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C H A P T E R  1

Introduction to Video and 
Film Systems

This book is about making movies, whether they are dramatic features, docu-
mentaries, music videos, corporate videos, multimedia projects, TV pro-
grams, commercials, or home movies. Actually, “movie” isn’t the right term

to describe all types of productions; no single word is. You could call them “motion
pictures,” but that has echoes of Hollywood hype (especially when preceded by
“major”). Sometimes the name we use for a production has to do with how it’s
made. For example, if you say you’re making a “video” people will probably assume
you’re shooting with a video camera, not a film camera.1 But often the name has
more to do with how the end product is distributed. A documentary shown in a
theater might be a “film,” but if you saw the same thing on television you might call
it a “show” or a “program.” A two-hour drama may begin life as a “picture,” be
called a “feature” when shown at a festival, a “release” in theaters, a “movie” when
broadcast on television, a “video” or “DVD” by the sales clerk at your local store,
and a “full-length download” or “video podcast” on the Internet.

This confusion about names reflects how diverse the many forms of production
and distribution have become. There was a time when a “film” was photographed
on celluloid film, edited on film, and shown on film. Though that is still possible,
it’s likely that the same production today will be shot in high definition video, or in
a digital file format using a digital cinematography camera; then digitally edited and
finished with effects; and then released in a wide variety of exhibition formats, in-
cluding film projection, digital projection, analog broadcast television, HDTV,
computer files for Internet downloading, and recorded media, such as DVDs.

Because movies can now be created, manipulated, and shown in all sorts of
ways, the old distinctions between filmmakers, videomakers, and digital video art-
ists no longer apply. In the wake of the digital video revolution, all formats and 
approaches now pass through a computer at some point. This is why the term
workflow, borrowed from IT (information technology) to describe the careful step-
by-step management of a complex project, now popularly refers to strategies for
managing digital video production, editing, and finishing.

The first edition of The Filmmaker’s Handbook was about film only. The second
edition added video. In this third edition, digital technologies are discussed as

1. Unless of course you’re making music videos, which are often shot on film.
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much as or more than film. This is not because film is “dead.” However, as the
power and reach of digital media grow and the costs fall, more and more film-
makers will turn to digital first. Even those who shoot film will make extensive use
of digital tools in the course of production, postproduction, and distribution.

This book is written from the point of view that media makers will reach for
whatever tools suit them best to record, edit, and display their work. Their toolset
can include film, digital video, and computers in any number of configurations.

Which brings us back to the problem of names. Given the expansiveness of the
media-making process, what shall we call the work being produced? As this is The
Filmmaker’s Handbook, we’ll call the end product a film or a movie. This is for conve-
nience only, and is not meant to suggest any limitations in terms of the media, for-
mats, or equipment used to make or distribute the production.

This first chapter is intended as an overview of the moviemaking process, an
outline of techniques and equipment.

Making a Movie
The technical, creative, financial, and social aspects of filmmaking are tightly

interwoven, perhaps more so than in any other art form. The more you understand
about all these aspects of production, the better prepared you’ll be for the chal-
lenges of making a movie and getting it seen.

Movie production ranges from a multimillion-dollar, big-screen Hollywood
epic to a home video of a child’s birthday. Although movies vary widely in terms of
budgets, number of personnel, and intended audiences, many of the processes used
to create movies are similar for all types of productions. Moviemaking tasks can be
divided chronologically into preproduction, production, and postproduction periods.

Fig. 1-1. Moviemaking is a collaborative art. (Fletcher Chicago/Egripment USA)

Preproduction is the time for planning and preparation. Research is done, a
topic is chosen. For fiction projects, a treatment may be written in preparation for a
script. Documentaries may start as a written proposal outlining what is to be filmed.
The filmmaker (or producer) draws up a budget of the movie’s estimated cost and

2 THE FILMMAKER’S HANDBOOK
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arranges for financing. For higher-budget projects, this usually involves soliciting
investors, distributors, grants, or a television contract. Lower-budget projects are
often self-financed, sometimes with the hope of recouping costs after the movie is
finished. During the preproduction period, the crew is assembled and locations (the
sites where the movie will be shot) are scouted. For some projects, sets may be built
in a studio and casting is done to choose actors.

The production period essentially begins when the camera rolls. This is some-
times called the start of principal photography. Since movie equipment can be expen-
sive, it is often rented for the duration of production, or only on the days it is
needed. Lower-priced gear may be purchased outright. Additional photography or
pickup shots are scenes filmed separately from the main production or after the main
shooting is done. The material that’s been filmed may be viewed during produc-
tion, on set, or elsewhere. The traditional film term for the footage recorded by the
camera is rushes or dailies, because the film is processed at the lab as fast as possible
for daily viewing (these terms can also be used for video, which doesn’t need to be
processed). Rushes are unedited, though often not all the footage that was shot gets
printed, copied, or viewed.

The postproduction period (often just called post, as in, “We’re scheduled for
eight weeks of post”) generally begins once the principal shooting is completed. On
some films, the editor works during production, cutting as soon as each scene is
shot, which may give the director and crew feedback in time to make corrections.
On other projects, editing starts after the shooting stops. Editing is done to con-
dense what are typically hours of raw film or video footage into a watchable movie.
It is usually in the editing room that the project can be seen in its entirety for the
first time. Movies are often substantially rearranged and reworked during editing.
Documentaries often find their structure and shape in the editing room, not from a
preplanned script. The first edited version of a movie is the assembly or string-out
(all the scenes in order). The assembly is condensed into a rough cut, which is then
honed to a fine cut. When a satisfactory version is complete (called picture lock), the
various stages of finishing take place. This may include scoring with original music
or adding prerecorded music; sound editing (to clean up and enhance the sound
track); sound mix (to balance and perfect the sound); and creating titles and any vi-
sual effects that weren’t done earlier.

When a movie that was shot on film is finished, prints are made, which are
copies of the film that can be shown in screenings. If a movie was shot on video and
is intended for theaters it may be transferred to film, sometimes called a film-out.
All movies, regardless of whether they were shot on film or video, are eventually
distributed in some form of video. A copy of a videotape is sometimes called a dub
(duplicate copy) or clone (exact digital copy). The movie may also be transferred to
disc, such as DVD.

Finally, the movie is released or distributed—sent out into the world to find its au-
dience. There are many types of distribution, aimed at different markets. Theatrical
release is the goal of most feature films. A theatrical run may take place in first-run
movie houses or smaller, specialized art houses which are often part of a specialty chain.
Television distribution may include traditional broadcast television, cable TV, or
satellite. Educational or A-V (audio-visual) distribution usually implies selling or
renting videos to schools and libraries. Home video release is selling or renting

INTRODUCTION TO VIDEO AND FILM SYSTEMS 3
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videos either directly to consumers or through retail outlets. Video-on-demand
(VOD) and pay-per-view (PPV ) are distribution methods that bridge the gap be-
tween television and home video sales by allowing viewers to select and/or pay indi-
vidually for programming when they want it. Multimedia projects are generally
computer-based, interactive programs that allow the user to control or respond to
the program. Both multimedia and linear (noninteractive) productions may be dis-
tributed to consumers on disc (such as CD-ROM or DVD) or over the Internet.
Downloading of TV shows from websites and streaming of video clips via the
popular Flash file format are the beginnings of IPTV (Internet Protocol Television),
which some say is the future of television.

A given project may be distributed through all of these channels or in various
combinations; moreover, because movies are increasingly distributed in a global
marketplace, issues of multiple languages, technologies, and venues must be dealt
with. Many decisions you make while you’re producing a movie affect what kind of
distribution is possible, and you must try to anticipate distribution goals from the
very start of your project.

The Moving Image
A film or video camera has a lens that focuses an image of the world onto a light-

sensitive piece of film (see Fig. 1-32) or a light-sensitive electronic chip (see Fig. 
1-3). This part of the process is much like a still camera. But how do we capture
movement? The impression of continuous movement in a motion picture is really
an illusion. A film or video camera records a sequence of still images (frames) in
rapid succession (see Fig. 1-2). In film, the standard frame rate is 24 frames per sec-
ond, written 24 fps. When the images are then displayed one after another on a
screen (for example, a theater screen or a TV), if the frames in the sequence change
from one to the next quickly enough and the differences between them are not too
great, the brain perceives smooth, realistic motion. This effect brings the magic of
motion to film, video, and flip books.

Fig. 1-2. All motion pictures—in film or video—are made up of a series of still images that
appear to move when shown rapidly, one after the other.

Traditionally, this illusion has been explained by something called persistence of
vision, which is based on the idea that the eye retains an impression of each frame
slightly longer than it is actually exposed to it. According to this theory, when each
new frame is displayed, the eye blends it with the afterimage of the previous frame,
creating a smooth transition between them. There are many problems with this ex-
planation (for example, afterimages move with your eyes if you look left or right,
they don’t stay in place on the screen).

A perceptual illusion called beta movement describes one situation in which view-
ers interpret successive still images as motion. A static shot of a ball is flashed on the

4 THE FILMMAKER’S HANDBOOK
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left side of a screen, then on the right side, and viewers see it as moving from left to
right. Think of a lighted ticker tape–style sign in a store, on which messages seem
to scroll from right to left across the display.

The full picture of how the brain and eye actually perceive motion is still under
debate.2 What we do know is that for a realistic viewing experience we need to cre-
ate the illusion of both smooth motion and consistent illumination. If the images
change too slowly from one to the next, the illusion falls apart. Instead of smooth
motion you see jerky, stop-start motion, and instead of continuous illumination,
the screen may appear to flicker (get brighter and darker as the images change). For
more on this see Judder and Strobing, p. 361.

V I D E O  S YS T E M S

Camera and Recorder Basics
We’ve just seen that the concept behind motion picture recording is to capture a

series of still images and then play them back. Let’s look at how this is done in
video.

The video camera focuses its image on the flat surface of a solid-state electronic
chip which is sensitive to light. This chip is the camera’s sensor or imager. There are
two types of sensor chips: CCD (charge-coupled device) and CMOS (complementary
metal oxide semiconductor). CCD has been the most common chip used in video
cameras, although CMOS is catching up. People often use “sensor” and “CCD”
interchangeably. You can also just call it a chip.

The surface of a CCD or CMOS sensor is divided into a very fine grid of spots
or sites called pixels (for picture elements). Each pixel in the chip is in some ways
like a tiny light meter that reads the brightness of the light at that spot. When a
pixel is struck by light, it creates and stores an electric charge. The more light that
strikes it, the more charge builds up (this process can be compared to a bucket fill-
ing with rainwater, see Fig. 5-15). A given sensor may have millions of pixels in a
chip that is less than an inch across. To capture the whole picture, the charge of
each pixel in the grid is read at an instant in time and the output from all the pixels
together is processed into the video signal, which puts the picture information into a
format that can be recorded and displayed.

A video frame is displayed as a series of thin horizontal lines called scan lines.
This pattern of scan lines is called a raster from the Latin word for rake; a video
frame is literally a raked image. Different video systems use different numbers of
scan lines.

NTSC (National Television System Committee) video is the traditional analog
broadcasting system used in North America and parts of Asia, including Japan,
South Korea, and Taiwan. NTSC video has 525 lines per frame and the frame rate
is about 30 fps (29.97 fps, to be precise).

The PAL (Phase Alternate Line) standard is used in the U.K., Western Europe,

2. Articles on the problems with persistence of vision by Joseph and Barbara Anderson can be found
on the Web.

INTRODUCTION TO VIDEO AND FILM SYSTEMS 5
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Fig. 1-3. Video camera and monitor. The camera’s lens focuses an image of the world onto
the sensor, which converts it to a video signal. The CRT monitor shown here “paints” the
image on the screen following a pattern of lines called the raster. (Robert Brun)

Australia, parts of Asia, and parts of South America. PAL has 625 lines and the
frame rate is exactly 25 fps.3

Today’s CCDs and CMOS sensors, with their pixel structure, capture an entire
frame all at once like a film camera, but many of them also borrow a technique from
tube cameras called interlace scanning, in which only half of the scan lines are
recorded at a time (see Progressive and Interlace Scanning, p. 12).

In the earliest days of television, the only way to preserve the image from a live
TV camera was to record it on 16mm black-and-white film using a kinescope, basi-
cally a special camera aimed at a small, high-resolution TV display. In 1956 the
videotape recorder (VTR) was introduced, which records on magnetic tape. VTRs
are sometimes called tape decks, or just decks. Later tape decks use tape in cassettes,
although the term videocassette recorder or VCR is usually reserved for machines used
by the consumer in the home. More recently, video recording is also done directly
to computer hard drives, to various forms of optical discs like DVDs, and to 

3. In France and Russia, video is produced in PAL but broadcast in SECAM (Séquentiel Couleur à
Mémoire), which has the same frame rate and number of lines.

6 THE FILMMAKER’S HANDBOOK
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Fig. 1-4. Camcorder. The JVC GY-HD110 records HDV and DV. Accepts detachable
lenses. ( JVC Professional Products)

reusable digital media cards using Flash memory. When a camera and recorder are
combined in one unit, it’s called a camcorder.

Video can be viewed on a monitor. Types of flat-screen monitors include liquid
crystal display (LCD), which is what many computers use, and plasma screens. Video
can also be projected on a large screen using LCD technology or Digital Light Pro-
cessing or DLP which uses thousands of tiny micro-mirrors (for more on monitors,
see p. 197).

The traditional analog video monitor is based on the cathode ray tube or CRT.
Typical older TVs are CRTs. Inside a CRT monitor, a cathode ray gun fires a
stream of electrons at the back of the video screen (the side opposite from the one
you watch). The inside of the screen is coated with a phosphor surface that glows
when it is excited by the ray of electrons. The ray “paints” the image on the screen,
line by line. The higher
the current of the ray, the
brighter the screen glows.

So, to review, let’s track
the steps of how the video
system translates an image
of the world to the TV
screen: First, the image is
projected by the camera
lens onto the camera’s sen-
sor. The brighter areas in
the image create a higher
electric charge at the pixels
in those areas of the sensor.
The higher charge even-
tually results in a higher
electrical current sent to

INTRODUCTION TO VIDEO AND FILM SYSTEMS 7

Fig. 1-5. Videotape recorder, or VTR. Panasonic AG-
DV2500 records and plays DV and plays DVCAM.
(Panasonic Broadcast)
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those areas of the monitor, which produces a brighter glow in that part of the
screen. The brightness of the video signal is called luminance or luma.

Analog Versus Digital
Until the 1980s, most video and audio production was done with analog equip-

ment. In analog tape recorders, continuously changing video or audio signals are
recorded as continuously changing amounts of magnetism on tape. Today, most
new recording equipment is digital. In digital recorders, the video or audio signal is
converted to a set of numbers that can then be stored in various ways (for more on
how digital works see p. 372 for audio and p. 208 for video).

Fig. 1-6. Sony XDCAM HD high definition cameras and decks. (Sony Electronics, Inc.)

There are many advantages to digital recording. Once sounds or images are in
digital form, a whole world of possibilities is opened up for storing, editing, manipu-
lating, and transmitting them. And you can achieve high quality at lower cost.

Analog equipment can produce excellent results too, but analog recording has a
particular problem when it comes to making copies (which is a frequent need dur-
ing production and distribution). When you make a copy of an analog tape (called a
dub), noise can build up and other distortions can be introduced. On a sound
recording, this may be noticeable as a low hiss during quiet passages. In video, copy-
ing can cause increased grain or contrast in the image. After several generations (mak-
ing copies of copies) this can be a real problem. Copies of digital recordings, on the
other hand, can be perfect clones, with no difference between the generations.4

Despite the advantages of digital, it’s important to remember that just because
something is digital doesn’t necessarily mean it sounds or looks good. While the
digital process is capable of high quality, it’s perfectly possible to make a low-
resolution, low-quality digital recording (and this is often done deliberately for
various reasons).

4. Though not all digital copies are clones, and in some situations adding generations digitally does
degrade the recording.

8 THE FILMMAKER’S HANDBOOK

dfha$$1.qxd  2/27/08  11:46  Page 8

Excerpt from The Filmmaker's Handbook: a Comprehensive Guide for the Digital Age
(c) Steven Ascher
                                                                                                 Click here for more info and to order:
                                                                                                  www.westcityfilms.com/handbook.html 

http://westcityfilms.com/handbook.html


There is still a great deal of analog equipment in use today—the transition to an
all-digital world will take some time. Almost all digital video equipment includes
some analog components, such as CCD or CMOS sensors (yes, they’re analog) or
analog microphone inputs on a camcorder or digital audio recorder. It’s common to
convert sounds and images back and forth between analog and digital forms when
needed, though there is some quality loss each time you do.5 Ideally, once the video
and audio are in digital form, they should stay in the digital domain for as much as
the production process as possible.

A note on terminology: There are many video formats that are digital. One par-
ticular digital video format called DV, for “Digital Video,” uses economical 1⁄4-inch
videotape along with a type of digital signal compression also called DV. It’s best
known as the format used in MiniDV camcorders. In this book, the term digital
video is used to refer to all digital formats, and DV means that particular format.

THE VIDEO FORMAT

Video format refers to how many lines or pixels form an image, the basic shape 
of the picture, how a signal is processed or compressed along the way, what
medium it’s recorded onto, what broadcast standard is used, and a host of other
technical aspects of how video is captured, transmitted, or reproduced. There are
many formats in use today—so many that even professionals get confused trying 
to keep track of them all. Part of the confusion is due to the transition from 
older analog standards to newer
digital ones. Whereas the origi-
nal 1953 NTSC broadcast stan-
dard contained only one format,
today’s ATSC (Advanced Tele-
vision Systems Committee) stan-
dard defines eighteen different
format variations for digital TV
broadcast in the U.S. and some
other former NTSC countries.

Though various video for-
mats are defined by their key
differences, they all have a lot in
common. Let’s look at the dif-
ferent ways that video formats
capture images and sound.

How Many Pixels: Standard and High Definition
A digital video image is formed by a rectangular grid of pixels (see Fig. 5-16).

Each pixel represents the brightness (and color, if any) of that part of the image.
The frame is all the pixels that can be seen in the picture (these are known as active
pixels). It helps to visualize the pixel grid as a set of horizontal lines or rows stacked

5. There can also be quality loss when converting between different digital formats.

INTRODUCTION TO VIDEO AND FILM SYSTEMS 9

Fig. 1-7. Canon Elura consumer DV camcorder.
(Canon U.S.A., Inc.)
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on top of one another, since that’s how the picture information is processed. As de-
scribed above, rows of horizontal pixels form horizontal lines called scan lines, and
the total pattern of all the lines together is called the raster.

Video formats differ in how many pixels and how many lines they have (see 
Fig. 1-8).

Fig. 1-8. Pixel counts. This shows the number of pixels in standard definition 480i (NTSC
countries) and 576i (PAL countries), high definition 720p and 1080i/p, and a full 2K scan.
Note that for CCD or CMOS sensors, pixel count is not the same as physical size (a high
definition camera might have a sensor that’s smaller or larger than the sensor in a standard
definition camera). As shown here, NTSC- and PAL-based formats have different pixel
counts, but when viewed onscreen, the shape of their frames is actually the same (which is
accomplished by using different-shaped pixels).

Digital standard definition television (also called SDTV, SD, or standard def ) has
the smallest number of pixels of the broadcast formats. In NTSC territories, the
standard definition frame is a rectangle of about 480 active horizontal lines, each
720 pixels wide (this is often indicated as 720 x 480 and pronounced “720 by 480”).
In PAL territories the SD picture has 576 active horizontal lines, also 720 pix-
els wide.

High definition television (HDTV, HD, or high def ) uses more pixels per frame.
How many more? There are two flavors of HD. The original HD format is 1920 x
1080 (1080 horizontal lines, each 1920 pixels wide). This format has a total of
around two million pixels or 2 megapixels (Mpx). A smaller HD format is 1280 x
720, which is a little less than 1Mpx.

Why do we care about the number of pixels? As the pixel count goes up, so does
the ability to record fine detail in the image, allowing for a clearer, sharper picture.
Formats that have more pixels are considered higher resolution (there are other fac-
tors that contribute to resolution, as well). On a very small screen, you might not be
able to see a big difference between SD and HD. But the larger the screen size, the
worse SD looks: There may be an overall fuzziness or lack of detail and you may see

10 THE FILMMAKER’S HANDBOOK
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the individual pixels, which makes the picture look “digital” and not natural. High
definition formats allow you to display the image on a bigger screen while still
maintaining sharpness and clarity. Bigger screens give a more cinema-like viewing
experience.

Fig. 1-9. (top) When you enlarge a low-resolution image, it starts to look unsharp. You
may begin to see individual pixels and unwanted artifacts like the jagged line on the edge of
the nose. (bottom) When a higher-resolution image is enlarged, it retains more of its sharp-
ness and clarity. This is one reason why high definition video looks better than standard
definition, especially on a big screen.

When it comes to an actual cinema experience—widescreen projection in a
large theater—there are digital motion picture formats that use even higher pixel
counts than HD video. Sony’s SXRD digital cinema projector can display a 4K for-
mat (4096 pixels wide by 2160 high). At this resolution, digital capture rivals (or
surpasses, according to some) the resolution of 35mm film.

INTRODUCTION TO VIDEO AND FILM SYSTEMS 11
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Converting between formats that have different pixel counts is sometimes called
scaling or rescaling. Going from low resolution to high resolution is upconverting, up-
scaling, or up-resing (pronounced “up-rezzing” and sometimes spelled with a z).
Going the other way is downconverting, downscaling, or down-resing. When material
shot in high definition is downconverted to standard definition, the footage will
generally look better than material that was originally shot in SD. Standard defini-
tion footage that is upscaled to HD will never look as good as material that origi-
nated in high def.

DIFFERENCES WITH ANALOG. Analog video formats don’t use pixels
the way digital formats do. Each analog frame has a pattern of horizontal lines, but
each scan line is continuous and not broken up into individual pixels. A tube-based
analog camera (used from the origins of TV until the early 1990s) captured bright-
ness levels all the way across a scan line, then briskly returned to the left side,
moved down one line, then scanned across again, somewhat like the motion of a
typewriter. This is similar to the way your eye takes in a paragraph of written text.
When the thin electron beam in the tube camera reached the bottom of the screen,
it returned to the top and started over. This is still how analog CRT monitors dis-
play video (see the monitor in Fig. 1-3).

In a similar fashion, analog broadcast signals received by your TV at home 
describe continuously scanned lines, not rows of pixels. While NTSC creates a
total of 525 scan lines, only 483 are active lines—that is, visible on screen. (It’s worth 
noting—and you’ll be reminded again—that strictly speaking, the terms “NTSC”
and “PAL” refer only to analog formats, not digital formats that have similar frame
size and frame rate, even though most people use the terms loosely to mean either
analog or digital.)

PAL and SECAM create a total of 625 horizontal scan lines (576 active), which
means they enjoy higher vertical resolution than NTSC.

Progressive and Interlace Scanning
When a modern CCD or CMOS camera uses progressive scanning, all the pixels

of each frame are captured at the same instant in time. Progressive scanning is simi-
lar to the way a film camera exposes an entire frame at once, then moves on to the
next frame. Processing one whole frame at a time is very simple, very clean.

Fig. 1-10. Interlace. Each field contains half the horizontal video lines. When the two
fields are shown rapidly one after the other, the eye integrates them into one complete
frame with all the lines. (Robert Brun)

12 THE FILMMAKER’S HANDBOOK
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An earlier method, still in wide use, is interlace scanning. Interlace dates back to
the first days of NTSC when television systems were too slow to capture and trans-
mit an entire frame at time—it was just too much information.6 With interlace,
only half the frame is recorded or broadcast at a time. The camera starts at the top
of the picture and works its way down, capturing odd-numbered lines (1, 3, 5, 7 . . .),
while skipping the lines in between. This is the upper field (also called the odd field ).
It then returns to the second line from the top and records the other half, the even-
numbered lines (2, 4, 6, 8 . . . ), all the way to the bottom. This is the lower or even
field.7 The two fields follow each other rapidly, and together they make one frame.
When watching a TV, the reassembled half frames create a smooth video image.

Since there are two fields for every frame, NTSC, which operates at about 30
fps, can also be thought of as 60 fields per second. PAL runs at exactly 25 fps and
fields are scanned at twice that rate—50 fields per second.

While interlace cameras are common, many feel that progressive scan (some-
times called pro scan) cameras are superior. To grasp the advantages of one you have
to understand the disadvantages of the other.

The problems with interlace include, for starters, that you’re seeing only half

Fig. 1-11. Interlace artifacts. Each interlace field contains only half of the horizontal lines.
In this image you’re seeing both fields together. Notice how the man in the foreground has
moved between the two fields. You can see how each field has half the resolution, with obvi-
ous edge tear or combing along the edge of his shirt. The diagonal line behind the man in the
background reveals an undesirable stairstep pattern called aliasing (which may also occur, to
a lesser extent, with progressive formats). See also Fig. 18-8. (Stephen McCarthy)

6. If you think about it, broadcasting half frames to cut bandwidth in half was the original form of
video compression.

7. In many formats, like DV, the lower fields are recorded first. See Field Order, p. 572.
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the lines at a time, which means lower resolution.8 Interlace creates various artifacts
(flaws or irregularities in the image). One artifact is that diagonal lines in the scene
can end up looking like jagged stair steps on TV (see Fig. 1-11). This is called alias-
ing.9 Another artifact called twitter happens when thin horizontal lines appear to vi-
brate or flicker as they move up or down in the frame. This is often visible in the
text of a credit roll at the end of a movie.

Another motion artifact comes from the fact that cameras that use interlace
scanning capture the odd scan lines first, then the even lines, which, upon playback,
causes the parts of the image formed by the first field to appear a split second earlier
in time than the parts captured by the second field. You can see this effect in slow-
motion playback or freeze-framing of interlaced video frames, especially in the case
of rapidly traveling objects that move laterally. Figure 1-11 shows both fields of an
interlaced frame together. Notice how the man in the foreground has moved be-
tween the first field and the second, causing the edge of his body to have a torn,
jagged look (this is called edge tear or combing). Edge tear doesn’t happen with static
(nonmoving) images. For shots with camera or subject movement, edge tear can re-
duce resolution when the video is playing at normal speed. If the video is slowed
down (say, for sports replays) or frozen (for still images), edge tear can become
much more bothersome.

When interlaced video is converted to progressive or is output to film, the 
picture needs to be deinterlaced. This is done by blending two fields together (or
sometimes just discarding one of them) to create a single progressive frame. This is
when motion artifacts like edge tear can be a real problem, and deinterlacing can
result in lower resolution or strange-looking motion (for more on deinterlacing,
see p. 720).

With progressive formats, most of these problems don’t happen at all and alias-
ing is much minimized. Furthermore, modern display devices like LCDs, DLPs,
and plasma screens are inherently progressive, so footage shot with a progressive
camera plays nicely on them with no deinterlacing necessary. Progressive also
works better with the compression used in digital broadcasting. There are many
situations in which video needs to be resized, repositioned, or converted to differ-
ent resolutions. These tasks are much easier to do at high quality if you’re working
with progressive. Similarly, if you’re planning a transfer from video to film, pro-
gressive is a much better source.

As a rule, it’s easy to convert progressive video to interlace if needed. It’s harder
to convert interlace to progressive with good results.

There are some potential drawbacks of progressive. Shooting in progressive
makes the camera less sensitive, typically requiring an additional stop of light (twice
as much) to get proper exposure. Compared to interlace, progressive requires more
bandwidth (a fatter data “pipe”) which can put more demands on recording, editing,
and broadcasting equipment.

8. Though only half the pixels are seen at once, the resolution isn’t cut in half—it’s slightly better
than that (about 70 percent of the full progressive resolution). When an interlace system displays, say,
line 3 of the raster, it actually calculates that line by averaging together lines 2 and 3, which improves
resolution a bit. This also improves low light sensitivity.

9. The term aliasing may also be used to mean any kind of distortion caused by not having enough
digital samples to accurately record picture or sound.
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Since most video equipment in use around the world is still interlace—though
this is changing fast—working in progressive often requires finding ways to be
compatible with it. As an example, a common technique for recording a progressive-
scan image is to embed it in an interlace pattern that can be played on standard 
interlace decks and TVs (for more on this, see Working with 24p, p. 564).

When world video technology evolves and everything is progressive (as it
should be), interlace, invented in the 1920s, will not be missed.

The Frame Rate
The number of frames recorded each second affects how motion appears on

screen. Modern digital cameras may offer a choice of frame rates, but the legacy of
different broadcast systems has imposed standard frame rates that filmmakers must
work with (or work around).

The NTSC system used in North America and Japan was designed to run at 60
fields per second because the electric power in wall outlets in these countries runs
at 60Hz. The original black-and-white TV signal was 60 fields, or 30 frames, every
second.

In 1953, color TV was introduced, and to keep the new system compatible with
the old one, a technical quirk required that the existing 30 fps frame rate be low-
ered by 0.1 percent. This made NTSC’s actual frame rate 29.97 fps. For simplicity’s
sake, when people talk about this rate they often round it up to 30. In countries
where NTSC is the rule, if you see a scanning rate expressed in a whole number,
that’s usually for convenience, and the actual frame rate is 0.1 percent lower. That
is, 30 really means 29.97 and 60 fields per second really means 59.94 fields. 24 fps is
a special case. In the case of most video cameras in these territories, 24 really means
23.976 fps (often written 23.98 fps). Unfortunately, there are times when 24 fps
really means exactly 24 fps (such as when shooting with film cameras or with the lat-
est digital cinematography cameras, see p. 606). To avoid confusion, it helps to be
as precise as you can.

Happily, in the rest of the world where PAL and SECAM are the rule, 25 fps is
exactly 25 fps and 50 fields per second is exactly 50 fields.

For more on the look of different frame rates and choosing one for your pro-
duction, see Frame Rate and Scanning Choices, p. 97.

The Shape of the Video Frame
Aspect ratio is a term used to describe the shape of the picture, the ratio of the

frame’s width to its height (see Fig. 1-12). Unlike film, video possesses only two as-
pect ratios, 4:3 and 16:9.

Traditional standard definition television has an aspect ratio of 4:3, which
means four units wide by three units high. In video this is pronounced “four by
three” and is sometimes written 4 x 3. In film, the same thing is described as 1.33,
the quotient of 4 divided by 3.

Widescreen video is 16:9, pronounced “sixteen by nine” or “sixteen to nine,” or
written as 16 x 9. In film, the same aspect ratio is described as 1.78. Standard defini-
tion video can be either 4:3 or 16:9. All forms of high definition are 16:9.

Increasingly many video cameras possess 16:9-shaped sensors. Most of these 
are capable of shooting a widescreen 16:9 image and recording it in a standard
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Fig. 1-12. The aspect ratio is the width of the frame divided by its height. Non-widescreen
video has an aspect ratio of 4:3, and widescreen is 16:9.

Fig. 1-13. High definition widescreen CRT monitors. (Sony Electronics, Inc.)

definition 4:3 frame. There are several ways this can be done. For more on aspect
ratio, see p. 87.

How Color Is Recorded
Inside your eyeballs are cones, natural sensors that allow you to see color. One

type of cone is sensitive to red light, another to blue light, and the third to green.
When you look around a room, every color you see is a mix of red, green, and blue
light in different proportions.

The sensors in a video camera also measure the relative amounts of red, green,
and blue light in the image. Actually, a CCD or CMOS chip “sees” only in black-
and-white (it measures only brightness) but it can be tricked into reading color.
One method, used in single-chip color cameras, is to fit tiny red, green, and blue
filters over individual pixels. In the generally superior three-chip color cameras, 
a beam-splitting prism behind the lens divides the incoming image into separate
red, green, and blue (RGB) components and sends each to a separate sensor (see 
Fig. 1-14).

RGB, COMPONENT, AND COMPOSITE COLOR. Capturing color
sounds like an easy process—just record each red (R), green (G), and blue (B) signal
from the sensor. Indeed, computers natively create and reproduce RGB signals, in
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