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I Introduction

ShowTime is a software system that creates and displays QuickTime moviesin a calibrated fashion, suitable for vision
research. ShowTime provides rudimentary controls for timing, contrast and color, as well as for accompanying warning
tones. It aso provides a means for specifying the calibration of the display.

ShowTime for Mathematica currently consists of two files: a Mathematica notebook called ShowTime.nb and a binary
application called showtime. The functions defined in ShowTime.nb make use of the MathLink program showtime.
Currently we offer aversion of this program that runs under MacOS. We are happy to share the source code for these
functions, and invite improvements or versions for other platforms.A version of ShowTime for MatLab is aso available.

To explore the functionality of ShowTime, take alook at the tutorial below.

More generally, ShowTimeis an infrastructure for psychophysical displays that is built upon the QuickTime media
system. See http://vision.arc.nasa.gov/showtime/

Contact the authors at:

"Andrew B. Watson" <abwatson@mail.arc.nasa.gov>
"Cesar V. Ramirez" <CRamirez@mail.arc.nasa.gov>
James Hu <ghu@mail .arc.nasa.gov>

Denis Pelli <denis@cns.nyu.edu>

I Requirements

This software works best with Mathematica 4.0 and QuickTime 4.0 or above on a PowerPC. It may work with previous
versions and older hardware. Typically, the user would have a second monitor connected, though the software can be used
with asingle monitor (see ScreenNumber option below).
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I Tutorial

ShowTime for Mathematica consists of two types of functions, high level and low level. The high-level functions allow
simple but flexible access to most of the functionality of Showtime. The low level functions allow more extensive control
over creation and display of QuickTime movies. We suggest the new user first try the high-level functions, proceeding to
the low-level functions only when and if necessary for additional control.The high-level functions are of course composed
of callsto the low-level functions, and may thus also be used as atutorial example of how to use the low-level functions.

The Showtime functions may also be divided into those for displaying movies, those for creating video movies, and those
for creating music movies. We begin with display.

How To Use This Tutorial

Thistutorial assumes you have some familiarity with Mathematica. Read the text, and when you encounter an evaluation
cell, evaluateit if the text so suggests. To function properly, the cells must be evaluated in order of appearance. To move
rapidly through just the evaluation cells, type Shift-Enter repeatedly. Underlined phrases in blue are hyperlinks, which
will transport you to other sections of the notebook, or to external urls (with the aid of your web browser).

Installation

To run thistutorial, you must have or create afolder containing the following files.

gabor.mov
gaborlmage.mov
menaceshort.mov
right.mov
showtime
ShowTime.m
ShowTime.nb
warning.mov
wrong.mov

If you download ShowTime from the internet (http://vision.arc.nasa.gov/showtime/), it will create afolder on
your desktop called ShowTimeFolder, which will contain these files. Regardless of where the folder is placed,
the following incomprehensible command should work to set the current directory.

SetDirectory[StringJoin[(ToString[#]<>":") & /0 Rest [ ("Fi | eNane" /.
(Devel oper ™ Not ebookl nf or mat i on[Sel ect edNot ebook [11)) [[1]1111]

Otherwise, manually set the Directory to the correct folder. Here is our example.
SetDi rectory[": show i ne: ShowTi neFol der " ]

Next, we read in the package (.m file) corresponding to this notebook



ShowTime.nb

<< ShowTi ne. m

The ShowTime Palette

In Mathematica, "palettes" are windows with buttons that execute useful functions. We have created a simple ShowTime
palette that the user might find useful, especially while learning or debugging. To activate this palette, evaluate the
following:

<< ShowTi nePal ett es. m

As the above function evaluates, a small window with eight buttons should pop up somewhere on your screen. These
buttons can be used at any time as shortcuts to typing in corresponding commands. One button deserves special mention:
QTReset. Use this when errors have put ShowTime in a problematic state.

Showing movies

m A basic display

The following expression sets some options for the tutorial. It asks which screen you would like to use. If you are working
on acomputer with only one screen, answer 0. If you have two screens, it may be useful to put the displays on the second
"extra" screen, which is number 1. By default, it will place the display window in the upper left of the selected screen.
Make sure other windows don't obscure it.

Set Opti ons [QT, ScreenNunber £
| nput ["Whi ch screen would you like to use for the Tutorial ?"],
W ndowSi ze £ {256, 256}, W ndowPosition £ {0, 0}1];

We open ShowTime. A gray rectangle should appear on the selected screen. Y ou may need to move other windowsto
make it visible as ShowTime windows always appear beneath other open application windows.

Qropen(l;

We show amovie of a Gabor function whose contrast varies in a Gaussian fashion over time. By default, it appearsin the
center of the window. The argument is simply the filename of a QuickTime movie.

Qrshow[" gabor . nov" 1;

We close ShowTime.

Qrc ose[];

These three command are the essentials of ShowTime. In the following sections we will show further examples the
illustrate the various options.
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If you have the ShowTime palette open, you could have performed the preceeding example by clicking QTOpen, Gabor,
and then QTClose. Why not try it now?

m Setting the window size and position.
We open ShowTime again. By default, ShowTime will use the entire screen (WindowSize->Full Screen). Thistime we
specify awindow size in pixels of the form { height,width} .

QTrOpen [W ndowSi ze £ {256, 512}]

Notice that QTOpen returns alist of current options, as do the functions QT Show and QTClose. The purpose of these
options should become clearer as the tutorial proceeds.

By default it is positioned in the upper |eft corner. We can select another position.

QIrOpen [W ndowSi ze £ {256, 256}, W ndowPosi tion £ {256, 0}];

m Setting the window color

To set the color of the area within the window, use the option Background to indicate alist of three 16 bit numbers
specifying { R,G,B}. The new window will now be red.

QTrOpen [Backgr ound £ {65535, 0, 0}1;

m Select Screen
If you have more than one screen, you may select the screen on which you wish the movie to be displayed. Screens are
numbered from 0. The following command indicates you wish the displays to occur on the third screen. The default is

ScreenNumber ->0, which is the console. Skip this command if you wish to remain on the console, or if you have only one
screen!

QIrOpen[ScreenNunmber £17;

m Specify a sound track

To add an accompanying sound, we use the Sound option to specify a QuickTime movie that contains a sound track.

QrsShow[" gabor . mov", Sound £ "war ni ng. nov" ]

In alater section, we describe how to create simple musical sounds and synthetic speech.

m Specify a delay between sound and movie

Often one would like awarning tone to precede a visual stimulus by a specific timeinterval. This can be done with the
Offset option which takes avalue in seconds
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Qrshow(" gabor . nov", Sound £ "war ni ng. nov", O fset £1]

m Play a sound by itself
You can aso play just asound track by itself. This might be used for feedback,

Qrshow(["ri ght. nov" ]
or for amusement,

Qrshow[" musi c. nov" ]
In alater section, we describe how to make movies that contain music or synthetic speech.

m Clear thewindow after the movie plays

The option Clear specifies the color with which to fill the movie region. The color isa 16 bit RGB triple.

Qrshow[" gabor . nov", C ear £ {65280, 0, 25000} ]

m Changetheframerate of the movie display.

The option FrameRate is used to change the frame rate of the display. If you use QuickTime Player to examine the frame
rate of "gabor.mov" you will see it has aframerate of 30 Hz. By default (FrameRate->Normal), thisisthe rate at which it
will be displayed. This means, for example, that if the display screenis refreshed at 60 Hz, each movie frame will be
refreshed twice. To have each frame displayed once, use the option FrameRate->Screen.

Qrshow[" gabor. nov", FraneRate £ ScreenRat e, Sound £ "war ni ng. nov" ]
Qrshow[" gabor . nov", FraneRat e £ Nor nal Rat e, Sound £ "war ni ng. mov" ]

Qrshow[" gabor . nov", Sound £ "war ni ng. nov" ]

To playback at aframe rate of 12.7 Hz,, use FrameRate->12.7. We include the warning sound in this example to show that
both tracks will be played back at the specified frame rate.

Qrshow[" gabor . nov", FraneRate £ 12. 7, Sound £ "war ni ng. nov" ]

m Changethe color look-up-table (CLUT)

Color look-up-tables specify the mapping from image pixel valuesto actual colors on the screen. Wefirst create a clut
which inverts colors.
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clut = Table[255-c, {c, 0, 255}, {3}];
Our convention isto have cluts with dimensions { 256,3} (assuming 8 hit color).
Di nensi ons [cl ut ]

Beware: if you are using the console (ScreenNumber->0) to display this demo, the clut of the entire screen will be
affected. Y ou can restore the default clut as shown below (or by closing and re-opening ShowTime).

QrsShow[" gabor . nov", CLUT £ cl ut ]

This command will restore the previous CLUT.

Qrshow[" gabor . nov", CLUT £ Tabl e[c, {c, 0, 255}, {3}11]

A more extensive discussion of color mapsis given in a section below.

m Display asingleframefor afixed duration

Here we use a single-frame movie, and specify a framerate of 1 Hz, to achieve a 1 second exposure. We use clear to
terminate the exposure.

Qrshow(" gabor | mage. nov", FraneRate £1., C ear £ 256 {128, 128, 128}]

m Change the magnication of a stimulus

Y ou can magnify or minify amovie with the Scale option. Currently scale must be areal number.

QrsShow[" gabor. mov", Scal e £ 2. ]

Qrshow[" gabor . nov", Scal e £. 25]

m Takeabreak!

Qrshow[" nenaceshort. nov", FraneRate £ 10]

Qrd ose[];
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Making Movies

This Notebook contains functions that enable the user to write arrays of numbersto QuickTime movie files. The general
ideais that the user creates, in Mathematica, a multidimensional array (tensor) of numbers, which represent grayscale or
rgb component values of one or several frames of a movie. Using the function QTWrite, the array is written to a Quick-
Timefile. When writing the file, the user may specify the frame-rate of the movie. Several arrays can be written, as
separate video tracks, to a single movie, with settings that determine how the movies will be combined.

In thistutorial, we show several examples of writing grayscale, color, and multiple-track movies.

Users who want information on the lower level functions from which QTWrite is constructed should look at the section
Low Level Functions below.

First, we look at the usage message for QuickTimeWrite.
?2QTWite

Next we open ShowTime. Thisis not necessary for making movies, but we want to display each one after we create it.

QrOpenT[];

m A singleframe grayscale movie
Our first creation is a movie with a single grayscale frame, consisting of four pixels with different graylevels. Each
graylevel must lie between 0 and 255, since thisis an eight-bit graylevel image.

novie = {{{0, 80}, {200, 255}}}

If you ever need to check a movie's appearance within Mathematica, you can use ShowMovie, which renders the movie as
aseries of graphics.

ShowVbvi e [novi e];
Now we write the array to a QuickTimefile.
QTWite["test. nov", noviel];

After writing the movie, take alook at it with QT Show or QuickTime Player. QTWrite sometimes takes a moment to
finish saving the file, so make sureit is done before you try to display it.

QrsShow["t est. nov", Scal e £ 64]

Notice that grayscale is reversed in the QuickTime movie. Thisisa"feature" of QuickTime. Don't blame us.
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m A Grayscale Ramp

This single frame is aramp which increases in intensity from left to right.

frames = 1;

rows = 16;
col ums =64;
bits = 8;

novi e = {Tabl e[Range[0, 27bits -1, (2”bits)/colums], {rows}]};

Showbvi e [novi e];

QTWite["test.nmov", novie]

QrShow["t est. mov" ]

Notice that the display is superimposed on our previous example,thisis because we never cleared the window.

m A multipleframe grayscale movie
To make things very simple we use the IdentityMatrix function which will yield a diagonal line, which we scroll using the
RotateRight function.

frames = 32;
rows = 32;
nmovi e = 255 Tabl e[Rot at eRi ght [I dentityMatrix[rows], f1, {f, franes}];

Wetest it with ShowMovie. If you select the resulting graphic cells and type Command-y,the frames will be animated.

ShowVbvi e [novi e];

Di nensi ons [novi €]

This time we use the Verbose option, which gives various diagnostic messages, and which may be useful during program
development and testing.

QTWite["test. nov", novi e, Verbose £ True];

Qrshow["t est. mov", Scal e £4. ]
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m A singleframe color movie

We use transformation rules to turn the ones and zeros into particular color triples.

rows = 32;
nmovi e = 255 {l dentityMatrix[rows] /. {OZ&£ {0, 1, 0}, 1 & {1, 0, 1}}};

We verify that the array has the appropriate dimensions ({ frames,rows,columns,colors})..
Di nensi ons [novi e]

We use the ShowMovie command to display the movie within the notebook as a sequence of images (in this case, one).
Showbvi e [novi e];

Now we write the array to a QuickTime moviefile called "test. mov". After it iswritten, you should locateit in the finder,
doubleclick on it, and verify that is correct.

QTWite["test.nov", novie]

Qrshow["t est. nmov", Scal e £4. ]

m A moving color bar
We create a multidimensional array, corresponding to the several frames of a color movie. It isamoving red diagonal line
on an aqua background.

frames = 32;

rows = 32;

frameO = ldentityMatrix[rows] /. {0 £ {0, 255, 255}, 1 & {255, 0, 0}};
novi e = Tabl e[Rot at eRi ght [franme0, f], {f, frames}];

We verify the dimensions.

Di nensi ons [novi e]

QTWite["test.nov", novie]

QrsShow["t est. nov", Scal e £4]
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m Setting theframerate

The default time scale of the movieis 60 Hz. Here we experiment with a slower speed. Note that this does not alter the

number of framesin the movie, but rather the times at which the frames are presented.

QTWite["test.nov", novie, FraneRate £5]

The line should now move very slowly.

QrShow["t est. nov", Scal e £4]

Of course, we can make it move at the display frame rate with the appropriate option.

QrsShow["t est. nov", FranmeRate £ ScreenRat e]

Notice that there are two ways of controlling movie speed being utilized here. Oneisthe creation of the movie at a

particular rate, and the other is playback of amovie at a particular rate.

m A Color Ramp

Thisisaramp which increases in intensity from left to right, an which changes color from red to green over the duration

of the movie.
franes = 8;
rows = 16;
bits = 8;
i mage0 = Tabl e[Range [0, 27bits -1, 42" (bits-8)], {rows}];

colorsO = {1-#, #, 0} & /0 ((Range[franes] -1)/franes);
nmovi e = Transpose[Map[i mage0 *# &, col ors0O, {2}1, {1, 4, 2, 3}1;
Print ["Movi e di nensions: ", D nensions[novie]];

Movi e di nensions: {8, 16, 64, 3}

Showbvi e [novi e];

QTWite["test.nov", novie, FraneRate £ 10]

QrShow["t est. nov", Scal e £ 2]

m Making fixation points

Our first fixation point will be as simple as possible: a single black pixel.It isasingle frame, with aframerate of 1 Hz, so

the duration is 1 second.
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fixl ={{{{0, 0, 0}}}};

QTWite["fix1l. nov", fixl, FraneRate £ 1]

We re-open the window, to begin with a clear screen.

QTrpen[Background £2716 -1 {1, 1, 1}1;

Qrshow(["fi x1. mov" ]

Now we create a dlightly larger fixation movie, consisting of a 3x3 cross on a white background. Just for fun, we make it
red.

fix2 = 255 { {{{1, 1, 1}, {1, 0, 0}, {1, 1, 1}}
, {{1, 0, 0}, {1, 0, 0}, {1, O, 0}}
» {{1, 1, 1}, {1, 0, 0}, {1, 1, 1}}1}};

QTWite["fix2. nov", fix2, FraneRate £ 1]

QrsShow["fi x2. mov" ]

m Adding two color tracks
QTWrite will allow you to write several arrays to separate tracks of a single QuickTime movie. Here we create two arrays
representing diagonal lines of different colors and orientations.

frames = 8;
novi el =
Tr anspose [Tabl e [Rot at eRi ght [l dentityMatrix[16], f]*# & /0 {255, 0, 0},
{f, frames}], {1, 4, 2, 3}];
novi e2 = Transpose[Tabl e [Rot at eRi ght [Reverse[ldentityMatrix[16]], f]1*# & /0
{0, 255, 0}, {f, frames}], {1, 4, 2, 3}1;

This verifies the appearance of their average.
ShowhMbvi e[ (movi el + novi e2) / 2];
By default, thiswill average the two movies.

QTWite["test.nov", {noviel, novie2}, MiltiTrack £ True]
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Qrshow["t est. nov", Scal e £8, FraneRate £ 10]

m Adding three color tracks

Here the three tracks have different colors and move at different speeds.

franmes = 16;
novi el =
Transpose[Tabl e [Rot at eRi ght [I dentityMatrix[16], 3f]*# & /0 {255, 0, 0},

{f, frames}], {1, 4, 2, 3}1;

nmovi e2 = Transpose [Tabl e [Rot at eRi ght [Reverse[ldentityMatri x[16]], 2f]*# & /0
{0, 255, 03}, {f, franmes}], {1, 4, 2, 3}1];

novi e3 = Transpose [Tabl e [Rot at eRi ght [Reverse[ldentityMatri x[16]], f]1*# & /0
{0, 0, 2553}, {f, frames}], {1, 4, 2, 3}1;

By default, thiswill average the three movies.

QTWite["test.nov", {noviel, novie2, novie3d}, Miulti Track &£ True]

Qrshow["t est. nmov", Scal e £8, FraneRate £ 10]

m Adding two grayscale tracks

First we make a grating that moves downward.

rows = 64;
franes = 16;
frequency = 8;
grating =
Round[128 + 127 Tabl e[Cos[2 Pi y frequency /rows], {y, rows}, {rows}]];
novi el = Tabl e[Rot at eRi ght [grating, y], {y, frames}];

Y ou can verify it's appearance.
Showhbvi e [novi el];
Then we make a hoise image that moves rightward.

noi se = Tabl e [Random[Il nt eger, {0, 255}], {rows}, {rows}];
novi e2 = Tabl e [Tr anspose O Rot at eRi ght [noi se, y], {y, franes}];
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Showhlbvi e [mDvi e2];
By default, thiswill average the two movies, along with a mean gray.

QTWite["test.nov", {noviel, novie2}, MiltiTrack £ True]

Qrshow["t est. mov", Scale £2, Cear £256128 {1, 1, 1}]

Which way did it move? Hey! We're doing psychophysics already!

Making Music

Although ShowTime is mainly about visual stimulation, it is often useful to be able to produce audible cuesin vision
experiments. For this purpose we provide the QTMusic function, which creates a QuickTime movie consisting of a series
of MIDI codes. The subject of MIDI is beyond our scope, but we provide some codes in another section of this document.

As asimple example, we define an instrument. We use the MIDI code 1 for an "Acoustic Grand Piano", with polyphony 3.
instrunmentl = {1, 3};
We then define a set of two notes, separated by rests, progressing up from middlie C.
notes = {{1, 60, 100, 240}, {0, O, O, 240}, {1, 61, 100, 240}, {0, 0, 0, 240}};
Before the file is written, the composition is played.
QTrMusi c ["nusi c. mov", notes, {instrunent1}]

Here is amore elaborate composition of ten notes, in which the pitch , duration, and instrument are chosen randomly.

n= 10;
QTMusi ¢ [" musi c. mov",
notes = Flatten[#, 1] &0
Tabl e[ {{k, Random[I nt eger, {30, 127}],
70, Random[I nt eger, {100, 600}]1}, {0, O, O, 340}3}, {k, n}I,
i nstr = Tabl e[ {Random[I nt eger, {1, 1273}]1, 3}, {k, n}]]

This movie can later be combined with visual stimuli at run-time by using the Sound option of QT Show.

Qrshow[" gabor . nov", Sound ->"nusi c. nov" ]
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Making Speech

It is easy to make QuickTime movies that contain synthetic speech, which might be useful for instructions to the observer,
or feedback. Here is an example:

Qrshow(["ri ght . mov" ]

To make such movies, we use the shareware program QuickSpeech, which is available at www.webnation.com/webtools/.

When ShowTime Freezes Over (Troubleshooting)

On occasion, ShowTime will freeze. The usual way to escape this stateis
1) switch to showtime in the application menu,

2) type "Command-Q"

3) go back to the frozen notebook

4) type "Command-,"

5) click on "Abort command being evaluated"

6) in the small button window, click on QTReset.

Another possible problem is displays that ook like garbage (very skewed). This may be the result of buggy display card
drivers. Update them.

I High Level Functions

m Disable Typo Warnings

Of [General ::"spel | 1"]

Of [General ::"spell"]
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m QT

Qr: : usage =
"Qr is not a function, but is used to store options to many of the Qr

functions. To see a list of QI functions, enter ?Qr*. Many of the
functions accept or return pointers to either a wi ndow or a novi e.
In Mat hematica, these are represented as |large integers.
Al so, many routines return a list of the form
{Poi nter, {ErrorNunber, Error Message}}. The Error Nunber
and ErrorMessage are used prinmarily in debugging.";

Options[QT] =
{FraneRat e £ Nor mal Rat e, ScreenNunber £1, W ndowPosition £ {0, 0},
W ndowSi ze £ {256, 256}, CLUT £ Aut omati c, Background £ 256 {128, 128, 128}
, Sound £ None, W ndowPoi nt er £ None, QTLi nk £ None, W ndowRect £ None,
Appli cation £"showine", C ear £ Fal se, Scal e £ Aut onmati c};

m QTOpen

Cl ear [QTOpen]

QIOpen: : usage =
"QrOpen[opts___ Rule] Initialize ShowTine. Installs the application \"
showti ne\" and opens a wi ndow for displays. The follow ng options (
shown with defaults) may be used: ScreenNunber £0, W ndowPositi onk
{0, 0}, W ndowSi ze£Ful | Screen, Background&A256{128, 128, 128}.";
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QIrOpenf[opts__ Rule] := Modul e[{scr, bkg, pos, siz, rect, |link, app, wptr },
{scr, bkg, pos, size, link, app} =
{Scr eenNunber, Background, W ndowPositi on, W ndowSi ze,
QrLi nk, Application} /. {opts} /. Options[QI];
I f [Head [l i nk] == Li nkQbj ect,
(Print ["QT is already open. WII close and reopen."];
QrCl ose[]; Pause[1])1;
rect = If [size === Full Screen,
{}, Reverse[pos]~Joi n~Reverse[pos +size]]l;
Set Opti ons [QT, QTLi nk £l nstall [app],
W ndowPoi nter £ (wptr = QTW ndowQpen [scr, {}, rect]1[[1]1]1),
W ndowRect E£rect];
QTW ndowFi | | [wptr, bkgl;
I f [rect & {},

Set Opt i ons [QT,
W ndowRect £ Absol ut eRect [QTScreenRect Get [scr]1[[1]11]1]1, Opti ons[QT]]

Absol ut eRect [rect ] := {0, O, rect [[3]] -rect [[1]], rect [[4]] -rect [[2]]}

m QTClose

QICl ose: :usage = "QICl ose[ ] O ose the
ShowTi me wi ndow and uni nstall the showti ne application."

QrCl ose[] := Modul e[{wptr, | nk},
{wptr, I nk} = {WndowPoi nter, QILink} /. Options[QIT];
QTW ndowC ose [wptr 1;

Uni nstal | [I nk];
Set Opti ons [QT, QTLi nk £ None, W ndowPoi nt er £ None]

m QTShow

C ear [QTShow]
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QrShow. : usage =" QrsShow([fi |l enane_, opts___ Rul e] Show a Qui ckTi me novi e. Mist
be preceded by a call to QIOpen[]. Possible options, with defaults are:
CLUTEAut omati c, color | ook up table for the wi ndow of dinensions {256, 3},
Cl ear £{32768, 32768, 32768}, color to fill the novie region after the novie,
Sound£None, sound novie to play along with the novie
FrameRat e->Normal , franme rate at which to display
nmovi e, other options are FraneRate->Screen for the native
rate of the display, and FraneRatek<real value in Hz>,
Scal e->Automatic, magnify or mnify the novie by a constant
factor, O fset->0, an offset in seconds before the start
of the novie, Verbose->Fal se supress diagnostic printout.";

Options [QTShow] = {OFfset £0, Verbose £ Fal se};

Qrshow(fil enane_, opts__ Rule] := Mdul e[
{msg, nptr, sound, clut, wptr, clr, rate, size, scale, offset, verbose},

{sound, clut, wptr, clr, rate, size, scale, offset, verbose} =
{Sound, CLUT, W ndowPoi nter,
Cl ear, FraneRate, WndowSi ze, Scal e, O fset, Verbose} /.
{opts} /. Options[QT] /. Options[QTrShow];
Print D agnostic = If [verbose, Print, Null &];

({nptr, nmeg} = QTMovi eCGet Fronti | e[fi | ename]) // Print D agnosti c;
Print Di agnostic["of fset = ", offset, sec."];
(tscal e = QI'Movi eTi mescal eGet [nptr]) // Print D agnhosti c;
tscale = tscale[[1]];

QTMovi eTrackOF f set Set [nptr, 1, Round[offset tscale]] // PrintDi agnhosti c;

If[! (sound === None),
{mptr2, neg} = QTMovi eCet Fronti | e[sound];
QTMovi eAdd [nptr, nptr2]1];

If[! (clut ===Autonmatic),
QTW ndowCl ut Set [wptr, Flatten[Transpose[clut]]] // PrintDi agnostic];
If[! (scale === Automatic),

QTrMovi eScal e[nptr, scale] // PrintDi agnhostic];
QTMovi eRate[nptr, rate] // PrintDi agnosti c;
QIrMovi eW ndowSet [nptr, wptr] // Print D agnosti c;
QTrMovi eLoadl nt oRAM[nptr ] // Print Di agnosti c;
QTrMovi eShow[nptr] // Pri nt Di agnhosti c;
I f [ListQ[clr],
QrMovi eRect Fi l | [mptr, clr, {}] // PrintDi agnostic ];
QTrMovi eDi spose[nptr] // Print Di agnosti c;
If[! (sound === None), QTMovi eDi spose[nptr2] // PrintDi agnostic];
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QrShow[" gabor . nov"
, Clear £ 256 {128, 0, 128}
, Scale £0.5
, Sound £ "war ni ng. nov"
, CLUT £ Tabl e [Random[I| nt eger, {0, 255}], {33}, {256}]
, FraneRat e £ 15
, Verbose £ True]
m QTTest
QI Test [fil ename_, opts__ ] :=
(QTOpen [W ndowSi ze £ {256, 256}, opts]; QIrShow[fil enanme, opts]; QId ose[];)
m QTWrite

Clear [QTWite]

QTWite::usage =
"QTWite[filename , array , opts__ Rule] : Wite an array of nunbers to

a QuickTine novie file. The array can represent a single novie or
a set of novies, and each novie can be either color or grayscale.
The order of the dinensions of array are {novies, franes,rows,
col umms, col ors}, with novies and col ors possi bly absent. Numbers
in the array should be integers between 0 and 255. The novies in
the array are added as separate tracks to the QuickTine novie file.
Various options can be specified, shown here with their defaults:
{Bi t sPer Pi xel £8, FraneRate&£60, |Information&\"\", O fset£0.,
PreLoad&True, G aphi csMode->Autonatic, Milti Track->Fal se,
Bl endWei ght s£Automatic}. O fset is the interval fromthe start
of the novie to the start of the track, in seconds. If there
are several tracks, set Miulti Track->True. In that case, the
graphi cs node for each track is set to Blend, and the bl ending
wei ghts default to values that yield the average of the severa
tracks. Bl ending weights are unsigned integers between 0 and 27
16-1. A |l onger discussion of graphics node is provided bel ow " ;

Options[QTWite] = {BitsPerPi xel £8, FraneRat e £ 60,
Information £"", Ofset £0., PreLoad £ True, G aphi csMbde -> Aut omati c,
Mul ti Track -> Fal se, Bl endWei ghts £ Aut omati c, Verbose £ Fal se};
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QTWitef[filenane_, novie , opts_ Rule] :=

Modul e[ {kFi x1 = 1, kDi t her Copy =64, kBl end =32, tracks, frames, rows,
columms, info, offset, rate, bits, link, gnode, multitrack, tnovie,
bwei ght s, verbose, Nul | Function, preload, |inkTenporary =Fal se},

{info, offset, rate, bits, prel oad, gnode, multitrack, bwei

ghts, verbose} =

{Information, O fset, FraneRate, BitsPerPixel, PreLoad, G aphi cshMbde,
Mul ti Track, Bl endWei ghts, Verbose} /. {opts} /. Options[QTWite];

Print Di agnostic = If [verbose, Print, Null &];
preload = If [prel oad, 1, 0];
Print Di agnostic[" {i nfo, of fset, rate,
bits, prel oad, gnode, multitrack, bwei ghts, verbose} = ",

{info, offset, rate, bits, prel oad, gnode, multitrack, bweights, verbose} 1;

tracks = If [multitrack, Lengt h[novie], 17;
Print D agnostic["tracks = ", tracks];
| f [bwei ghts === Aut omati c,
bwei ghts = {#, #, #} & /0 Round[ (2216 -1) / Range[tracks]]]
Pri nt Di agnosti c["bweights = ", bwei ghts];

gnode = | f [gnbde === Automati c & multitrack === Fal se, kDt her Copy, kBl end];

Print Di agnostic["gnbde = ", gnode];
Print Di agnosti c[" {of fset, rate, gnode}
{of fset, rate, gnode} =

", {offset, rate, gnode}];

I f [YListQ[#], Tabl e[#, {tracks}], #] & /0 {offset, rate, gnode};

Print Di agnosti c[" {of fset,rate, gnode} = ", {offset, rate, gnode}];
color = If [TensorRank[If [nultitrack, novie[[1]], novie]] &4, 1, 0];
Print D agnostic["color =", color];

tnmovie = Round[lf [multitrack, novie, {novie}]l];
{franmes, rows, colums} = Dinensions[tnoviel[[{2, 3, 4}]1;

Print Di agnosti c[" {franes, rows, col unmms} = ", {franes, rows, colums}];
pi xel Si ze = bits (1+ 2color);

Print Di agnosti c["pi xel Size = ", pixel Si ze];

link = QTLink /. Options[QT];

If[link === None, link =Install ["showinme"]; |inkTenporary =Truel];

Ret Val = QTMovi eCreate[fil enane, 0];
Movi ePtr = RetVal [[1]];
Pri nt Di agnosti c[RetVal [[2]]1];

Tabl e [
(PrintDi agnostic["track,rate, of fset =",
{track, rate[[track]], offset [[track]]}];

Pri nt Di agnosti c [QTVi deoTr ackCr eat e[Movi ePtr, rows, col ums,

rate[[track]], preload 1[[2]]1];
Pri nt Di agnosti c [QTVi deoMedi aCreat e[Movi ePtr1[[2]1]11;

Print Di agnosti c[{MviePtr, col or, pixelSize, rows, colums, frames}];
Print D agnosti c [QTVi deoMedi aSanpl esAdd [Movi ePtr, Fl atten[

tnmovi e[[track]]], col or, pixelSize, rows, col ums,
Pri nt Di agnosti c [QTVi deoMedi aG aphi csMbdeSet [Movi ePtr,

frames, 11[[2]1]]1;
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gnode[[track]], bweights[[track]]]];
Pri nt Di agnosti c [QTVi deoMedi aSave [Movi ePtr1[[2]1]11;
Pri nt Di agnosti c [QTVi deoTr ackSanpl esSet [Movi ePt r,
Round[of fset [[track]]/rate[[track]]], O, frames, 1.1[[2]]11;
Print Di agnosti c [QTVi deoTr ackSave [Movi ePtr1[[2]11]1);
, {track, tracks}];

Pri nt Di agnosti c [QTMbvi eUser Dat aAdd [Movi ePtr, info, "Ginf"1[[2]]];
QTMbvi eSave [Movi ePtr ];
I f[IinkTenmporary, Uninstall [link]]; ]

m QTWriteExample

Thisisavery simple example program. It is provided mainly as a programming example, minus the more elaborate
diagnstics and multi-track capability of QTWrite.

QTWiteExanpl e[fil enane_, novie ] :=
Modul e[ {f rames, rows, colums, rate =60, bits =8, |ink, preload=1},
color = | f [TensorRank[ novie] &4, 1, 0];
{frames, rows, columms} = Di nensions[nmovie][[{1, 2, 3}]1;
pi xel Si ze = bits (1+ 2color);
link = Install ["showine"];
Movi ePtr = QTMovi eCreate[fil enane, 0][[1]];
QrVi deoTr ackCr eat e [Movi ePtr, rows, columms, rate, preload];
QrVi deoMedi aCr eat e [Movi ePtr J;
QrVi deoMedi aSanpl esAdd [Movi ePt r,
Fl atten[novi e], col or, pixel Size, rows, columms, franes, 1];
QrVi deoMedi aSave [Movi ePtr ;
QrVi deoTr ackSanpl esSet [Movi ePtr, 0, 0, franes, 17];
QrVi deoTr ackSave [Movi ePtr ];
QTMovi eSave [Movi ePtr 1;
Uni nstal | [link];

m QTReset

QTlReset : : usage =
"QTReset [] Reset QT after failure of the showine application.";

QTReset [1 := (Uninstall /0 Cases[ Links[], LinkObject ["showtinme",  11;
Set Opti ons [QT, W ndowPoi nt er £ None, QILi nk £ None, W ndowRect &£ None])

m ShowMovie

Thisisadutility for displaying amovie (color or bw) in aMathematica notebook as a series of images. These can be
selected as a group and animated with the menu item " Cell->Animate Selected Graphics'. The function assumes that the
pixel values range from 0 to 255.
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Showlbvi e[nmovie ] :=
Show[G aphi cs [Rast er Array [#], AspectRati o £ Automatic]] & /0

Map [l f [Tensor Rank [novi e] & 3, GraylLevel , RGBCol or 00 # &],

Reverse /0 (nmovie /255.), {3}]

m QTMusic

QTrMusi c: : usage =

"QrMusi c [fil ename_, notes_List,instrunments_List, opts__ Rule] Create a

novie with only a nusic track. Notes is a |list of notes and rests,
where a note is of the form {instrunment, pitch, volune, duration} and a
rest is of the form {0, 0, O, duration}. The instrunent is an integer
index into the list instrunments. The pitch is an integer fromO to

127, where 60 is nusical niddle C (61 is C sharp, 59 is B, 72 is the

C above nmiddle C, and so on). The volune is an integer fromO to 127
that describes how loud to play the note; 64 is average | oudness, 127
is very loud, 1 is nearly inaudible, and O neans to stop playing the
note. Duration is in units of the novie tinme scale (default = 600 Hz).
Instruments is a list of instrunents, each of the form {i nstrunment Nunber
Pol yphony}. As an exanpl e instrunment Nunber, 57 = Trunpet. The

options and defaults are {TineScal e£600, PrelLoad£l, Pl ayRateZk

1, Ofset£0, Informati on&\"\", PlayATrue, VerbosekFal se}.";

d ear [QTMusI c]

Options[QTMusi c] = {Ti neScal e £600, PreLoad £1, PlayRate £ 1,

O fset £0, Information £"", Play £ True, Verbose £ Fal se};
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QrMusic[fil enane_, notes_List, instruments_List, opts__ Rule] :=
Modul e[{i Startl nMedia =0, iDurationlnMdia=-1, link, info, offset, tinescal e
pl ayrate, prel oad, verbose, play, MviePtr, save, |inkTenporary = Fal se},
{info, offset, tinmescal e, playrate, prel oad, verbose, play, save} =
{Information, O fset, Ti neScal e, Pl ayRate, PrelLoad, Verbose, Pl ay, Save} /.
{opts} /. Options[QIMisic];

PrintDi agnostic = If [verbose, Print [#[[2]]] & Null &];

link = QTLink /. Options[QI];

PrintDi agnostic["link =", link];

If[link === None, PrintDi agnostic["install"];

link =Install ["showine"]; |inkTenporary =True];

(Ret Val = QTMbvi eCreate[fil ename, 0]) // PrintDi agnosti c;

Movi ePtr = RetVal [[1]];

QTrMusi cTrackCreat e [Movi ePtr, timescale, preload] // PrintDi agnosti c;
QTrMusi cMedi aCr eat e [Movi ePtr] // Pri nt Di agnhosti c;
QTrMusi cMedi aSanpl esAdd [Movi ePtr, notes, instrunents] // PrintDi agnosti c;
QTrMusi cMedi aSave [Movi ePtr] // Print Di agnosti c;
QTMusi cTr ackSanpl esSet [Movi ePtr,
Round[of fset /tinescal e], i StartlnMedi a,
i Durationl nMedi a, playrate+0.] // PrintDi agnosti c;
QrMusi cTrackSave [Movi ePtr] // Print D agnosti c;
QI'Movi eUser Dat aAdd [Movi ePtr, info, "Qinf"] // PrintDi agnosti c;
| f [pl ay, QTMovi eShow[Movi ePtr]];
QIMovi eSave [Movi ePtr] // Print Di agnosti c;
I f[linkTenporary, Uninstall [link]]; ]

I Low Level Functions

Showing movies

m QTMovieAdd

QTrMovi eAdd: : usage = "QTMovi eAdd [Movi ePoi nterl , Movi ePointer2 ] Add a second
novie to the first novie. The second novie may be a sound-only novie.";

QTMovi eAdd : = gt Movi eAdd
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m QTMovieDispose

QIrMovi eDi spose: : usage =
" QTMovi eDi spose [Movi ePointer ] Free nenory used by a novie."

QTrMovi eDi spose : = qt Movi eDi spose

m QTMovieFrameDisplay

QTMovi eFrameDi spl ay : = gt Movi eFraneDi spl ay

QTrMovi eFr anmeDi spl ay: : usage =

" QIMovi eFr aneDi spl ay [Movi ePoi nter_, FrameNunber_, MveType_] : Display a
frane froma novie. MveType=0 specifies absolute frame positioning.
In this case, positive values for FrameNunber indicate nunber of franes
fromthe begi ning and negative val ues indicate franes fromthe end.
When MoveType=1, relative frame positioning is used; here positive
FrameNunber val ues nove that nunber of frames in the forward direction
negati ve val ues nove backwards, and FrameNunber=0 sinply refreshes the
current frame. Note: attenpting to nove before the first frame or past
the last, will sinply display the first or |ast frane respectively.
Ret urns {Absol ut eFraneNunber, {ErrorNunber, ErrorMessage}}";

m QTMovieGetFromFile

QTMovi eGet FronfFi | e: : usage =
"QTMovi eCGet FronFil e[fil enane_String] Read a novie froma
file. Returns {MoviePointer, {ErrorNunber, Error Message}}";

QTMovi eGet FronFi | e : = gt Movi eGet FronFi | e

m QTMoviel oadlntoRAM

QTrMovi eLoadl nt oRAM : usage = " QTMovi eLoadl nt oRAM[Movi ePoi nt er ]
Load a novie into nenory to speed subsequent display."

QTrMovi eLoadl nt oRAM: = gt Movi eLoadl nt oRAM
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m QTMovieRate

QI'Mbvi eRat e: : usage =
"QTMovi eRat e[Movi ePoi nter _, Rate_ ] Set the playback rate of a
movie, in Hz. If Rate is the synbol ScreenRate, the novie will
pl ay back at the franerate of the screen. If Rate is the
synbol Normal Rate, it will paly back at the rate specified in
the QuickTine novie file. If this function is not called, the
movie will play back at Nornmal Rate. Returns the previous rate.";

QTrMovi eRat e [Movi ePoi nter _, Normal Rate] : = Nul |

QTMovi eRat e [Movi ePoi nter , ScreenRate] : =
gt Movi eRat e [Movi ePoi nter, 0.0, "ScreenRate"]

QTMovi eRat e [Movi ePointer , rate ] := gt Movi eRate[Myvi ePointer, rate + 0.0, ""'

m QTMovieRectFill

QTMovi eRect Fi l | :: usage =
"QTMovi eRect Fi | | [Movi ePoi nter , RGBCol or | ntegerlList, Rect |IntegerlList]
Fill the specified rect with the specified color {r,g,b} (16 bits
each). The rect is defined relative to the window rect.If an enpty
list is used, the rect of the first track in the novie will be used.";

QTMovi eRect Fi Il | : =gt Movi eRect Fi I |

m QTMovieScale

QTrMovi eScal e: : usage =" QTMovi eScal e [Movi ePoi nt er _,
Magni fication_Real ] Magnify or minify a novie.";

QTrMovi eScal e[Movi ePoi nter , Mgnification_] :=
gt Movi eScal e [Movi ePoi nter, Magnification+0.0]
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m QTMovieShow

QIr'Movi eShow: : usage = " QTMovi eShow[Movi ePoi nter ] Show a Qui ckTi ne
nmovi e. MoviePointer is returned by QIMovi eGet FronFile.";

QTrMovi eShow : = gt Movi eShow

m QTMovieWindowSet

QTrMovi eW ndowSet : : usage =
" QTMovi eW ndowSet [Movi ePoi nter , WndowPtr | nteger] -Designate the w ndow
in which the novie will play. The argunents are a Myvi ePointer and a
W ndowPoi nter, as returned by QIMovi eGet FronFil e and QTW ndowCpen. ";

QTrMovi eW ndowSet : = qt Movi eW ndowSet

m QT ScreenRectGet

QI'Scr eenRect Get : = gt Scr eenRect Get

QrScr eenRect Get : : usage =

"QTScreenRect Get [ScreenNunber ] Retruns the di nmensi ons
of the specified screen as a rect. Coordi nates are
relative to the upper left corner of screen 0."

m QTVideoTrackRectGet

QrVi deoTr ackRect Get : = qt Vi deoTr ackRect Get

QrVi deoTr ackRect Cet : : usage =
"QTVi deoTr ackRect Get [Movi ePoi nter , TrackNunber ] Get the
di nensi ons of a video track. Tracks are nunbered from 1,
but if TrackNunmber 0 is given, will use the first track.
Ret urns {rect, {errorNunber, error Message}}. Possibilities are:
{1,\"error no video track avail able\"}
{2,\"error can't get video track #\ "}
{3,\"error can't get rect of track # "} ";
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m QTWindowClose

QI'W ndowCl ose: : usage = " QI'W ndowC ose [W ndowPoi nt er _]
Cl ose a window and restore the screen to its previous state.";

QTW ndowd ose : = qt W ndowCl ose

m QTWindowClutSet

QTW ndowd ut Set : : usage =
" QTW ndowCl ut Set [W ndowPoi nter  CLUT IntegerList] : Load a
col or | ook-up-table for a particular window. The list is in
the order {ri1,...,r256,9l,...,0256,b1,...,b256}.";

QTW ndowd ut Set : = gt W ndowd ut Set

m QTWindowClutGet

QTW ndowdl ut Get : : usage =" QT'W ndowCl ut Get [W ndowPoi nter , Bits | nteger]";

QTW ndowdl ut Get : = qt W ndowd ut Get

m QTWindowFill
QTW ndowFi | | : =qt W ndowFi | |
QTW ndowFi | | : : usage =

"QTW ndowFi | | [WndowPtr_, Color_] : Fill the specified w ndow
with the specified 16 bit RGB color list, or default col or using
an enpty {} list. Returns {Null, {ErrorNunber, ErrorMessage}}";
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m QTWindowOpen

QIr'W ndowQpen: : usage =
" QTW ndowOpen [Scr eenNunber _| nt eger, RGBCol or _I nt eger Li st ,
Rect IntegerList] Rect is in the form {left, top, right, bottom},
with vertical coordinates starting at screen top. The console is
screen nunber 0. Returns {W ndowPoi nter, {ErrorNunber, Error Message}}.";

QT'W ndowCpen : = qt W ndowOpen

Making movies

m Overview

Thefollowing is a basic outline of the library's use:

Corresponding Function Calls

1 QTMovieCreate -to create moviefile.
2 QTVideoTrackCreate -to create movie video track.
3  QTVideoMediaCreate -to create movie video media.
4  QTVideoMediaSamplesAdd -to add video media samples (frame(s) data).
or QTVideoMediaSamplesAddGray 8-bit color or 8-hit grayscale.
5 QTVideoMediaSave -to save movie video track.
6 QTVideoTrackSamplesSet -to specify how media samples (frame(s) data)
should be arranged in the video track.
7  QTVideoTrackOffsetSet -OPTIONALLY specify an offset in the video track.
8 QTVideoTrackSave -to save movie video track.
QTMovieUserDataAdd -OPTIONALLY add user data annotations to movie.
10 QTMovieSave -to save moviefile.

* Please note that multiple tracks may be added to a movie by repeating steps 2-9 and multiple media samples may be
added to a single media (storage container) by repeating step 4.

** Only one media may be created per track.
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m QTMovieCreate

QIr'Mbvi eCr eat e: : usage = "QTMovi eCreat e[Fi | enanme_Stri ng,
W ndowPoi nter _] ?? WndowPtr?? —--not working maybe a bug?";

QIr'Movi eCr eat e : = gt Movi eCr eat e

m QTVideoTrackCreate

QrVi deoTr ackCr eat e: : usage =
"QTVi deoTr ackCr eat e [Movi ePoi nt er _, Rows_| nt eger, Col s_| nt eger,
Ti nescal e_| nt eger, Prel oadOpti onBool I nteger] Create a
video track within a novie. Rows and Col umms specify
the size of a frane, and Tinescale is specified in Hz.";

QrVi deoTr ackCreat e : = gt Vi deoTr ackCr eat e

m QTVideoMediaCreate

QrVi deoMedi aCr eat e: : usage = "QTVi deoMedi aCr eat e [Movi ePoi nter_1";

QrVi deoMedi aCr eat e : = gt Vi deoMedi aCr eat e

m QTVideoM ediaGraphicsM odeSet

QrVi deoMedi aGr aphi csMbdeSet : : usage =
" QrVi deoMedi aG aphi csMbdeSet [Movi ePoi nter_, Gwbde_I nt eger,
RGBCol or _I ntegerList] may be optionally called right after
addi ng any nmedia with M.QTVi deoMedi aSanpl esAdd to set
graphi cs node for a particular nedia sanple (frane(s) data).";

QrVi deoMedi aGr aphi csModeSet : = qt Vi deoMedi aG aphi csMbdeSet
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m QTVideoMediaSamplesAdd

QrVi deoMedi aSanpl esAdd: : usage =

" QTVi deoMedi aSanpl esAdd [Movi ePoi nter _, | mageDat a_Li st, |1sRGB | nt eger,
Conponent Si ze_I nteger, Rows_| nteger, Cols_Integer, Franes_Integer,
Dur ati onPer Frame_I nteger] Add a |list of pixel values to a nedia.
Rows, cols, and Franmes indicate the size of the added dat a,
while IsRGB indicates whether it is in color or grayscale.
Conponent size (8,16, 247?) indicates the word | ength of each
val ue. DurationPerFrane is in units of the track tinmescale.";

QrVi deoMedi aSanpl esAdd : = gt Vi deoMedi aSanpl esAdd

m QTVideoMediaSave

QIVi deoMedi aSave: : usage =
" QTVi deoMedi aSave [Movi ePoi nter ] Save nmedia into a novie.";

QrVi deoMedi aSave : = gt Vi deoMedi aSave

m QTVideoTrackSamplesSet

QTVi deoTr ackSanpl esSet : : usage =
"QTVi deoTr ackSanpl esSet [Movi ePoi nter , iStartlnTrack | nteger,
i Startl nMedi a_I| nteger, iDurationlnMdia_|nteger, iMdiaRate |Integer]";

QTVi deoTr ackSanpl esSet : = qt Vi deoTr ackSanpl esSet

m QTVideoTrackSave

QIVi deoTr ackSave: : usage =" QI'Vi deoTr ackSave [Movi ePoi nter _1";

QrVi deoTr ackSave : = gt Vi deoTr ackSave
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m QTMovieUser DataAdd

QI'Movi eUser Dat aAdd: : usage =" QTMbvi eUser Dat aAdd [
Movi ePoi nter _, AnnotationText String, AnnotationType String]";

QTrMovi eUser Dat aAdd : = gt Movi eUser Dat aAdd

m QTMovieSave

QTMovi eSave: : usage =" QTMovi eSave [Movi ePoi nter _1";

QTMovi eSave : = qt Movi eSave

m QTMovieTrackOffset Set

QTrMovi eTrackOf f set Set : = qt Movi eTrackO f set Set

QTMovi eTrackOf f set Set : : usage =
"QTMovi eTrackOf f set Set [Movi ePtr _, TrackNunber , iOffset ] : Sets a
tinme of fset prepended to the begining of the track specified by
TrackNunber in the track's tinescale. Set TrackNunber to O to offset
all novie tracks. Returns {Null, {ErrorNunber, ErrorMessage}}.";

m QTMovieTrackOffsetGet

QTMovi eTrackOr f set Get : = gt Movi eTrackOf f set Get

QTMovi eTrackOf f set Get : : usage =
"QTMovi eTrackOf f set Get [Movi ePtr_, TrackNumber ] : Gets the tine
of fset of the track specified by TrackNunber in the track'
s tinescale. Returns {Null, {ErrorNunber, ErrorMessage}}.";

m QTMovieTimescaleGet

QTMovi eTi nescal eGet : = gt Movi eTi nescal eCGet
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QTMovi eTi mescal eGet : : usage =
"QIrMovi eTi nescal eGet [MoviePtr ] : Gets the novie's
ti mescal e. Returns {Timescal e, {ErrorNunber, ErrorMessage}}.";

m QTMovieTimescaleSet

QrMovi eTi mescal eSet : = gt Movi eTi mescal eSet

QTMovi eTi nescal eSet : : usage =
"QTMovi eTi mescal eSet [Movi ePtr_Integer, Tinmescale Integer] : Sets the
nmovi e's tinescale. Returns {Null, {ErrorNunber, ErrorMessage}}.";

m QTVideoTrackOffsetSet

QTVi deoTrackOf f set Set : : usage =
"QTVi deoTrackOf f set Set [Movi ePoi nter , TrackOf fset | nteger] Set
the offset of a track in units of the novie tinescale. (also
track tinescale, since all tracks share the novie's tinescale.)
You call this routine after calling QIVi deoTrackSanpl esSet . "

QrVi deoTrackO f set Set : = qt Vi deoTr ackCF f set Set

Miscellany

gt Movi eTi mescal eGet [Movi ePtr ]

QTMovi eTi nescal eGet : = gt Movi eTi nescal eGet

gt Movi eTi nescal eSet [Movi ePtr, Ti nescal e]

QIrMovi eTi mescal eSet : = gt Movi eTi mescal eSet

gt Movi eTrackOf f set Get [Movi ePtr, TrackNunber ]
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QIrMovi eTrackOf f set Get : = qt Movi eTrackOF f set Get

gt Movi eTrackOr f set Set [Movi ePt r, TrackNumber, O f set ]

QTMovi eTrackOF f set Set : = gt Movi eTr ackOF f set Set

Sound

These functions enable creation of Music tracks or movies. They are used by the high level function QTMusic. Look at
that function for an example of how to use these functions to create a music movie.

m QTMusicTrackCreate

QTMusi cTrackCreat e: : usage =
"QTMusi cTrackCr eat e [nDvi ePoi nter _, Ti mescal e_I nt eger,
Prel oadOpti onBool Integer] : Creates a nusic track for the novie
currently being edited. Tinmescale is in Hz. Prel oadOpti on=1
prel ads the track during playback for optimum performance. Prel oad=
0, doesn't preload. Returns {Null, {ErrorNunber, ErrorMessage}}."

gt Musi cTr ackCr eat €;

QTMusi cTrackCreate :

m QTMusicMediaCreate

QTrMusi cMedi aCreate : = gt Musi cMedi aCreat e

QTrMusi cMedi aCr eat e: : usage =

"QrMusi cMedi aCreat e [novi ePointer ] : Creates a nusic
data medi a container for the nusic track currently being
edited. Returns {Null, {ErrorNunmber, ErrorMessage}}."

m QTMusicM ediaSamplesAdd

QrMusi cMedi aSanpl esAdd [novi ePoi nter , notes_, instrunents_] :=
gt Musi cMedi aSanpl esAdd [novi ePoi nter, Flatten[notes], Flatten[instrunments]]
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QTrMusi cMedi aSanpl esAdd: : usage =

" QTMusi cMedi aSanpl esAdd [Movi ePoi nter _, Notes , Instrunents_] : Adds sanples
to a nusic nedia. Notes is a list of notes and rests, where a note
is of the form {instrument, pitch, volunme, duration} and a rest is
of the form {0, 0, O, duration}. The pitch is an integer fromO to
127, where 60 is nusical niddle C (61 is C sharp, 59 is B, 72 is the C
above mddle C, and so on). The volunme is an integer fromO to 127 that
descri bes how loud to play the note; 64 is average |oudness, 127 is
very loud, 1 is nearly inaudible, and O neans to stop playing the note.
Instrunments is a list of instrunents, each of the form {instrunent Nunber
Pol yphony}. As an exanpl e instrunment Nunber, 57 = Trunpet.

Returns {Null, {ErrorNunber, ErrorMessage}}."

m QTMusicM ediaSave

QTMusi cMedi aSave : = gt Musi cMedi aSave

QTrMusi cMedi aSave: : usage =
" QTMusi cMedi aSave [Movi ePoi nter ] : Saves and concl udes the
addi ng of nusic data to the nedia container currently being
edited. Returns {Null, {ErrorNunber, ErrorMessage}}."

m QTMusicTrackSamplesSet

QTMusi cTr ackSanpl esSet : = gt Musi cTr ackSanpl esSet

QTMusi cTr ackSanpl esSet : : usage =
"QrMusi cTr ackSanpl esSet [Movi ePoi nter , iStartTi mel nTrack_I nt eger

i Start Ti mel nMedi a_I nteger, iDurationlnMedia_lnteger,
f Medi aRate_Real 1 : Enbeds the QuickTinme nusic nedia sanples in
a track. iStartTinelnTrack is the offset fromthe start of the
track in units of the track tinmescale, iStartTinmelnMedia is the
starting point within the nedia, iDurationlnMedia is the portion
of the nedia to use, in track tinescale units (use -1 to include
entire nmedia). Returns {Null, {ErrorNunber, ErrorMessage}}."

m QTMusicTrackSave

QTMusi cTrackSave : = qt Musi cTrackSave
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QrMusi cTr ackSave: : usage =
"QTMusi cTrackSave [Movi ePoi nter _] Saves and concl udes the
edits on the QuickTime nusic track currently being edited.
Returns {Null, {ErrorNunber, ErrorMessage}}.";

Enable Typo Warnings

On[Ceneral ::"spell1"]

On[Ceneral ::"spell"]

| MiDI codes

These are some tables of MIDI code values that can be used with QTMusic.
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m Table1General MIDI Instrument Numbers

1 Acoustic Grand Piano
33 Wood Bass

2 Bright Acoustic Piano
34 Electric Bass Fingered
3 Electric Grand Piano
35 Electric Bass Picked
4 Honky-tonk Piano

36 Fretless Bass

5 Rhodes Piano

37 SapBass 1

6 Chorused Piano

38 Slap Bass 2

7 Harpsichord

39 Synth Bass 1

8

40 Synth Bass 2

9 Celesta

41Violin

10 Glockenspiel

42 Viola

11 Music Box

43 Cédllo

12 Vibraphone

44 Contrabass

13 Marimba

45 Tremolo Strings

14 Xylophone

46 Pizzicato Strings

15 Tubular bells

47 Orchestral Harp

16 Dulcimer

48 Timpani

17 Draw Organ

49 Acoustic String Ensemble 1
18 Percussive Organ

50 Acoustic String Ensemble 2
19 Rock Organ

51 Synth Strings 1
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20 Church Organ

52 Synth Strings 2

21 Reed Organ

53 Aah Choir

22 Accordion

54 Ooh Choir

23 Harmonica

55 Synvox

24 Tango Accordion
56 Orchestra Hit

25 Acoustic Nylon Guitar
57 Trumpet

26 Acoustic Steel Guitar
58 Trombone

27 Electric Jazz Guitar
59 Tuba

28 Electric clean Guitar
60 Muted Trumpet

29 Electric Guitar muted
61 French Horn

30 Overdriven Guitar
62 Brass Section

31 Distortion Guitar

63 Synth Brass 1

32 Guitar Harmonics
64 Synth Brass 2

65 Soprano Sax

97 IceRain

66 Alto Sax

98 Soundtracks

67 Tenor Sax

99 Crystal

68 Baritone Sax

100 Atmosphere

69 Oboe

101 Bright

70 English Horn

102 Goblin

71 Bassoon

103 Echoes
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72 Clarinet

104 Space

73 Piccolo

105 Sitar

74 Flute

106 Banjo

75 Recorder

107 Shamisen

76 Pan Flute

108 Koto

77 Bottle blow
109 Kalimba

78 Shakuhachi
110 Bagpipe

79 Whistle

111 Fiddle

80 Ocarina

112 Shanai

81 Square Lead
113 Tinkle bell
82 Saw Lead

114 Agogo

83 Calliope

115 Steel Drums
84 Chiffer

116 Woodblock
85 Synth Lead 5
117 Taiko Drum
86 Synth Lead 6
118 Melodic Tom
87 Synth Lead 7
119 Synth Tom
88 Synth Lead 8
120 Reverse Cymbal
89 Synth Pad 1
121 Guitar Fret Noise
90 Synth Pad 2
122 Breath Noise
91 Synth Pad 3
123 Seashore
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92 Synth Pad 4

124 Bird Tweet

93 Synth Pad 5

125 Telephone Ring
94 Synth Pad 6

126 Helicopter

95 Synth Pad 7

127 Applause

96 Synth Pad 8

128 Gunshot

m Table2General MIDI Drum Kit Numbers

35 Acoustic Bass Drum
51 Ride Cymbal 1
36 BassDrum1l

52 Chinese Cymbal
37 Side Stick

53 RideBdll

38 Acoustic Snare
54 Tambourine

39 Hand Clap

55 Splash Cymbal

40 Electric Snare

56 Cowbell

41 LoFloor Tom

57 Crash Cymbal 2
42 Closed Hi Hat

58 Vibraslap

43 Hi Floor Tom

59 Ride Cymbal 2

44 Pedal Hi Hat

60 Hi Bongo

45 LoTom Tom

61 Low Bongo

46  Open Hi Hat

62 MuteHi Conga
47 Low -Mid Tom Tom
63 Open Hi Conga
48 Hi Mid Tom Tom
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64 Low Conga

49 Crash Cymbal 1
65 Hi Timbale

50 Hi Tom Tom
66 Lo Timbae
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I Known problems or limitations

Grayscale is reversed (O=white, 255=black) in grayscale movies.

Currently requires about ? bytes of memory per number transferred. The memory must be allocated to the gtwrite applica-
tion using the standard MacOS Finder Get Info->Memory dialog. We hope to reduce this memory requirement in the near
future.

Offset appears not to work for asingle track movie.

If the filename is currently in use by another application (eg QuickTime Player) then the file will not be written, and no
error message will be given.

If QTOpen follows immediately after QTClose, you may get an error: "LinkOpen::linke: MathLink error: cannot launch
the program again from the samefile". A work-around is to put a one second pause between the two functions.

If QTShow is called before QTWrite is finished, you may get an error.

I Notes on CLUTs

In the current version of ShowTime, each pixel in the movie {r,g,b}, with valuesin the range 0-255, is mapped to color
{clut[[r+1,1]],clut[[g+1,2]] clut[[b+1,3]]} (alsoin the range 0-255) before delivery to the display. The dimensions of the
clut are thus {256,3} . The default is atable consisting of the integers 0-255, repeated three times (clut=Transpose[ Table[-
Range[0,255] { 3}]]). Thisis an identity transformation.

Color look-up-tables (cluts) can be used within ShowTimeto "linearize" the display, as well as to manipul ate the contrast
or color of an otherwise fixed movie. For example, asuming that the display has a"gamma function" with an exponent of
2.2, we create aclut to linearize the display and present the stimulus at 75% contrast.

clut0 = Round[ 255 (((128 + 0.75 (Range[0, 255]-128))/255)"(1/2.2))];
Li st Pl ot [ cl ut 0, Pl ot Range->{{0, 255}, {0, 255} }, Frane- >Tr ue] ;

clut = Transpose[{clutO,clutO,clut0}];



40 ShowTime.nb

Qrshow(" gabor. nov", CLUT ->cl ut 1;

movi eRect = {0, 0, 256, 256}
In actual use, a more accurate model of the display gamma function may be required, but that is beyond the scope of this

tutorial. Likewise, cluts may be designed for use with the ISR video attenuator. Contact the author for more details
(abwatson@mail.arc.nasa.gov) or see http://vision.arc.nasa.gov/modelfest/calibration/.

Another use of clutsisto modulate stimuli in various color directions. In thistable, blueis always 128, while red and
green move in opposite directions, to yield red-green modulation.

clut = Tabl e[{255-c, c, 128}, {c, 0, 255}];

Di nensi ons [cl ut ]

{256, 3}

Qrshow[" gabor . nov", CLUT ->cl ut 1;

nmovi eRect = {0, 0, 256, 256}

Y ou should have seen a red/green modulated Gabor. Thisillustrates how the clut can be used to determine the direction in
color space in which the stimulus modul ations occur.

I Notes on Graphics Modes

When combining several tracks, the user may set the GraphicsMode option. By default, thisis Blend. This setting associ-
ates aweight with each track and yields aweighted linear combination of the tracks. The weights work as follows. If there
isonetrack t1 and itsweight wi, theresultis r1 =w1 tl1 + (1-w1l) t0. The t0 is defined to be 50% gray ({ 128,128,128} for
8 bit pixels). If there are two tracks, theresult isr2 = w2 t2 + (1-w2) r1, and so on.

This function mimics QuickTimes method of blending a source and a destination movie.

bl end[destination_, source , weights ] := Round[
Map[ (wei ghts /65535) *# &, source, {3}]
+

Map[ (1 -wei ghts /65535) *# &, destination, {3}]
]

This function combines an arbitrary number of movies and their associated weights, and then displays the result.
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showbl end[novi es_, weights_] := Mdul e[{},
movi e0 = O novi es[[1]] +128;
Showibvi e [t np = Fol d [bl end [#1, Sequence G0 #2] &
, movi e0
, Transpose[{novi es, weights}]11]

Now we create a pair of single frame movies, each 2x2 pixels, one with the bottom two pixels white and the top two black,
and the other movie the same but rotated 90 degrees. This allows us to see all combinations of white and black pixelsin
the combined movie.

w = Tabl e[255, {2}, {2}, {3}]1;
novi el {{{1, 0}, {1, O}} wy;
novi e2 {{{0, 03}, {1, 13}} w};

Here we simulate the blended combination, for a particular pair of weights.

showbl end [ {novi el, novi e2}, Round[ (2716 -1) {{1, 1, 1}, {1, 1, 1}}11;

To see that QuickTime yields the same result, we write out the same movies and weights. This can then be looked at with
QuickTime Player. The movieisonly 2 pixelstall, so you will need to drag the corner of the viewer to magnify the image.

QTWite["test.nov", {noviel, novie2}, MiltiTrack £ True
, Bl endWei ghts £Round[{ (2216 -1) {1, 1, 1}, (2”715) {1, 1, 1}}1]

I Not Ready for Prime Time

I Questions, Problems, Suggestions



