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WHAT IS DVD?

DVD, or Digital Versatile Disc is essentially the latest and greatest in optical storage technology.
It is a new kind of compact disc that holds a lot more information, and spins a lot faster than a
typical (ISO 9660) compact disc. (Most DVDs spin at about the same rate as a 9X CD-ROM.)
DVD is used to store movies, audio, multimedia presentations and general information.

A DVD disc looks just like a CD. It's the same size, the same width, and generally the same
color. But in many important ways a DVD is different than a CD. First, it holds more—a lot more.
A DVD can hold up to 20 times as much information as a CD. Second, it can be configured to
play in a DVD-Video player. A DVD-Video player is a box that sits on top of your television, and
looks a lot like a VCR. DVDs are currently used to store movies, audio, multimedia presentations
and general information.

Why Do | Need to Know About DVD?

Whether you're talking about DVD-ROM or DVD-Video, DVD is where the world is heading.

The computer and information technology industries are moving towards DVD-ROM because a
DVD spins faster and holds a whole lot more stuff than a CD. This interest in DVD technology is
very strong. Most computer manufacturers have announced that all new machines will come
equipped with DVD-ROM drives. The entertainment industry is moving towards DVD-Video
because DVDs are smaller than laser discs, easier and less expensive to replicate than VHS
tapes, and offer additional interactivity that is not available with tapes. Unlike VHS tapes, DVDs
offer random access, which means you can access any point on the disc instantly. If you don't
think that smaller, less expensive, and more interactive are compelling reasons for a technology to
grow, ask yourself how many audio cassettes and LPs you've purchased recently. Almost all of
the new movies coming out of the major Hollywood studios are released on DVD as well as VHS
tape. DVD is clearly a very important technology for the near future.
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What Can | Use DVD For?

You can use DVD technology in many of the same ways that you use other multimedia technologies.
You can use DVD for laptop sales presentations with hours of high resolution, high quality MPEG2
video that you can play in a portable DVD-Video player the size of a portable CD player. You can
use DVDs to loop video for kiosks in lobby and point of purchase displays. Unlike tapes, DVDs
don't degrade or wear out. Rather than setting up a computer, you can use an inexpensive,
readily available consumer player to do the job. Need to store information? DVD is your tool!
With up to 20 times the capacity of a CD-ROM in the same space, storage just got more compact,
less expensive, and a whole lot easier.

What is the Difference Between DVD-Video and DVD-ROM?

Both DVD-Video and DVD-ROM are often called "DVDs". While they are often called by the
same name, they are somewhat different formats. A DVD-ROM is essentially a replacement for
CD-ROM. Like a CD-ROM, a DVD-ROM can hold virtually any kind of information. There are very
few constraints regarding the file types and file formats stored on it. Likewise, there is little to no
guarantee that information stored on a DVD-ROM will "play" audio, video or other multimedia files
in any given system. The target system has to have the appropriate drivers and playback
mechanisms (such as an MPEG2 playback card) to play audio and video properly. DVD-ROM
drives are usually found in desktop computers and laptops.

DVD-Video is a special application of DVD-ROM. DVD-Video discs are designed to be played in
a DVD player. A DVD player is a consumer product that is typically hooked up to a television set
and surround sound stereo system. The DVD-Video format was designed by a consortium that is
mostly made up of major motion picture studios and major consumer electronics companies.

DVD players typically cost $200-$500.

So what about compatibility between DVD-ROM and DVD-Video? Most DVD-ROM drives are
able to play DVD-Video discs. However many DVD-Video players will NOT play DVD-ROMSs.
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What's So Great About DVD?

DVD-ROM is great for two simple reasons: the discs spin faster, and the discs hold more. DVD-
ROM will rapidly become as widespread as CD-ROM, and like CD-ROM, will be widely compatible
and available everywhere. DVD-Video offers many features that are useful for a wide range of
business and consumer applications. Obviously, not every feature is used on every disc.
However, every player must support every feature covered in the specification.

These features include:

Increased Capacity

There are many confusing "formulas” regarding exactly how many minutes of video you can fit on
a DVD-Video disc. Truthfully, it depends on whether you use MPEG1 or MPEG2, whether you
use constant bit rate (CBR) or variable bit rate (VBR) and how large your bit rate is overall. The
other assets on your disc can also effect how much video you can fit, but the effect of audio and
subpicture files is generally pretty small. As a result, the amount of video you can get on a disc
varies from about 90 minutes to about 8 hours.

Basic Interactivity
DVD-Video provides for index searching for title, chapter, track and timecode. This allows the
user random access to the included media.

Multiple Aspect Ratios

DVD-Video allows both 4:3 (television) and 16:9 (widescreen) aspect ratios to be displayed from
a single disc. DVD-Video players also have provisions for users to choose how they wish to deal
with aspect ratio choices. For example, a user viewing a widescreen-formatted movie on a 4:3
television monitor can choose to view the movie in pan and scan mode or letterbox mode.

Multitrack Audio

DVD-Video discs can accommodate up to 8 tracks of digital audio with up to 8 channels per track.
This allows multiple channel audio formats including PCM, MPEG2 and Dolby Stereo. In addition,
multiple channels can be used to store multiple language tracks for a single movie on a single
disc.




A BEGINNERS GUIDE TO DVD

Subtitles

DVD-Video can accommodate up to 32 subtitles or karaoke tracks. Each track could hold the
lyrics for a song or a subtitle for a foreign language. The user can select among these tracks on
the fly (meaning while the video continues to play).

Seamless Branching

Seamless branching allows users to select various options such as alternate endings on the fly.
Seamless branching also allows for the parental lock option, which allows parents to select which
movie ratings will be allowed to display on the player. For example, if a parent locks out R and
NC-17 films, either the R or NC-17 scenes would be omitted or the discs simply wouldn't play at
all.

Camera Angles

DVD-Video discs can support up to 9 simultaneous camera angles. The user can select among
these angles as the disc is playing. If, for example, a DVD showed a famous baseball game shot
with 4 angles, the user could select (on-the fly) whether she wished to view the game from home
plate, first base, third base or the outfield.

Menus and Simple Interactive Controls

Most discs contain either stationary or moving menus, which allow the user the ability to hop to
various sections of the disc. Generally, this interactivity is very simple, and does not allow a great
deal of input from the user.

Zone Lock

The Motion Picture Industry wants to be able to control when and where movies are released in
the world. Every DVD-Video player is coded with a geographical zone. DVD titles may contain
a zone lock, which means that title can only be played on DVD-Video players with the matching
zone numbers.

11
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Copy Protection

Copy protection is not readily apparent to law-abiding end users. However, copy protection
affects all end users in two important ways. First, DVD developers must pay licensing fees to use
the copy protection schemes. Naturally these licensing fees are passed on to end users in the
form of a higher price. Second, the constant bickering over copy protection schemes among
those in the DVD Consortium has set DVD-Video technology back, and has ultimately slowed the
release of new titles.

HOW TO MAKE A DVD-VIDEO DISC

Making a DVD really isn't so different from making any other type of multimedia application.

It requires careful planning, access to the right tools, organization, a little creative genius, and
enough time and space to do the work. The steps to DVD development are planning and budgeting,
audio and video development, audio and video encoding, graphics development, authoring,
premastering, testing, and mastering and replication.

Planning and Budgeting

It's easy to get caught up in the technical ins and outs of DVD. But what differentiates a great
DVD from a good DVD is rarely technical prowess. (Although not understanding the technology
can lead to a useless DVD or mini Frisbee(r) if you can't get it to play.) A great DVD like any
other artistic endeavor requires a clear sense of direction and a vision of what you want the
outcome to be. This means planning, planning and more planning. Before you buy lots of
equipment and commit to a huge development project, follow these steps:

1. Decide what you want to accomplish with your DVD. Do you want to increase real estate
sales by 10%? Do you want to sell 5,000 copies of your title? Do you want to decrease the
number of accidents on your construction site by 50%? Make sure your goals are specific and
measurable.

2. Prioritize your goals. Decide what is most important to you or your client.

Storyboard (or flowboard) your project.

4. Set your budget and timeline.
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Audio and Video Acquisition and Editing

There are many ways to acquire audio and video. In general, you should use the very best tools
you can afford. While a lot can be done to compensate for bad audio and video source materials,
the computer industry adage "garbage in, garbage out" holds true for DVD development. If you
plan to use MPEG2 compressed video for your final application, it is especially important to shoot
your video in the highest possible resolution. You should use D1, Digital Betacam, Betacam SP,
or DV formats. Even if you plan to use MPEG1 video, you should use these formats if possible.

Once you've acquired all of your video, you'll need to edit it. Currently, most people edit on a
computer with some sort of nonlinear editing system. Here again quality is key. The better your
editing system, the better your DVD will ultimately turn out. For example, a Media 100 system or
an Avid Media Composer would be a good choice for your video editing. Both of these high-end
systems allow editing at high resolutions, and can be used to create a wide variety of special
effects. In addition, HEURIS' MPEG Power Professional can take finished edited video directly
out of these systems which leads to the next step—encoding.

Audio and Video Compression

Audio and Video compression is a very important part of utilizing the multimedia capabilities of
DVD. DVD-Video, as its name suggests, was designed to hold video. Clearly, having the right
compression tools is critical to the success of your DVD development project.

Why is Video Compression Really Necessary?

Simply put, uncompressed video is big. Really big. Uncompressed video runs at over 20
Megabytes per second. That means to view uncompressed video, you need a mechanism that
can display 20 Megabytes every second. This is way too much to flow smoothly through a DVD
player, even with its greatly increased speed and bandwidth capabilities. (ADVD-Video player
can only sustain about 1/20th of that size.) And even with DVD-Video's large storage capacity,
you wouldn't fit very much video onto a disc at 20 Megabytes per second. MPEG2 video files are
typically compressed about 30:1 (or 30 times) for DVD-Video applications.

13
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30:1 Compression! Doesn't that Look Bad?

Sometimes MPEG compression does look bad. MPEG is what is called a lossy algorithm, which
means it permanently discards some information as it encodes. The MPEG algorithm is designed
to only discard information that the human eye can't easily detect. Sometimes MPEG works
pretty well, and sometimes it doesn't. There are many, many factors that can affect the ultimate
image quality.

How to Get the Best MPEG Image Quality
In general, there are several overriding factors that influence whether your MPEG encoded files
look really good or really bad:

The Quiality of Your Source

Keep in mind the computer industry adage, "Garbage in, garbage out". MPEG is a lossy algo-
rithm. Your MPEG encoded files will not look any better than your source. And if your source files
are grainy, noisy or low resolution, your MPEG files will look a lot worse.

Bit Rate

Generally, the higher the bit rate, the higher the quality. You should try to use the highest bit rate
you can, based on the limitations of your playback technology, and the amount of space you have
to pack everything in. Variable Bit Rate (VBR) encoding allows you to get higher visual quality at
a lower average bit rate, because it allows you to allocate more bits to the complex scenes and
less to the simple scenes that are easy to encode.

Generation Loss

Every time you re-copy or re-digitize video, it loses quality. That's why you should go digital early
in the production process, and stay digital all the way through. For best quality, shoot in a digital
format such as Digital Betacam, and then pull those digital files directly into a high-quality nonlin-
ear editing system such as an Avid or Media 100 system. Then pull those digital files directly out
of the nonlinear editing system and drop them into HEURIS' MPEG Power Professional. Convert
the files to MPEG, and then pull those files right into your high quality DVD authoring system such
as Spruce DVD Maestro or Daikin Scenarist. This is really your best path from NLE to DVD.
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How Smart is your Encoder?

In order for an encoder to comply with the MPEG standard, it must simply produce a stream that
can be read by the Standard Target Decoder (STD). This means that the MPEG algorithm can by
implemented in many, many different ways, some of which produce better looking MPEG than
others. (HEURIS has over nine years experience working with the MPEG algorithm. This experi-
ence and expertise ensures that HEURIS' implementation of the MPEG algorithm produces great
looking results.) Consider your encoder purchase carefully. Has the encoder manufacturer been
around for a while? Do they have a reputation for high quality encoders? Make sure you also
take a look at some samples created with the encoder.

Preprocessing and Filtering

This is the part of the encoding process that is often seen as a "black art". There are two kinds of
preprocessing and filtering. Manual filtering is controlled by the end user. Automatic filtering is
controlled by the computer. In automatic preprocessing and filtering, the computer looks at the
video coming up, analyzes it, and chooses the filters and options that would seem to produce the
"best" looking video. In manual preprocessing and filtering, a real live person looks at the video,
and makes choices about which filtering and other options will produce the best looking video.
Obviously, the more expertise this person has, the better the video will look.

An ideal MPEG encoding system will allow both automatic and manual preprocessing and filter-
ing. It will offer very smart automatic analysis and a wide range of well designed filters at the
touch of a button. But a good MPEG encoding system will also allow the human operator to
tweak all the settings on a frame by frame basis. Naturally, MPEG Power Professional offers both
manual and automatic preprocessing and filtering.

15
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Fine Tuning
To get really great visual quality, sometimes you need to go down to a frame by frame basis and
tweak things. With a highly intelligent encoder, you won't need to do this very often, but it's
important to have the capability available when you need it. Some very important tweaking
options include frame by frame control of:
« |I-frame detection and placement.
» Search Distances—This is how far the encoder looks for similarities between the frames.
» Search Techniques—This is how the encoder looks for similarities between the frames.
« Filters—This is how you control how heavy the filters are, and turn them on and off on a
frame by frame basis.
« Inverse Telecine Phase Changes—If you do 3:2 pulldown, you want to be able to control
exactly where the phase changes fall.
« Half-pel Searches-This allows very fine searches, even to 1/2 of one pixel.
« Variable Bit Rate Allocation—For best quality, you should be able to hand tweak where bits
are allocated in a variable bit rate sequence.

Open and Closed GOPs
A Group of Pictures (GOP) is the segment of frames in an MPEG sequence between one I-frame
and the next I-frame. For example a GOP might look like this:

IBBPBB PBBPBB PBB

There are two different kinds of GOPs. In an open GOP, P and B frames may be constructed of
data from frames from another GOP. In a closed GOP, P and B frames only reference frames
within that single GOP.

Since closed GOPs are required for multiangle DVD playback, it is very important that your MPEG
encoder offer that option. However, open GOPs often produce higher visual quality than closed
GOPs. lIdeally, your MPEG encoder would allow you to choose between open and closed GOPs.
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Not Constrained to Real Time

Fastest is not always best when it comes to quality. For the very best quality, an MPEG encoder
should be able to grind away as long as it takes to make a scene look its best. If the encoder
insists that you do every encode in real time, important concessions in image quality may occur.

Inverse Telecine

If your footage originated on film, but was transferred to video, it went through a process called
Telecine. Film is displayed at 24 frames per second (fps), and video is displayed at 30 frames (or
60 half-frames or fields) per second. The Telecine process is used to add 6 extra frames (or 12
fields) to every second of film to make it meet the 30 fps requirements for video display. However,
MPEG can play back just fine at 24 fps. If the bit rate remains the same, but the number of
frames per second is reduced, there are more bits allocated to each frame and the video looks
better. Inverse Telecine simply takes the extra frames added in the Telecine process back out
again. By removing these "extra" frames, the resulting video quality is higher for a given bit rate.

MPEG Power Professional and Image Quality

Naturally, MPEG Power Professional offers all of these powerful encoding features and much
more. MPEG Power Professional is quite simply, the most comprehensive and sophisticated
MPEG encoding software on the market. It offers frame-by-frame controls of I-frame placement,
filters, searches, variable bit rate allocation, inverse Telecine phase changes and much more.
MPEG Power Professional also offers built-in templates that allow you to create fully compliant,
application specific MPEG streams in just a few simple clicks. And with the latest update, MPEG
Power Professional offers better image quality and is faster than ever before. Now, it accepts
even more of the professional digital video file formats that you use every day such as all the lat-
est OMF file formats. As always, MPEG Power Professional accepts digital files directly from your
nonlinear editing system, providing your best path from NLE to DVD.

17
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MPEG Encoding for Multiangle Applications

DVD-Video's multiangle feature allows the end user to view video subjects from different vantage
points. For example, an exercise DVD might allow the end user to view the instructor from the
front (and mirror the instructor's movements), or push the angle button to switch to viewing the
instructor from the back. In order to allow this switching of angles on the fly, multiangle video
must be prepared in a very specific way:

1. Angle sequences must be EXACTLY the same length.

2. Angle sequences must share the exact same audio track.

3. This audio track must be in sync with both sequences.

4. The video for the sequences must be MPEG encoded with closed GOPs.

Don't Multiplex Just Yet

In many types of multimedia development, you multiplex your audio and video together during the
encoding process. However, in DVD-Video development, the audio and video are multiplexed
within your authoring system during the premastering stage.

Graphics Creation

Generally graphics in DVD are used for menus, buttons, subtitles, karaoke song lyrics and still
pictures. Song lyrics and subtitles are usually entered directly into the authoring system using the
computer keyboard. (They are usually in a generic sans serif typeface.) Still pictures can be
either a single frame of video or graphics files created with a popular graphics program such as
Adobe PhotoShop(tm) or Adobe lllustrator(tm).

These graphics also have limitations including:
« Should be in BMP, TIFF, or PICT format. Usually TIFF files will provide the best
overall image quality.
« Resolution should not exceed 720x480 (NTSC) or 720x576 (PAL).




A BEGINNERS GUIDE TO DVD

Menus

You will often use the graphics you import to create menus. Menus in DVD-Video are developed
in layers, just like a sandwich. (If you've created a CDi or Video CD, you're probably familiar with
this process.) For the most part, you'll want to work in a dedicated graphics program like Adobe
PhotoShop. You'll also want to know that the graphics choices available to you in the button high-
light or subpicture level are going to be very limited. The DVD specification only allows you to
choose 4 colors from a 16-color palette.

Most menus are composed of two or three layers. The background layer is usually created in
PhotoShop and then pulled into the authoring package as a TIFF file. The button activation layer
allows you to highlight certain areas of the screen based on the level of activity. For example:
let's say you brought in a background layer with buttons drawn on it. You could use the button
layer to draw a box around those buttons. Then, when user moves the pointer to that button in
the application, the button layer would overlay a color in that area. Finally when the user selects
the button within the application, it would overlay another color.

-

f%/;//%f 7777/

BUTTON #1

i

BUTTON #2

/ 7, \_ A

Background Layer and Button Activation Layer

This overlay color can be one of four colors from a sixteen-color palette. The authoring system
will also allow you to control the opacity of the overlay. But what if your button isn't rectangular, or
if you want to merely change the color of the text on the button, or create a halo around the text
on the button? That's where the subpicture layer comes in.

19
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Background Layer, Subpicture Layer and Button Activation Layer

In this scenario, the color would change when a button receives emphasis or is selected. But
instead of layering color OVER the button, the graphics included in the subpicture layer would
change color. So if the text were in your subpicture layer, the text would change color. And if you
had a star shaped button in the subpicture layer, that star shaped button would change color.

Clearly in preparing your graphics for DVD-Video menus, you'll need to decide whether you plan
on using simple button overlays with stationary backgrounds, subpicture layers with text or
buttons changing colors or motion menus.

DVD-Video Authoring—Putting it All Together

Now you're finally ready to put everything together. You will put everything together with a powerful
product called an authoring system. This system helps you organize everything and precisely
format it so that a DVD-Video player can read it.

Once you have your authoring system set up, and you've prepared all your media assets, it's time
to bring everything in. With most authoring systems, this process is very simple. You simply
select your media files, and drag and drop them into the authoring system. Generally these
media files are sorted into four basic categories: audio, video, subpictures and still pictures.
Usually there is a separate folder for each category.
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After you have all of your media assets in the authoring system, it's time to create all your links
and menus and buttons and hook everything together. Each authoring system works a little
differently and there will be plenty of peculiarities for each product. However, there are some
general steps you will follow in nearly any authoring system:

1. Import your audio, video and graphics assets.

2. Set global properties—This is where you make many choices that apply to your entire
DVD such as PAL/NTSC video, copy protection, geographic zones and more.

3. Drag your audio and video files into a timeline-This is where you bring all your unmultiplexed
audio and video files and line them up so they start together. You would also drag subtitles in
here, or create them in this section to synchronize with your video.

4. Set properties for each of your audio, video and subtitle files—For each of your files, you will
select certain options such as assigning languages to audio tracks and aspect ratios to video
tracks. You'll also add chapter markers here for use by your search and playback navigation
commands.

5. Assemble menus-You'll bring in your backgrounds and subpictures here. You'll also define
each button highlight area as well as defining what happens visually when a button is
highlighted or selected, and which order the buttons are selected in.

6. Create all the connections and links within the DVD-This is where you define all your
connection points and links, including:

* First Play—What happens when you first insert the disc? (This can be either a video
auto play command or a menu.)

» Chapter End—What happens after each chapter is finished playing? Does it connect to
a menu or a particular button? Does it connect to another chapter that begins to play?

« Timeout-Where you determine if menus simply continue to play indefinitely or if menus
jump to a video segment after a certain amount of time.

« Title Menu—For each screen or video in your DVD, what happens when you click the
title button on the remote control?

 Buttons—What happens (or where do you go?) when you click every button on every
screen of the application?

21
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7. Emulation—-As you are working in the application, you will use the emulation capabilities of your
authoring system to test out the decisions you are making. The DVD emulator should be able
to display menus just as they will appear in the final disc and should be able to play back all
your audio, video, subtitle, and subpictures correctly.

Premastering

Premastering is essentially just what it sounds like-what you do to the disc before you send it off
to be mastered and replicated. If you have a Spruce or Daikin system, you'll do most of your
premastering within your authoring system. Here are the basic steps:

1. Compile—In most professional DVD authoring systems, a lot of the formatting required to make
your application compatible with the DVD specification will be transparent to you. Much of this
formatting occurs when you compile your DVD within the authoring system. Once you've
compiled your application, the compiled version can no longer be edited. (Of course, you
should be able to go back to your project files, make changes and recompile if you need to.)
In this stage all the multiplexing or VOB creation for your audio, video and subpicture files
finally occurs.

2. Test—At least the first round of testing will occur at this point. After you've compiled your
application, take a look at it within your DVD emulator. This is a good time to check that all the
buttons do what they're supposed to, and everything looks good.

3. Create a Disc Image—After you've compiled your DVD and checked it in the DVD emulator, it's
time to create a disc image. You will do this in your authoring system. (The DVD disc image
is a UDF bridge volume, which is the same volume that is written to your final replicated disc.)

4. Test Again—Now that you've got a final (well hopefully final) disc image, its time to test again.

If you can make it fit your budget, you should burn DVD-R discs and test them in both
computers and set-top players.

5. Create a DLT-A DLT is a Digital Linear Tape. It is literally the only format that you can send to
a DVD replicating plant right now. You can't send DVD-R discs or any other kind of media.




A BEGINNERS GUIDE TO DVD

What's a DLT?

DLTs are sort of like very high capacity 8mm DAT tapes. They are a different size an