	
	position (left-right) of left-most point on the body
	x
	
	
	x
	x
	
	

	
	
	direction of travel (left-right) of left-most point on the body
	x
	
	
	
	x
	
	

	
	
	total width 
	x
	
	
	
	x
	
	x

	
	
	total height
	x
	
	
	
	x
	
	x

	
	
	total size (width plus height) i.e. level of expansion in body
	x
	
	
	
	x
	
	x

	
	
	level of symmetry (how similar is left and right)
	
	x
	
	
	
	
	x

	
	
	direction of rotation (pirouette) in the body
	
	
	x
	
	
	
	x

	
	
	movement of one body part in relation to another (for example with color-coding)
	
	
	x
	x
	x
	
	x

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	two or more performers
	absolute (x,y) position of 2-5 bodies on the stage
	
	x
	
	
	
	
	

	
	
	direction of travel (left-right, upstage-downstage) of 2-5 bodies, measured independently of one another
	
	
	x
	
	
	
	

	
	
	absolute (x,y) position of 2-5 bodies on the stage (color-coded, by costume color, so that they maintain their identities) 
	
	
	x
	
	
	
	x

	
	
	absolute (x,y) position of more than 5 bodies on the stage
	
	
	x
	
	
	
	x

	
	
	distance between 2 performers
	
	
	x
	
	
	
	

	
	
	distance between men, women, and man-to-woman, measured separately (via color-coding)
	
	
	x
	
	
	
	

	body-oriented approach
	one or two performers
	level of muscle tension in specific muscle groups
	
	
	
	
	
	x
	

	
	
	level of brain wave activity at different frequency ranges
	
	
	
	
	
	x
	

	
	
	speed and rhythm of heartbeat
	
	
	
	
	
	x
	

	
	
	skin-to-skin contact between 2 performers (anywhere on stage)
	
	
	
	
	
	x
	x

	
	
	skin-to-skin contact between 2 performers (at specific locations on stage)
	
	
	
	
	
	x
	x

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	


Figure 4. "Input Parameters"

4.5.2. Output
Output refers to the thing the performer controls with their movement.  When I see a composer or videographer turning knobs or sliding sliders, changing things around, my question to me is always, "Is that something I might want to control with my body, and if so, what movements would I use?".   Virtually any aspect of sound or picture that can be controlled with software or hardware can also be controlled with movement.  
But we are get ahead of ourselves, and into worlds which require expert collaborators.  Remember my premise for this book is that you can do it by yourself.  There are a number of output parameters which are easy to control and require no special secondary program or external equipment.  This is not a compromise.  More sophisticated, fancier technology does not equal better art (did I say this already?).  All of this stuff is fancy if you've never seen it before, and, if I am not mistaken, we are talking about 99% of the viewing public. 
From a technical standpoint, we can divide output into categories:

· systems which are built-in to the motion tracking software

· separate software systems running in the same computer as the motion tracking software

· software running on a separate computer, one which receives data from the motion tracking computer

· separate hardware systems entirely (not computer-based)

The actual output media may be sound (music), image and movie projections, lighting changes or other environment-controlling machines (wind, vibration, ...).  

Now we can make a table much like the one we had for Input: 
	
	
	
	systems built-in to EyeCon
	systems built-in to x_______
	systems built-in to y_______
	separate software systems running in the same computer
	software running on a separate  computer*
	separate hardware systems entirely
	

	
	music
	sound on/off
	
	
	
	
	
	
	

	
	
	particular elements (voices or instruments) on/off  independent of others
	
	
	
	
	
	
	

	
	
	triggering singular pre-recorded sound elements (text or music samples)
	
	
	
	
	
	
	

	
	
	+++++
	
	
	
	
	
	
	

	
	
	louder/softer
	
	
	
	
	
	
	

	
	
	higher/lower pitch
	
	
	
	
	
	
	

	
	
	panning (left/right with stereo, or around the room with surround sound)
	
	
	
	m
	
	
	

	
	
	modulation of other sound properties (waveform, timbre, harmonic structure, ...)
	
	
	
	
	
	
	

	
	
	temporal changes (speeding up slowing down a sound)
	
	
	
	x
	
	
	

	
	
	"scrubbing" - temporal parity changes (playing sounds frontwards and backwards)
	
	
	
	y
	
	
	

	
	image
	
	
	
	
	z
	
	
	

	
	
	+++++
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	"scrubbing" - temporal parity changes (playing movie frontwards and backwards)
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	


* -  the question of same computer vs. separate computer is a bit moot.  That is, with a strong enough computer, you may be able to do the motion tracking and the output process on one machine.  But what if one system runs on Macintosh and the other on a PC?  Also, you may need to actually need to be tweaking both programs simultaneously during a show and this is hard with one mouse. 

m - max/msp (see Section _____ "Max/msp")

x - system x______ etc
Figure 5. "Output Parameters"
The output device might be built in to the motion tracking software, but it could also be a separate program running in the same computer.  It could even be a separate machine all together, hooked up to your motion tracking machine via a special cable. 

+++++++++++
4.5.3. Compliance

The third component of mapping, I call compliance.  This refers to the nature of the causal relationship;  its disposition, direction, finesse, etc.  In other words, what the input does to the output.  For example, if you choose movement dynamic as your input, and music loudness as your output, you still need to decide on how the two are related.  Is there a threshold, below which, or above which nothing happens?  Does increased movement dynamic cause increased loudness, does it make it quieter?  

Figure 5. "Input/Output Model"
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4.6. Motion Tracking Issues and Answers
Perhaps out of a desire to see something -- anything -- new on stage, there is an almost mythic attraction to high technology in the performing arts.  This is, of course, partly to our advantage.  That myth will serve you well when it comes time to sell your wares.  Your will attract attention, sell more tickets.  

But this attention comes with a price.  This is what I want to focus on in this chapter:  Artistic dangers, problem work-arounds and useful tips.
4.6.1. Must Mapping be Intuitive?  

Once we start looking at mapping alternatives, we realize we are faced with an incredible number of possibilities.  Every one of many inputs can be mapped to any one of  many outputs and that using any of a number of compliances.

While this may at first be daunting, in fact though, the number of useful possibilities is far more limited.  This is because most of the mapping possibilities are for all practical purposes invisible.  They are too subtle to be perceived by an audience.  Technically you can get them to work, but its hard to think of a reason why you would want to do so.  So that you can imagine that you see something happening?  

"But the subtle ones are the interesting ones.  The obvious ones are boring."  I've heard this a lot.   In fact, next to, "Does EyeCon run on Mac?" and "Can I use the video camera I already have?", its probably the most common question I get.  Artists love subtlety.  The thought of a direct or single-layered relationship just doesn't strike most artists as, well, artistic.  (Indeed, the idea of doing anything in the way that makes sense turns off some artists I know!).  No, mapping does not need to be intuitive, of course not, but in practice it is difficult to achieve any meaningful results if it is not.  Stray but a little and the outside observer will lose the connection faster than you can say "white noise".  

I've given out this answer a hundred times and each time the asker went away and made their fancy-schmancy mapping anyway.  Maybe its something inherent in working with motion tracking, I don't know, but the result was always the same:  the audience had no idea what was going on.  It is harder than you think to get a perceivable effect, let alone from a mapping which is complex or obscure.  

No one likes simple stupid pieces.  But the dichotomy is false.  There other ways to introduce sophistication and intelligence into the work.  Intuitive does not equate to "obvious".   

Figure 6. "Sample Mapping"

Here is a simple mapping.  Using increased movement dynamic to decrease the loudness of the music might seem counter​intuitive, but in fact this depends on the choreography and the nature of the sound.  For example, what dancers call a suspension -- holding hovering, lifted shapes -- requires a good deal of energy even though little or no movement is involved.  Thus, in this case, higher energy is associated with less motion, and might indeed be effectively mapped to a higher sound level.  

4.6.2. Sentimental Data 

It has been said by a number of artist/researchers*, that the audience’s ability to follow the mapping -- to perceive the causal relationships -- is not only unimportant, but irrelevant.  They argue that as long as the technology has an affect on the creators and performers then its use is justified, for doesn't anything that affects the performers end up affecting the performance?  The criterion for the successful application of technology, according to them, is simply whether or not the piece is any good.

This line of reasoning has always bothered me.  First, because it is a red herring.  It simplifies the discussion beyond relevance.  The issue is not whether beautiful works of art can be made using new technology, but rather if the same work could have been made without it, in a simpler less pretentious way.

The second problem is that there is a tendency to read more into findings than is actually there.  In 1996, Beatrice and Allen Gardner taught a chimpanzee named Washoe to speak using ASL (American Sign Language).  According to the Gardners, the chimpanzees' difficulty in language acquisition was not due to a lack of intelligence, but rather to an 'inability to control lips and tongue'. 

Thousands of hours were spent teaching Washoe to speak, and, sure enough, he started speaking -- that is, signing.  Articles appeared in scientific journals, newspapers and television; the talking chimp (visit www.friendsofwashoe.org).  The Gardner’s work was documented through careful observation, videotapes and extensive notes.  
Over the ensuing months and years, however, their "discovery" has been completely discredited.  It turns out Washoe is not conversing with language, but has instead learned a series of tricks, like a dog.  The Gardners were not accused of manipulating their data, at least not intentionally.  Noam Chomsky calls what happened, "suggestion by the experimenter.... a sentimental interpretation of data."  The Gardners were and are scientists, but despite best intentions, they were simply duped.  They had become friends with their subject matter.

Well, if nothing else, artists are friends with their creations.  Because audiences applaud and well-wishers ooh and ahh, because newspapers write good reviews, they are not relieved of their responsibility to critically analyze and, by the way, be skeptical of technology.  It may not be doing everything we think it is.  It may not be doing anything we think it is.

4.6.3. Where's the rabbit?  Where's the hat?

Mapping can, of course, be so persistent and obvious that the piece looks more like a science exhibit.  Even with fine artistic elements, there is a danger of getting a how-did-they-do-it head-tilting; a piece that is part theater, part magic show.  We've had audience members ask us afterwards, "so how did you really do it?".  

The problems start with what I call the 'boys with toys' syndrome.  This is where the means overpower the end and the adventure of getting the equipment to do what you want it to makes you forget why you got it out in the first place.  It is easy to spend more time in front of the computer than, well, doing anything else.  So what's wrong with that?
My humble advice:  work with your primary discipline first and technology afterwards.  Those computers can ruin you.  It makes a difference to the creative process inside you.  Collaborators should start the day separately, each with their nose in their own medium.  No matter how interactive you manage to become, there is no substitute for solid, well-formed material with which to work.  This in is the best way I know to keep the rabbit out of the hat.

4.6.4. Multi-dimensional Mapping 

After hearing my skepticism of complex mapping, it might surprise you to know that I am something of a fan of multi-dimensional mapping.  Multi-dimensional mapping is an expression one used to hear kicked around in the early 00's to describe pieces with complex or overlapping mappings.  When it is done well, it strengthens and clarifies the interactive effect.  For example, take the piece I was rehearsing this morning, A Human Conversation.  In it, there is a scene which uses touching electrodes (allows skin-to-skin contact between dancers to trigger media).  When the dancers separate, the breaking of physical contact causes not one, but three things to happen:  a certain sound is heard, a loud continuous cacophonous sound becomes a quieter continuous smooth sound and a change occurs in a projected image.  I.e. two different sound events and one visual event are triggered by the breaking off of contact. 

When we used to use EMG electrodes we did something similar.  We mapped different muscle groups to their own light cue (usually a particular color of light) and a particular sound track as well.  There is a strong innate response to multiple mappings, particularly those involving both sound and image together, eye and ear.  

It may seem counter intuitive, but when it is done well, this layering of the media can obfuscate the exact relationship even while it increases the impression of clarity.  , or at.   In other words, beyond a certain level of complexity we essential stop caring.  The exact mechanism no longer concern us and watch it as art.  

4.6.5. Intelligibility 

When a live performer is coordinated with other media, the assumption will always be that it was simply well-rehearsed.  Sometimes though, we see things that simply cannot have been rehearsed.  It has lot to do with the tightness of the temporal relationship, but it is not the only factor.  It is usually a combination of things:

· absence of cues, especially a clear beat in the music.  Five, six, seven, eight, go! I think you get my point.

· high coherence (low latency).  There is a cut-off point after which we no longer perceive separate sensory information as being part of a singular event.  We perceive points in time and call them "now", but in reality our mind has assembled separate sensor information spread out over as much as a few seconds.  In the case of associating a sound to a movement, a half-second latency is pretty destructive.  

· repetition (but with an irregular timing).  Once is not surprising. Twice is an interesting coincidence.  When a movement causes something to happen three times, then something changes in our perception and even though we may not know how it is being done, we accept this new relationship and have a different sense of what we are seeing.    

· performer clarity.   How the performer handles the system is extremely important.  If she is sensitive to the effect she is having on her environment, then the audience sense it as well. Interaction by Implication

· Interaction by implication.  When some interactive moment, not too far into the piece, is made utterly clear and convincing, then audiences will cut the piece a certain amount of slack, so to speak, and will find themselves sensitized to subtler mappings as well.   
4.6.6. The Fallacy of Position Tracking 

One of the most common ideas is to track position in the room and then make different locations cause different things to happen.  The nice thing about this idea is that you don't need dancers.  Anyone, even people in wheelchairs can position themselves at different location in a room. 

The problem is only that it doesn't work.  I've seen it attempted more times than I can count and it never works.  Technically it works; its not even particularly difficult.  It fails for other reasons. 

First of all, it is not convincing.   Remember, it is the quickness of the response that makes motion tracking "work".  Even a fraction of a second delay is enough to kill the effect.  Any change is room position is going to occur gradually.  You simply cannot go instantly from one place to another.  You, may, if you really hit them over head, make something discernable, but there will be nothing visceral in the experience.

Aside the question of timing, one's position in a room or on a stage is simply not very interesting.  Of far more interest is, for example, how stretched up or bent over we are, the way you turn your head or extend our arms -- things like this. 
4.6.7. Camera Angles Revisited 
If the overhead camera position (as used for position tracking) is problematic, what does work?  First of all, it is not the overhead angle per se which is problematic, but rather the use of it to map events which are spread continuously across a large area.   There are many instances where overhead cameras are extremely useful.  Palindrome has made a number of pieces recently in which granular synthesized sound samples are spread across the stage, making a kind of map or soundscape in which the performer moves.  It works because the musical compositions are highly varied, making it is easy to discover changes in sound even across very small distances. 

Perhaps the most useful camera position, at least in the most general case, is neither directly above, nor directly horizontal with the stage -- i.e. diagonally above, in front, and to the side (diagonal in all 3 dimensions).  First of all it allows the greatest distance from the stage so that wide-angle lenses with their incumbent distortions can be avoided.  Secondly, this position has choreographic advantages.  It allows the detection of lateral, vertical, and upstage-downstage motion.  Of course not every lateral, vertical and upstage-downstage motion can be detected (i.e. those directly towards or away from the camera) but there are still a lot of possibilities.   It means that the choreographer and performer must pay attention to the camera angle, as it is certainly a confusing one, but if the artists pay attention to this point, the audience will not need to.  That is, if you do it right, the illusion is created that every movement of the performer is trackable.  
Multiple cameras solves some problems but creates others (such as confusion!).   The Falcon board and EyeCon can receive three video inputs, but they can only process one image at a time so you either need to switch between images (see Section _____) or use more than one computer.  Palindrome used to always perform with three cameras.  Now we typically use only one or two.  
4.6.8. Audience Education

4.6.9. Towards a New Collaboration Paradigm 
This is a book about doing it yourself.  Why is this so important?

You may not have access to an engineer and, yes, it saves money.   But this not the main point.  The main thing concerns the Renaissance.  Leonardo DaVinci was equal parts scientist and artist.  This is not because he 

In German they have a word for "obtaining the skills you need to be a professional": Ausbildung.  There is no real equivalent in English, but it is something between "professional training" and "education".  To Germans it is common knowledge that you can only do something for which you have an Ausbildung.  Well, I disagree.  

There is no doubt that I am not as good with the wiring and technology as a trained engineer -- at least "not as good" if system reliability and efficiency were the only criteria.  But for artwork they are not.  Digital technology has the rather ...    quality of being accessibility.  It is relatively inexpensive and can be learned, if not mastered, through trial and error and access to google. 

But I have not quite answered the question of "why?" and I'm not sure I can.  I am not against collaboration.  There are all kinds of collaboration in my work -- between musician and choreographer, between so I cannot say that Perhaps all I am saying is that many digital technologies are within reach.   Perhaps it is the dependency that bothers me.  Perhaps it is because I am sick of see the tools in fore ground and the creations in the background.  Perhaps it is because of I am sick of seeing technology take our attention away from the human being and the human action. 
It surprise you to hear that most of the work I do has nothing to do with anything in this book.  I dance, choreograph, work with dancers designers and musicians.  Yes, I track motion, but not every day.  Not even every week.  Honestly, so much of this stuff leaves me cold.  I'm so sick of video projectors, I can't tell you.  All those cool amazing things.  Give me a beautiful mover any day. 

is 

In the final analysis, I am not sure that I could tell In the end, By learning to do something yourself, . 
A few times I have encouraged you to try to do it yourself rather than engaging an engineer to take care of the technical stuff.  This, it would seems to me, begs the question why?  That is, if there are so many computer freaks in the world today, why not simply call one of them.  Let them have fun with all the stuff while you, the artist, concentrate on what you do best: your art. 

Indeed what is a choreographer doing writing a book about technology in the first place?  He, that is, me, is certainly not an expert on all this high technology.    Now I want to tell you a story: 

I worked in an unusually productive collaboration with a computer engineer for more than ten years.  It worked like this:  I'd think up some crazy piece, one that needed a particular special effect, and he would develop the hardware and software to make it happen.  Sometimes he would develop some features that in the end played a more important role than the system I had originally envisioned.  In other words, it was good collaboration.

Still, there came a time when I felt stuck, or at least limited.  I began to feel that my role was to put technology on stage.  My collaborator was coming up with more systems than I knew what to do with.  It like with new toys; more is not always better.  

Since we split up I have had to learn to do the wiring and programming myself.   This was scary.  The one thing you want when you go on stage is for that to happen what happened in rehearsal, and engineers are experts on making things reliable. 
And it led to this book.  

5. Bibliography, Links 

6. CD or DVD 
CD/DVD in sleeve with a PowerPoint presentation including sixteen short video clips from various companies, and copies of EyeCon (30-day trail versions) and other software.
7.   Endnotes
==========================================================
***++++*++++
FRAGMENTS
Two dimensional representations of three dimensional space are always distorted, but with a wide-angle lens, space becomes so warped it can be hard to make sense out of where you are.  You may think your arm is making a sound, but it is really your leg.  This is because the field of view seen by a camera is not square, or round.  It is not even rectangular or trapazoidal, but an incredibly complex mixture of things. 
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Figure __.  "What the Camera Sees"

More important than a funny-shaped stage are issues concerning how camera space -- in three dimensions -- feels to the performer.  Take for example the overhead camera.  When a camera 3 meters above the center of the stage you will be seeing the floor from above, fine, but unless a performer happens to be directly under the camera, you will not be seeing her from above!  This may sound strange, but if you think about it, your view of her will actually be more from the side than from above (see Figure ___).    Thus, actions at different points on the stage are interpreted very differently.  The results are confusing for technicians, performers and audience alike.  

If all you are interested in is the presence or absence of motion in a given large stage area, such as "the left half of the stage", then this distortion may not be of any consequence.  But as soon as you wish similar movements in different parts of the stage to have similar effects, or if, for example, you want motion in different directions to have different effects, then you will need to think hard about camera angles and positions.  There is no one best position.  It will always depend on what is important to you in your piece.   























































Rectangular stage as scene from a camera above the heads of the audience





Rectangular stage as seen from a camera directly above the center of the stage. 














* not to be confused with motion capture, which, while conceptually similar, is a much more complex technology using reflective markers attached to the body and a lot of expensive hardware.  Motion capture is favored by filmmakers and researchers but with a cost of around one million dollars, it is clearly out of reach of most performers.  Even if it wasn't, the amount of data it generates far exceeds what is needed for a convincing live stage effect. 
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